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Preface
We are fortunate that the Manly Dam catchment is home to a population of one of the most
ancient of Australian freshwater native fish, the Climbing Galaxias (or Galaxias
brevipinnis). It is one of the most northerly populations known and is believed to be the
only population in the Sydney Metropolitan area. Unfortunately the population is small
and it is considered to be vulnerable. It is of considerable interest to locals and to scientists
and is also considered an indicator of the catchment’s wellbeing.
Manly Dam was constructed in 1892 to provide drinking water for the surrounding suburbs
and the authorities did what was required to ensure the catchment remained pristine.
Biodiversity was relatively well protected until the reservoir ceased to be used as a
drinking water source. After that, progressive encroachments such as the construction of
Wakehurst Golf Course and additional residential developments impacted more and more
on bushland and creeks in the catchment. The Save Manly Dam Catchment Committee
was formed by the concerned local community, to address and redress the serious
environmental threats to the catchment.
The fight to protect the habitat of the Climbing Galaxias, became an integral part of this
struggle and has won widespread support and recognition from the community at large. It
embodies the values upheld by all those who are concerned about environmental
degradation in Sydney and beyond.
The threat of extinction of these Climbing Galaxias may be seen as indicative of the
potential ecological collapse of a once pristine environment, treasured by the community
as an irreplaceable resource. The significance of the actions taken by the SMDCC to
prepare this report, encourage research and ensure a healthy future for the Climbing
Galaxias must be seen in this wider context.
The draft of this report was prepared for the Save Manly Dam Catchment Committee Inc
by the Manly Dam Action Team, consisting of Lisette Salkavich, Bronwyn Cumbo and
Sonya Ku. SMDCC members contributed local knowledge and assisted with field trips
and fish counts. Andrew Lo provided a considerable amount of background information
and photographs. Ken Higgs added a small amount of additional material, including the
Wakehurst rainfall data, edited the final report and prepared it for publication.
The report includes a brief summary of what is known of the Galaxias brevipinnis fish,
including the population in the Manly Dam catchment, plus a preliminary assessment of
processes that threaten its existence and an interim action plan to enhance its survival
chances. It is hoped that this report will encourage further research into the Climbing
Galaxias and facilitate efforts to protect it and its habitat.
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1. EXECUTIVE SUMMARY
This report sets out a proposed Action Plan for the Galaxias brevipinnis population of the
Manly Dam catchment. Action plans for species conservation include an overview of the
species’ known ecology and discuss important conservation issues. Action plans contain
current and proposed management actions to enhance the conservation of a species, or
manage threatening processes (Stephens and Maxwell, 1996). By strict definition they are
distinct from recovery plans and research plans but elements of the two have been included
here.
The first section of the action plan describes the characteristics of the species and local
population. This includes known life history and status as at late 2001. The second element of
the action plan is positive, practical and progress-orientated. It outlines objectives, strategies
and actions. Objectives are what need to be achieved; ideal outcomes. Strategies are ways or
methods by which these objectives can be best met, and actions are specific measures to
undertake, the increments by which progress can be realised.
Burbidge (1996) recognised that writing or commencement of action plans should not be
delayed by ‘lack of biological or other information on a species or community’. Indeed, as
outlined under ‘species description’, there is still much to be understood about the ecology of
the local population. Until these fundamental gaps in knowledge are defined and addressed,
these gaps continue to equate to the possibility conservation may be ineffective or misguided.
Hence, many of the actions herein are research intensive.
This quality renders the G. brevipinnis Action Plan an inherently evolving document. The
strategies and actions are by no means fixed or static, as better understanding of speciesenvironment interactions may necessitate their change. Moreover, this reflects the dynamic
nature of community involvement and changing perceptions. Indeed, directional changes for
actions may be indicative of progress.

Sonya Ku
Manly Dam Action Team
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2. INTRODUCTION
A population of the native freshwater fish G. brevipinnis has been known to exist in Manly
Dam catchment, in the Northern Beaches area of Sydney, since the early 1970’s. The species
is thought to have evolved before the separation of Gondwana, as populations are also found
in New Zealand. The Hawkesbury sandstone streams in the Sydney area create excellent
habitat for the species. However, due to human settlement, the Manly Dam is the only
remaining catchment in Metropolitan Sydney in which G. brevipinnis are found. Currently
this population is thought to be seriously under threat.

Figure 1: Location Map of Manly Dam.

Originally the Manly Dam catchment was protected from development due to its utility as a
water reservoir from 1892 to 1936. However, since the 1970’s some areas close to the dam
have been utilized as rubbish tips, residential development, industry and an 18-hole golf
course. Many tributaries have been piped underground, and are adjacent to sewage pipes. The
reservoir itself is currently used as a recreational site. Several exotic fish species were
introduced to facilitate recreational fishing. The cumulative impacts of land use in the
catchment, has resulted in an observed decline in G. brevipinnis numbers.
The Manly Dam Action Team was formed to create an Action Plan in order to protect
G. brevipinnis from local extinction. If the Action Plan is implemented, water quality in the
catchment will also be improved for recreation. Biodiversity and recreational purposes are the
two main environmental values placed on the Manly Dam catchment by the local community.
The local community group, The Save Manly Dam Catchment Committee (SMDCC), have
been invaluable in the process of researching and creating the Action Plan. The Action Plan
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may also be helpful for council as an addition to the Manly Warringah War Memorial Park
Plan of Management.
The terms of reference outlined for the Action Plan are as follows:
1. Outline monitoring of the G. brevipinnis population in order to determine:
• population size and stratigraphy
• migratory habits in relation to breeding requirements
• the impact of introduced species
• the impacts of pollution
2. Describe the geomorphology and human interaction with the Manly Dam Catchment.
Drainage patterns, stormwater and sewage lines, fire regimes, flora and fauna
communities and local usage are of particular importance in mapping local impacts on
water quality.
3. Include information and participation from community groups, students and
volunteers. The plan will outline the community’s active role in maintaining and
monitoring water quality.
4. Set clear long and short-term objectives and estimate associated costs. The plan must
include assessment of whether goals are feasible.
5. The Action Plan is intended to be a practical, long-term solution that the local
community can implement. The Action Plan will be organized into objectives, strategy
and actions.

3. SITE HISTORY
The Manly Dam Reserve (or Manly Warringah Memorial Park) is situated between the
Sydney metropolitan suburbs of Allambie Heights and Manly Vale, northeast of the Sydney
CBD (Figure 1). The park includes about 75% of the Manly Dam catchment (Higgs, 1982).
The catchment surface area is about 5 square km and the surface of the reservoir is about 0.30
square km (Lo, 1998). The reservoir is fed by a number of creeks from North Balgowlah,
Frenchs Forest and Allambie Heights (Higgs, 1982).
Most of the creeks receive surface runoff from stormwater drains. Curl Curl Creek is the
main feeder creek. The 1.6 km long creek has been partially piped beneath a former sewage
depot and a playing field constructed on a landfill site in Allambie Heights (Appendix 1).
Based on Australian Museum data, the catchment is believed to be one of the northern most
habitats of G. brevipinnis in Australia and also supports the last remaining population of the
fish in the metropolitan area. Certain geomorphological characteristics render the site an
exceptional habitat for G. brevipinnis.
3.1.

Geomorphology and G. brevipinnis Habitat

Geology and Soil
Hawkesbury sandstone, a formation characteristic of the Sydney Basin, underlies the entire
catchment and outcrops as boulders, shelves and ledges throughout the park (Caddy, et al,
1982). The rock type is predominantly quartzose sandstone with lenses of shale interspersed
between thick bands of widely jointed sandstone (Caddy, et al, 1982). Weathering has
produced pits and deep pools throughout the drainage lines. Most of the creek bottoms in the
upper catchment are sandstone bedrock, a characteristic feature of G. brevipinnis habitat (Lo,
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1998). At the headwaters of Curl Curl Creek there are areas of lateritic soils above the
sandstone and these are associated with the endangered Duffys Forest Vegetation
Community.
Hawkesbury sandstone weathers to very poor, loose sandy soils, which percolate water away
quickly (Caddy, et al, 1982). Shale soils are more fertile and have better water retention,
however both soils are highly prone to erosion if vegetation is removed (Caddy, et al, 1982).
Excess sediment in the creeks would have a direct negative impact on the G. brevipinnis
population, as the fish requires a high degree of water clarity in order to hunt by sight.
Topography
Differential erosion results in an undercutting of the softer shale bands with consequent
slippage of large blocks of overlying sandstone (Caddy, et al, 1982). A stepped topography is
thus produced and this process combines with stream dissection to produce a steep, rugged
terrain (Caddy, et al, 1982). The erosion of interbedded shale has produced underground
channels (Lo, 1998). In dry periods sections of Curl Curl Creek appear to go underground
only to re-emerge further downstream (Lo, 1998). These underground sections appear to
filter and polish the water (Lo, 1998). Many tributaries appear to be ephemeral.

Plate 1: Pools beneath waterfalls – G. brevipinnis habitat.

(Source: Lo, 1998)
High flow velocities during creek formation have resulted in large potholes beneath waterfalls
(Lo, 1998) (Plate 1). Galaxias have been observed hunting shrimp and tadpoles in these
potholes (Lo, 1998). Sandstone overhangs formed by the undercutting erosion of stream
flow, provide slippery traps for terrestrial insects that the Galaxias prey upon (Lo, 1998)
(Plate 2). Overhangs also provide a dark, cool hiding places for the fish during warm days
(Willey, et al. 2000).
Curl Curl Creek has a relief of 82m and the gradient of the upper reaches is steep (Lo, 1998).
The creek alternates between pools, riffles and cascades (Lo, 1998). The pools range up to
250 meters long and 20 meters wide (Lo, 1998). G. brevipinnis inhabit the middle and lower
reaches of the creek where the pools are large and relatively deep (Lo. 1998). However no
adult fish have been found in the upper catchment for over three years (Lo, pers comm.,
2001). Populations also inhabit smaller pools in the tributaries.
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Plate 2: Slippery rock overhangs – an important feature of G. brevipinnis habitat.

(Source: Lo, 1998)
Casson (1996) concluded that large pools provide still conditions for sediments, and other
suspended solids, to settle out of the water column during dry periods. Nutrients are absorbed
by nitrogen fixing bacteria and subsequently plants (Casson, 1996). Flushing and dilution of
pollutants is also aided by the steep topography. Several water quality studies over two
decades support Casson’s theory; that the network of pools and steep topography facilitate the
assimilation of pollutants, as water quality increases downstream (Higgs and Johnson, 1982;
Laxton, 1994; Crewe, et al. 2000).
There are eight waterfalls in Curl Curl creek and one waterfall in both southern creeks (Lo,
1998). The riffles and waterfalls are important in increasing dissolved oxygen content
(Willey, et al. 2000). In addition, waterfalls appear to act as natural barriers to certain
predators (Tizley, 1976). The Galaxias can navigate these barriers by utilizing their
remarkable ability to climb (Lo, 1998).
3.2.

Site Ecology

Native Vegetation
Most of the creek is devoid of native aquatic plants (Lo, 1998). However, the Hawkesbury
sandstone vegetation, covering about 75% of the catchment, is highly diverse (Boey, 1997).
Vegetation communities include dry sclerophyll woodland and coastal heath (Boey, 1997). In
the north of the catchment near Allambie Heights, a “rare and endangered” Duffy’s Forest
vegetation community has been identified by Warringah Council Flora studies (Nelson,
1998). This community is protected under the NSW Threatened Species Conservation Act
1995 but has already been partially cleared for residential development despite this
recognition.
Curl Curl Creek is lined with an abundance of shrubs, including the families banksia, hakea,
casurinas, boronias, eriostemons and epacris (Lo, 1998). The rare and vulnerable plant
Tetratheca glandulosa is also present (Lo, 1998). Lo (1998) argues that the origin of these
plant communities date back to Gondwanan times and so have co-evolved with the Galaxias
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to form a balanced ecosystem. For example, shrubs and ferns on creek overhangs may supply
the Galaxias with insects (Lo, pers comm, 2001).

Plate 3: Burnt open woodland vegetation in Manly Dam Catchment (1 year after fire).

Fauna
Over 70 bird species, 6 native mammal species, 18 species of reptiles and amphibians live in
the catchment (Lo, 1998). The only local native fish observed in the catchment are
G. brevipin nis and the dwarf flathead gudgeon (Philypnodon sp.) (Lo, 1998).
Macroinvertebrates found in the catchment include shrimp and two species of native crayfish
(Euastacus Australasiensis and Euastacus Spinifer). Macroinvertebrates are important
bioindicators for the health of aquatic ecosystems.
Larger fauna, such as G. brevipinnis, depend on creatures of a lower trophic level to survive.
In addition, aquatic invertebrates have the ability to clean streams, as they utilize the organic
and detritus matter (Crewe, et al, 2000). Crewe, et al (2000) surveyed the diversity of
macroinvertebrates in the catchment tributaries (Table 1). The species identified were ranked
in order of pollution tolerance, with the least tolerant species scoring the highest. The
Biological Monitoring Working Party score was used. The scores were added and then
compared to the biotic index. The study concluded that the health of the aquatic ecosystem
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was moderate. This indicates that the system is under significant environmental stress, such
as pollution.
Table 1: Number of macroinvertebrate species at 5 sites in the Manly Dam Catchment.

(Source: Crewe, et al, 2000)
Site
1
2
3
4
5

No of Species
9
10
10
9
5

Fire Regime
The incidence of fire is monitored and repressed by Manly Dam Management. Controlled
fires are a feature of the parks management. Many of the fires that have occurred are
accidentally or illegally lit. A fire that burnt about 90% of the Park occurred between the 3rd
and 5th of October 2000 (Buckley, pers comm, 2001). The open woodland and heath
communities are well adapted to fire (Plate 3). However, fire can increase turbidity and
siltation and reduce the riparian vegetation that shades the creek. Willey, et al, (2000)
commented on the fire in relation to its impacts on water quality and G. brevipinnis. There
appeared to be significant changes in either water quality or fish populations after the fire
events. Willey, et al (2000) suggested that the insulating effects of the sandstone overhangs
protect the fish both during and after the fire, when foliage cover has been destroyed.
Increases in water temperature due to vegetation removal may pose a threat to G. brevipinnis,
particularly in summer.
3.3.

Human Alteration and Impact

In 1892, the NSW Department of Public Works constructed a water supply reservoir on Curl
Curl Creek, in order to supply drinking water to the growing population of Manly (Boey,
1997). Probably due to this utility, the catchment was maintained in pristine condition. The
catchment was declared a War Memorial Park after the 1914-1918 War and placed under the
care of ex-service men (Caddey, et al, 1982). The dam ceased to be used for drinking water
in 1936, except for a draught period in the 1940’s.
In 1939 the Park was designated as a Reserve for Public Recreation and the Warringah
Council was appointed trustee of the Reserve in 1953. In the same year the council delegated
its responsibilities to the Manly and Warringah District Parks Joint Committee. In 1970
construction of the Wakehurst Golf course commenced and play began in 1972. Construction
involved extensive vegetation clearing and the dumping of landfill to create fairly level
greens. Also in 1970 the Fitzpatrick tip was established at what is presently a Baseball Field,
adjacent to Aquatic Drive at the northern border of the catchment. The Baseball Field was
completed in 1977.
At the headwaters of Curl Curl Creek there is 4 ha of land that was Crown Land held in trust
by the Spastic Centre of NSW. In 1994 the council rezoned this bushland and wetland for
residential development, at the request of the Spastic Centre. The lot was then sold to Ardel
Pty Ltd for a medium density housing development. Proper environmental assessments were
not carried out and consultation with all stakeholders was not sought. The Save Manly Dam
Catchment Committee (SMDCC) launched a long campaign to oppose the development.
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The local community was concerned about the loss of habitat and the impacts on water
quality in Curl Curl Creek. In 1998 Ardel won the second Land and Environment Court case
and has since cleared most of the site for a residential development. In addition several
industrial sites occupy land on the northern perimeter of the catchment, to the north of
Aquatic Drive. Please see Appendix 1 for a map illustrating these sites.
At the time of this report, the National Parks and Wildlife Service (NPWS) were reviewing a
proposal to establish the Memorial Park as a Regional Park. As a Regional Park, the area
would be jointly managed by the NPWS and the council. This should help ensure the
protection of the ecological values in the reserve.

4. SPECIES DESCRIPTION
Family

Galaxiidae

Scientific name

Galaxias brevipinnis Günther (means short finned Galaxias)

Common names

Climbing Galaxias, Koaro (NZ), Short-finned galaxias, Broadfinned Galaxias, Cox’s Mountain Galaxias, and the Pieman
Galaxias.

4.1.

Morphology

Juveniles migrating upstream are transparent, slender and very elongate. Eyes are prominent
at this stage. The body shape of adult G. brevipinnis is elongated and cylindrical with thick,
short, fleshy fins and a truncate caudal fin. In profile, the scaleless body tapers into a
prominent head, where a large eye is located on the middle axis (Plate 4). The fish can
function as a cutaneous breather, a particularly useful feature that allows the fish to climb out
of water and navigate barriers such as waterfalls. Two pectoral fins on the ventral side allow
the fish to cling to bedrock when scaling waterfalls. The fins are also used to grasp bedrock
at the edge of creeks and at the bottom of riffles where the fish waits, motionless and
camouflaged, to capture prey (Lo, 1998). Specimens are recorded to possess enlarged canine
teeth (Allan, G.R, 1989), where the upper jaw is longer than the lower (Merrick & Schmida,
1984).

Plate 4: G. brevipinnis from Curl Curl Creek (Source: Lo, 1998)

Local individuals are generally coloured light warm brown. The Action Team’s field
observations of body markings reveal degrees of darkness, shape, colour and extent of
coverage. In some fish, markings are barely distinguishable. These patterns are a
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combination of broken, more-or-less evenly spaced lines ranging from vertical bands to
irregular dots or fine mottling. Merrick and Schmida (1984) record pattern colour varying
from greyish brown to dark olive. Larger local adults are 14-16cm long.
4.2.

Distribution

G. brevipinnis occur naturally in the coastal drainages of South Eastern Australia and are not
constrained to the mainland. Landlocked populations also persist in inland lakes of Tasmania
(Figure 2). They also occur in New Zealand, reflecting origins in Gondwana (60 to 120
million years ago) (Lo, 1998). The Manly Dam catchment is close to the northerly limitation
of the species in Australia.

Figure 2: Distribution of G. brevipinnis in Australia (Source: Allen, 1989).

4.3.

Abundance and Status

The population of G. brevipinnis in the Manly Dam catchment may have been genetically
isolated for over 100 years. If the population stabilises, it could provide valuable insights into
evolution and it’s mechanisms. The Galaxias is normally referred to as diadromous, meaning
it migrates between sea and fresh water. Landlocked populations of the species may carry a
distinct shift in morphology reflecting their permanent freshwater habitat.
The Australian Society for Freshwater Fish Biology determined G. brevipinnis rare in
Victoria only. The society defines rare as “Taxa with small world populations that are not at
present ‘Endangered’ or ‘Vulnerable’ but are at risk”.
The NSW Threatened Species Conservation Act 1995, provides for the classification of
‘Endangered Populations’. The following criteria, outlined in section 11 of the Act, may be
relevant to the population of G. brevipinnis in the Manly Dam Catchment.
I. Numbers have been reduced to a critical level
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II. Human activity such as dam building, pollution, urban run-off, sedimentation, has
degraded the habitat of the fish to the point that the habitat range has been drastically
reduced.
III. It is in immediate danger of extinction
IV. Genetically distinct
4.4.

Life History

G. brevipinnis hatch in fresh water but normally spend their larval stage in seawater.
Spawning is believed to occur during high flows in the headwaters, in autumn. Eggs have
been found away from the main water flow, presumably spawned during floods (NFA
website). Inundation by a further flood triggers the eggs to hatch and the newly hatched
larvae are swept downstream (O’Connor, et al, 1998). They develop in the sea or in main
water bodies and then migrate upstream as juveniles. The fish mature and remain in fresh
water upstream.
Manly Dam normally prevents the juveniles from reaching the sea. Landlocked populations
elsewhere are believed to have a similar cycle but develop in lakes rather than the sea (NFA
2001). Recent surveys conducted by the Action Team appear to confirm that larvae are being
carried down creeks, possibly as far down as the Dam. Juveniles were observed scaling rock
faces and progressing upstream. Confirmation of this behaviour through further research will
have important conservation implications. Namely, threats associated with Dam ecology will
need to be addressed.
In addition to this, the following is not known about local G. brevipinnis:
•
•
•
•
•
4.5.

the environmental conditions required for successful spawning e.g. range of adequate
water temperatures
the time taken for larvae to develop to juvenile stage
when fish become sexually mature
the survival rates to sexual maturity
the average life span.
Ecology and Habitat Requirements

Adult members of the species seem to prefer the upper reaches of cool, clear, fast-flowing
creeks intersected with waterfalls. Locally they occur in shallow creeks with Hawkesbury
Sandstone beds, sheltered by overhanging vegetation in open forest or closed woodland. The
fish requires cool water temperatures (below 22 degrees Centigrade) (Lo, pers comm., 2001).
Temperature also has an inverse relationship to dissolved oxygen content. Tributary flows
may be ephemeral and show surface discontinuity but are always punctuated by deeper pools.
Weed infestations and sandstock rock faces form natural barriers to introduced fish in the
Dam.
G. brevipinnis is considered an opportunistic carnivore, feeding on small invertebrates and
surface prey (Merrick & Schmida 1984), of terrestrial and aquatic origin (NFA 2001). Prey
includes mayfly and caddis larvae, shrimp, tadpoles and insects (Lo, 1998). Knowledge of
the following ecological elements is not satisfactory:
•

the carrying capacity dynamics of local streams ie. what population can a given creek
naturally sustain, given limited resources such as food.
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•
•
•
•
4.6.

other species interaction with G. brevipinnis
the effectiveness of natural barriers (eg waterfalls) in offering protection from
predatory fish
the effects of changes in measurable water quality parameters
the relative importance of potential threats, and thus, conservation priorities.
Action Team Surveys

Background
UTS students surveyed the G. brevipinnis population in Manly Dam in September 2000
(Willey, et al, 2000). Before performing the survey, the UTS students completed a pilot study
to ensure that all creeks that demonstrated suitable habitat were surveyed. Pools with clear
sandstone bottoms were considered as suitable habitat by UTS and were also surveyed in
2001 by the Action Team. The Action Team conducted surveys of the G. brevipinnis
population in tributaries within the Manly Dam Catchment between the 23rd July 2001 and
the 26th of September 2001. For reasons of conservation and protection of the population, the
exact locations are not included in this report. The Action Team surveys were conducted in
order to determine changes in the population size and stratigraphy since September 2000.
It is important to note that the species is known to spawn each year between late autumn and
early winter. During autumn 2000, vegetation clearing commenced for a residential
development at Allambie Heights. The clearing occurred at the steep headwaters of Curl Curl
Creek. This event may be correlated to changes in the G. brevipinnis population within the
creek. The amount of sediment entering the catchment from the development site has not
been assessed. The removal of shady riparian vegetation may have also affected the fish by
increasing the water temperature.
StreamWatch tests were also conducted in the tributary flowing from Cootamundra Drive.
Aims
1. To establish whether a significant change in population size had occurred between
September 2000 and September 2001.
2. To determine whether the 2001 spawning season had been successful.
3. To compare water quality parameters (Total Dissolved Solids, pH, Orthophosphate
level, Dissolved Oxygen level and Temperature) between September 2000 and
September 2001 in the tributary flowing from Cootamundra Drive.
4. To investigate whether rainfall levels during the breeding season affect population
size.
Method
In order for Action Team data to be compatible with Willey, et al (2000), the same method
was employed. A group of three individuals spent 15 minutes at each suitable pool and
counted G. brevipinnis, made visible by high power torches. Adult G. brevipinnis avoid light
initially but after several minutes, the fish swam slowly or rested under the torch beam. It
was the case that in several pools the number of juveniles was too large to count using this
method. At these sites, the number of juveniles was estimated. Attempted counts suggested
that there were at least 100 juveniles present. This estimation was adequate to convey a
significant difference between data collected in 2000 and that collected in 2001.

Manly Dam Galaxias Action Plan

- 11 -

Water parameters were tested using a Streamwatch kit on the night of the fish survey in
Cootamundra creek. Rainfall data for the catchment was collected from Wakehurst Golf
Course.
Results
Table 2and Figure 3 show a comparison between the numbers of G. brevipinnis sighted by
UTS in 2000 and by the Action Team in 2001.
Table 2: 2000 and 2001 surveys of G. brevipinnis in Manly Dam Catchment.

(Source: Willey, et al, 2000).
Date

1

September 2000 (UTS)
September 2001 (Action Team)

3

2
25

13

*100

Site Sampled
3
4
0
1
9

5

*100

9
0

0

3

16

No. of G. brevipinnis

(* estimated population)

120
100
80
60
40
20
0

UTS 2000
Action Team 2001

1

2

3

4

5

9

Location

Figure 3: 2000 and 2001 G. brevipinnis surveys in Manly Dam Catchment.

(Source: Willey, et al, 2000) (100’s are estimated population).
Table 3 shows a comparison between the water quality in Cootamundra Drive Creek as
measured by UTS in 2000 and by the Action Team in 2001. The figures are for Total
Dissolved Solids, pH, Orthophosphate, Dissolved Oxygen and Water Temperature.
Table 3: Streamwatch test results for Cootamundra Drive Creek for 2000 and 2001.

(Source for 2000 (UTS data): Willey, et al, 2000)
Date
September 2000
(UTS)
September 2001
(Action Team)

TDS
(ppm)

pH

Orthophosphate
(ppm)

DO
(ppm)

130

7.5

-

9.0

100

7.0

0.03

7.1
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Temperature
(°° C)
11.0
11.5

Figure 4 shows the monthly rainfall in the Manly Dam catchment for the years 2000 and
2001, measured at Wakehurst Golf Course.
Figure 4: Rainfall at Wakehurst Golf Course for 2000.
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Discussion
There is a clear difference in population size between 2000 and 2001. UTS reported very few
juveniles in 2000. However all the fish counted at site 4 were juveniles in 2001. The single
fish noted at site 4 in 2000 was a juvenile. This suggests that spawning took place in both
2000 and 2001. Clearly, 2001 spawning season was more successful. It is possible that an
incident such as an increase in sediment load due to vegetation clearing in Allambie Heights
interfered with reproduction in late autumn 2000. UTS students noted no unusual water
quality parameters in Curl Curl Creek during the 2000 survey period.
A similar number of adults were noted in the 2000 and 2001 studies. There was no significant
difference in the water quality parameters in Cootamundra Creek between 2000 and 2001.
However, there were many more juveniles in that creek in 2001. The distinct difference in
rainfall may reflect the difference in spawning numbers between the two years. Water
temperature may also play a role in the success of the breeding season.
Rainfall patterns indicated in Figure 4 were significantly different in 2000 and 2001 with
2001 being much wetter, particularly in the winter months. Year 2000 had good rain in
March but this was followed by much drier conditions in the autumn and through winter.
Year 2001 had good autumn and winter rains except for June, which was very dry.
These findings suggest that:
1. The spawning season in the autumn/winter of 2001 was far more successful than the
spawning in 2000.
2. The difference in the number of juveniles was not related to the water quality at the
time of the 2000 surveys.
3. It is possible that an unusualpollution or siltation event occurred in the catchment
before the 2000 survey. This may be related to clearing of bushland and development
at the headwaters of the creek. There is no indication that a similar event occurred or
impacted on the fish spawn, in 2001.
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4. Climatic variables such as temperature and rainfall may also affect the success of the
breeding season. Dry weather following spawning in 2000 could have prevented the
eggs from hatching.
5. G. brevipinnis eggs and larvae wash down stream toward the dam. The juveniles then
migrate via the dam into different tributaries. The migration of juveniles is apparently
similar to the patterns that would have occurred prior to the construction of the dam.

5. THREATS
5.1.

Water Pollution

Human interactions have lead to a deterioration in water quality in Curl Curl Creek and
Manly Dam and this has impacted upon the ecology of the catchment (Cheng, 1990). Over
the past two decades several studies have been conducted to determine the sources of water
pollution that affect the entire catchment (eg Higgs, et al, 1982 and Cheng, et al, 1993).
These studies are summarised in Appendix 2 and presented as a site map in Appendix 3.
Studies completed after 1992 use the ANZECC recommendations for the health of aquatic
ecosystems (Table 4).
Table 4: ANZECC recommendations for the health of aquatic ecosystems.

(Source: Crewe, et al, 2000)
Parameter
pH
Conductivity
Turbidity
Dissolved Oxygen
Nitrate
Ortho-phosphate
Ammonia
Cadmium
Copper
Lead
Zinc

Trigger Value
Source
6-8
Hart (1974)
200 µmhos/cm
Cheng, et al (1990)
50 FTU
Cheng, et al (1990)
> 6mg/L ( > 80-90%)
ANZECC guidelines (1992)
Compared to results of Cheng, et al (1990)
10 µg/L
Sawyer (1947, 1952)
50 µg/L
Hart (1974)
0.2 – 2 µg/L
ANZECC guidelines (1992)
2 – 5 µg/L
ANZECC guidelines (1992)
1 – 5 µg/L
ANZECC guidelines (1992)
5 – 50 µg/L
ANZECC guidelines (1992)

G. brevipinnis has frequently been referred to as a bioindicator species, because it exists at a
high trophic level in the ecosystem (ie high in the food chain) and is sensitive to changes in
water quality parameters (Lo, 1998; Willey, et al, 2000; Boey, 1997).
Two short-term studies have been conducted to ascertain the impact of water pollution on the
G. brevipinnis population in Manly Dam (Commandeur, et al, 2000 and Willey, et al, 2000).
Commandeur, et al (2000) noted that the Galaxias do not live where nutrient levels were high.
Willey, et al, (2000) could not find any significant difference in water quality parameters (pH,
temperature and dissolved oxygen) between creeks inhabited and uninhabited by
G. brevipinnis. Willey, et al (2000) suggest that a one-off pollution event resulted in the low
numbers of G. brevipinnis recorded. High numbers of juveniles observed by the Action Team
in 2001 would appear to support this theory, as this and the UTS surveys in 2000 were
conducted at the same time in the annual breeding cycle.
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High turbidity and siltation can also have significant impacts on some species including the
G. brevipinnis. In recent years increased siltation has occurred and is believed to be caused
by residential development in the catchment, land clearance and grading of fire trails (Lo,
pers comm, 2001). Commandeur, et al (2000) noted increased turbidity below the Ardel Site.
Changes to water quality parameters can have both direct and indirect impacts on the
G. brevipinnis population (Willey, et al, 2000). For example, an increase in suspended solids
would directly impair the fish’s ability to hunt. The introduction of toxic substances such as
pesticides, detergents and petro-chemicals may damage lower trophic levels such as plankton
production, indirectly affecting the fish by disrupting the food chain (Crewe, et al, 2000).
Toxic pollutants, such as Iron leachate from landfill, may also directly injure the fish, but the
pathology required to ascertain this impact is beyond the scope of this report.
Table 5 is a list of possible pollutants and sources and a critique of the likely impacts on the
ecosystem and G. brevipinnis in the Manly Dam catchment.
Table 5: Impacts of urban water pollution on Aquatic ecosystems and G. brevipinnis.

(Adapted from: UPRCT, 2000)
Pollution

Possible Source(s )

Sewage Pollution

* sewer overflows
* leakage from
sewage pipe
beneath baseball
field

Oils, grease and
other chemicals

* industry
* motor vehicle
residue on roads stormwater
* poor disposal of
domestic waste

Nutrients
- Orthophosphate
- Nitrogen
(Ammonia,
oxidized
nitrogen, organic
nitrogen)

* fertilizer run-off
from the golf
course:
- Ammonium nitrate
- Potassium sulphate
- Shirleys Starter 12
- fowl manure
* sewer overflows
* stormwater from
residential zones
(horticulture)
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Impact on
Ecosystem
* viral pathogens are
a risk to human
health
* excess nutrients
* chemicals such as
detergents
* increase dissolved
solids
* toxic to aquatic
life, destroys food
chain
* kills plants and
animals
* chemicals take time
to break down
* increased growth of
algae and weeds
leading to low
oxygen levels
* changes to food
chain
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Impact on
G. brevipinnis
* decreases ability to
hunt by sight
* reduces food
sources
* reduces dissolved
oxygen levels,
causing stress
* direct injury or
death
* lower immunity
* reduces food
sources

* reduces food
sources
* decreases dissolved
oxygen levels,
causing stress

Pollution

Possible Source(s )

Detergents

* Car washing
* sewer overflows
* stormwater run-off
* industrial area near
aquatic drive

Litter

* shopping centres
* domestic waste
* illegal dumping
* wind
* stormwater run-off
* development sites
eg Allambie
Heights
* erosion eg Golf
Course
* stormwater run-off
* fire trails and bike
trails within the
park
* stormwater run-off
* illegal dumping
* spray drift
* golf course eg
- Killathione
- Angintox

Sediment

Insecticides

Herbicides

Copper

Zinc

* golf course;
occasional
accidental spill
* water pipes
* electrical cables
* landfill leachate
* landfill leachate
- paints
- metal galvanising
- batteries
- dyes
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Impact on
Ecosystem
* harmful to aquatic
life – may kill
plants and animals
* adds nutrients
* increases turbidity
of water

Impact on
G. brevipinnis
* reduces ability to
hunt by sight
* direct injury or
death
* reduces food
sources

* adds chemicals to
creeks
* harmful to animals
* encourages weed
growth

* chemicals released
may cause injury or
death

* increased turbidity
* in-filling of creek
pools
* weed growth

* covers bedrock,
hence juvenile
bottom feeders are
unable to find food
* death of
macroinvertebrates
* reduces food
sources

* toxic to aquatic life
* long persistence in
sediments
* harmful to human
health
* toxic to flying
insects (Galaxias
prey)
* some formulas are
extremely lethal to
aquatic life
* highly toxic to
aquatic life at high
concentrations

* reduces food
sources
* health impacts
unknown

* toxicity increases
with pH and low
water hardness
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* reduces food
sources
* reduces food
sources

Pollution

Possible Source(s )

Iron

* landfill leachate:
- rusting steel
* weathering product
of Hawkesbury
sandstone

Temperature

* removal of riparian
vegetation
* industrial discharge
of heated water
* leached from
concrete walls eg
from the sediment
pond (upper Curl
Curl)

Lime

Impact on
Ecosystem
* precipitates reduce
water claritydecrease
photosynthesis
* may clog gills of
aquatic animals
* leaves a precipitate
on rocks
* may raise water
temperature above
optimum - causing
stress

Impact on
G. brevipinnis

* increase pH above
optimum – causing
stress
* increase toxicity of
some metals (eg
zinc)

* reduces food
sources
* causes stress

* reduces food
sources
* causes stress

Wakehurst Golf Course
The Environmental Impact Statement (EIS) prepared for an extension of the Golf Course by
Caddey, et al (1982) reported that, during construction, vegetation was destroyed without
approval and subsequent erosion had damaged the remaining habitat. Hence, the EIS
recommended the implementation of sediment traps and the creation of artificial ponds to
buffer the dam. The golf course water pumping system involves pumping water from Manly
Dam to a small dam high up on the course. This overflows into lower dams and any
pollutants are flushed out into Manly Dam. The ponds collect residues from pesticides and
herbicides, as well as soil and fertiliser run off (Graham, pers comm, 2001). Poisons such as
1080 bates and Pindone have also been used in the reserve to control foxes and rabbits
(Graham, pers comm, 2001). Pesticides are thought to have a cumulative affect on aquatic
ecosystems (Boey, 1997).
Landfill leachate may also contribute to high levels of nutrients and other pollutants. Boey
(1997) cites the studies that have found nutrient levels in excess of ANZECC
recommendations (Casson, 1996; Laxton, 1996; Cheng, 1993; Cheng, Jones and Powell,
1990). Cheng (1993) found that all 20 sites sampled near the course were above guidelines
for nutrients. Casson (1996) stated that although nutrient levels were high the concentrations
of ammonia and organic nitrogen were well below that normally reported near landfill sites.
This indicates that the fill is only in the first stage of anaerobic degradation.
Caddey, et al (1982) stated that the fill was poorly consolidated. Silt and clay run off
damaged adjacent vegetation and aquatic habitat. Laxton (1996) also found high levels of
turbidity. In 1985 Warringah Council restricted landfill at the golf course to construction
materials only. A letter from the SMDCC to the EPA in 1995 reports illegal materials being
dumped at the site, including paint cans, tyres, food, garden waste, and circuitry. Crewe, et al
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(2001) found that all parameters were below ANZECC recommendations, except ammonia.
The ammonia may have originated from the pesticide Ammonia nitrate or landfill leachate.
G. brevipinnis were not found in the golf course tributaries from 1994 to 1996 (Lo, pers
comm, 2001). The Action Team found adults in two tributaries and juveniles in all three
tributaries flowing from the golf course ponds. It is important to monitor these post spawn
populations in order to understand which stages of the lifecycle are vulnerable to such
pollutants.
Aquatic Drive - Light Industry
Boey (1997) listed several light industries that operate near the northern perimeter of the
catchment; Carter-Wallace FAG Aust. P/L, CCC Consolidated Chemicals Co., Trent
Laboratories, Schwarzkopf for chemicals. Chanell, et al (1992) claimed that these companies
are responsible for soil and chemical pollution (Boey, 1997). Several studies reported
aromatic residues and the presence of petro-chemicals at the drainage pool linked to these
sites (Casson, 1996; Laxton, 1994; Cannel, 1992; Higgs and Johnson, 1982). Laxton (1994)
described the pollution at the drainage pit on Aquatic drives as follows:
“Water ... was slightly stained tannin, contained a fine black suspended particulate
material that looked and smelt like Iron sulphide, and foamed easily if agitated.
Water also contained very high levels of faecal coliform on each occasion
sampled”
The tannin and Iron sulphide was thought to have originated from decay of organic material.
However the foaming agent smelt similar to shampoo. The foam pollution event that
occurred in November 1994 is illustrated below (Plate 5). Schwarzkopf was thought to be the
most likely source of pollution. No biodiversity surveys were conducted to assess the impact
of this event on aquatic life. High levels of faecal coliform were most likely due to a cracked
sewage pipe in the area. Pet faeces could not be the only contributor, as levels were too high.

Plate 5: Foam pollution event; possibly caused by run off from an industrial site.

(Source: Laxton, 1994)
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A number of other pollution events involving detergent or some similar foaming agent have
occurred, including one in 1991 (Manly Daily, 31/08/1991, P9) and another in 1999 (Manly
Daily, 03/02/1999, P7).
The most recent study to date found high concentrations of zinc and extremely high
concentrations of copper (350mg/L compared to ANZECC limit of 5mg/L) in the drainage
pool near Aquatic Drive (Crewe, et al, 2000). Zinc may originate from industrial runoff or oil
and tyre residues from roadways. Copper probably leaches from water pipes. The highest
levels of nitrogen in the catchment were also found in the drainage pool, as well as extremely
high levels of orthophosphate. This would apparently confirm Laxton’s suggestion that there
is a cracked sewage pipe in the area.
G. brevipinnis have not been sighted in the upper catchment for several years (Lo, pers comm,
2001). It is important to monitor the area as juveniles continue to migrate up Curl Curl Creek.
Specifically, the Action Team needs to establish whether general water quality is too low for
the fish to survive, or if, in fact, one off pollution events (such as the foam event in 1994)
result in sudden decreases in fish numbers or their food sources.
Drainage Lines beneath the Baseball Field
The present baseball field was built on the Fitzpatrick tip, which was established in 1970. Tip
contents were not controlled. Curl Curl creek has been piped beneath the field. A sewage
pipe also continues from the industrial site, beneath the sports field (Appendix 1).
Bright orange iron leachate is frequently observed in the drainage lines flowing from beneath
the field (Plate 6). The tip site was constructed by excavating sandstone, hence the precipitate
may be a natural by product of weathering. Alternatively, the orange substance may be a
mixture of precipitates, leached from landfill components. To this date the substance has not
been analysed (Nelson, 1998).
Higgs and Johnson (1982) found very high levels of nitrogen compounds at the site. Casson
(1996) confirmed Higgs’ findings. Again it appears a leak in a sewage pipe may be the cause.

Plate 6: Iron leachate exiting a piped creek that extends beneath the baseball field.
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Residential Areas
Cootamundra Drive borders the North Eastern side of the park and is representative of an
urban area which drains into the reserve. The stormwater drain has been sampled by Crewe,
et al, (2000) and Higgs and Johnson, (1982). Both studies found high levels of nutrients at
the site. Nutrients are most likely sourced from fertilizers used in horticulture. Crewe, et al
(2000) also found twice the recommended level of zinc, possibly from road residues.
The water samples were taken at the mouth of the stormwater pipe adjacent to the street. G.
brevipinnis populations have remained stable lower down in this tributary. The water passes
through a densely vegetated area for over 50m above where the fish are observed. It is likely
that the vegetation, which includes weeds, absorbs excess nutrients and traps silt.
Allambie Heights
A residential site is currently being constructed in Allambie Heights, situated at the
headwaters of Curl Curl Creek. The site was originally bushland with a creek and small
wetland. A 10m buffer of vegetation has been retained along part of the creek. A Water
Quality Control Pond, which will later include an artificial wetland, has been constructed. It
is hoped that the wetland will filter sediment and heavy metals from the water, before it enters
Curl Curl Creek (Laxton, 1994).
There were no shrimp or G. brevipinnis observed in Curl Curl Creek up to 18 months after
clearing began at the site (Lo, pers comm, 2001). High loads of sediment run off are often
associated with construction sites and may have had a severe impact on the biodiversity of the
upper catchment.
Review of Water Quality Studies
Boey (1997) states that the only environmental values of concern in the catchment are
“primary and secondary recreational contact (primary value) and protection of aquatic
ecosystems (secondary value)” (p10).
Many management Plans have been written on the basis of the water quality studies
summarised above in Table 4. Warringah Council relies on Manly Dam Management to
implement the recommendations of the latest Management Plan by Nelson Consulting (1998).
In practice, however, management only monitors nutrient levels in the dam in order to detect
the threat of an algal bloom (Buckley, pers comm., 2001). This appears to be the primary
concern for council as the dam is used for recreation and blue green algae could cause serious
health problems (Buckley, pers comm., 2001). There is currently no long term monitoring of
water quality in the tributaries. Boey (1997) states the need to adopt the principals of Total
Catchment Management in order to protect the water quality in the reservoir. Other studies
also recommend that the tributaries be regularly tested (Crewe, et al, 2000; Casson, 1996).
Higgs pers comm (2001) pursued Sydney Water for several years in the 1980’s, to ask them to
investigate the possible leaking sewage pipe beneath the playing field, but was unsuccessful
in his requests. There is currently no EPA license imposed on council or industry regarding
landfill leachate or environmental flows (Nelson, 1998).
Currently there are no biodiversity surveys being conducted in the catchment. No attempts
have been made to monitor or conserve the G. brevipinnis population. Several studies
highlighted the need to monitor the biodiversity of the catchment (Willey et al, 2000; Boey,
1997, Chanell, 1992). Channel (1992) states:
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“Current information about such aquatic communities is non-existent. It is
recommended that studies should be undertaken to determine community
composition and that this data can be used to develop a monitoring program”
(cited in Boey, 1997: p 28)
5.2.

Introduced Fauna

Several exotic fish species have been released into the reservoir over the past hundred years,
by the local authorities (Table 6). Trout, Silver perch (native), and European Carp were
released for recreational fishing. Lo (1998) states that there is a “clear demarcation line”
between the habitat of the introduced species and that of G. brevipinnis. The only native
found to directly coexist with the introduced species in the catchment are the dwarf flathead
gudgeon (Philypodon sp.) (Lo, 1998). The recent Ardel development adds to the risk of fish
being introduced at the headwaters and being washed downstream.
Table 6: Fish species in Manly Dam Catchment.

(Source: Nelson, 1998)
Common Name
Australian Bass

Yellowbelly (Golden Perch)
Silver Perch
Climbing Galaxias^
Short-finned Eel
Rainbow Trout*
Redfin* (English Perch)
Mosquito Fish*
European Carp*
* Introduced

Fish in the Lake and Creeks
Scientific Name
Comments
Macquaria novaemaculeata Several releases since 1982
including:
10,000 fingerlings in 1989
20,000 fingerlings in 1989
Macquaria ambigua
Caught in 1997
Bidyanus bibyanus
3,000 released in 1992
Galaxias brevipinnis
Recorded in creeks
Anguilla australis
Salmo gairdnerii
Last release early 1996
Perca fluviatilis
Gambusia affinis
Cyprinus carpio

Gambusia
Gambusia affinis / holbrooki (Plate 7) have in the past been introduced to fresh water bodies
in order to reduce mosquito populations. There is strong evidence that the fish does not
achieve this aim (Aarn, 1998). Rather, Gambusia have been found to prey on the eggs and
larvae of other fish. Subsequently Gambusia have been extremely effective in the reduction
of native fish populations. In addition, Gambusia may also behave aggressively toward larger
fish. They often attack, shred fins and sometimes kill other species (Nico and Fuller, 2001).
It is interesting to note that the native Galaxias maculatus has been nominated as an effective
predator of Gambusia (Nico and Fuller, 2000). The Action Team observed high numbers of
Gambusia coexisting with G. brevipinnis (adults and juveniles) beneath waterfalls. However,
there were relatively few Gambusia in the upper reaches where only adult Galaxias were
present. This observation would appear to support the theory that adult Galaxias are predators
of Gambusia. However, the introduced species may still pose a serious threat to Galaxias
during the spawning and juvenile stages of reproduction. This threat may have been
increased by the pond and Ardel housing development at the headwaters.
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Plate 7: Gambusia holbrooki (Source: Nico and Fuller, 2000).

Trout
A study conducted by Tizley (1976) found an inverse relationship between the populations of
Rainbow Trout (Salmo gairdneri) and Galaxias species (G. olidus and G. coxii) in the
tributaries of Lake Eucumbene, southern New South Wales. Originally, Galaxias were
thought to occupy all tributaries, but the study revealed Galaxias in only 5 of the 27 tributaries
sampled. A population of G. brevipinnis was surveyed below and beneath a waterfall in
1971, and again in 1974, after trout had invaded the lower reaches of the tributary. In 1974
the population of Galaxias beneath the waterfall had been eradicated and the portion above
the waterfall survived.
Water quality parameters were similar above and below the waterfall. Hence, trout appear to
out compete or destroy native Galaxias. Tizley cites several studies that have found Galaxias
in the guts of trout throughout Australia and New Zealand. Galaxias apparently evolved
without significant predation, and are slow to flee and hide when confronted with fishing nets.
Based on these observations, Tizley concluded that trout prey on Galaxias and directly cause
the eradication of Galaxias populations.
Carp
Carp have been blamed for many of the problems encountered by fishery and water resource
managers. The Inland Fisheries Commission, Tasmania (IFC, 2001) lists the following
impacts:
•
•
•
•
•
•

destruction of fragile aquatic macrophytes (water plants)
increase in turbidity
damage to stream beds and irrigation channels
nutrient enrichment of waterways leading to algal blooms
competitive interactions with desirable fish species
introduction of new parasites and diseases to desirable fish species.
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Although carp have been linked to some of these problems, particularly at high densities,
there is generally a poor understanding of the real impacts of carp. Some of the problems
attributed to carp may be symptoms of wider environmental problems such as salinity, habitat
destruction, water quality deterioration and flow reduction. However, if carp were introduced
to the pond at the top of the catchment and were washed downstream, the impact on
G. brevipinnis in the catchment is likely to be significant.
Red Fin Perch
Red Fin Perch are viewed as an introduced pest. They can out-compete native fish and in
some cases seriously reduce or eradicate native populations. It is known to prey on the
juveniles of other fish such as trout (IFC, 2001). The perch have been observed at the bottom
of waterfall pools, partially hidden and still, waiting to snatch at juvenile G. brevipinnis (Lo,
1998).

Plate 8: Red Fin Perch (Source: IFC 2000).

5.3.

Weeds

According to Lo (1998) there are currently no native aquatic plants in the catchment.
However, an aquatic weed Ludwigia perviani is common throughout the catchment (Buckley
pers comm, 2001). The impact of this species on the local biodiversity is unknown. Sedges
have developed on islands of sediment within the creek flowing from Cootamundra. Higgs
pers comm (2001) suggests that the islands provide a breeding ground for waterfowl and
frogs. Although unsightly, the weeds probably play an important role in the modern
ecosystem by capturing seeds, nutrients and sediment before these artificial additions reach
the reservoir. Terrestrial weeds are prevalent around the perimeter of the catchment (Plate 9).
Weed seeds often originate from stormwater drains. However, the native vegetation appears
to be reasonably robust, and weeds are mainly limited to creek banks downstream of the
boundary of the Park. Common weed species include lantana, blackberry and geranium.
5.4.

High Water Temperature

As noted above, G. brevipinnis prefer cool water (below 22 degrees C). Therefore a
particularly hot summer may reduce the population. Low rainfall is also a contributor to
increased water temperatures. Clearing riparian vegetation removes shade and directly
increases the temperature of pools. This has occurred below the Ardel site and near the golf
course. Bush fires also reduce vegetation cover. Global climate change may also result in
higher local temperatures, pushing the suitable temperature range for G. brevipinnis further
south.
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Plate 9: Weeds grow in sediment traps near this creek in the upper catchment.

Duffy’s forest vegetation remnant in the background.
5.5.

Humans

There is a large threat that people may wish to capture rare fish such as G. brevipinnis for
home aquariums. The use of the park has increased as urban consolidation occurs at the
catchment boundary.

6. CONSERVATION MEASURES
Generally, previous conservation measures for this catchment have been aimed at preventing
algal blooms in the reservoir. Currently no conservation measures exist to protect
G. brevipinnis, or any other species, directly. The measures below have been put in place to
mitigate the impacts of run off from development sites in the catchment.
6.1.

Wakehurst Golf Course

Based on recommendations by Caddey, et al (1982) the proprietors of the golf course
constructed an artificial wetland at the edge of the dam adjacent to the course. The wetland
was formed by a wall of bags of cement that traps the flow of tributaries originating from the
golf course. The design aims to allow sediment and attached nutrients to settle out of the
water column. Bacteria and plants then process the excess nutrients. Subsequently, the
wetland has become densely vegetated with aquatic weeds. Crewe et al (2001) suggest the
sediment trap is working, as low levels of turbidity and relatively moderate levels of nutrients
were found in samples from the wetland. However the surrounding bushland has been
degraded and replaced by weeds.
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6.2.

Allambie Heights

The main concern regarding the Ardel development at Allambie Heights, aside from the
obvious loss of habitat, is the effect of increased levels of sediment, nutrients and other
pollutants entering Curl Curl Creek. The Land and Environment Court granted permission for
the development to continue on the condition that a Water Treatment System was designed
and installed to reduce such impacts.
Part of the original creek line has a 10m buffer of vegetation retained on either side.
Sediment traps, in the form of gravel drainage pits, were placed along the length of this creek
(Plate 10). Sediment traps are intended to facilitate denitrification by micro organisms
(Laxton, 1994). A large 58m diameter sediment pond has been constructed at the bottom of
the site to capture the flow of the creek (Plate 11). The pond is separated into three sections
by concrete walls. The first section (fore bay) overflows into the next division (outer
sections) then into the central section. When this is full due to high rainfall, small flows are
released through an overflow pipe and large flows over a weir into Curl Curl Creek. The
system has been designed to allow sufficient time for sediment to settle out of the water
column before the water reaches Curl Curl creek. However, high flows bypass the outer
sections. According to Laxton (1992) and Caddey, et al (1982), the original wetland was
ephemeral due to a large variation in rainfall over an annual period.

Plate 10: Sediment trap at Allambie Heights development.

An artificial wetland is planned for the outer part of the pond, but it is understood that this
will not be constructed for a number of years. Meanwhile pollutants can pass through the
pond into the Manly Dam Reserve. When completed, the wetland should act as a filter,
removing some nutrients, sediments and heavy metals from the stream. However, there are
doubts as to whether the pond will be effective in preventing pollutants from entering the
creek, especially in heavy rainfall events. High pH levels downstream from the pond have
been reported since its construction.
This large pond currently has no significant shade and will contribute to increased water
temperatures downstream. This is a further threat to the galaxias since they require cool
water.
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Plate 11: Settlement pond at Allambie Heights development.

6.3.

Residential

A floating boom with traps to capture gross pollutants has been installed on the reservoir at
the mouth of the tributary fed by a stormwater pipe beneath Cootamundra Drive. Clearly, the
purpose of the trap is to protect the recreational values of the reservoir, rather than the
ecosystem within the tributary. There are no silt traps or seed fences currently installed to
filter stormwater run off entering the catchment.

7. ACTION PLAN
7.1.
•
•
7.2.

Objectives
To protect the G. brevipinnis population, that inhabits certain tributaries within the
Manly Dam Catchment, against sustained decline.
To gain knowledge about the ecosystem that G. brevipinnis inhabit and the human
impacts upon that ecosystem, the G. brevipinnis population dynamics and threats.
Strategy

In order to determine the best way forward to protect the G. brevipinnis population a
monitoring program is recommended. The program would be aimed at increasing knowledge
about the ecology of G. brevipinnis and how the population responds to human impacts. In
addition, further research into both scientific and local knowledge should be encouraged to
refine monitoring aims and interpret findings. Community consultation and participation
would be an invaluable part of this research. Evidence collected could be used as solid
research for future campaigns to protect the G. brevipinnis in the Manly Dam Catchment.
7.2.1 Target Conservation Areas
Tributaries where G. brevipinnis remain should be targeted for monitoring (Zone 1). Creeks
where they once inhabited would also be studied in order to determine why the population
declined in these areas (Zone 2). Other tributaries and the catchment itself constitute the
ecosystem in its entirety and clearly interact with contemporary G. brevipinnis ecosystems
(Zones 3 and 4).
Zone 1: Current habitat
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Zone 2: Potential or past habitat
Zone 3: Other streams and the Dam
Zone 4: Remaining land in the Catchment
7.2.2 Increase Knowledge
Surveys
Surveys (or counts) are an important step in any conservation effort. Regular counts will
provide information about the base level population and natural fluctuations in population size
and stratigraphy throughout the reproductive cycle. This information is crucial in determining
action plans aimed at protecting the population.
Water Quality Testing
Many previous studies have been conducted to determine water quality. These studies each
recommend further consistent water quality studies. The data should be collected with
specific enquiries in mind regarding the G. brevipin nis habitat requirements and possible
threats to the ecosystem. Testing can be carried out by volunteers from the local community
and on the same dates as fish surveys.
7.2.3. Community Participation
The Save Manly Dam Catchment Committee is the local community group that actively work
to protect the Manly Dam Catchment. The Manly Dam Management has been appointed by
Warringah Council to manage the reserve and monitor water quality in the reservoir. Both
groups have been consulted during the preparation of the G. brevipinnis Action Plan and have
reviewed plan drafts. Numerous drafts were written and amendments made in response to
suggestions. The success of the plan is conditional upon continuing this community
involvement. In order to foster and guarantee this, the following have been integrated into
immediate and proposed actions: volunteering, wider public consultation, and building
awareness through information sharing with council and local industry and development
groups.
7.3.

Actions

7.3.1. Establish an Action Team
The Action Team should consist of team coordinators committed to implementing the Action
Plan. The team would be required to report progress at regular meetings and produce a final
report. The roles of the Action Team in each initiative are outlined below. The success of the
action plan will be subject to review based on the ‘criteria for progress’.
7.3.2. Establish a Fish Monitoring Program
Surveys (counts) of the G. brevipinnis population in Zone I should be coordinated by the
Action Team and implemented with the support of volunteers. The Action Team would
design a roster and establish an e-group such that participants could organise dates and times
for training and surveys. The data collected would be recorded, interpreted and reported by
the Action Team to the Committee and volunteers. It is hoped a bilateral flow of information
between participants and the Action Team would be established to maximise community
participation.
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Surveys should be conducted in order to understand:
•
•
•
•

breeding cycles and migration;
habitat requirements and preferences eg feeding, temperature, bedrock stream
bottoms);
population stratigraphy;
population behaviour;

•

the distribution and habitation within and between different streams (possible
correlation to human impacts on water quality in different streams which have their
own set of human influences).
7.3.3 Establish a Streamwatch Team
The Action Team should organise training days for volunteers to use Streamwatch kits.
Again, a roster and e-group list would provide a reliable contact and reference point for
volunteers to report their data and obtain feedback on the progress of the monitoring program.
The Action team would be responsible for selecting test sites based on previous water quality
studies.
Specifically, the Streamwatch Team would monitor habitat parameters such as:
•
•
•
•

turbidity;
salts and nutrients;
climate (temperature, precipitation, evaporation, microclimate);
flow regime.

This data would be considered alongside population surveys to determine the base level
requirements of the population. For example:
•
•
•
•

temperature optimum for breeding and spawning;
turbidity threshold;
characteristics of habitats that the population is restricted within and
the impact of seasonal dry weather on water quality.

7.3.4. Conduct Pollution Monitoring
It is clear from studying the site that human impacts, from things such as landfill and
pollution from the adjacent Golf Course, have caused the local extinction of G. brevipinnis in
certain tributaries where populations once flourished. Specific Streamwatch tests would be
aimed at determining what specific activities and developments are real threats to the current
populations habitat. The following table identifies such potential threats and the Streamwatch
tests that would be used to monitor related impacts.
Table 7: Tests for Potential Threats to Galaxias.

Potential Threat
Clearing of upstream areas for development
Landfill leachate from baseball field site
Sewage leaks or overflows

Test (units)
Turbidity (NTU)
Salts / solutes (eg Fe2O3)
Faecal coliform (CFU/100ml)
Nutrients (mg/L)
Observation (garbage, oil)
Phosphate and nitrate (mg/L)
Water Temperature (degrees C)

Stormwater drain pollution
Removal of riparian vegetation
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7.3.5. Monitor Introduced Species
Red fin perch and other predators
Red Fin Perch are known to prey on G. brevipinnis. It is important to gain an understanding
of the “demarcation line” between the habitat of the G. brevipinnis and that of the Red Fin
Perch. The impact of other species e.g. Gambusia holbrooki should also be carefully
monitored. The establishment of refuge within the stream may be very important in future
attempts to protect G. brevipinnis from introduced species should they be found to place too
great a stress on the population. Volunteers should be deployed to fish out Red Fin Perch and
move G. brevipinnis juveniles above water falls and hence out of immediate danger. The
Action Team coordinators should report the effectiveness of such activities.
Weeds
Teams should observe and map the encroachment of weeds and also gather data pertaining to
the succession of native vegetation. Weeds have continued their encroachment further down
into the riparian zone at Cootamundra Drive after the fire of 2000.
Whilst introduced weeds are undesirable, in the short term, they may provide a useful
function:
•

Introduced aquatic species can form natural barriers to piscivores
• Weed belts on the catchment fringe incorporate some pollutants into their tissues,
which would otherwise be flowing into the ecosystem. These include nitrates and
phosphates from urban run-off, which many plants adapted to nutrient-poor soils
derived from Hawkesbury Sandstone are intolerant to.
• Weeds may also trap silt, weed seeds, etcetera.
• Weeds provide habitat for fauna
Thus, whilst threatening the floral integrity of the ecosystem, realistically, they may be
beneficial for downstream water quality. Nevertheless weeds should be replaced by
indigenous species where possible, provided this could be done without introducing further
adverse impacts. Information gathered by the Action Team may be used to determine at what
point weed encroachment becomes a serious threat. These studies will translate to a strategy
for targeting weed removal, as well as addressing the immediate questions regarding their
gradual encroachment. Until the Action Team can determine such answers, and the root
problem of water quality can be addressed, the Action Team recommends the community
exercise the precautionary principle regarding weed removal.
7.4.

Short-Term And Long-Term Actions

The following actions should be implemented simultaneously or after research plan actions
are satisfactorily under way.
•
•
•

Design a community awareness campaign including a door knocking campaign
targeting storm water pollution and a website.
Require an Environmental Impact Statement for any proposed work in the catchment.
Build relations with relevant administrative bodies such as Warringah Council, the
Coastal Council of NSW, and Manly Dam Management.
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•
•
•

•
•
7.5.

Use all evidence collected in this and any future studies in any long-term campaigns to
protect the Dam and its tributaries from further degradation.
Write grant submissions to ensure the study can be sustained into the future and can
meet any costs involved in the protection of the fish in the long term.
Write a submission to have the population recognised as threatened under the NSW
Threatened Species Conservation Act 1995. Listing the population as endangered
would make it eligible for a NPWS Recovery Plan and may require council to re-zone
the fish habitat as “ecologically sensitive”. Such listing would give the population
legal protection from developments that may pose threats.
Obtain information and drainage maps from the Sydney Water Board to estimate how
the population may by potentially affected by artificial alteration to the tributary flows.
Enquire about EPA licensing for the council in regard to the Ardel Water Quality
Control Pond (artificial wetland) and the baseball field leachate.
Criteria For Success

For the purposes of review, the action plan will be judged successful if, at the time of review:
•
•
•
•
7.6.

Objectives are met
Each action has been implemented or addressed (where implementation was
impossible or found no longer appropriate based on new information)
Survey data is consistently gathered and downloaded
Survey data begins to show trends or reveal currently unknown facts about the
population, water quality or pollution sources.
Feasibility

The SMDCC may be able to fund the Action Plan initially or may be able to apply for grant
funding. The budget for the initiation of the Action Plan is $5,000 over 3 months. During
that time the Action Team would meet with local councils and industry in order to secure
additional funds. Grant applications would also be submitted to the relevant funding bodies.
Ideally the monitoring program would continue for several years. The following tables
breakdown the hours required to complete each action outlined in the Action Plan. The
number of hours required is within the budget of $5,000.
Table 8: Tasks and Goals – Fish Counts.

Week
1

2-9
(8 weeks)

Task/Goal
Scout sites and test sites and map target areas.
Design experiments (hypothesis, method, stat’s test) to be
continuous with UTS
Design data sheets and database
Design roster for data collection
Conduct fish counts
Enter data and start a research journal
Conduct fish counts
Enter data and update journal
Follow up research

Total
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5
8
2
2
12
1
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Table 9: Tasks and Goals – Streamwatch.

Week
1

2-9
(8 weeks)
10-11
Total

Task/Goal
Design the study/experiments such that data is continuous
with UTS studies. Design hypothesis and determine statistical
tests required to test the hypothesis.
Create a data collection roster for both volunteers and Action
Team members
Coordinate volunteers via an e-group to fill the roster.
Generate a contact list
Complete surveys with volunteers (rotation – one Team
member per survey date)
Record data and start a research journal
Coordinate volunteer roster and ensure data is collected
Record data and update research journal
Follow up research (academic and local)
Data analysis, research and report writing

Hours
4
2
2
2
2
9
8
16
40
87

Table 10: Tasks and Goals – Grants.

Weeks
1-9

Task/Goal
Preliminary research of appropriate grants and their conditions
Complete 2 grant submissions

Total

Hours
4
20
24

Table 11: Tasks and Goals – Accounts.

Weeks
1
2-11

Task/Goal
Design account data sheets and budget report format
Update accounts (weekly)
Produce budget and progress reports (fortnightly)
Produce Committee meeting reports (monthly)

Total

Hours
2
5
5
6
18
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APPENDIX 1: Site map of Manly Dam.
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APPENDIX 2: Summary of water quality studies completed in Manly Dam
Catchment.
(Source: Boey, 1997)

Author

Focus of
Study

Higgs
Manly Dam
and
and tributaries
Johnson
Cheng
and
Jones

Manly Dam

Number
of Sites
14
Dam wall
profiles
(1m int)

Sampling Dates
15/09/81 (dry),
19/10/81 (wet)
07/86 to 06/88
(monthly)

W.Q. Parameters
tested

Results wrt ANZECC
(Protection of aq. ecosystems)

NO3, NO2, NH3,
PO4

6 sites in Curl Curl Creek
exceeded guidelines for P.

Temp, DO, pH, turb,
ortho-P, NO3, chl-a,
algal counts.

Only chl-a exceeded indicative
maxima on two occasions
(15/04/88 and 05/05/88)
Wakehurst G.C. – 15, 11 and 10
of 20 sites exceeded guidelines
for P, N and NH3, resp.

Cheng,
Jones
and
Powell

Manly Dam
tributaries

Max. 68

09/08/89 (dry),
17/08/89 (wet),
26/09/90 (dry)
25/10/90 (wet)

Turb, pH, alk., SS,
NO3, NH3, Ortho-P,
TP, Si, Fe.

Curl Curl Creek – 8, 14 and 16
of 24 sites exceeded guidelines
for P, N and NH3, resp.
Allambie – 3, 4 and 1 site of 8
exceeded guidelines for P, N
and NH3, resp.
North Balgowlah – 3, 1 and 4 of
4 sites exceeded guidelines for
P, N and NH3, resp.

Laxton

Casson

Manly Dam
and Wakehurst
Golf Course.

Warringah
catchment

5

Max. 33
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February, March
and April, 1996

Between
30/04/96 and
28/07/96.

Sal, TSS, inorg SS,
vol SS, NOx, NH3,
TN, ortho-P, TP, FC

Temp, DO, pH, turb,
cond, TSS, NO3,
NH3, TKN, TP.
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All results were within
guidelines, but FC levels were
of concern.
Wakehurst G.C. – 2 and 4 of 18
sites exceeded guidelines for
DO and P resp.
Curl Curl Creek – 1 and 4 of 6
sites exceeded guidelines for
DO and P resp.

APPENDIX 3: Drainage map of Manly Dam catchment.
Pipes and sewage lines are illustrated. Study sites are also noted. (Source: Nelson, 1998)
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