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Summary 
The Lennard Brook is located in Western Australia’s Gingin region and is a highly 
valued water resource for economic, cultural and environmental attributes – all of 
which have historically been supported by permanent flow. The brook supports one 
of the highest diversities of fish found in the state’s south-west and includes both rare 
and endangered taxa.  

Annual streamflow in the Lennard Brook has generally risen since the early 1970s: it 
has increased by 25% between the periods of 1963–1974 and 1975–2001. However, 
recent flow records demonstrate a decline of approximately 5% in annual average 
streamflow (based on comparison of flows between the 1975–2001 period and recent 
flows between 2008 and 2010). Future climate projections for the Gingin region 
project that streamflow will decrease by a further 30% by 2030 under a median 
climate scenario. Given that flows are decreasing in the surrounding area, stress 
from a drying climate may affect the brook’s ecological health in future. 

The long-term decline in streamflow in the Gingin region prompted the Department of 
Water to include a critical low-flow threshold (CLFT) for Lennard Brook in the Gingin 
surface water allocation plan (DoW 2011b). The CLFT is the flow below which it is 
predicted an ecological decline will occur. The CLFT was set in the allocation plan as 
5 ML/day based on the 98th percentile of streamflow recorded in the brook between 
1963 and 2001.  

The Department of Water’s Water Allocation Branch commissioned the Water 
Science Branch to assess the suitability of the 5 ML/day threshold, given that 
development of the threshold did not take into account future climate projections or 
measure relationships between flow and ecology in the brook.  

Streamflow in the Lennard Brook during the study period was above the CLFT and 
therefore it was not directly possible to assess whether the 5 ML/day resulted in a 
decline in ecological condition. However, the results indicate that the flow regime  
assessed (minimum flow of 6.6 ML/day for one day, average 8.4 ML/day) was 
adequate to maintain the brook’s ecological health – as demonstrated by the 
maintenance of good water quality, system connectivity (longitudinal and lateral) and 
relatively high fish diversity and biota condition. Surface water connectivity was 
identified as a potential threat to the future health of the brook given that some loss of 
aquatic habitat was observed when flows were below 6.6 ML/day.  

Based on the results of this study, it is recommended a precautionary approach to 
managing the Lennard Brook resource be employed during low flows by 
implementing a daily flow trigger value of 6.6 ML (over two consecutive days) as an 
early warning sign of possible decline in ecological health. Following this, flows are to 
be monitored at the Molecap Hill gauging station on a weekly basis during low-flow 
periods to detect flows below this trigger. A breach in trigger value is recommended 
to prompt monitoring of the dissolved oxygen in selected river pools (likely refuge 
areas) to ensure levels are above the concentrations required to sustain aquatic 
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biota. Accordingly, the water quality trigger for dissolved oxygen should be set  
at 5 mg/L.  

Revision of the low-flow trigger is expected in future based on the daily flow (ML) 
required for maintaining dissolved oxygen levels above 5 mg/L in refuge areas.
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1 Introduction 
The Lennard Brook is a perennial freshwater system that flows into several wetlands 
within the Bambanup Nature Reserve and Lake Yeal (DoW 2011b). The brook has a 
strong interaction with groundwater, with summer flows maintained by discharge from 
seeps and springs (Johnson 2000). Summer surface water flows are recognised as 
being important for preserving the brook’s environmental (biodiversity, ecosystem 
processes), economic (e.g. agriculture) and cultural values (DoW 2011b, c).  

Long-term average annual and monthly flows in the Lennard Brook show an 
increasing trend between 1963 and 2001 (monitored at Molecap Hill gauging station). 
This gauging station was closed in 2002 and re-opened in late 2008. Recent data 
from 2009 and 2010 indicates the streamflow may no longer be increasing.  
Long-term streamflow trends in the nearby Gingin Brook have also shown a declining 
trend since the mid-1970s: a trend also reflected in the mean annual rainfall  
(DoW 2011b, c). The response of flow in the Lennard Brook to abstraction and 
declining rainfall during the past 10 years is not clearly understood. 

To protect system values the Department of Water set a preliminary critical low-flow 
threshold (CLFT) for the Lennard Brook in the Gingin surface water allocation plan 
(DoW 2011b). The brook’s CLFT is a daily flow of not less than 5 ML for more than 
two consecutive days in a year (DoW 2011b), as recorded from the Molecap Hill 
gauging station (Figure 1). 

The CLFT is a benchmark to monitor the summer flow regime and represents the 
point at which an unacceptable risk to water users and the environment has arisen. It 
was determined as the flow exceeded 98% of the time at the Molecap Hill gauging 
station between 1963 and 2001. This approach assumes that historic flows have 
been sufficient to protect the ecological values of the Lennard Brook, and that the 
CLFT is ecologically relevant.  

Recent flow trends (2008–10) indicate the average annual and monthly streamflows 
may no longer be increasing. Future streamflows in the Gingin region are predicted 
to decrease by a further 30% by 2030 under a median climate scenario  
(CSIRO 2009). It is expected these thresholds will be reached more frequently in a 
future drier climate. Because of this it is important to validate the CLFT and check it 
is adequate to detect ecological degradation. 

The study described in this report assessed the CLFT’s suitability (as defined by 
hydrological trends) for maintaining the Lennard Brook’s ecological health 
(ecosystem services, water chemistry, biotic composition and structure) and 
environmental values. 
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1.1 Objectives 

The objectives of this study were to: 

• investigate the suitability of the existing CLFT in maintaining ecological health 
in the Lennard Brook, with the view to revise it 

• identify potential refugia within the brook as sites for future monitoring 

• recommend an appropriate management response when the CLFT is 
reached. 

1.2 Background 

The Lennard Brook is a perennial system, with groundwater discharge maintaining 
surface water flow during the summer months. Most of the surface water is pumped 
directly from the watercourse during the summer for stock and domestic use, 
irrigated horticulture, cattle production and orchards (DoW 2011b). 

A permanent flow regime is recognised as being vital for maintaining the brook’s 
ecological and cultural values (Storey & Davies 2002). 

Ecological values of the brook include:  

• its connectivity with wetlands within Bampanup Nature Reserve including 
lakes Bambun and Yeal (DoW 2011b, c), which are valued for their 
conservation values and importance to waterbirds 

• its high diversity of freshwater fish species, many of which are endemic to 
south-west Western Australia (Morgan et al. 1998, 2000) 

• the presence of the rare and endangered mud minnow (Galaxiella munda) –
this species has a very limited distribution and is classified as ‘Restricted’ by 
the Australian Society for Fish Biology (Morgan et al. 1998; Beatty et al. 2010).  

Cultural values include indigenous mythological and burial sites of significance that 
exist in the resource area associated with the Lennard Brook. No social values that 
depend on flow have been identified (DoW 2011b, c). 
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1.3 Approach 

Riverine ecosystem structure and function is strongly influenced by the flow regime 
(Puckridge et al. 1998). A reduction in flow can have a number of impacts on the 
aquatic environment, which can include: 

• Altered water quality such as increased electrical conductivity, increased 
diurnal variation in water temperature and decreased dissolved oxygen  
(Lake 2003). Ecological consequences can include changes in the distribution 
and abundance of biota depending on the tolerances of differing species 
(McNeil & Closs 2007; Miller et al. 2007; Chessman 2003). 

• Decreased amount of available habitat through decreased wetted width, depth 
and flow (Harvey et al. 2006; Hay 2009). Ecological consequences can 
include loss of taxa, particularly those with specialised requirements  
(Bunn & Arthington 2002). 

• Reduced lateral connectivity with the riparian zone and floodplain and reduced 
longitudinal connectivity affecting the sources and transfer of energy. 
Ecological consequences include accumulation of organic matter (Boulton & 
Lake 1992) and changes in biotic composition due to varied allochthonous and 
autochthonous inputs (Reid et al. 2008; Walters & Post 2008). 

• Restricted distribution (migration) of biota between habitats and river reaches 
(Bunn & Arthington 2002). Ecological consequences can include the increased 
importance of refuges in maintaining biotic biodiversity. Hence, sustainability 
relies on the maintenance of a number of good quality pools as refugia. 

In assessing the adequacy of low-flow thresholds for maintaining the ecological 
health of the Lennard Brook, a multiple parameter assessment was chosen that 
encompassed physical, chemical and biological aspects. This approach was required 
to account for variability in streamflow and the associated direct, indirect, acute and 
chronic effects on ecological health. 

Note: the health of refugia (as demonstrated by water quality and biotic condition) is 
a key determinant of low-flow stress and the associated recovery potential of the 
system (White & Storer 2012). 

Fish and crayfish data were collected as biota are sensitive to specific environmental 
changes; can detect both acute and chronic conditions; and can respond to changes 
in water quality, hydrology and physical habitat structure (ANZECC & ARMCANZ 
2000). For example, biological data (such as recruitment) can indicate system 
connectivity or habitat quality over recent years, whereas the presence of certain 
species may provide information on water quality conditions throughout the previous 
dry season.   

Water chemistry, habitat availability and system connectivity were also monitored 
during the low-flow period to determine specific changes in response to flow.  

All data were integrated with the gauged mean daily flow to investigate how flow 
interacted with the system’s ecology. 
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1.4 Context 

The findings of this study will be used in conjunction with the Gingin surface water 
allocation plan (DoW 2011b) to inform the Department of Water‘s decisions on 
allocation limits and licensing to protect the Lennard Brook water resource. This 
includes maintaining capacity for water supply to existing users and maintaining 
sufficient flow to preserve environmental values. 

A separate report addresses the suitability of the upper Gingin Brook’s CLFT  
(see Galvin & Storer 2012). The Gingin Brook is one of six surface water allocation 
subareas that make up the whole Gingin surface water allocation plan area. 

Note: a preliminary environmental water requirement (EWR) study has been 
conducted for the Gingin and Lennard brooks by Storey and Davies (2002). Due to a 
lack of streamflow data available during the period this study was conducted (2001 
and 2008) the department could not confidently determine how the Lennard Brook 
water resource responded to abstraction and reduced rainfall. Hence the department 
decided the EWRs suggested by that study were not appropriate as a basis for 
allocation decisions until further streamflow data could be assessed (see DoW 2011c 
for further information). 
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2 Monitoring locations 
This study focused on the Lennard Brook (Figure 1). Monitoring locations were 
selected to represent likely refugia occurring in the brook. Refugia are those sections 
of a stream that provide habitat and sufficient water quality and quantity to preserve 
aquatic biota during low-flow periods.   

The Lennard Brook is a permanent system, with the majority of flow originating from 
groundwater discharge (DoW 2011c). Within the study area no natural pools occur 
but there are several off-stream (connected) dams. It is a largely connected system 
with the exception of the Molecap Hill gauging station (617165) and two private weirs 
in the brook’s upper reaches. 

As there are no deep pools found in this system, the brook has been divided into two 
reaches: one monitoring site in the upper catchment, above most of the surface 
water abstraction; and another monitoring site downstream of the surface water 
abstraction (Figure 1, Table 1). The upstream site is located at the end of Lennards 
Road and will be used a reference for the downstream site. This site is deep 
compared with the brook’s other sections. The downstream site is located 
approximately 1.2 km downstream of Molecap Hill gauging station (Plate 1). A deep 
off-stream dam is used to abstract surface water located in the middle of the lower 
site. This dam does not pose a barrier to fish passage. For the purpose of the report, 
these sites will be referred to as upper and lower sites (Figure 1, Table 1).  

Table 1 Monitoring sites sampled in the Lennard Brook. 

Site Location Latitude Longitude 

Upper site Lot 3311 Lennards Road, Lennard Brook 31.3816°S 115.9692°E 

Lower site 
Lot 1782 Brand Highway, Gingin 
(accessed by track off Cockram Road; 
opposite Lennards Road) 

31.3861°S 115.9091°E 
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Figure 1 Study sites, in-stream barriers and gauging stations located on the 

Lennard Brook (US – upstream, DS – downstream, GS – gauging station). 
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 Plate 1 Molecap Hill weir 
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3 Assessment method 
Data on flow, stream connectivity, water chemistry, biota and habitat were collected 
to ascertain flow-ecology relationships for the Lennard Brook and used to evaluate 
the existing CLFT’s suitability for maintaining ecological health. Data were collected 
through field sampling conducted monthly in February (23–24 upper site, 21–22 
lower site), March (21–22 upper site, 23–24 lower site) and April (20–21 upper site, 
18–19 lower site) and continuous measurements from water chemistry data loggers. 
The information collected included hydrology, stream connectivity, water quality, 
biota (fish and crayfish) and supporting environmental data. In situ water quality, 
stream connectivity and biota were collected monthly at both assessment sites. 
Continuous measurements of water chemistry were undertaken only at the lower 
assessment site for the entire duration of the study (4 February – 19 April). 
Monitoring schedules are explained further in the sections below. 

3.1 Hydrology 

Water levels and flows were monitored at the Molecap Hill gauging station (617165) 
between December and April and at several reference points established at  
each site.  

Gauged data was collected to assess summer flows leading up to and throughout the 
study period. The reference point measurements for flow and depth were taken on 
each field sampling occasion using a Global™ flow probe and a 1 m ruler 
respectively to allow direct comparison against water quality and biota records. 
These were used to correlate flow at reference points to gauged flow to identify 
critical flows to meet environmental thresholds such as depth and dissolved  
oxygen concentration.  

3.2 Stream connectivity 

Stream connectivity incorporates longitudinal surface water flow, fish movement and 
lateral connectivity. 

Longitudinal connectivity, in terms of biotic movement, is potentially impaired in the 
Lennard Brook due to the presence of Molecap Hill gauging station weir and two 
other private weirs located in the upper catchment. To quantify the degree of impact 
under low-flow conditions, longitudinal connectivity was assessed at several 
locations: 

1. Molecap Hill gauging station was assessed using the Department of Water 
barrier assessment method (Storer et al. 2010a; 2010b) – see field sheets 
provided in Appendix B. Assessments determined the extent to which each 
fish species present in the Lennard Brook would be able to negotiate the 
barrier structure. 

2. A number of additional reference points, typically at road crossings, were 
assessed each month over the study period (see Figure 1). At each point the 
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presence of flow and water depth was recorded. This was included to observe 
the connectivity of baseflow between major obstructions. 

3. Photo points were also set up at each monitoring site. These were specifically 
targeted at observing the impact of flow change on water depth, wetted area, 
channel features and available fish habitat (habitat inundation). Photos were 
taken monthly (Appendix D). Note: this assessed a combination of longitudinal 
and lateral connectivity (the latter being the linkages between habitats within 
the streamline, e.g. connection between pools and draping riparian vegetation 
or undercut banks). 

3.3 Water quality 

Water quality loggers were deployed, and the data collected used to examine the 
relationship between changes in flow and water chemistry under low-flow conditions.  

A single multi-parameter water quality datalogger (Manta™ 2) was deployed at the 
Lennard Brook’s lower site for the duration of the study period (February to April). 
Dissolved oxygen, temperature, pH, specific conductivity and turbidity were recorded 
at 10-minute intervals. Data were downloaded and the equipment cleaned  
each month.  

Dissolved oxygen and water temperature were also monitored at the upper site over 
the 24-hour field assessment period in February, March and April (10-minute 
intervals). This was done to examine localised water chemistry changes for 
comparability with biological information collected at each site. Data were collected 
using YSI 5739 oxygen/temperature probes attached to TPS WP-82Y dissolved-
oxygen temperature loggers. Probes were placed into a PVC housing along with a 
small recirculating pump to ensure continual water movement over the probes’ 
polarographic membranes. Calibration was conducted before initial deployment and 
at re-deployment after each field assessment. 

Weather conditions (e.g. rainfall, cloud cover, wind) and water depth were also 
recorded to aid interpretation of temperature and dissolved oxygen data. 

In situ spot readings and vertical depth profiling of dissolved oxygen, water 
temperature, specific conductivity and pH were recorded at several locations at each 
site to assess the effect of low flow on the general water quality in all parts of the 
river reach. Measurements were made using a Hydrolab Quanta multi-probe.  

3.4 Fish and crayfish 

Fish and freshwater crayfish were monitored to examine the relationship between 
changes in flow and fish abundance and diversity under low-flow conditions. 

Fish and crayfish sampling was undertaken monthly between February and April. 
Two dual-winged fyke nets (rectangle mouth, opening 75 cm high and 105 cm wide, 
3 mm mesh) were deployed over 24 hours on each sampling occasion: one placed 
on the upstream end of the sampling area and the other on the downstream end to 
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capture fish migration into the study area. Fykes were placed near the centre of the 
stream channel with wings extending across the entire width of the stream. All fykes 
were set with a ball float at the end to enable surface access for air-breathing  
by-catch.  

Five large and five small box traps (baited with chicken pellets) were also deployed 
within the 100 m section of the streamline delineated by fyke nets. Traps were left for 
24 hours before retrieval. All in-stream habitat types present at each site were 
sampled to maximise collection of the full complement of fish and freshwater crayfish 
species present in the system.  

Collected fish and crayfish were identified to species and assigned to a size class 
category (Appendix B). The following information was also recorded: evidence of 
reproduction; observations relating to their health and condition (i.e. staining, 
parasites, disease and injury); length of smallest-sized gravid individual; and length 
of largest individual. All native fish and crayfish were returned live to the water. 

3.5 Additional environmental data 

At each site detailed information was collected on aquatic habitat condition  
(e.g. woody debris, substrate characterisation, macrophytes); catchment condition 
(e.g. land use, impact of cattle, sources of pollution); physical form  
(e.g. erosion, channel form); riparian vegetation (e.g. width, presence of weeds, 
vegetative cover); and fish passage (barrier assessments). These assessments are 
taken directly from the South-west Index of River Condition (SWIRC) protocol 
developed by the Department of Water (Storer et al. 2011a, b). See Appendix B for 
the SWIRC river health assessment field sheets used. 

These data were used to characterise the habitat conditions in the brook and provide 
a general indication of the condition of the reach and catchment. Data were used for 
the interpretation of results and, as such, have only been referred to in support of 
observations made about water chemistry and fish/crayfish assemblage. 
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4 Results 

4.1 Hydrology 

Streamflow in the Lennard Brook remained above the CLFT of 5 ML/day for the 
entire duration of the study: flows ranged from 6.6 to 12.1 ML/day. There was an 
evident decline in flow during January to late March, with the lowest flow 
(6.6 ML/day) recorded on 22 February (Figure 2).  

 
Figure 2 Lennard Brook – daily flow from Molecap Hill gauging station (617165) 

and daily rainfall from the Gingin meteorological station (9018) during 
December to April 2011. Pink shading indicates sampling occasions. 

4.2 System connectivity 

Flows in Lennard Brook were generally adequate to maintain both longitudinal 
connectivity and water depth for maintaining aquatic habitat (e.g. woody debris, 
submerged macrophytes and draping vegetation). In February a drop (5 cm) in water 
levels was observed over the two-day sampling period at the lower site. At the time 
flows were at their lowest – 6.6 ML/day. This drop in flow resulted in a decrease in 
the lateral inundation of the stream habitat, disconnecting draping vegetation and 
exposing some areas of large woody debris. Exposed habitat is clearly shown in 
photographs (see Appendix D and Figure 11 and Figure 12).  

Fish movement was unaffected by the low-flow conditions experienced throughout 
the study period with the exception of the Molecap Hill weir. Under summer low-flow 
conditions it is likely this weir impedes all fish movement. However, during high flows 



Assessment of low-flow thresholds in maintaining the ecological health of the Lennard Brook 

 

 

12  Department of Water 

migration is not likely to be impeded given that barriers appear to drown out. 
Anecdotal evidence suggests that fish movement may be impeded in the brook’s 
upper reaches. No barrier survey was undertaken but it is likely an in-stream barrier 
is located downstream of the upper assessment site. 

4.3 Water quality – dissolved oxygen 

Dissolved oxygen concentrations recorded at the lower Lennard Brook assessment 
site displayed a gradually increasing trend over the study period, with concentrations 
typically ranging from approximately 7 mg/L in February through to 8.5 mg/L in April 
(Figure 3Figure ). Rainfall events in February (Figure ) preceded a rapid decrease in 
dissolved oxygen concentrations; in particular, levels dropped from above 7 to  
4.5 mg/L after 20 mm of rainfall on February 16. Oxygen concentrations quickly 
recovered in the brook to levels above 5 mg/L within 12 hours of the rainfall event.  

Diel changes in dissolved oxygen concentrations were monitored monthly at the 
upper site (Figure 4Figure ). No dissolved oxygen data are available for February due 
to equipment calibration problems. However in situ spot measurements indicate that 
dissolved oxygen levels were above 7 mg/L in February. 

Dissolved oxygen levels in March were variable, with concentrations varying between 
approximately 5.6 and 7.2 mg/L through the 24-hour period (Figure 4Figure ). Diel 
oxygen concentrations in April show a distinctive diurnal curve. Dissolved oxygen 
was maintained at adequate concentrations with levels staying above 6.5 mg/L. 
Flows recorded at this time were 9.9 ML/day (Figure 3).  

Both sites on the Lennard Brook maintained dissolved oxygen levels well above 
thresholds known to cause stress to aquatic fauna (5 mg/L) (ANZECC & ARMCANZ 
2000; Hunt & Christiansen 2000; Koehn & O’Connor 1990) throughout the  
study period. 
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Figure 3 Dissolved oxygen at the lower site on the Lennard Brook relative to 

gauged flow at Molecap Hill gauging station. Major rainfall events are 
indicated on the plot. 
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Figure 4 Diel dissolved oxygen at the upper site on the Lennard Brook. 

4.4 Other water quality variables 

The Lennard Brook’s electrical conductivity (measured at the lower site) remained 
around 0.9 mS/cm throughout the study period (Figure 7, Appendix C). This is within 
the freshwater range (0–1 mS/cm) (ANZECC & ARMCANZ 2000). Pulses of 
increased salt content were recorded in February after a large rainfall event, 
indicating potential inputs of salt via runoff from the cleared areas of the catchment.  

The pH of the brook (measured at lower site) was between 6 and 7 for the study 
period (Figure 8, Appendix C) which is within optimal ranges for south-west systems 
(ANZECC & ARMCANZ 2000).  

Equipment failure resulted in erroneous results for turbidity (measured at the lower 
site) and thus no data have been presented. The water was very clear during the 
study period (February to April) at both sites; relatively low levels of turbidity  
were observed.  

4.5 Fish and crayfish assemblages 

A total of five native fish, two native crayfish and one introduced species 
(mosquitofish, Gambusia holbrooki) were recorded in the Lennard Brook across both 
sites during the study period (February to April). Native species collected were 
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freshwater cobbler (Tandanus bostocki), western pygmy perch (Nannoperca vittata; 
formerly Edelia vittata), nightfish (Bostockia porosa), western minnow (Galaxias 
occidentalis) and western hardyhead (Leptatherina wallacei).  

Freshwater cobbler was only recorded at the brook’s upper site (Figure 5). Large 
numbers were observed migrating upstream in February and March: 98% and 71% 
of the catch respectively. No downstream movement was recorded, which suggests 
that freshwater cobbler remained in the brook’s upper reaches.  

The population of freshwater cobbler in the brook appears to be recruiting 
successfully, as suggested by a wide size range of individuals captured, including 
juveniles (<100 mm TL) (Figure 6). 

Other native fish recorded at the upper site consisted of western pygmy perch and 
nightfish (Figure 5). The abundance for both species was low and remained similar 
throughout the study period. The western minnow, a common and widespread native 
species in south-west Western Australia, was not recorded at the upper site. 

The mosquitofish was only recorded in March in low abundance at the upper site. 

Both the freshwater crayfish species – gilgie (Cherax quinquecarinatus) and marron 
(Cherax caiini) – were collected at the upper site (Figure 5). A large number of 
marron were recorded in February, with 31 individuals caught. Marron numbers 
decreased in March and abundances remained similar in April. Marron were more 
abundant at the upper site, which is likely due to the presence of more complex 
habitat and deeper water depth. 

The native fish assemblage at the lower site consisted of western pygmy perch, 
western minnow, nightfish and western hardyhead (Figure 5). The western pygmy 
perch was the most abundant fish species in February with 58 individuals collected. 
Western pygmy perch were observed schooling in large numbers (10–12 individuals) 
during February. Western minnow abundance increased over the study period but 
nightfish abundance remained fairly consistent between seven and eight individuals. 
An estuarine species, the western hardyhead (Leptatherina wallacei), was recorded 
in low abundance in February at the lower site. 

Both the freshwater crayfish species – gilgie and marron – were collected at the 
lower site (Figure 5). Gilgies were consistently observed in similar numbers 
throughout the study period. Marron were only recorded in February. 

The exotic mosquitofish (Gambusia holbrooki) was present throughout the study 
period at the lower site. It was predominantly observed in the off-stream dam where 
flows were slower. 
The populations of western minnow, western pygmy perch, nightfish and freshwater 
cobbler in the Lennard Brook appear to be recruiting successfully – as suggested by 
a wide size range of individuals being captured at both sites (Figure 6). With the 
exception of the freshwater cobbler, no migration trends were observed for the other 
native fish species (western pygmy perch, western minnow and nightfish). 
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Upper assessment site 

 
Lower assessment site 

 
Figure 5 Fish fauna assemblage at the upper and lower sites on the  

Lennard Brook. 
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Upper site Lower site  
Western pygmy perch 
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Figure 6 Size class frequency distributions for the freshwater fish in Lennard Brook 

(YOY – young of year). 
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4.6 Additional observations 

The Lennard Brook’s catchment has been cleared for agriculture and horticulture. 
Unlike the Gingin Brook, large portions of the riparian vegetation are intact and in 
relatively good health. The riparian vegetation’s condition ranged from near pristine 
to slightly disturbed. There are some isolated areas where the riparian vegetation has 
been degraded and consists of scattered trees and weed-dominated understorey.  

The riparian vegetation at the lower site is dominated by scattered Melaleuca 
rhaphiophylla and Eucalyptus rudis. The understorey is more degraded compared 
with the upper site: some native sedges are present but it is largely dominated by 
dense exotic grasses. The in-stream vegetation consists mainly of draping exotic 
grasses and some areas of draping sedges. Much large woody debris is found at the 
site. Detrital material is less dense compared with the upper site. It was typically 
found in slower-flowing areas of the channel, particularly in the off-stream dam. The 
sediment in the dam is anoxic in places; bubbles rising from the sediment were 
observed in February. Large amounts of fine silt were also observed in the off-stream 
dam. Water depth at this site ranged between 0.28 and 0.36 m, with the lowest depth 
observed in February. Water depth in the off-stream dam was deeper at 0.6 to 0.7 m. 

The riparian vegetation at the upper site is relatively undisturbed and dominated by 
Melaleuca rhaphiophylla and Eucalyptus rudis. The riparian buffer width extends 
more than 50 m from the bank. The understorey is relatively intact with some minor 
weeds present. The in-stream vegetation consists of both draping emergent 
macrophytes and large areas of the submerged macrophyte Triglochin procerum. 
The brook contains much large woody debris and the substrate is covered in deep, 
dense detrital material (dominated by melaleuca debris). The water depth at this site 
was deeper than the lower site and ranged between 0.66 and 0.79 m during the 
study period. 
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5 Discussion 
The Lennard Brook is a typically shallow system with no obvious natural deep pools 
(areas >1 m not observed, with the exception of a few off-stream dams), hence any 
change in flow has the potential to result in significant changes to the ecology. For 
instance, a relatively minor reduction in flow could elicit a rapid disconnection and 
subsequent drying through large sections of the system, with limited ability for biota 
to retreat to refugia that would sustain other systems under similar circumstances. 
Accordingly, the brook is at particular risk under a drying climate scenario.   

The summer flows recorded during this study were adequate to maintain the 
ecological values and health of the Lennard Brook by way of good water quality, 
system connectivity (longitudinal and lateral/habitat inundation) and relatively high 
fish diversity and biota condition. However, flows remained above the CLFT during 
this period. Further, this study identified a few concerns (e.g. reduced lateral 
connectivity of surface water at the lower site, in-stream barriers affecting fish 
passage, localised accumulation of organic material and silt in the off-stream dam) 
that may affect the sustainability of ecosystem health under the current CLFT.  

The results of the study are discussed in detail below against each of the indicators – 
fish assemblage, connectivity (longitudinal and lateral/habitat inundation) and water 
quality – for assessing the Lennard Brook’s ecological health in terms of the 
adequacy of the current flow regime.  

Fish assemblages  

The fish fauna of the Lennard Brook are diverse on a south-west Western Australian 
scale, with a total of five native species recorded during the low-flow period, all of 
which are endemic to the region. All species expected to occur in the brook (given 
previous records by Morgan et al. 2000 and Beatty et al. 2010) were collected with 
the exception of the mud minnow (Galaxiella munda). The mud minnow has been 
classified ‘Restricted’ by the Australian Society for Fish Biology. The absence of mud 
minnow was not surprising since the likelihood of capturing this species is low, given 
it is typically extremely rare within its distribution range, and is generally found in 
tributaries and ephemeral pools not sampled in this study. However, Morgan et al. 
(2000) suggest the mud minnow could be in decline as a result of habitat 
degradation. Habitat degradation was minor at the brook’s upper site but some signs 
of degradation, mainly weed infestation of the riparian vegetation, were apparent at 
the lower site. 

Freshwater cobbler were abundant at the brook’s upper site but none were recorded 
at the lower site. The population at the upper site appeared viable, with successful 
recruitment indicated by many individuals < 100 mm TL (juveniles) (Figure 5 and 
Figure 6). Based on numbers of freshwater cobbler caught in fyke nets, small groups 
appear to be migrating upstream predominantly during February and March. Given 
that reproductive condition was not advanced it is likely that migrations are due to 
food and/or habitat selection. This trend is consistent with observations from the 
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adjacent Gingin Brook, with a peak in migration around February (Galvin & Storer 
2012).  

Freshwater cobbler have not been previously recorded in the Lennard Brook (Beatty 
et al. 2010; Morgan et al. 2000) and given this, it is difficult to interpret the cause of 
the absence from the lower site. The absence could be due to natural conditions 
relating to seasonal migration (although some individuals would still generally be 
expected – Storer pers. comm.) or upstream habitat preference, or this could be due 
to anthropogenic causes such as habitat degradation or fish passage impediment 
due to in-stream barriers. Given the brook’s ecological health is high and the known 
barriers are unlikely to be a permanent barrier to migrating fish (the barrier appears 
to drown out in high flows), it is likely their absence is due to the natural range not 
including the brook’s lower section or another factor not observed in this study.   
Freshwater cobbler was not recorded at the upper site in April. This may indicate that 
the population remained in the middle reaches of the system, potentially due to 
habitat preference or barrier effects during summer. Monitoring of freshwater cobbler 
movements within the Lennard Brook and a barrier survey to identify and 
characterise in-stream structures will improve our knowledge of cobbler migration in 
the system.  

The data collected during this study indicate the populations of western pygmy perch, 
nightfish and western minnow are reproducing, since both adults and juveniles 
(young of the year) were captured. Hence, these populations appear sustainable 
under the current flow conditions. Western minnows were only captured at the lower 
site, which may be due to either natural variation (e.g. seasonal migration patterns) 
or an in-stream barrier affecting access to the upper reach. The upper site assessed 
in this study is the furthest upstream that monitoring has taken place compared with 
previous studies in the area (Beatty et al. 2010; Morgan et al. 2000). As such, there 
is no relevant baseline to compare distribution of the western minnow. A similar study 
by Beatty et al. (2010) in the previous dry season recorded western minnows 
approximately 2 km downstream of the upper site monitored in this study. As such, if 
the absence of western minnows from the upper site is due to an in-stream barrier it 
would occur within this 2 km section (anecdotal evidence supports the presence of a 
barrier in this section). This observation is consistent with studies on the adjacent 
Gingin Brook where western minnows were only captured below the Gingin Brook 
gauging station weir at Mortimer Road (Galvin & Storer 2012; Beatty & Morgan 2004; 
Morgan et al. 2000). Further work is required to determine if western minnow 
movement is being obstructed by the presence of in-stream barriers in the  
Lennard Brook.  

Stream connectivity 

Surface water connectivity (longitudinal and lateral) is essential for maintaining biotic 
populations and hence the ecological health of the Lennard Brook. It is a requirement 
of fish, crustaceans and other biota to move within a system to gain access to habitat 
and food, complete lifecycles and maintain population dynamics and genetic diversity 
(Norton & Storer in press). Loss of connectivity can result in isolation of populations, 
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failed recruitment and local extinction of fish species (Fairfull & Witheridge 2003; 
Bunn & Arthington 2002).  

The longitudinal connectivity of surface water was maintained throughout the study 
period and flows were generally sufficient for maintaining inundation of a 
representative spread of aquatic habitat. A loss of some aquatic habitat – primarily 
exposure of draping vegetation and large woody debris on the stream edge – was 
observed during February at the lower site when flows were their lowest at  
6.6 ML/day (see Appendix D and Figure 11 and Figure 12). However, a complete 
diversity and complexity of habitat was represented through all monitoring periods 
and no obvious biotic impacts were observed. This extent of lateral disconnection 
does not appear to produce adverse effects on system health.  

In-stream barriers on the brook also alter the connectivity of the surface water. Based 
on the barrier assessment undertaken in this study, the weir structure at Molecap Hill 
gauging station poses an obstruction to fish migration during summer low flows, but 
is likely to be drowned out in higher flows. As no obvious impacts on recruitment of 
native fish species were observed within this study, it appears that fish populations 
are self-sustaining. This implies that system connectivity is sufficient under the 
current flow conditions. However, if low-flow conditions further reduce (particularly 
below the 6.6 ML/day minimum recorded in this study) it may increase the level of 
disconnection, particularly in the shallower lower section. This may impact fish 
populations either directly through impediments to migration or due to decline in 
environmental health caused by reduced flushing (discussed below in water quality) 
or through changes in community interactions (e.g. increased competition/predation a 
result of reduced habitat availability). 

As outlined in the introduction of this section, the brook’s ecological health is at high 
risk from reduced flows because it is characteristically shallow and has no obvious 
deep refugia. Given the implied limitations in resilience of the system to declining 
streamflows, assignment of an appropriate flow trigger based on connectivity 
(including depth over habitat and in-stream barriers) is important. This requires an 
increased understanding of surface water connectivity when flows are below  
6.6 ML/day. 

Two private weirs located in the brook’s upper reaches were not assessed in this 
study. Their exact location is unknown. Whether these structures are an impediment 
to fish passage is therefore also unknown. Any future barrier assessments should 
include them.  

Water quality 

Water quality in the Lennard Brook was maintained within acceptable levels for 
aquatic biota health based on available relevant guidelines (encompassing ANZECC 
& ARMCANZ 2000; Hunt & Christiansen 2000; Koehn & O’Connor 1990) throughout 
the study period. However, there are some minor concerns that the future water 
quality and health of the brook may deteriorate given observations of organic material 
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and silt accumulating within the areas assessed, particularly in the off-stream dam at 
the lower site. 

Accumulation of organic material and sediment has the potential to adversely affect 
both water quality and habitat availability. The primary concern relates to oxygen 
depletion due to the process of decomposition of the organic matter (bacterial 
respiration). Accumulation of organic material is a natural ecosystem recycling 
process, however, anthropogenic modification often results in an increased rate of 
accumulation (due to land clearing and restricted flushing under reduced flow 
conditions) and deposition can often be exaggerated in localised areas because of 
the presence of man-made obstructions. This is clearly evident in the nearby Gingin 
Brook where organic material and silt has accumulated in pools above in-stream 
barriers and caused a localised deterioration of water quality and habitat (Galvin & 
Storer 2012). In the Lennard Brook accumulation of organic material and silt was 
observed in the off-stream dam located at the lower site, but it is not prevalent 
elsewhere (beyond natural expectations). Within the dam site, release of bubbles 
from the sediment was observed, possibly indicating the release of hydrogen sulfide 
gas which can cause depletion in dissolved oxygen. 

This study suggests that if the current flow regime continues it is unlikely to adversely 
affect the health of the Lennard Brook. However, it is difficult to predict whether the 
system’s health will be affected in subsequent years of similar flow or if flows reduce 
further. It is therefore important to monitor system health (water quality and biotic 
assemblages) in subsequent low-flow years to assess chronic changes in  
the system.  

5.1 Management of the CLFT 

The overall objective of this study was to assess the existing CLFT’s suitability (as 
defined by hydrological trends) for maintaining the Lennard Brook’s ecological health 
and environmental values.  

During this study flows were consistently above the CLFT, therefore it was not 
possible to directly evaluate whether the daily threshold of 5 ML (over two 
consecutive days) was adequate to maintain the Lennard Brook’s ecological health 
and environmental values. Based on the results of this study, flows above 6.6 ML/day 
in the brook appear to maintain a healthy ecosystem and do not appear to elicit any 
signs of significant ecological stress. If the current flow regime continues it is unlikely 
to affect the system’s health.  

However, since a decline in habitat availability and water depth was observed at the 
lower assessment site when flows were at 6.6 ML/day (and the system is naturally 
unequipped to deal with significant reductions in depth given its shallow nature and 
lack of refugia), it is difficult to infer an appropriate low-flow trigger value below this 
level. As such, ecosystem responses to sub-6.6 ML flows (particularly water quality 
and system connectivity) need to be investigated to review the existing CLFT. In the 
interim it is recommended a precautionary approach to managing the Lennard Brook 
resource be employed during low-flow regimes by implementing a daily flow trigger 



Water Science Technical Series, report no. 42 

 

 

 

Department of Water  23 

value of 6.6 ML (over two consecutive days) as an early warning sign of a possible 
decline in ecological health. When this occurs, flows are to be monitored at the 
Molecap Hill gauging station on a weekly basis to detect flows below this trigger. A 
breach in trigger value is recommended to prompt monitoring of the dissolved oxygen 
in selected river pools (likely refuge areas) to ensure levels are above concentrations 
required to sustain aquatic biota. Accordingly, the water quality trigger for dissolved 
oxygen should be set at 5 mg/L.  

Revision of the low-flow trigger is expected in future based on the daily flow (ML) 
required to maintain dissolved oxygen levels above 5 mg/L in refuge areas. 

A response strategy to a breach in prescribed threshold has been provided in 
Appendix E. 

5.2 Recommendations 

1. Replace existing CLFT with a precautionary flow trigger value of 6.6 ML/day 
recorded over two consecutive days (monitored at the Molecap Hill gauging 
station). Breach of this trigger would initiate a monitoring response to 
determine whether flows below this level are impacting system health, with a 
focus on assessing dissolved oxygen levels at selected sampling sites.  

It is recommended that dissolved oxygen levels below 5mg/L elicit a more 
comprehensive ecological assessment (including biological response), with 
the specific response to be determined by a meeting of staff from the region 
and the Water Allocation and Water Science branches.  

Dissolved oxygen levels above 5mg/L at flows below 6.6 ML/day should result 
in a re-designation of the flow trigger: the new trigger value derived should be 
based on sufficient flow to maintain dissolved oxygen above 5 mg/L 
(incorporating diurnal fluctuation).  

A detailed response strategy following breach of the precautionary flow trigger 
is provided in Appendix E. 

2. Maintain regular monitoring of the daily flow at the Molecap Hill station 
(617165) to identify when flows are below the trigger. 

3. Protection of the refuge areas is important for maintaining the Lennard Brook’s 
ecological health. Consideration should thus be given to restricting surface 
water and groundwater abstraction near refugia and encouraging surface 
water users to abstract water from the brook during the winter high flows to 
reduce the reliance on summer flow. 

5.3 Knowledge gaps and management priorities 

Based on the results of this study, a number of knowledge gaps and management 
actions were identified as areas for future investigation for enhancing our ability to 
better manage and maintain or improve the Lennard Brook’s ecological health. These 
include: 
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1. Assessment of the connectivity of surface water in terms of fish movement. 
This should also include an in-stream barrier assessment.  

2. Maintenance of refuge areas that are critical to the long-term sustainability of 
the Lennard Brook (assessment of key refugia in the system is required).  

3. Monitoring of inorganic and organic sediment levels above and below  
in-stream barriers to evaluate whether system flushing is adequate to maintain 
water quality and habitat.  
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Appendices 

Appendix A — Surface water allocation subareas and 
surface water resources 
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Source: Department of Water (2011b).  
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Appendix B — SWIRC river health assessment field 
sheets 
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[additional sheets provided in field kit; explaining disparity in page numbers] 
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Appendix C — Water quality graphs 

 
Figure 7 Specific conductivity monitored over the study period at the lower site on 

Lennard Brook. 

 
Figure 8 pH monitored over the study period at the lower site on Lennard Brook. 
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Appendix D — Photo points 

 
1. Bridge looking upstream 2. Right bank looking downstream 
February  

 
 
March 

 
 
April 

 
 
Figure 9 Photo points 1 and 2 taken at the upper assessment site located on the 

upper reach of Lennard Brook, taken near the bridge. 
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3. Top of site looking downstream 
February  

 
 
March 

 
 
April 

 
Figure 10 Photo point 3 taken at the upper assessment site located on the upper 

reach of Lennard Brook, taken at the top of the site. 
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1. Top of site looking downstream 2. Top of site looking downstream 
February  

 
March 

 
April

 
Figure 11 Photo points 1 and 2 taken at the lower assessment site located on the 

lower reach of Lennard Brook, taken at the top of the site. 
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3. Top of site looking downstream 
February  

 
 
 
 
 
 
 
 
 
 
 
 

 
March 

 
 
April 

 
Figure 12 Photo point 3 taken at the lower assessment site located on the lower 

reach of Lennard Brook, taken at the top of the site. 
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Appendix E — Strategic response during low flows 

 

During low-flow periods (typically December to April) flow data should be monitored weekly 
to detect whether flows are below the low-flow trigger value of 6.6 ML/day for two 
consecutive days. This currently requires weekly downloading of data from the Molecap Hill 
gauging station (617165, non-telemetered site). 

Response strategy for breach of low-flow trigger in the Lennard Brook 

When the low-flow trigger is breached, regional staff are required to monitor dissolved 
oxygen in predetermined areas (outlined in Table 2), following the monitoring protocols 
outlined below, and collect additional information (Table 3) to be used for interpretation.  

Monitoring is designed to be a rapid, cost-efficient approach to track dissolved oxygen 
concentrations and to elicit a more comprehensive response only if levels fall below 5 mg/L.  
Subsequent action is to be determined by a meeting of staff from the region and the Water 
Allocation and Water Science branches. 

The low-flow trigger may be revised in future based on data collected on the relationship 
between the daily flow (ML) and dissolved oxygen.  

Table 2 Assessment sites for dissolved oxygen monitoring. 

Monitoring site Depth profile locations Coordinates Access 

Lower 
assessment site 
L1782 Brand 
Highway, Gingin.  

Depth profile in deepest 
section of the brook. 

31.3861°S 
115.9091°E 

Accessed by track located off 
Cockram Road (opposite Lennards 
Road). 
Contact landholder for access:                                    
Inghams Chicken (farm 2)  
9575 1218 

Upper 
assessment site 
L3311 Lennards 
Road, Lennard 
Brook. 

Depth profile in deepest 
section of the brook. 

31.3816°S 
115.9692°E 

Contact landholder for access:          
Jason Halliday 
0409 978 040 

 

Ideally the measurement of dissolved oxygen level should be over a 24-hour period to 
capture diurnal fluctuations; however, spot measurements can be used so long as the 
expected daily fluctuations are considered. Hence spot measurements should be conducted 
in the early morning or late afternoon (the former being most important if phytoplankton 
and/or macrophytes are abundant) to capture the minima dissolved oxygen concentrations.  

Dissolved oxygen monitoring protocol 

If using a hand-held water quality probe, take depth profile measurements (surface to 10 cm 
above the substrate) at 10 cm intervals. Measure dissolved oxygen in at least in two different 
locations within each site, preferably in the deepest areas.  
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If using a water quality data logger, ensure that the probe is placed at least 10 cm below the 
water’s surface. Set the instrument to log data every 10 minutes. Ideally the equipment 
should be deployed in the morning and collected the next day after at least 25 hours  
have lapsed. 

Refer to the field sampling guidelines (DoW 2009) for detailed information on how to take in 
situ dissolved oxygen measurements. Water Science staff can help set up the data logging 
equipment. Both hand-held water quality instruments and water quality data loggers can be 
borrowed from Water Science if required. 

 

Table 3 Locations for assessment of system connectivity. 

Site Measurement Trigger and response 

Spratton Rd 
Lennards Rd 
Cockram Rd 
Brand Hwy 
assessment 
sites 

Check water 
depth and note 
whether the 
Lennard Brook 
is flowing 

If surface water is disconnected, check dissolved oxygen in the 
remaining waterbody. Record level of disconnection with 
photographs and note percent and type of aquatic habitat exposed.  
If dissolved oxygen levels are below 5 mg/L, convene a meeting 
with staff from the region and the Water Allocation and Water 
Science branches for subsequent actions. 
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Shortened forms 
ANZECC Australian and New Zealand Environment and Conservation Council 

ARMCANZ Agriculture and Resource Management Council of Australia and  
New Zealand 

CLFT critical low-flow threshold 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

EWR environmental water requirement 

SWIRC South-west Index of River Condition 
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Glossary 
Abstraction The permanent or temporary withdrawal of water from any source of 

supply, so that it is no longer part of the resources of the locality. 

Barrier 
assessment 

The measurement and classification of barriers in rivers that prevent 
fish migration. Barriers can be physical such as dams and weirs, or 
chemical such as pollutants entering a waterway. 

Baseflow The component of streamflow supplied by groundwater discharge.  

Climate change A change of climate attributed directly or indirectly to human activity 
that alters the composition of the global atmosphere and which is in 
addition to natural climate variability observed over comparable  
time periods. 

Discharge The water that moves from the groundwater to the ground surface or 
above, such as a spring. This includes water that seeps onto the 
ground surface, evaporation from unsaturated soil, and water extracted 
from groundwater by plants (evapotranspiration) or engineering works 
(groundwater pumping). 

Ecological 
health 

Symptoms of an ecosystem’s ability to perform nature’s functions, 
affected by anthropogenic disturbance such as pollution and 
development of habitat and food sources. 

Ecological 
values 

The natural ecological processes occurring within water-dependent 
ecosystems and the biodiversity of these systems. 

Ecological 
water 
requirements 

The water regime needed to maintain the ecological values (including 
assets, functions and processes) of water-dependent ecosystems at a 
low level of risk. 

Flow regime A description of the variation of the flow rate over time. 

Refugia Sections of a stream that provide habitat and sufficient water quality 
and quantity to preserve aquatic biota during low-flow periods. 

Spring A spring is where water naturally rises to and flows over the surface  
of land. 

Surface water Water flowing or held in streams, rivers and other wetlands on the 
surface of the landscape. 

Water quality The physical, chemical and biological characteristics of water. It is a 
measure of the condition of water relative to the requirements of one or 
more biotic species and/or to any human need or purpose. 
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Volumes of water 
One litre 1 litre 1 litre (L) 

One thousand litres 1000 litres 1 kilolitre (kL) 

One million litres 1 000 000 litres 1 Megalitre (ML) 

One thousand million litres 1 000 000 000 litres 1 Gigalitre (GL) 
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Data sources 
The maps in this publication were produced by the Department of Water with the intent that they be 
used as illustrations in this report Assessment of low flow thresholds in maintaining ecological health 
of the Lennard Brook. While the Department of Water has made all reasonable efforts to ensure the 
accuracy of this data, it accepts no responsibility for any inaccuracies and persons relying on this data 
do so at their own risk. 

The Department of Water acknowledges the following datasets and their custodians in the production 
of the maps: 

Dataset Name Custodian 
acronym 

Metadata 
year 

Hydrography, linear (hierarchy) DOW 2007 

Hydrography Linear (course scale) (Global Map Data Australia 1M) GA 2001 

Road centrelines Landgate 2010 

Western Australian towns Landgate 2001 

WA Coastline DOW 2006 

Water Information Network sites DOW 2006 

The maps have been produced using the following data and projection information: 

Vertical Datum: AHD (Australian Height Datum) 

Horizontal Datum: GDA 94 (Geocentric Datum of Australia 1994) 

Projection System: GDA 94 (Geocentric Datum of Australia 1994) 

Original ArcMap documents (*.mxd): 
J:\gisprojects\Project\B_Series\B5047\000_related_tasks\010_GinginBk_LennardBk\mxds 
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