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1 Background 

An Environmental Impact Statement (EIS) was prepared in support of this project and 

the final version was accepted by the EPA in September 2021. The EIS was advertised 

during October 2021 and two representations were received. 

 

This supplement report provides responses to queries raised by the representers and 

other government agencies, and additional information relating to the queries. 
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2 Responses  

Responses to additional information requested in Table 1 of the request for additional 

information received from the EPA on 10/11/2021 are as follows: 

  

Query/comment Response 

Provide details of accreditations which 

Petuna hold or have held with voluntary 

accreditation bodies in the past 10 years, 

and details of any major non-compliances 

which have occurred in relation to the 

Cressy Hatchery. 

Petuna currently holds Best Aquaculture Practice 

(BAP) accreditation at the site, which it has held 

since 2016. Petuna previously held Aquaculture 

Stewardship Council (ASC) accreditation between 

2016 and 2019, but discontinued accreditation in 

2019 as it considered that BAP was more suited 

to Petuna’s operations. 

 

The below summarises the number of major non-

compliances per year/audit for the Cressy site: 

 

Year ASC BAP 

2016 0 0 

2017 0 0 

2018 1 0 

2019 - 0 

2020 - 1 

2021 - 0 

 

The 2018 ASC major non compliance related to 

the inability to meet the requirement of 4kg 

phosphorus released to the environment for every 

1 tonne of fish produced at the site. 

 

The 2020 BAP non-compliance related to minor 

quantities fuels and oils that were stored in an 

area that was not bunded to contain potential 

spills. This was subsequently rectified. 

 

 

Provide details of longer-term plans for 

continual improvement at the Cressy 

hatchery, including a discussion of the 

feasibility of a complete conversion to RAS 

at Cressy. 

The current project will reduce the maximum 

standing biomass in the FT system from the 

current approved limit of 215 t to 123 t. 

 

The FT system will be retained for growing 

broodstock and trout. Petuna is currently 
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investigating the feasibility of a new broodstock 

RAS facility, which would allow the removal of all 

broodstock from the FT system, further reducing 

the biomass stocking in this system. This 

proposal is subject to internal approval and 

capital allocation.  

 

It is operationally more difficult to grow trout in a 

RAS compared with salmon. Petuna is currently 

trialling the trout spending part of the time in the 

RAS.  

 

Trout represent only a small proportion of the 

overall site biomass, and there are no plans to 

increase trout production at the site. As such 

there are no plans to completely remove trout 

from the FT system in the foreseeable future.  

 

It is noted that the most recent 

Environmental Licence issued to Petuna for 

the hatchery requires preparation and 

future submission (2022) of an ambient 

monitoring plan, and discharge 

management plan.  

 

Provide details on the expected content of 

these plans, any potential proposed 

modifications to existing monitoring 

requirements, and the expected 

environmental benefits of proposed 

modifications to the existing monitoring. 

Discuss whether consideration has been 

given to more frequent monitoring, 

monitoring at more sites, and/or monitoring 

of additional parameters, and what 

knowledge this might provide with respect 

to the performance of the hatchery’s 

wastewater treatment and management 

systems. 

The recent update to the site Environmental 

License (EL) involved extensive consultation with 

the EPA regarding the required site and ambient 

water quality and biological monitoring. The 

agreed monitoring regime, as presented in the 

EIS and provided in EL9923/3 aligns the site to 

other contemporary inland fish farms in the State 

and in Petuna’s opinion allows for timely and 

representative understanding of the site 

operations, pollutant discharges and effects to the 

receiving environment. As the environmental risk 

associated with effluent discharge is likely to 

reduce as a result of this proposal, Petuna does 

not propose any changes to the monitoring 

regime. 

 

The request for an ambient monitoring plan and 

discharge management plan were separate from 

the site upgrade proposal and EIS, and 

consequently much of the information requested 

in these documents has been assessed and 

presented in this EIS. 

 

For example: 

- an assessment of the effect of effluent 

discharge to the receiving environment as per 

the ANZG2018 guidelines, under a range of 
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conditions (annual average, maximum 

monthly biomass, and 7Q10 flows) is 

provided in section 6.2.5 of the EIS. This will 

form the basis of the ambient monitoring plan 

 

- The quantification of mass loads of nutrients 

currently being discharged, and the 

reductions from the proposed site upgrades 

were provided in second 6.2 of the EIS. The 

Wastewater Investigation Report (appended 

to the EIS) includes a detailed assessment of 

the performance of the current wastewater 

treatment system, and proposes a range of 

improvements, that, based on field testing, 

will deliver improvements to wastewater 

treatment and associated discharge 

concentrations. This will form the basis of the 

discharge management plan. 

 

Provide comment on whether the option of 

upgrading the existing RAS 1 and RAS 2 

systems to include the same levels of water 

treatment as the new RAS 3 was 

considered, and whether this is feasible 

from an engineering/systems point of view. 

The EIS includes the following commitments 

relating to the wastewater system improvements:  

- incorporate the Cressy 1 RAS effluent into 

the sludge system and subsequent ponds 

treatment. 

- Incorporate alum dosing into the sludge 

system to target phosphorus removal 

- Incorporate additional wastewater ponds for 

all RAS effluent to further reduce residual 

nutrient concentrations. 

 

The above steps will ensure all RAS effluent is 

subject to a higher level of treatment than is 

currently occurring, with onsite testing 

demonstrating substantial improvements in 

nutrient and other pollutant removals.  

 

The only difference in the ‘in-RAS’ water 

treatment between Cressy 3 and Cressy 1, 2 is 

the addition of a denitrification biofilter, as all 

systems have/will have the same mechanical and 

nitrification biological filters for solids and 

ammonia removal as well as degassing and 

sterilisation.  

 

The addition of denitrification biofilters to the 
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existing RASs are not considered necessary, 

given the extensive upgrades to the site 

wastewater treatment proposed in this proposal. 

 

Provide comment on the adequacy (or 

otherwise) of existing settling ponds versus 

settling ponds retention times once the 

proposed upgrades have been completed. 

As explained in the EIS (sections 2.2.1.3; 6.2.1) 

targeted treatment of the water in the FT system 

is technically very challenging given the very high 

flow rate and associated very low pollutant 

concentrations, compared with the much lower 

flow, and higher concentration RAS effluent 

streams.  

 

Given the above, and the reduction in stocking 

levels of the FT system, the proposed 

improvements to the site wastewater 

management were targeted at the RAS effluent 

flows.  

 

By separating the RAS effluent flows from the FT 

flows, and some of the redundant FT system 

channels, much greater retention of wastewater 

can be achieved than is currently occurring at the 

site (approx. 6 days for RAS effluent versus 

currently approx. 2 hours for FT system). 

 

Notwithstanding the above, the existing settling 

ponds will be desludged to ensure that the 

treatment volume is maximised as much as is 

practicable.  

 

Provide a summary of the differences 

between the RAS 1 and RAS 2 systems, 

and the new proposed RAS 3 system, in 

terms of wastewater treatment.  

 

Provide an outline of the available 

technologies and methodologies for inland 

aquaculture, particularly in relation to 

capture and treatment of wastewater, and 

describe where the current hatchery and 

the hatchery once upgraded sits on the 

spectrum towards AMT.  

 

Discuss in the context of the characteristics 

A summary of the individual system treatment 

processes is provided in section 2.3.4 of the EIS 

and in particular Figure 5.  

 

In short, the only difference in the ‘in-RAS’ water 

treatment between the systems is that Cressy 3 

will incorporate a denitrification biofilter which is 

not present in Cressy 1 or 2. The wastewater 

treatment for all three RASs will be identical, as 

the individual flows are aggregated at the sludge 

system. 

 

‘In-RAS’ treatment systems should be considered 

separately from wastewater treatment steps 
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of the Petuna Cressy hatchery, where the 

older ‘flow-through’ systems are combined 

with the more recent RAS wastewater 

streams, and the challenges this may 

present, and whether any longer term plans 

exist for complete decommissioning of the 

flow-through system. 

external from the RAS. The primary purpose of 

‘in-RAS’ water treatment is to treat the 

recirculated water in the RAS, and to reduce the 

concentration of potentially harmful pollutants and 

toxins to manage fish health (primarily ammonia, 

CO2 and pathogens). The higher the level of 

water treatment ‘in-RAS’, the lower the daily 

water exchange rate, as there is less need to 

dilute the existing RAS water with fresh water. 

The current best-practice technology for RASs, 

primarily to reduce the water exchange rate and 

thus water usage, is to integrate denitrification 

biofilters and dephosphorus systems within the 

RAS. These optional systems allow the reduction 

of daily water exchange rate from 12-15% down 

to 1%, by removing excess nitrate (via 

denitrification) and excess phosphate 

(precipitated through addition of iron chloride or 

alum). All RASs must have a nitrification biofilter 

to transform ammonia to nitrate, given the highly 

toxic nature of ammonia to fish, as well as CO2 

degassing to remove dissolved CO2 and UV 

sterilisation to remove pathogens.  

 

The Cressy 3 RAS incorporates a denitrification 

biofilter which allows the reduction in the water 

exchange rate via nitrate removal, but the 

decision was made to move the targeted 

phosphorus removal downstream to the sludge 

system, where it can act on all three RAS effluent 

streams. This is because Petuna does not require 

a very low water exchange (1%) rate for Cressy 

3, as it has good water availability, and a greater 

mass load of phosphorus can be removed by 

treating all RAS effluents via phosphorus 

precipitation, instead of just Cressy 3.  

 

In terms of wastewater treatment external to the 

RAS, all RASs typically incorporate solids 

removal in the effluent stream, often via an 

inclined screen. Petuna additionally doses a 

polymer flocculant prior to the solids separation to 

increase solids aggregation and solids removal.  

 

AMT is defined in the State Policy on Water 

Quality Management 1997 as “technology which 
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has consistently demonstrated achievement of 

the desired pollutant levels in economically viable 

situations, take account of engineering and 

scientific development in economically viable 

operations and pursues opportunities for waste 

minimisation”. This is a somewhat arbitrary 

concept, with no quantitative assessment to 

determine if a particular RAS wastewater 

treatment system is considered AMT or not.  

 

In the historical and existing site context, the 

proposed changes clearly improve the overall site 

wastewater management closer to what would be 

considered AMT. Prior to 2011, all fish were 

grown in the FT system, with minimal wastewater 

treatment available, as all particulate and 

dissolved pollutants were entrained in the entire 

FT system flows. Treatment was limited to a 

relatively short retention of the water in the 

settling ponds prior to release.  

 

A substantial improvement was made in the last 

10 years with the construction of Cressy 1 and 2 

RASs, which allowed for discrete effluent streams 

to undergo solids removal via the sludge system. 

From recent testing undertaken on the sludge 

system (refer Wastewater Treatment System 

Assessment), approx. 90% of solids are removed 

to the sludge, along with approx. 40% of TN and 

80% of TP. 

 

The current proposal will further improve the 

wastewater system by introducing a targeted 

phosphorus precipitation step in the sludge plant 

via alum dosing to improve TP removal above 

90%. 

 

In addition, the proposal includes the repurposing 

of redundant FT system channels (approx. 5.7 ML 

volume) to provide additional wastewater 

treatment via sedimentation and biological and 

algal processes.  

 

In summary, the proposed upgrades represent a 

substantial improvement to site wastewater 
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management compared with both 10 years ago 

when it was operating solely as an FT system, 

and currently where approx. half the site biomass 

is grown in the FT system. The proposal will allow 

the majority of site biomass to be grown in RAS 

facilities, with the associated benefit of a discrete 

wastewater stream on which targeted treatment 

will be undertaken. As such Petuna considers the 

proposed upgrades as representing AMT. 

 

Provide a chart showing average monthly 

flows in Brumbys Creek for each of the 

past 5 years and overlay with standing 

biomass levels at the hatchery.  

 

Discuss whether there is a relationship 

between average monthly flows and 

standing biomass levels at the hatchery, 

particularly given the reliance on releases 

of water from the Poatina power scheme, 

and comment on whether or not there are 

times of the year where there are typically 

lower flows in Brumbys Creek which may 

lead to less dilution of wastewater 

discharged from the hatchery. 

Refer to Figure 1 which presents this data 

requested. There is no clear trend between 

stocked biomass and flows in Bumbys creek, 

which is to be expected as the biomass stocking 

relates to timing of when Petuna’s marine farms 

can receive smolt. 

a 

The annual standing biomass by month is 

consistent across the years, with peaks in late 

summer and autumn, and low stocking in spring, 

however Brumbys creek does not demonstrate a 

consistent seasonal trend year on year.  

 

This indicates that rainfall in the catchment does 

not contribute much to the total flows, which are 

instead substantially dependent on the operation 

of the Poatina power station. It also means that at 

peak biomass times, flows in Brumbys creek vary 

year to year, and at no time in the last 5 years 

did maximum biomass levels at the site align 

with low flow conditions in Brumbys creek. 

 

As there is no relationship between biomass and 

Brumbys creek flows (and no seasonal 

consistency of Brumbys creek flows), the 

potential impacts to Brumbys creek was 

considered for two scenarios:  

- Average annual biomass; and  

- Peak monthly biomass. 

In both scenarios the flow rate used for Brumbys 

creek was the 7Q10 flow, i.e. the lowest 7-day 

average flow that occurs on average once every 

10 years. Thus the impact of effluent discharge to 

the receiving environment (section 6.2 of the EIS) 

was assessed under low flow conditions and at 
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peak biomass times, representing the (very 

infrequent) ‘worst-case’ discharge conditions.   

 

Provide comment/explanation on mass 

load estimates provided in the EIS.  

 

Use existing monitoring data to calculate 

mass loads of TP and TN discharging from 

the hatchery and compare to estimates 

used in Table 13 of EIS, or provide an 

explanation why estimates of current mass 

loads using feed and wastewater treatment 

have been used instead of actual 

monitored data. 

The calculation made by the representor is a 

simplistic approximation and assumes that the FT 

system flow rate does not change throughout the 

year, when in fact it changes substantially, 

broadly in line with the Brumbys creek flow rate. 

 

In this situation, there are inherent shortcomings 

with attempting to calculate nutrient mass loads 

from a simple multiplication of discharge 

concentration by estimated annual mean flow 

rate. Firstly, the discharge concentrations likely 

vary during the month, and the monthly sampling 

is a single point in time and may not be 

representative of the entire month, and secondly 

the discharge flow rate also varies substantially 

throughout the year. In addition, given the 

substantial flow volume, it is not able to be 

directly measured (like one would for a pipe 

discharge), but instead it is extrapolated from a 

pressure sensor to estimate the water height over 

a weir, from which a volume is calculated. As 

such, there is always an inherent margin of error 

associated with estimating flow volumes of this 

magnitude. Petuna is currently upgrading the flow 

metering to improve the reliability and accuracy of 

this monitoring.  

 

The approach taken in the EIS was to start from a 

known mass of feed input, and use the 

percentage of TN and TP in feed released into 

the water. These values, from Skretting and 

AKVA, are based on extensive research in test 

salmon RAS facilities, and thus are considered 

accurate and reliable. The same approach is 

used in the regulation of marine farms by Total 

Permissible Dissolved Nitrogen Output (TPDNO), 

where the feed volumes are multiplied by a set 

ratio to calculate dissolved inorganic nitrogen 

(DIN) emissions representing the proportion of 

feed discharged by fish as DIN. 

 

The subsequent nutrient removal by various 
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treatment steps was based on actual data from 

extensive tests performed at the existing Cressy 2 

RAS, and the removal rates used were 

conservative compared with the actual measured 

removal efficiencies.  

 

The mass loading calculation using estimated 

flow rates and average discharge concentrations 

provides the following: 

 

Last 12 months mean discharge concentrations 

TP 0.11 mg/L = 6.0 t 

TN 0.96 mg/L = 51.6 t. 

 

These figures are higher than what was used 

from the mass balance calculation of 39.3 t TN 

and 5.5 t TP, however in our option, given the 

above information, the chosen methodology 

represents a more accurate assessment of 

nutrient mass loads.   

 

Provide comment on the potential impacts 

of the proposal in the context of impacts 

further downstream (beyond Brumbys 

Creek) e.g. What are the contributions of 

flow of Brumbys Creek to the Macquarie 

River? What are the environmental issues 

downstream of the confluence of Brumbys 

Creek and the Macquarie which may be 

impacted by the current operations, and by 

the proposed upgrades? 

The confluence of Brumbys creek and Macquarie 

River is approximately 2 km downstream from the 

site. Brumby’s creek contributes a large 

proportion of the total Macquarie River flows 

(Figure 2), but this does vary substantially. During 

the period 2000-2020 Brumbys creek contributed 

69% of the volume of Macquarie River measured 

at the Cressy pumps weir.  

 

However, somewhat paradoxically, during periods 

of 7Q10 flows in Brumbys creek between 2000-

2020, the average flow rate in Brumbys creek 

was 2.2 cumecs, while the average flow rate in 

the Macquarie river was 10.1 cumecs. Thus, 

while Brumbys creek contributes substantially to 

the downstream Macquarie river flows, when 

Brumbys creek is experiencing low flow 

conditions, Macquarie river typically is not, and in 

fact experiences a flow rate on average 5 times 

that of Brumbys creek (Figure 3). Low flow 

conditions in Brumbys creek relate primarily to 

periods of time when the power station is not 

operating, i.e. for maintenance, and these periods 

do not typically align to when Macquarie River is 
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experiencing low flows, i.e during periods of 

extended low rainfall in the river catchment area.  

 

The dilution assessment in Brumbys creek 

undertaken the EIS (section 6.2.5) considers the 

resultant nutrient concentrations at the discharge 

point after dilutions with the ambient Brumbys 

creek flows, under 7Q10 conditions. It calculates 

that additional dilution is required for ammonia (5 

times) and DRP (13 times). These concentrations 

will continue to be diluted downstream of the 

discharge point as additional mixing occurs i.e. at 

the confluence of the Macquarie river, which 

typically will provide substantial additional dilution 

when Brumbys creek is experiencing 7Q10 flows. 

 

It should be noted however the proposal will 

clearly reduce potential risks to downstream 

environmental values from nutrient enrichment, 

both in Brumbys creek and the Macquarie River, 

as it will result in a net reduction of nutrient mass 

loads to the receiving environment.  

 

Clarify treatment levels for each RAS and 

provide details of whether or not RAS 1 

and RAS 2 will be upgraded.  

 

 

Refer to a previous response where a comparison 

the of ‘in-RAS’ water treatment and site 

wastewater systems was provided, and proposed 

wastewater upgrades are described.  

 

 

Comment on vulnerability of river systems 

receiving discharge from February through 

to April 

As described earlier, Brumbys creek does not 

experience typical rainfall catchment derived 

flows due to it being the tailrace of the Poatina 

power station. Figure 1 shows that there are no 

discernible seasonal trends in river flows over the 

last 5 years, and that the February to April period 

did not align with low flow periods, when the river 

would be considered to be most vulnerable to 

nutrient inputs. In fact, the two lowest flow periods 

in the last 5 years occurred September to 

November when site biomass is at its lowest.  

 

Provide details of requirements under the 

current Environmental Licence for future 

ambient monitoring and discharge 

management plans.  

The requirements for these plans are detailed in 

the EL, which is a public document, and the likely 

content of these plans is discussed in an earlier 

response. It should be noted that these and other 
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plans requested in the EL require Petuna 

implement a programme of continual 

improvement at the site. As such, improvements 

to site operations will not cease at the completion 

of the Cressy 3 RAS, but will continually be 

investigated and implemented if practicable.  

Discuss the inputs of the hatchery into 

Brumbys Creek and the broader potential 

impacts downstream into the Macquarie 

River.  

 

The impacts of the site discharges to Brumbys 

creek are extensively assessed in the EIS and 

summarised in previous responses.  

 

The potential impacts to the Macquarie River are 

assessed in a previous response.  

Provide comment on possible alternatives 

to AUSRIVAS/TRCI monitoring for 

biological monitoring, and applicability to 

this proposal. 

The biological monitoring is undertaken by FBM 

Biomonitoring. They are experienced practitioners 

who undertake similar assessments for other 

inland hatcheries as well as Taswater WWTPs. 

The current monitoring regime is considered the 

best available methodology for the site. 

AUSRIVAS and TRCI methodologies are widely 

used and extensively studied, and there are no 

other known methodologies better suited to 

waterways experiencing high flow variations.  

 

The concern around the high flow rate variability 

in Brumbys creek was considered by FBM 

Biomonitoring when they took over the sampling 

in 2020.  They proposed a modification to 

sampling methodology to remove edge sampling 

from the river surveys, as it is not a reliable 

sampling method for waterways experiencing 

high flow variances. The riffle sampling, which 

was continued, is not invalidated by high flow 

variances if sampling occurs during lower flows 

and the habitat is wetted in the period leading up 

to sampling, which is what is occurring (S Mallick, 

pers. comm., 12 Nov 2021).  

 

Additional water quality and/or biological 

monitoring in Macquarie River will not be useful in 

providing more understanding regarding the 

potential impacts from the site discharge. This is 

because it would be difficult to assign causation 

for potential changes in water quality and/or 

macroinvertebrate abundance in Macquarie River 

to the site when there are numerous other 



CBM Sustainable Design  

 

CRESSY HATCHERY UPGRADE | EIS Supplement Report  13 

terrestrial inputs to the river from upstream 

activities such as agricultural and stormwater 

runoff.  

 

Provide an explanation as to why data is 

only presented for various periods from 

2019 to 2020 and why data is inconsistent.  

 

 

This was in error, due to the request from the 

EPA to provide updated sampling data during one 

of document revisions which resulted in some 

graphs being updated to a new time period, while 

others were not updated.  

 

As described in the EIS (section 5.2.6.3) the 

upstream ambient water quality site was moved 

(in September 2019) as it was previously within 

the farm boundary and was subject to farm inputs 

when the FT system was recirculated. Hence 

upstream ambient water quality is only available 

from this time.  

Provide charts showing longer term results 

for upstream and downstream monitoring 

of the hatchery and provide flow data for 

the same time periods. 

Tabulated upstream ambient, downstream 

ambient and discharge water quality monitoring 

data, from 2019 - current are attached as 

appendix 1. Flow data for the last 5 years are 

provided in Figure 1 and 2. 

 

It should be noted that all monitoring data 

captured at the site since the site was regulated 

by the EPA has been provided to the EPA via the 

annual environment reports.  

Provide biological monitoring reports. Biological monitoring reports completed since 

2020 are attached as appendix 2. Prior to this, 

only the data were provided by the consultants, 

and this is presented in the EIS. 

It is assumed this is referring to the 

Northern Midlands Irrigation Scheme, 

which proposes to take water at the first 

drop below the Poatina Power Station and 

pipe water to Conara, Campbell Town, and 

Ross.  

 

Provide comment on whether there are 

substantial reductions in flow expected in 

Brumbys Creek and available for the 

hatchery into the future, and how this may 

impact on Brumbys Creek below the 

hatchery, given the proposed discharge 

limits 

The maximum capacity of the proposed Northern 

Midlands Irrigation Scheme is 25,500 ML per 

annum, being 170 ML/day for the approx. 6-

month irrigation season (Northern Midlands 

Irrigation Scheme Factsheet). This equates to 

approx. 2 cumecs of water being diverted from 

Brumbys creek between late October to late 

March, which represents approx. 10% of the long-

term average flow rate of the creek. 

 

Hydro Tasmania has confirmed that water for the 

irrigation scheme will not be diverted during low-

flow times in order to not further reduce flows at 

times when the power station is not operating.  
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Given the small proportion of the overall Brumbys 

creek flows that may be diverted, the fact that 

water diversion will not occur during times of low 

flows in the creek, and the highly varied nature of 

the current flows, the impact of the proposal to 

the site, and to the receiving environment 

downstream of the site is expected to be minimal.   

 

 

 

 
Figure 1 Average monthly biomass at the Cressy hatchery and average monthly flow in Brumbys 
creek measured at the No. 3 weir, adjacent to the site intake (source: BoM Water data online) 

 

 
Figure 2 Average monthly flow in Brumbys and Macquarie rivers for the last 5 years. Note 
Macquarie River flows are measured at the Cressy Pumps station, downstream of the confluence 
of the rivers (source: BoM Water data online) 
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Figure 3 Average daily flow rate in Brumbys creek and Macquarie River (cumecs) during 7Q10 flow 
conditions in Brumbys Creek. Note the data shown are the bottom 10th percentile of 7-day average 
Brumbys creek flows, and the corresponding flows in Macquarie River during these periods.  
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Attachments 
 

Appendix 1 – Petuna Cressy hatchery water quality monitoring 2019 - Current 

 

Appendix 2 – Biological monitoring reports 2020 – current  

 



Appendix 1 to EIS Supplement - Petuna Cressy hatchery water quality monitoring

Ammonia

 Biological 
oxygen 
demand 

 Dissolved 
oxygen 

Dissolved 
reactive 
phosphorus Nitrate Nitrite

Total 
organic 
carbon

Total 
Nitrogen

Total 
Phosphorus

Total 
Alkalinity

Electrical 
conductivity 
(us/cm)

Thermotolerant 
coliforms 
(CFU/100ml)

 Total 
suspended 
solids 

 Temperature 
(C) 

Sep-19 0.005 2.5              0.003 0.002 0.002 2.8 0.019 0.010 8.0 41 20 2.0               3.7                 
Oct-19 0.005 2.4              10.0          0.003 0.002 0.002 2.8 0.150 0.010 3.0 23 10 3.0               13.5               
Nov-19 0.005 2.6              10.4          0.003 0.002 0.002 3 0.180 0.010 5.0 27 10 4.0               12.2               
Dec-19 0.005 2.7              9.4            0.003 0.002 0.002 3.2 0.180 0.010 5.0 23 10 4.0               11.7               
Jan-20 0.007 2.5              9.6            0.003 0.002 0.002 2.7 0.190 0.010 4.0 26 30 4.0               18.5               
Feb-20 0.005 2.9              8.9            0.003 0.002 0.002 3.2 0.190 0.010 4.0 20 170 7.0               17.9               
Mar-20 0.005 2.3              9.4            0.003 0.002 0.002 3.3 0.180 0.010 5.0 25 226 4.0               14.4               
Apr-20 0.005 2.0              10.5          0.004 0.002 0.002 0.3 0.210 0.010 10.0 49 160 3.0               11.1               

May-20 0.006 2.0              10.9          0.003 0.010 0.002 3.5 0.220 0.013 7.0 46 270 4.0               10.0               
Jun-20 0.008 2.0              12.1          0.004 0.042 0.002 2.6 0.022 0.010 13.0 71 10 3.0               7.1                 
Jul-20 0.005 2.0              12.4          0.003 0.002 0.002 2.5 0.170 0.010 5.0 22 10 3.0               5.8                 

Aug-20 0.005 2.0              11.5          0.003 0.002 0.002 2.6 0.180 0.010 7.0 38 10 4.0               9.0                 
Sep-20 0.006 2.0              0.003 0.002 0.002 2.4 0.180 0.010 17.0 80 10 2.0               
Oct-20 0.006 3.0              9.3            0.004 0.006 0.003 0.260 0.014 27.0 109 10 2.0               16.9               
Nov-20 0.006 2.0              8.9            0.003 0.002 0.002 2.5 0.210 0.013 8.0 33 110 5.0               20.7               
Dec-20 0.006 2.0              9.7            0.004 0.002 0.002 3.3 0.230 0.014 6.0 26 400 5.0               19.7               
Jan-21 0.006 2.0              9.3            0.003 0.002 0.002 3.6 0.200 0.010 5.0 23 371 4.0               16.2               
Feb-21 0.006 2.0              0.003 0.050 0.002 3.9 0.300 0.014 9.0 43 270 4.0               
Mar-21 0.005 2.0              0.003 0.002 0.002 2.3 0.200 0.010 5.0 22 440 5.0               
Apr-21 0.006 2.0              0.004 0.002 0.002 3.4 0.180 0.011 7.0 28 90 4.0               

May-21 0.006 2.0              12.5          0.003 0.002 0.002 0.3 0.100 0.010 3.0 5 20 3.0               6.0                 
Jun-21 0.005 2.0              12.5          0.003 0.002 0.002 3.5 0.170 0.010 5.0 23 20 2.0               6.8                 
Jul-21 0.005 2.0              11.3          0.003 0.033 0.002 3.7 0.240 0.011 6.0 30 40 4.0               4.3                 

Aug-21 0.005 2.0              12.7          0.005 0.037 0.002 3.1 0.260 0.017 8.0 45 60 5.0               5.9                 
Sep-21 0.005 2.0              10.3          0.003 0.019 0.002 3.9 0.280 0.011 16.0 81 90 2.0               11.9               

Ammonia

 Biological 
oxygen 
demand 

 Dissolved 
oxygen 

Dissolved 
reactive 
phosphorus Nitrate Nitrite

Total 
organic 
carbon

Total 
Nitrogen

Total 
Phosphorus

Total 
Alkalinity

Electrical 
conductivity 
(us/cm)

Thermotolerant 
coliforms 
(CFU/100ml)

 Total 
suspended 
solids 

 Temperature 
(C) 

Jan-19 0.022 3.2              8.6            0.005 0.031 0.002 4.1 0.250 0.002 5.0 22 20 5.0               19.1               
Feb-19 0.110 7.8              7.4            0.034 0.120 0.005 9.1 0.510 0.060 7.0 39 72 10.0             19.8               
Mar-19 0.130 2.6              8.5            0.056 0.520 0.009 2.9 0.990 0.007 6.0 45 30 6.0               15.0               
Apr-19 0.180 3.3              8.9            0.081 0.920 0.017 3.7 1.500 0.110 7.0 48 20 5.0               13.7               

May-19 0.280 2.6              9.8            0.084 0.320 0.020 3.4 1.100 0.130 9.0 50 50 5.0               10.2               
Jun-19 0.110 2.4              13.3          0.110 0.180 0.003 2.8 0.390 0.070 4.0 31 1000 4.0               3.1                 
Jul-19 0.150 7.6              12.6          0.055 0.570 0.020 9 1.600 0.140 21.0 159 3800 21.0             6.8                 

Aug-19 0.020 2.1              17.8          0.006 0.015 0.002 2.8 0.220 0.016 4.0 23 10 4.0               3.8                 
Sep-19 0.230 2.6              11.1          0.058 0.100 0.007 3.1 0.660 0.101 10.0 52 10 6.0               13.4               
Oct-19 0.071 2.4              11.1          0.017 0.027 0.002 2.9 0.320 0.029 5.0 24 20 5.0               12.0               
Nov-19 0.150 2.6              10.3          0.051 0.230 0.012 3.4 0.720 0.088 5.0 33 10 7.0               12.5               
Dec-19 0.280 3.2              8.5            0.100 0.048 0.019 4.1 1.200 0.143 6.0 50 10 6.0               19.7               
Jan-20 0.240 3.0              8.5            0.077 0.120 0.008 3.5 0.620 0.101 7.0 30 210 7.0               18.6               
Feb-20 0.046 2.5              9.6            0.013 0.049 0.003 3.3 0.320 0.024 4.0 22 550 7.0               17.5               
Mar-20 0.055 2.6              10.1          0.013 0.049 0.005 2.5 0.360 0.026 5.0 26 186 6.0               14.4               
Apr-20 0.240 2.0              10.0          0.062 0.620 0.011 3.2 1.200 0.091 12.0 69 186 4.0               11.0               

May-20 0.180 2.0              10.3          0.057 0.380 0.016 3.9 0.910 0.084 10.0 60 250 5.0               10.1               
Jun-20 0.360 2.0              9.8            0.140 1.100 0.022 10 2.200 0.184 24.0 152 200 7.0               7.1                 
Jul-20 0.015 2.0              12.7          0.006 0.330 0.002 2.6 0.230 0.012 5.0 24 10 5.0               4.8                 

Aug-20 0.054 2.0              11.2          0.014 0.150 0.002 2.7 0.420 0.026 7.0 42 10 4.0               9.5                 
Sep-20 0.130 2.0              0.081 0.460 0.023 3.1 0.930 0.113 18.0 106 10 2.0               
Oct-20 0.094 2.0              9.2            0.042 0.210 0.019 0.960 0.105 37.0 216 40 3.0               16.5               
Nov-20 0.180 2.0              8.2            0.050 0.120 0.010 2.6 0.660 0.098 10.0 48 100 10.0             20.0               
Dec-20 0.120 2.0              10.0          0.035 0.240 0.011 3.8 0.720 0.091 7.0 42 200 8.0               20.1               
Jan-21 0.013 2.0              98.0          0.003 0.019 0.003 3.8 0.240 0.014 5.0 24 320 6.0               16.4               
Feb-21 0.081 2.0              0.024 0.280 0.006 3.9 0.670 0.051 9.0 52 180 6.0               
Mar-21 0.075 2.0              0.016 0.019 0.002 2.2 0.340 0.035 5.0 25 970 6.0               
Apr-21 0.073 2.0              0.023 0.140 0.002 3.9 0.470 0.044 6.0 32 40 4.0               

May-21 0.006 2.0              102.0       0.003 0.002 0.002 0.3 0.100 0.010 3.0 5 20 3.0               6.2                 
Jun-21 0.190 2.0              100.0       0.031 0.210 0.005 3.7 0.640 0.057 6.0 36 30 4.0               4.3                 
Jul-21 0.009 2.0              102.0       0.004 0.053 0.002 3.7 0.260 0.012 6.0 31 80 4.0               4.4                 

Aug-21 0.017 2.0              102.0       0.003 0.069 0.002 2.8 0.330 0.023 8.0 44 50 5.0               5.9                 
Sep-21 0.045 2.0              120.0       0.039 0.190 0.007 3.8 0.520 0.059 16.0 89 60 3.0               12.5               

Ammonia

 Biological 
oxygen 
demand 

 Dissolved 
oxygen 

Dissolved 
reactive 
phosphorus Nitrate Nitrite

Total 
organic 
carbon

Total 
Nitrogen

Total 
Phosphorus

Total 
Alkalinity

Electrical 
conductivity 
(us/cm)

Thermotolerant 
coliforms 
(CFU/100ml)

 Total 
suspended 
solids 

 Temperature 
(C) 

Jan-19 0.220 2.7              6.3            0.074 0.210 0.004 3.5 0.770 0.130 6.0 31 50 5.0               19.4               
Feb-19 0.590 3.5              7.4            0.180 0.630 0.015 4.3 1.800 0.290 11.0 63 120 9.0               19.5               
Mar-19 0.360 3.3              6.7            0.150 1.200 0.018 3.2 2.200 0.180 8.0 65 20 8.0               14.7               
Apr-19 0.540 3.5              8.7            0.190 1.700 0.031 4.5 3.000 0.250 10.0 71 30 7.0               12.0               

May-19 0.650 3.1              10.0          0.190 0.660 0.020 3.5 2.100 0.310 10.0 60 30 6.0               10.3               
Jun-19 0.005 2.7              11.9          0.100 0.360 0.007 3.1 0.620 0.150 4.0 38 1000 5.0               3.2                 
Jul-19 0.300 8.4              10.7          0.110 0.650 0.037 8.3 2.100 0.240 21.0 148 3900 30.0             6.8                 

Aug-19 0.230 2.4              14.8          0.052 0.096 0.013 2.8 0.630 0.076 6.0 30 10 5.0               3.9                 
Sep-19 0.290 2.8              10.3          0.063 0.100 0.008 3.2 0.800 0.123 9.0 52 50 9.0               13.3               
Oct-19 0.180 2.5              9.8            0.039 0.063 0.002 3.2 0.540 0.072 6.0 29 30 6.0               12.2               
Nov-19 0.190 2.8              9.3            0.066 0.290 0.015 3.7 0.850 0.118 6.0 35 10 8.0               12.5               
Dec-19 0.420 3.3              8.0            0.140 0.680 0.026 4.4 1.600 0.202 7.0 54 60 7.0               18.9               
Jan-20 0.410 3.3              7.7            0.130 0.190 0.011 3.7 1.000 0.204 14.0 37 170 14.0             18.5               
Feb-20 0.250 2.4              7.7            0.081 0.300 0.020 3.9 0.970 0.125 5.0 32 180 6.0               17.4               
Mar-20 0.200 3.0              8.2            0.054 0.300 0.021 3.5 0.880 0.096 7.0 38 110 5.0               15.0               
Apr-20 0.570 8.0              8.6            0.180 1.500 0.025 3.4 3.200 0.212 15.0 98 110 6.0               11.2               

May-20 0.370 3.0              9.6            0.130 0.810 0.034 3.4 1.700 0.171 12.0 76 120 6.0               10.1               
Jun-20 0.360 3.0              7.1            0.160 1.100 0.023 11 2.300 0.197 25.0 155 140 8.0               7.8                 
Jul-20 0.150 2.0              11.4          0.070 0.330 0.004 2.7 0.800 0.093 6.0 33 10 5.0               5.4                 

Aug-20 0.230 2.0              10.6          0.069 0.900 0.010 3 1.500 0.103 11.0 80 20 6.0               7.6                 
Sep-20 0.710 7.0              0.230 1.400 0.055 3.5 3.100 0.378 24.0 144 10 8.0               
Oct-20 0.310 4.0              9.4            0.067 0.280 0.022 1.500 0.168 46.0 275 50 10.0             16.1               
Nov-20 0.320 2.0              7.9            0.080 0.180 0.014 2.9 1.000 0.161 11.0 56 100 12.0             20.7               
Dec-20 0.190 3.0              8.5            0.047 0.350 0.019 3.9 0.980 0.126 8.0 49 400 11.0             19.9               
Jan-21 0.130 2.0              8.7 0.027 0.230 0.003 3.6 0.680 0.063 5.0 32 210 9.0               16.8               
Feb-21 0.220 2.0              0.067 0.690 0.010 4.3 1.400 0.111 9.0 64 210 11.0             
Mar-21 0.390 2.0              0.091 0.094 0.004 2.4 0.910 0.151 7.0 33 280 7.0               
Apr-21 0.290 2.0              0.100 0.640 0.006 4.2 1.400 0.166 8.0 49 80 6.0               

May-21 0.006 2.0              8.9 0.003 0.002 0.002 0.3 0.100 0.010 3.0 5 70 3.0               5.3                 
Jun-21 0.300 2.0              8.7 0.043 0.370 0.009 3.8 1.000 0.091 7.0 36 30 5.0               6.7                 
Jul-21 0.130 2.0              11.2 0.036 0.350 0.005 3.9 0.780 0.074 7.0 42 100 4.0               4.5                 

Aug-21 0.120 2.0              11.22 0.053 0.220 0.009 3.2 0.710 0.084 11.0 60 20 6.0               6.8                 
Sep-21 0.160 2.0              10.3 0.099 0.500 0.017 4.4 1.100 0.142 20.0 107 10 5.0               12.0               

Downstream (all units are mg/L unless indicated)

Upstream (all units are mg/L unless indicated)

Discharge (all units are mg/L unless indicated)
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Reporting of AusRivAS autumn 2020 Surveys –  
Petuna Group 

  

Attention: Daniel Costelloe 

Petuna Group 

134 Tarleton Street East Devonport  

TAS 7310  

 
28-04-2020 

 

Hi Daniel, 

 

Here are the AUSRIVAS and Rank Abundance results for autumn 2020. I have also included the 

results from previous samples for comparison:  

 

The samples taken this year were certainly impacted by the high flows in brumbies creek and the 

lack of sampling time due to the impact of Coronavirus. The samples were taken at a period of 

extremely high flow. The regular upstream site could not be accessed safely and so  another sample 

was taken further upstream. This site had poor substrate as habitat and therefore scored higher than 

samples taken from a higher quality habitat. The macro-invertebrates sampled were like previous 

samples. The downstream site was accessed much closer to the bank and had poorer substate, again 

giving elevated scores for this sampling round. The two sites accessed in Autumn 2020 could be 

recoded as they are not sites sampled previously. 

 

The focus should still be on relative impacts. The riffle samples taken above and below the farm 

showed little impacts. Both sites and replicates scored a “B” rating. The edge sample below the farm 

scored much higher than the edge sample taken above the farm. Edge samples can be quite varied 

and are not considered as accurate as riffle samples. 

 

The rank Abundance modelling scored two “B” ratings above the farm and a “A” and “B” rating 

below the farm, indicating little impact (improvement in one sample below the farm). 

 

AUSRIVAS sampling is only carried out in a 2-month window, twice yearly, to minimise 

environmental influences. This certainly is no guarantee of stable flows and temperatures, even in 

autumn and spring. 

 

The scores can rise and fall significantly (especially the lower to mid-range scores) with the 

addition/subtraction of a small number of individuals/families. It should also be noted that there is a 

possibility of ‘transient’macro-invertebrates being collected during sampling.  
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Table .1 AusRivAS band scoring. 

 

 

Rank Abundance bounds 
X Band 1.24 
A Band 0.78 
B Band 0.31 
C Band -0.15 

Table .2 Rank Abundance band scoring. 

 

 

Date Code Name 
 

OE50 
River 

Health 
31-Mar-20 PETUNA01 Brumbies Creek above farm Riffle 0.85 B 
31-Mar-20 PETUNA01 Brumbies Creek above farm Riffle 0.68 B 
31-Mar-20 PETUNA02 Brumbies Creek below farm Riffle 0.77 B 
31-Mar-20 PETUNA02 Brumbies Creek below farm Riffle 0.60 B 
31-Mar-20 PETUNA01 Brumbies Creek above farm Edge 0.36 C 
31-Mar-20 PETUNA02 Brumbies Creek below farm Edge 0.72 B 

Table .3 Results for autumn 2020. 

 

 

 
 
  

AusRivAS  
Band Scores 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

Code Site 
 

2016 
 

2016 
 

2017 
 

2017 
 

2018 
 

2018 
 

2019 
 

2019 
 

2020 

PETUNA01 Brumbies Creek above farm C C 
 

D C 
 

D 
 

D 
 

D 
  

B 

PETUNA01 
Brumbies Creek above farm 
(replicate) C C 

 
D D 

 
D 

 
C 

 
D 

  
B 

PETUNA02 Brumbies Creek below farm  C C 
 

C D 
 

D 
 

D 
 

D 
  

B 

PETUNA02 
Brumbies Creek below farm 
(replicate) C C 

 
 

C     C 

 
 

D 

 
 

D 

 
 

D 

  
 

B 

PETUNA01 
Brumbies Creek above farm 
Edge sample B B 

 
 

B C 

 
 

C 

 
 

B 

 
 

C 

  
 

C 

PETUNA02 
Brumbies Creek below farm 
Edge sample B C 

 
C C 

 
C 

 
B 

 
N/A 

  
B 

 

 

 

 

 

>1.14 X Over 112% more biodiversity than reference sites

0.86 – 1.14 A Similar levels of biodiversity to reference sites

0.58 – 0.85 B Approximately 16% to 45% of macro-invertebrate biodiversity has been lost

0.30 – 0.57 C Approximately 46% to 75% of macro-invertebrate biodiversity has been lost

0.00 – 0.29 D Approximately 76% to 100% of macro-invertebrate biodiversity has been lost
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Table .4 AusRivAS Band Scores over time. 

 

  
AusRivAS 

 O/E Scores 
 

Aut 
 

Spr 
 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

Code Site 
 

2016 
 

2016 
 

2017 
 

2017 
 

2018 
 

2018 
 

2019 
 

2019 
 

2020 

PETUNA01 Brumbies Creek above farm   
 

0.40 
 

0.28 
  

0.28 
  

0.85 

PETUNA01 
Brumbies Creek above farm 

(replicate)   
 

0.24 
 

0.19 
  

0.14 
  

0.68 

PETUNA02 Brumbies Creek below farm   
 

0.32 
 

0.19 
  

0.28 
  

0.77 

PETUNA02 
Brumbies Creek below farm 

(replicate)   

 

0.24 

 
 

0.19 

  
 

0.28 

  
 

0.60 

PETUNA01 
Brumbies Creek above farm 

Edge sample   
 

0.39 
 

0.26 
  

0.31 
  

0.36 

PETUNA02 
Brumbies Creek below farm 

Edge sample   
 

0.23 
 

0.36 
  

N/A 
  

0.72 

 

Table .5 AusRivAS Scores over time. 

 
 
  

Rank Abundance  
 

Aut 
 

Spr 
 

Aut 
 

Spr 
 

Aut 
 

Spr 
 

Aut 
 

Spr 
 

Aut 

Code Site 
 

2016 
 

2016 
 

2017 
 

2017 
 

2018 
 

2018 
 

2019 
 

2019 
 

2020 

PETUNA01 Brumbies Creek above farm C B 
 

C C 
 

B 
    

B 

PETUNA01 
Brumbies Creek above farm 
(replicate) C A 

 
C C 

 
A 

    
B 

PETUNA02 Brumbies Creek below farm  B A 
 

B C 
 

A 
    

A 

PETUNA02 
Brumbies Creek below farm 
(replicate) B A 

 
 

B C 

 
 

A 

    
 

B 

Table .6 Rank Abundance Scores over time. 

 

 

AUSRIVAS is a rapid procedure to quantify impact on the in-stream biota. At present, this is 

achieved by predicting the occurrence of families of macro invertebrates at test sites from 

environmental variables and a large database of high-quality reference sites. The raw output from 

this procedure is a list of the families of invertebrates expected in a standard sample from the 

site, the probability of occurrence of each family in that sample and a tally of which of those 

families did occur in an actual sample. 

 

O/E score is a ratio relating the number of families of macro invertebrates recorded in a sample 

to the number of families expected in that sample according to the predictions of the model for 

least-disturbed conditions. 

 

Sites are scored as follows: 

X  Richer than reference 

A  Similar to reference, families found similar to those expected 

B  Poorer than reference 

C  Much poorer than reference 

D  Far poorer than reference 

 

RANK ABUNDANCE takes into account the relative abundance of taxa and uses a ranking of high 

to low to determine the abundance of taxa within samples. 
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Please contact me if you have any queries. 

 

 

Yours Sincerely 

 

Todd Walsh 



_________________________________________________________________________________ 
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Introduction 

This report presents the results of the autumn 2020 algae sampling in Brumbys Creek which is the 

receiving waters for discharge from the Petuna hatchery, Cressy. 

Methods 
Algae sampling was carried out on 25 April 2020. River levels in Brumbys Creek were very low at both 

sites at the time of sampling. The algal sampling method used fully complies with that detailed within 

the TRCI protocol (NRM South 2009, 2009a), and is consistent with previous algae sampling conducted 

in Brumbys Creek for the Petuna hatchery. 

Chlorophyll-a  

Quantitative sampling for chlorophyll-a was conducted on the upper surfaces of 15 cobble-boulders at 

each site using the scourer pad method of Davies and Gee (1993).  

Sampling locations were identified as above (i.e. the same location is used for percent cover 

measurement and chlorophyll-a sampling). Each sample unit consisted of a single scour pad sampling 

event in the centre of the upper surface of cobbles or boulders which are immersed at the time of 

sampling. 

The scour pad was placed firmly against the rock surface and rotated back and forth 180 degrees, 3 

times at the same location, without lateral displacement. The scour pad was then removed from the 

dowel, prior to replacement with a fresh scour pad for the next sample unit. 

Each scourer pad sample was stored in a small labelled ziplock bag and chilled over freezer blocks in a 

darkened (lidded) Eski, and then stored frozen in the lab in the dark prior to analysis. 

All 15 scourer pads collected per sample location were added together to 75 ml of 90% acetone-water, 

swirled and left to soak for 24 hr in a glass beaker covered and sealed with Parafilm® at 50C in the dark. 

The liquid was then mixed well and a portion filtered using a 5 mm syringe packed with filter paper to fill 

a 1 cm spectrophotometer cuvette. Spectrophotometric absorbance readings were taken at 750 nm, 

663 nm and again, after acidification with 1 N HCl, at 663 nm then at 750 nm. These data were used to 

generate the mass of chlorophyll-a per unit area of rock surface for each sample (see APHA 2005 or later 

editions). 

Percent Algal Cover 

At 15 randomly selected sampling locations (within the accessible wetted area of the stream channel), a 

30 x 30 cm metal framed square quadrat, fitted with a 10 x 10 grid of thick wires defining 100 cells, was 

used to visually estimate % cover of benthic algae.  

Percent Shade 

Percent shade of the stream bed was estimated using a standard hemi-spherical densiometer after 

sampling had been completed. 
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Sample sites 
Two sites were sampled, a single site upstream and a single site downstream of the hatchery outfall. Site 

locations are shown in Figure 1.  

 

Figure 1. Site locations. 

Results 
Results for chlorophyll-a levels, percentage algae cover and shade are presented in Table 1, and the 

results of the TRCI analysis are presented in Table 2. 

Table 1. Results of algae sampling in Brumbys Creek, April 2020. 

Site/variable Chlorophyll-1 (mg/m2) Algae cover (mean %) Shade (%) 

Upstream of hatchery 40.8 66 0 

Downstream of hatchery 23.4 52 0 

 

Table 2. TRCI Algal Condition assessment, derived by integration from individual indicator scores in 

Table 1. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of hatchery Biomass Metric AIb  Moderate 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 60 Moderate 

Downstream of hatchery Biomass Metric AIb  Moderate 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 60 Moderate 
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Conclusion 
Chlorophyll-a levels and algae percentage cover were moderate at both the upstream and downstream 

sites, although percentage cover was slightly higher and chlorophyll-a levels were almost double the at 

the upstream site (Table 1). The TRCI analysis rated both sites as in Moderate overall condition for algae 

(Table 2). 

References 
Davies AL and Gee JHR 1993. A simple periphyton sampler for algal biomass estimates in streams. 

Freshwat. Biol. 30, 47-51. 

NRM South 2009. Tasmanian River Condition Index Reference Manual. NRM South. Hobart. 

NRM South 2009a. Tasmanian River Condition Index Aquatic Life Field Manual. NRM South. Hobart. 
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Summary 

• Biological sampling was undertaken for the Cressy hatchery on 9/9/2020; 

• The total abundance of macroinvertebrates was 1,224 and 3,506 individuals per m2 for 

the upstream and downstream sites, respectively.  

• Density of macroinvertebrates at the downstream site was therefore triple that of the 

upstream site, due principally to an increased abundance of oligochaete worms, 

indicating significant nutrient enrichment from the hatchery leading to increased 

productivity at the downstream site.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a 

moderately diverse macroinvertebrate fauna at both the upstream and downstream 

sites.  

• The AUSRIVAS samples for the upstream sites fell in either AUSRIVAS impairment 

band B (‘significantly impaired’) or impairment band C (‘severely impaired’), while both 

downstream AUSRIVAS samples fell in the AUSRIVAS impairment band B (‘significantly 

impaired’). The TRCI analysis of macroinvertebrate results rated both upstream and 

downstream sites in Poor overall condition. 

• The principal reason for a significant impairment rating in the AUSRIVAS analysis and 

the Poor overall TRCI condition rating was the absence of a number of expected 

macroinvertebrate families from the macroinvertebrate fauna at both sites. 

• Results of algae sampling were largely consistent with macroinvertebrate results.  

• Algae cover and chlorophyll-a levels (algae biomass) were substantially higher at the 

downstream site, indicating a significant level of nutrient enrichment and increased 

productivity is occurring downstream of the hatchery. 

• Overall, there was evidence for significant nutrient enrichment downstream of the 

hatchery on both macroinvertebrates and algae, but no evidence for severe toxicity 

impacts from the hatchery outfall (for example from ammonia). 

• The Poor rating for the macroinvertebrate fauna at both upstream and downstream sites 

in Brumbys Creek is due to the absence of a number of macroinvertebrate families 

which are predicted to occur at the sites.  

• This fauna depletion is likely to be due to the highly impacted nature of Brumbys Creek 

as a whole, particularly from highly modified flow regimes, and extensive riparian 

clearing and agricultural activities throughout the catchment. 
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1. Background 
Biological sampling is conducted bi-annually at the Petuna Cressy hatchery, with sampling 

occurring in autumn and spring of each year.  

Most of the bio-sampling for salmon hatcheries in Tasmania is conducted using components of 

the Tasmanian River Condition Index (TRCI) Aquatic Life protocol (NRM 

 2009a, b). Therefore, the values of TRCI benthic macroinvertebrate and algal indicators are also 

reported here, along with the overall TRCI condition indicators and ratings derived from them. 

Table 1. Indicators and methods for salmon hatchery biological sampling in Tasmania. 

Parameter Measure Method 

Benthic 
Macroinvertebrate 
Indicators 

Total macroinvertebrate abundance 
Total abundance per m2 of stream riffle 
substrate 

Tasmanian River Condition 
Index 

  AUSRIVAS model outputs AUSRIVAS single season 
riffle assessment 
(Tasmanian River 
Condition Index) 

  AUSRIVAS Impairment Band 

  O/Epa Score 

  O/Epa Signal Score 

  Macroinvertebrate composition Derived from AUSRIVAS 
data   Macroinvertebrate composition data 

  EPT Group Diversity (Family level)  

  Taxon Diversity (Family level)  

  Signal Index (Family level)  

  Rank abundance model outputs  Tasmanian rank 
abundance RIVPACS 
model assessment 

  AUSRIVAS Impairment Band 

  O/Erk Score 

Benthic Algal Indicators     

Stream shading 
% stream shading by riparian 
vegetation 

Tasmanian River Condition 
Index 

Benthic algal cover % stream bed algal cover 

Benthic algal biomass Chlorophyll a (mg/m2)  

2. Methods 

2.1 Sites 

Two sites were sampled for macroinvertebrates and algae (Figure 1), as follows: 

Upstream of the hatchery: a single site located approximately 30 below the weir 3 in Brumbys 

Creek (Easting 507800, Northing 5383250). 

Downstream of the hatchery: a single site approximately 100 m downstream of the hatchery outlet 

(Easting 508550, Northing 5383350).  
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Figure 1. Location of Upstream  and Downstream sampling sites in Brumbys Creek. 

2.2 Macroinvertebrates Sampling  

Two types of macroinvertebrate samples were taken. 

AUSRIVAS samples 

Two standard AUSRIVAS kick samples were taken from riffle habitat in mid-channel under normal 

‘non-flood’ flow conditions. Sampling was conducted with a standard 250 micron mesh kick net 

placed on the stream bed immediately downstream of patches of stream bed disturbed by foot. 

The sample was collected over a composite 10 m area of stream bed, in riffle habitat, covering 

the range of substrate and flow conditions observed in that habitat. The sample was then live-

picked in the field following the TRCI AUSRIVAS protocol. 

Quantitative samples 

Quantitative sampling of macroinvertebrates, consisting of 10 Surber samples was also collected 

from riffle habitat. The 10 Surber samples collected at each site were pooled then preserved with 

neutral buffered formalin prior to being returned to the laboratory.  

2.3 Benthic algae 

Benthic algal biomass was assessed at each site by sampling of 15 upper rock (cobble) surfaces 

with a scourer pad sampler (method of Davies and Gee 1993), with sample locations situated 

randomly across the channel in rocky bed (riffle) habitat. In addition, benthic algal cover was 

assessed quantitatively at each site, by visual assessment using a 100 cell 30 x 30 cm gridded 

quadrat, placed on the stream bed in riffle habitat at five random locations across the channel.  
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Percent area of overhead shading of the stream bed was estimated using a standard hemi-

spherical densiometer once benthic biological sampling was completed. Readings were taken at 

locations across the channel at 0.25, 0.5 and 0.75 channel width, within the area of cover and 

chlorophyll sampling. At each location, a reading was taken facing upstream, downstream, bank 

left, and bank right.  

2.4 Sample processing 

The pooled set of Surber samples was elutriated with a saturated calcium chloride solution and 

sub-sampled to 20% using a standard ‘Marchant’ box sub-sampler prior to hand-picking under 

magnification. All individuals hand-picked from the AUSRIVAS sample were counted and 

identified to family level, while all animals from Surber samples were hand-picked and counted 

but not identified. 

Algal scourer pad samples were extracted using an acetone-methanol solution and analysed 

colorimetrically for chlorophyll-a content using a visual wavelength spectrophotometer, by a 

standard method (consistent with APHA Standard Methods 2010). Chlorophyll-a values were 

corrected to mg per unit area (mg/m2) values, and mean value derived from the 15 samples. 

At each site, an overall mean for % shading was derived from the 12 shade observations and a 

overall mean for % algal cover was derived from the five quadrat cover estimates. 

2.5 Data analysis 

The environmental and biological data from the AUSRIVAS sample were analysed using the 

established presence-absence Tasmanian AUSRIVAS (Australian River Invertebrate 

Assessment Scheme) model. This provided a single-season value for the O/E indicator (the ratio 

of observed to expected families), and their associated impairment bands, as well as for the 

SIGNAL O/E score.  

The EPT indicator was also generated from the AUSRIVAS sample – the proportion of total 

families occurring in the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies). This indicator is a standard compositional 

bioindicator used in Tasmania, based on regionally sensitive indicator families. The quantitative 

Surber data were used to generate an estimate of total density of macroinvertebrates per unit 

area. 

The values for the macroinvertebrate and benthic algae indicators were entered into the TRCI 

Aquatic Life software routine to generate a score for the TRCI macroinvertebrate and benthic 

algae condition indicators (MI and AI, respectively). These integrated indicators are rated from 0 

to 100. It is reported using 5 bands of impairment (Good, Moderate, Poor, Very Poor and 

Extremely Poor).  
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Table 2. Habitat characteristics of sample sites, Brumbys Creek, Spring 2020. 

 

Brumbys Creek Site: Upstream of hatchery Downstream of hatchery 
  Date: 9 September 2020 

  Easting 507800 508550 
  Northing 5383250 5383350 

Variable Units     

Bedrock % bed area 0 0 
Boulder % bed area 0 0 
Cobble % bed area 0 0 
Pebble % bed area 10 20 
Gravel % bed area 30 20 
Sand  % bed area 20 20 
Silt % bed area 30 20 

Clay % bed area 10 20 
Algal cover % bed area 35 70 
Silt cover % bed area 50 90 

Detritus cover % bed area 0 0 
Moss cover % bed area 0 0 

Depth m < 25 cm < 25 cm 
Temperature  deg C 13.5 16.5 
Conductivity microS/cm 78.2 92.8 

Width watered m 20 16 
Width bankfull m 30 25 

Riffle % site area 30 50 
Pool % site area 70 30 
Run % site area 0 0 
Snag % site area 0 0 

3. Results 

3.1 Habitat 

Water levels were low at both sites at the time of sampling (flow rate for Brumbys Creek gauge-

board reading <0.1: Hydro Tasmania water flow website: https://www.hydro.com.au/water/water-

flow). Both sample sites were of similar width and slope and had riverbed material dominated by 

a mixture of pebble, gravel silt and clay substrates (Table 2). Both sites had similarly riparian 

vegetation of cleared pasture and juncus with minimal shading at both sites. Water conductivity 

was higher at the downstream site (92.8 mS/cm) compared to the upstream site (78.2 mS/cm) 

(Table 2). The two sites were a mixture of run and riffle habitat, and channel widths were similar.  

3.2 Macroinvertebrates 

Surber sampling 

Enumeration of the 10 Surber samples yielded estimates of total abundance of stream bed of 

1,244 and 3,506 individuals per m2 for the upstream and downstream sites respectively. Density 

of macroinvertebrates at the downstream site was therefore close to triple that of the upstream 

site, indicating a moderately increased productivity at the downstream site. 
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Table 3. Semi-quantitative macroinvertebrate family data derived from AUSRIVAS Rapid assessment 

protocol (RAP) sampling, with derived variables. For Coleoptera, A = adult  L = larvae 

    Site Upstream Upstream Downstream Downstream 

   Date: 9-Sep-2020 

Class Order Family RAP 1 RAP 2 RAP1 RAP 2 

Platyhelminthes Turbellaria  1  1   

Nematoda       1 

Mollusca Gastropoda Hydrobiidae 3 1  1 

Annelida Oligochaeta  1  26 40 

Arachnida Acarina  4 6    

Crustacea Amphipoda Paramelitidae 34 30 12 2 

   Ceinidae 1 4 7 1 

  Isopoda Phreatoicidea 1 1 1 1 

Insecta Ephemeroptera Caenidae 27 23 25 16 

   Baetidae 1  8 3 

  Odonata Telephlebiidae    1   

  Diptera Chironomidae:       

   subfam:Chironominae   6 6 1 

   subfam: Orthocladinae 3 1 12 3 

   Dip. Unid. Pup.    2 1 

  Trichoptera Atriplectididae   1    

   Calocidae 1 4 2   

   Conoesucidae 8 8 11 1 

   Ecnomidae    3 2 

   Hydrobiosidae 1  1 1 

   Hydropsychidae 9 14 6 12 

   Leptoceridae   1  1 

  Coleoptera ElmidaeA 22 11 7 6 

   ElmidaeL 2  2 1 

    N Taxa 16 14 18 18 

    O/Epa 0.63 0.49 0.68 0.68 

    Band B C B B 

    SIGNAL 5.27 5.21 5.29 4.72 

    SIGNAL O/E 0.85 0.84 0.85 0.76 

    EPT ratio 0.38 0.43 0.39 0.39 

 

AUSRIVAS sampling 

AUSRIVAS sampling collected a broadly similar assemblage of families with a moderately diverse 

macroinvertebrate fauna at both sites (Table 3). The mean number of taxa present at the 

upstream and downstream sites were 15 and 18 taxa, respectively (Table 3). 

Both sites supported a number of pollution-sensitive taxa, including Caenid and Baetid mayflies, 

a number of caddisfly families (Conosucids, Calocids, Hydrobiosids and Leptocerids), and Elimid 

beetle adults and larvae (Table 3). The principal difference between the sites was a marked 

increase in the abundance of oligochaete worms at the downstream site, which is indicative of 

increased sediment loading and organic enrichment at the downstream site.  

The AUSRIVAS analysis indicated the two samples from the upstream site fell in either the 

AUSRIVAS impairment band B (‘significantly impaired’) or impairment band C (‘severely 

impaired’). Both AUSRIVAS samples at the downstream site fell in the AUSRIVAS impairment 

band B (‘significantly impaired’) (Table 3). These results reflect the absence of a number of 
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expected families from both upstream and downstream fauna. The following families were 

predicted to occur at both sites but were absent from the fauna: beetles (Scirtidae), dipterans 

(Tipulidae, Simulidae, Podonomidae), and several families from the clean-water EPT orders 

(Ephemenoptera, Plectoptera and Trichoptera) (for example, the families Eusthenidae, 

Leptophlebiidae, Gripopterygidae). 

The SIGNAL score is an index derived from the AUSRIVAS samples which provides an indication 

of the proportion of the macroinvertebrate fauna with high pollution intolerance. Signal scores 

were in the mid-range for the upstream and downstream sites, indicating moderate levels of 

pollution at both sites (Table 3) 

The EPT indicator is a measure of the proportion of total families from the AUSRIVAS sample 

which were from the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies), and is a standard compositional bioindicator 

used in Tasmania, based on regionally sensitive indicator families. EPT scores were relatively 

low at both the upstream and downstream sites, reflecting the absence of number of clean-water 

families from the fauna at both sites (most notably Eusthenidae, Leptophlebiidae, 

Gripopterygidae) (Table 3). 

3.3 TRCI Macroinvertebrate Condition score 

The TRCI Macroinvertebrate Expectedness, Composition and Abundance metrics were similar 

for both sites (Table 4). For both upstream and downstream sites, the Composition metric was 

rated as only moderate, reflecting the absence of a number of expected families from the fauna 

at both sites. Due to the absence of these expected faunal elements, the resulting overall 

condition for both upstream and downstream sites was rated as Poor (Table 4). 

Table 4. Outputs of TRCI Benthic Macroinvertebrate Condition assessments, derived by integration 

from individual indicator scores, Spring 2020. 

Site Macroinvertebrate Component Metric/Indicator Score Rating 

Upstream Expectedness Metric MIe 65 Moderate 

  Abundance Metric MIa 100 High 

  Composition Metric MIc 41 High 

  Condition Indicator MI 55 Poor 

            

Downstream Expectedness Metric MIe 65 Moderate 

  Abundance Metric MIa 100 High 

  Composition Metric MIc 39 High 

  Condition Indicator MI 55 Poor 

 

3.3 Benthic algae 

Benthic algal biomass (represented as chlorophyll-a density) and % cover were at moderate 

levels at the upstream site (means of 50% cover, 12.8 mg chlorophyll-a per m2) (Table 5). In 
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contrast, benthic algal biomass and % cover were both high at the downstream site (means of 

85% cover, 85.2 mg chlorophyll-a per m2) (Table 5). The TRCI analysis of algae data rated the 

upstream site as in Good condition, while the downstream site was rated in Poor condition (Table 

6).  

 Table 5. Values of overhead shading, benthic algal cover and chlorophyll-a density in Spring 2020. 

  Site Upstream of hatchery Downstream of hatchery 

  Date: 9-Sep-2020 

Biota Variable     

Macroinvertebrates       

  Abundance (n/m2) 1,244 3,506 

        

Benthic algae       

  Riparian shade (%) 0 0 

  Algal cover (%) 50.0 85.0 

  Chlorophyll-a (mg/m2) 12.8   85.2 

 

Table 6. Outputs of TRCI Algal Condition assessment, derived by integration from individual indicator 

scores, Spring 2020. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 100 Good 

Downstream of 

hatchery 
Biomass Metric AIb  High 

  Cover Metric AIc  High 

  Condition Indicator AI 20 Poor 

 

4. Conclusions 

• Biological sampling was undertaken for the Cressy hatchery on 9/9/2020; 

• The total abundance of macroinvertebrates was 1,224 and 3,506 individuals per m2 for 

the upstream and downstream sites, respectively.  

• Density of macroinvertebrates at the downstream site was therefore triple that of the 

upstream site, due principally to an increased abundance of oligochaete worms, 



9 
 

indicating significant nutrient enrichment from the hatchery leading to increased 

productivity at the downstream site.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a 

moderately diverse macroinvertebrate fauna at both the upstream and downstream 

sites.  

• The AUSRIVAS samples for the upstream sites fell in either AUSRIVAS impairment 

band B (‘significantly impaired’) or impairment band C (‘severely impaired’), while both 

downstream AUSRIVAS samples fell in the AUSRIVAS impairment band B (‘significantly 

impaired’). The TRCI analysis of macroinvertebrate results rated both upstream and 

downstream sites in Poor overall condition. 

• The principal reason for a significant impairment rating in the AUSRIVAS analysis and 

the Poor overall TRCI condition rating was the absence of a number of expected families 

from the macroinvertebrate fauna at both sites. 

• Results of algae sampling were largely consistent with macroinvertebrate results.  

• Algae cover and chlorophyll-a levels (algae biomass) were substantially higher at the 

downstream site, indicating a significant level of nutrient enrichment and increased 

productivity is occurring downstream of the hatchery. 

• Overall, there was evidence for significant nutrient enrichment downstream of the 

hatchery on both macroinvertebrates and algae, but no evidence for severe toxicity 

impacts from the hatchery outfall (for example from ammonia). 

• The Poor rating for the macroinvertebrate fauna at both upstream and downstream sites 

in Brumbys Creek is due to the absence of a number of macroinvertebrate families 

which are predicted to occur at the sites.  

• This fauna depletion is likely to be due to the highly impacted nature of Brumbys Creek 

as a whole, particularly from highly modified flow regimes, and extensive riparian 

clearing and agricultural activities throughout the catchment. 

6. References 

NRM South 2009. Tasmanian River Condition Index Reference Manual. NRM South. Hobart. 
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Summary 

• Biological sampling was undertaken for the Petuna Cressy hatchery on 9/3/2021; 

• Brumbys Creek was running at relatively high levels on the day of sampling due to 

release of water from the Poatina power station, so that the riffle areas were likely to 

have been wetted for a relatively short period. 

• The total abundance of macroinvertebrates was relatively low at both upstream and 

downstream sites (372 and 344 individuals per m2, respectively).  

• AUSRIVAS sampling collected a similar assemblage of families, with a relatively low 

diversity of taxa at both the upstream and downstream sites.  

• The AUSRIVAS samples for both upstream and downstream sites fell in impairment 

band C (‘severely impaired’), and the TRCI analysis of macroinvertebrate results rated 

both upstream and downstream sites in Extremely Poor overall condition. 

• The high river levels on the days leading up to sampling is likely to have impacted on 

macroinvertebrate results, leading to a depression in total abundance and reduced taxon 

diversity at both upstream and downstream sites.  

• Results of algae sampling were consistent with macroinvertebrate results. 

• Algae cover and chlorophyll-a levels (algae biomass) were very low at both upstream 

and downstream sites, with no evidence of any enrichment effect from the hatchery on 

algae growth at the downstream site. 

• The absence of any enrichment impact from the hatchery on algae growth is presumably 

due to the flushing effect of high river flows and the recently-wetted nature of the riffle 

habitat accessible for sampling. 

• Overall, in autumn 2021 and under conditions of relatively high river flows, there was no 

evidence of an impact of the hatchery on either macroinvertebrates or algae in Brumbys 

Creek.  
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1. Background 
Biological sampling is conducted bi-annually at the Petuna Cressy hatchery, with sampling 

occurring in autumn and spring of each year.  

Most of the bio-sampling for salmon hatcheries in Tasmania is conducted using components of 

the Tasmanian River Condition Index (TRCI) Aquatic Life protocol (NRM 2009a, b). Therefore, 

the values of TRCI benthic macroinvertebrate and algal indicators are also reported here, along 

with the overall TRCI condition indicators and ratings derived from them. 

Table 1. Indicators and methods for salmon hatchery biological sampling in Tasmania. 

Parameter Measure Method 

Benthic 
Macroinvertebrate 
Indicators 

Total macroinvertebrate abundance 
Total abundance per m2 of stream riffle 
substrate 

Tasmanian River Condition 
Index 

  AUSRIVAS model outputs AUSRIVAS single season 
riffle assessment 
(Tasmanian River 
Condition Index) 

  AUSRIVAS Impairment Band 

  O/Epa Score 

  O/Epa Signal Score 

  Macroinvertebrate composition Derived from AUSRIVAS 
data   Macroinvertebrate composition data 

  EPT Group Diversity (Family level)  

  Taxon Diversity (Family level)  

  Signal Index (Family level)  

  Rank abundance model outputs  Tasmanian rank 
abundance RIVPACS 
model assessment 

  AUSRIVAS Impairment Band 

  O/Erk Score 

Benthic Algal Indicators     

Stream shading 
% stream shading by riparian 
vegetation 

Tasmanian River Condition 
Index 

Benthic algal cover % stream bed algal cover 

Benthic algal biomass Chlorophyll a (mg/m2)  

2. Methods 

2.1 Sites 

Two sites were sampled for macroinvertebrates and algae (Figure 1), as follows: 

Upstream of the hatchery: a single site located approximately 30 below the weir 3 in Brumbys 

Creek (Easting 507800, Northing 5383250). 

Downstream of the hatchery: a single site approximately 100 m downstream of the hatchery outlet 

(Easting 508550, Northing 5383350).  
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Figure 1. Location of Upstream and Downstream sampling sites in Brumbys Creek. 

2.2 Macroinvertebrates Sampling  

Two types of macroinvertebrate samples were taken. 

AUSRIVAS samples 

Two standard AUSRIVAS kick samples were taken from riffle habitat in mid-channel under normal 

‘non-flood’ flow conditions. Sampling was conducted with a standard 250 micron mesh kick net 

placed on the stream bed immediately downstream of patches of stream bed disturbed by foot. 

The sample was collected over a composite 10 m area of stream bed, in riffle habitat, covering 

the range of substrate and flow conditions observed in that habitat. The sample was then live-

picked in the field following the TRCI AUSRIVAS protocol. 

Quantitative samples 

Quantitative sampling of macroinvertebrates, consisting of 10 Surber samples was also collected 

from riffle habitat. The 10 Surber samples collected at each site were pooled then preserved with 

neutral buffered formalin prior to being returned to the laboratory.  

2.3 Benthic algae 

Benthic algal biomass was assessed at each site by sampling of 15 upper rock (cobble) surfaces 

with a scourer pad sampler (method of Davies and Gee 1993), with sample locations situated 

randomly across the channel in rocky bed (riffle) habitat. In addition, benthic algal cover was 

assessed quantitatively at each site, by visual assessment using a 100 cell 30 x 30 cm gridded 

quadrat, placed on the stream bed in riffle habitat at five random locations across the channel.  
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Percent area of overhead shading of the stream bed was estimated using a standard hemi-

spherical densiometer once benthic biological sampling was completed. Readings were taken at 

locations across the channel at 0.25, 0.5 and 0.75 channel width, within the area of cover and 

chlorophyll sampling. At each location, a reading was taken facing upstream, downstream, bank 

left, and bank right.  

2.4 Sample processing 

The pooled set of Surber samples was elutriated with a saturated calcium chloride solution and 

sub-sampled to 20% using a standard ‘Marchant’ box sub-sampler prior to hand-picking under 

magnification. All individuals hand-picked from the AUSRIVAS sample were counted and 

identified to family level, while all animals from Surber samples were hand-picked and counted 

but not identified. 

Algal scourer pad samples were extracted using an acetone-methanol solution and analysed 

colorimetrically for chlorophyll-a content using a visual wavelength spectrophotometer, by a 

standard method (consistent with APHA Standard Methods 2010). Chlorophyll-a values were 

corrected to mg per unit area (mg/m2) values, and mean value derived from the 15 samples. 

At each site, an overall mean for % shading was derived from the 12 shade observations and a 

overall mean for % algal cover was derived from the five quadrat cover estimates. 

2.5 Data analysis 

The environmental and biological data from the AUSRIVAS sample were analysed using the 

established presence-absence Tasmanian AUSRIVAS (Australian River Invertebrate 

Assessment Scheme) model. This provided a single-season value for the O/E indicator (the ratio 

of observed to expected families), and their associated impairment bands, as well as for the 

SIGNAL O/E score.  

The EPT indicator was also generated from the AUSRIVAS sample – the proportion of total 

families occurring in the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies). This indicator is a standard compositional 

bioindicator used in Tasmania, based on regionally sensitive indicator families. The quantitative 

Surber data were used to generate an estimate of total density of macroinvertebrates per unit 

area. 

The values for the macroinvertebrate and benthic algae indicators were entered into the TRCI 

Aquatic Life software routine to generate a score for the TRCI macroinvertebrate and benthic 

algae condition indicators (MI and AI, respectively). These integrated indicators are rated from 0 

to 100. It is reported using 5 bands of impairment (Good, Moderate, Poor, Very Poor and 

Extremely Poor).  
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Table 2. Habitat characteristics of sample sites, Brumbys Creek, Autumn 2021. 

Brumbys Creek Site: Upstream of hatchery Downstream of hatchery 

  Date: 9 March 2021 

  Easting 507800 5383250 

  Northing 5383250 5383350 

Variable Units     

Bedrock % bed area 0 0 

Boulder % bed area 5 0 

Cobble % bed area 20 5 

Pebble % bed area 40 20 

Gravel % bed area 10 20 

Sand  % bed area 20 20 

Silt % bed area 0 20 

Clay % bed area 0 15 

Algal cover % bed area 10 60 

Silt cover % bed area 5 40 

Detritus cover % bed area 0 0 

Moss cover % bed area 0 0 

Depth m < 50 cm < 50 cm 

Temperature  deg C 14.6 14.4 

Conductivity microS/cm 23.1 25.8 

Width watered m 30 25 

Width bankfull m 40 30 

Riffle % site area 5 20 

Run % site area 95 80 

Pool % site area 0 0 

Snag % site area 0 0 

 

3. Results 

3.1 Habitat 

Water levels were relatively high at both sites at the time of sampling, indicating significant water 

release from the Poatina power station (flow rate for Brumbys Creek gauge-board reading 0.4: 

Hydro Tasmania water flow website: https://www.hydro.com.au/water/water-flow).  

Both sample sites were of similar width and slope and had riverbed material dominated by a 

mixture of pebble, gravel silt and clay substrates (Table 2). Both sites had similarly riparian 

vegetation of cleared pasture and juncus with minimal shading at both sites. The two sites were 

a mixture of run and riffle habitat, and channel widths were similar. Water conductivity was 

relatively low at both sites (< 30 mS/cm), reflecting presence of low-conductivity water released 

from Great Lake via the Poatina power station (Table 2). 



6 
 

3.2 Macroinvertebrates 

Surber sampling 

Enumeration of the 10 Surber samples yielded estimates relatively low estimates of total 

abundance of stream bed for both sites (372 and 344 individuals per m2 for the upstream and 

downstream sites, respectively) (Table 5).  

Table 3. Semi-quantitative macroinvertebrate family data derived from AUSRIVAS Rapid assessment 

protocol (RAP) sampling, with derived variables. For Coleoptera, A = adult  L = larvae 

    Site Upstream Upstream Downstream Downstream 

   Date: 9-Mar-2021 

Class Order Family RAP 1 RAP 2 RAP1 RAP 2 

Platyhelminthes Turbellaria     1   

Mollusca Gastropoda Hydrobiidae 7 8    

   Physidae     1 

  Oligochaeta  3 13 10 9 

Arachnida Acarina  1 1  1 

Crustacea Amphipoda Paramelitidae 3 8 1   

   Ceinidae 3 2    

  Isopoda Phreatoicidea   4    

  Ephemeroptera Leptophlebiidae   2    

   Caenidae 9 3 2   

   Baetidae 1 1 2 1 

  Hemiptera Veliidae 1     

   Corixidae     1 

  Diptera Chironomidae:       

   subfam: Chironominae   4 9 7 

   subfam: Orthocladiinae 3 5 7 9 

   Simuliidae 2  6 17 

   Dolichopodidae     3 

   Dip. Unid. Pup.   1    

  Trichoptera Hydrobiosidae   2    

   Hydropsychidae 4  1 1 

  Coleoptera ElmidaeL 1     

    N Taxa 12 13 9 10 

    O/Epa 0.39 0.55 0.40 0.40 

    Band C C C C 

    SIGNAL 4.33 4.54 4.13 3.70 

    SIGNAL O/E 0.71 0.74 0.67 0.60 

    EPT ratio 0.25 0.31 0.33 0.20 

 

AUSRIVAS sampling 

AUSRIVAS sampling collected a broadly similar assemblage of macroinvertebrate families with a 

relatively low number of taxa recorded at both sites (Table 3). The mean number of taxa present 

at the upstream site was slightly higher than at the downstream site (12.5 and 9.5 taxa, 

respectively) (Table 3). Both sites supported a number of pollution-sensitive taxa in the EPT 

(Ephemenoptera, Plecoptera, Trichoptera) grouping, notably Caenid and Baetid mayflies, and 

ceinid and paramelidid amphipods (Table 3).  
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The AUSRIVAS analysis placed both sites in the AUSRIVAS impairment band C (‘severely 

impaired’) (Table 3). These results reflect the absence of a large number of expected families 

from both upstream and downstream fauna.  

The SIGNAL score is an index derived from the AUSRIVAS samples which provides an indication 

of the proportion of the macroinvertebrate fauna with high pollution intolerance. Signal scores 

were relatively low for both upstream and downstream sites (Table 3) 

The EPT indicator is a measure of the proportion of total families from the AUSRIVAS sample 

which were from the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies), and is a standard compositional bioindicator 

used in Tasmania, based on regionally sensitive indicator families. EPT scores were relatively 

low at both the upstream and downstream sites (Table 3). 

3.3 TRCI Macroinvertebrate Condition score 

The TRCI Macroinvertebrate Expectedness, Composition and Abundance metrics were similar 

for both sites (Table 4). For both upstream and downstream sites, the Composition metric was 

rated as low, reflecting the absence of a large number of expected families from the fauna at both 

sites. For both upstream and downstream sites, the Abundance metric was also rated as low, 

reflecting the low total abundance estimates for both sites. The composition metric for both 

upstream and downstream sites was rated as moderate, reflecting the presence of a relatively 

low proportion of EPT families at both sites. The resulting overall condition for both upstream and 

downstream sites was rated as Extremely Poor (Table 4). 

Table 4. Outputs of TRCI Benthic Macroinvertebrate Condition assessments, derived by integration 

from individual indicator scores, Autumn 2021. 

Site 
Macroinvertebrate 

Component 
Metric/Indicator Score Rating 

Upstream Expectedness Metric MIe 10 Low 
  Abundance Metric MIa 40 Low 
  Composition Metric MIc 28 Moderate 

  Condition Indicator MI 5 Extremely Poor 
            

Downstream Expectedness Metric MIe 10 Low 
  Abundance Metric MIa 40 Low 
  Composition Metric MIc 27 Moderate 

  Condition Indicator MI 5 Extremely Poor 

 

3.3 Benthic algae 

Benthic algal biomass (represented as chlorophyll-a density) and % cover were at low levels at 

both the upstream site (10% cover, 1.4 mg chlorophyll-a per m2) and the downstream site (20% 

cover, 3.0 mg chlorophyll-a per m2) (Table 5). The TRCI analysis of algae data rated both 

upstream and downstream sites in Good condition (Table 6).  
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 Table 5. Values of overhead shading, benthic algal cover and chlorophyll-a density in Autumn 2021. 

  Site Upstream of hatchery Downstream of hatchery 

  Date: 9-Mar-2021 

Biota Variable     

Macroinvertebrates       

  Abundance (n/m2) 372 344 

        

Benthic algae       

  Riparian shade (%) 0 0 

  Algal cover (%) 10.0 20.0 

  Chlorophyll-a (mg/m2) 1.40 3.00 
 

Table 6. Outputs of TRCI Algal Condition assessment, derived by integration from individual indicator 

scores, Autumn 2021. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 100 Good 

Downstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 20 Good 

 

4. Discussion 
Brumbys Creek was running at relatively high levels on the day of sampling due to release of 

water from the Poatina power station (flow rate for Brumbys Creek gauge-board reading 0.4: 

Hydro Tasmania water flow website: https://www.hydro.com.au/water/water-flow). Brumbys 

Creek had been running at around this level for a period of around 4 days prior to sampling. 

While riffle areas were accessible for sampling, the riffle habitat sampled are likely to have been 

wetted for a relatively short period, and this is likely to have impacted on macroinvertebrate and 

algae results.  

In autumn 2021, total macroinvertebrate abundance was depressed at both upstream and 

downstream sites (< 400 individuals per m2 for the upstream and downstream sites: Table 5). 

These abundance estimates for autumn 2021 are substantially lower than those recorded in the 

recent spring 2020 sampling (abundance estimates in spring 2020: 1,224 and 3,506 individuals 

per m2 for the upstream and downstream sites, respectively). Similarly, the diversity of 

macroinvertebrate families at both sites was reduced in autumn 2021 compared to spring 2020. 

The net result was an AUSRIVAS ranking of Extremely Poor for both upstream and downstream 

sites in autumn 2021. 

https://www.hydro.com.au/water/water-flow
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The relatively high river levels in autumn 2021 is also likely to have impacted on algae levels in 

Brumbys Creek. Chlorophyll-a levels were very low in autumn 2021 (< 5 mg/m2 for both sites) 

compared to spring 2020 (12.8 and 85.2 mg chlorophyll-a per m2 for upstream and downstream 

sites, respectively). The increase in algae growth at the downstream site in spring 2020 was 

attributed to moderate nutrient enrichment from the hatchery outfall (Mallick 2020). In contrast, 

in autumn 2021, there was no evidence for an enrichment impact from the hatchery on algae 

growth, presumable due to the flushing effect of high river flows and the recently-wetted nature 

of the riffle habitat accessible for sampling.  

5. References 

Mallick, S. A. (2020). Aquatic Biomonitoring Macroinvertebrates and Algae Cressy Hatchery 
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NRM South 2009a. Tasmanian River Condition Index Aquaticnrm Life Field Manual. NRM South. 
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Summary 

• Biological sampling was undertaken for the Petuna Cressy hatchery on 23/9/2021; 

• The total abundance of macroinvertebrates was 1,072 and 2,361 individuals per m2 for 

the upstream and downstream sites, respectively.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a relatively 

low diversity of macroinvertebrates at both sites.  

• The AUSRIVAS samples for the upstream sites fell in AUSRIVAS impairment band C 

(‘severely impaired’), while the downstream AUSRIVAS samples fell in either AUSRIVAS 

impairment band B (‘significantly impaired’) or impairment band C. The TRCI analysis of 

macroinvertebrate results rated both upstream and downstream sites in Poor overall 

condition. 

• Overall, the macroinvertebrate fauna was significantly impacted at both the upstream 

and downstream sites in Brumbys Creek, with both sites lacking a range of expected 

families.  

• Algae cover was relatively high at both sites, with greater algae cover at the downstream 

site (80%) compared to the upstream site (55%). However, chlorophyll-a levels (algae 

biomass) similar and relatively low for both upstream and downstream sites (< 15 mg 

chlorophyll-a/m2).  

• The TRCI analysis of algae data rated both sites in Good condition. 

• In conclusion, the macroinvertebrate fauna of both upstream and downstream sites 

exhibited a comparable degree of impairment, likely due to the highly modified flow 

regimes within Brumbys Creek, and extensive riparian clearing and agricultural activities 

throughout the river catchment. 

  



2 
 

1. Background 
Biological sampling is conducted bi-annually at the Petuna Cressy hatchery, with sampling 

occurring in autumn and spring of each year.  

Most of the bio-sampling for salmon hatcheries in Tasmania is conducted using components of 

the Tasmanian River Condition Index (TRCI) Aquatic Life protocol (NRM 2009a, b). Therefore, 

the values of TRCI benthic macroinvertebrate and algal indicators are also reported here, along 

with the overall TRCI condition indicators and ratings derived from them. 

Table 1. Indicators and methods for salmon hatchery biological sampling in Tasmania. 

Parameter Measure Method 

Benthic 
Macroinvertebrate 
Indicators 

Total macroinvertebrate abundance 
Total abundance per m2 of stream riffle 
substrate 

Tasmanian River Condition 
Index 

  AUSRIVAS model outputs AUSRIVAS single season 
riffle assessment 
(Tasmanian River 
Condition Index) 

  AUSRIVAS Impairment Band 

  O/Epa Score 

  O/Epa Signal Score 

  Macroinvertebrate composition Derived from AUSRIVAS 
data   Macroinvertebrate composition data 

  EPT Group Diversity (Family level)  

  Taxon Diversity (Family level)  

  Signal Index (Family level)  

  Rank abundance model outputs  Tasmanian rank 
abundance RIVPACS 
model assessment 

  AUSRIVAS Impairment Band 

  O/Erk Score 

Benthic Algal Indicators     

Stream shading 
% stream shading by riparian 
vegetation 

Tasmanian River Condition 
Index 

Benthic algal cover % stream bed algal cover 

Benthic algal biomass Chlorophyll a (mg/m2)  

2. Methods 

2.1 Sites 

Two sites were sampled for macroinvertebrates and algae (Figure 1), as follows: 

Upstream of the hatchery: a single site located approximately 30 below the weir 3 in Brumbys 

Creek (Easting 507800, Northing 5383250). 

Downstream of the hatchery: a single site approximately 100 m downstream of the hatchery outlet 

(Easting 508550, Northing 5383350).  
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Figure 1. Location of Upstream and Downstream sampling sites in Brumbys Creek. 

2.2 Macroinvertebrates Sampling  

Two types of macroinvertebrate samples were taken. 

AUSRIVAS samples 

Two standard AUSRIVAS kick samples were taken from riffle habitat in mid-channel under normal 

‘non-flood’ flow conditions. Sampling was conducted with a standard 250 micron mesh kick net 

placed on the stream bed immediately downstream of patches of stream bed disturbed by foot. 

The sample was collected over a composite 10 m area of stream bed, in riffle habitat, covering 

the range of substrate and flow conditions observed in that habitat. The sample was then live-

picked in the field following the TRCI AUSRIVAS protocol. 

Quantitative samples 

Quantitative sampling of macroinvertebrates, consisting of 10 Surber samples was also collected 

from riffle habitat. The 10 Surber samples collected at each site were pooled then preserved with 

neutral buffered formalin prior to being returned to the laboratory.  

2.3 Benthic algae 

Benthic algal biomass was assessed at each site by sampling of 15 upper rock (cobble) surfaces 

with a scourer pad sampler (method of Davies and Gee 1993), with sample locations situated 

randomly across the channel in rocky bed (riffle) habitat. In addition, benthic algal cover was 

assessed quantitatively at each site, by visual assessment using a 100 cell 30 x 30 cm gridded 

quadrat, placed on the stream bed in riffle habitat at five random locations across the channel.  
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Percent area of overhead shading of the stream bed was estimated using a standard hemi-

spherical densiometer once benthic biological sampling was completed. Readings were taken at 

locations across the channel at 0.25, 0.5 and 0.75 channel width, within the area of cover and 

chlorophyll sampling. At each location, a reading was taken facing upstream, downstream, bank 

left, and bank right.  

2.4 Sample processing 

The pooled set of Surber samples was elutriated with a saturated calcium chloride solution and 

sub-sampled to 20% using a standard ‘Marchant’ box sub-sampler prior to hand-picking under 

magnification. All individuals hand-picked from the AUSRIVAS sample were counted and 

identified to family level, while all animals from Surber samples were hand-picked and counted 

but not identified. 

Algal scourer pad samples were extracted using an acetone-methanol solution and analysed 

colorimetrically for chlorophyll-a content using a visual wavelength spectrophotometer, by a 

standard method (consistent with APHA Standard Methods 2010). Chlorophyll-a values were 

corrected to mg per unit area (mg/m2) values, and mean value derived from the 15 samples. 

At each site, an overall mean for % shading was derived from the 12 shade observations and a 

overall mean for % algal cover was derived from the five quadrat cover estimates. 

2.5 Data analysis 

The environmental and biological data from the AUSRIVAS sample were analysed using the 

established presence-absence Tasmanian AUSRIVAS (Australian River Invertebrate 

Assessment Scheme) model. This provided a single-season value for the O/E indicator (the ratio 

of observed to expected families), and their associated impairment bands, as well as for the 

SIGNAL O/E score.  

The EPT indicator was also generated from the AUSRIVAS sample – the proportion of total 

families occurring in the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies). This indicator is a standard compositional 

bioindicator used in Tasmania, based on regionally sensitive indicator families. The quantitative 

Surber data were used to generate an estimate of total density of macroinvertebrates per unit 

area. 

The values for the macroinvertebrate and benthic algae indicators were entered into the TRCI 

Aquatic Life software routine to generate a score for the TRCI macroinvertebrate and benthic 

algae condition indicators (MI and AI, respectively). These integrated indicators are rated from 0 

to 100. It is reported using 5 bands of impairment (Good, Moderate, Poor, Very Poor and 

Extremely Poor).  
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Table 2. Habitat characteristics of sample sites, Brumbys Creek, Spring 2021. 

 

Brumbys Creek Site: Upstream of hatchery Downstream of hatchery 
  Date: 23 September 2021 

  Easting 507800 5383250 
  Northing 5383250 5383350 

Variable Units     

Bedrock % bed area 0 0 
Boulder % bed area 0 0 
Cobble % bed area 0 0 
Pebble % bed area 20 10 
Gravel % bed area 20 10 
Sand  % bed area 0 20 
Silt % bed area 0 30 

Clay % bed area 60 30 
Algal cover % bed area 55 80 
Silt cover % bed area 10 15 

Detritus cover % bed area 0 0 
Moss cover % bed area 0 0 

Depth m < 25 cm < 25 cm 
Temperature  deg C 12.2 11.6 
Conductivity microS/cm 96 91.2 

Width watered m 15 20 
Width bankfull m 25 30 

Riffle % site area 20 40 
Pool % site area 80 60 
Run % site area 0 0 
Snag % site area 0 0 

 

3. Results 

3.1 Habitat 

Water levels were low at both sites at the time of sampling (flow rate for Brumbys Creek gauge-

board reading ca. 0.1: Hydro Tasmania water flow website: 

https://www.hydro.com.au/water/water-flow). Both sample sites were of similar width and slope 

and had riverbed material dominated by a mixture of pebble, gravel, silt and clay substrates (Table 

2). Both sites had similarly riparian vegetation of cleared pasture and juncus with minimal shading 

at both sites. Water conductivity was slightly higher at the upstream site (96.0 microS/cm) 

compared to downstream (91.2 microS/cm). The two sites were a mixture of run and riffle habitat, 

and channel widths were similar. Algae cover was substantial at both sites, with 55% algae cover 

at the upsytrt5eam site and 80% cover at the downstream site. Both sites had relatively low levels 

(< 20%) of silt overlay on the substrate (Table 2).  
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3.2 Macroinvertebrates 

Surber sampling 

Enumeration of the 10 Surber samples yielded estimates of total abundance of stream bed of 

1,072 and 2,361 individuals per m2 for the upstream and downstream sites respectively. Density 

of macroinvertebrates at the downstream site was therefore double that of the upstream site, 

indicating a moderate increase in productivity at the downstream site. 

Table 3. Semi-quantitative macroinvertebrate family data derived from AUSRIVAS Rapid assessment 

protocol (RAP) sampling, with derived variables. For Coleoptera, A = adult  L = larvae 

    Site Upstream Downstream 

   Date: 23-Sep-2021 

Class Order Family RAP 1 RAP 2 RAP1 RAP 2 

Mollusca Gastropoda Hydrobiidae 13 1    

  Oligochaeta     15 16 

Arachnida Acarina  1 1  1 

Crustacea Amphipoda Paramelitidae 1 1 3 4 

Insecta Plecoptera Gripopterygidae     1 

  Ephemeroptera Leptophlebiidae     1 

   Caenidae   2 5 4 

   Baetidae 2   1 

  Diptera Chironomidae:       

   Chironominae 18 13 3 14 

   Orthocladiinae 8 7 12 21 

   Tipulidae 1     

   Dip. Unid. Pup.    3 1 

  Trichoptera Conoesucidae 3 1 4 6 

   Ecnomidae    6 4 

   Hydropsychidae 40 54 16 1 

   Leptoceridae    2 4 

   Trich. Unid. Pup.     1 

  Coleoptera ElmidaeA 9 2 1 2 

   ElmidaeL   1    

    N Taxa 10 10 11 16 

    O/Epa 0.45 0.30 0.45 0.68 

    Band C C C B 

    SIGNAL 5.17 5.56 4.83 5.25 

    SIGNAL O/E 0.82 0.80 0.76 0.84 

    EPT ratio 0.30 0.30 0.45 0.50 

 

AUSRIVAS sampling 

AUSRIVAS sampling collected a broadly similar assemblage of macroinvertebrate families with a 

relatively low diversity at both sites (no. taxa range = 10 – 16; Table 3). The mean number of taxa 

present at the upstream and downstream sites were 10 and 13.54 taxa, respectively (Table 3). 

Both sites supported a limited range of pollution-sensitive (EPT) familes, including small numbers 

of leptophleb, caenid and baetid mayflies, conosucid and leptocerid caddis, and elimid beetles 
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(Table 3). The principal difference between the sites was an increase in the abundance of 

oligochaete worms at the downstream site, which is indicative of increased sediment loading and 

organic enrichment at the downstream site. The downstream sites also supported small numbers 

of the predatory Ecnomid caddis, which can also be an indication of moderate organic enrichment. 

The AUSRIVAS analysis indicated the two samples from the upstream site fell in impairment band 

C (‘severely impaired’). The AUSRIVAS samples at the downstream site fell in either the 

AUSRIVAS impairment band B (‘significantly impaired’) or impairment band C (Table 3).  

The SIGNAL score is an index derived from the AUSRIVAS samples which provides an indication 

of the proportion of the macroinvertebrate fauna with high pollution intolerance. Signal scores 

were in the low range for both the upstream and downstream sites, indicating moderate levels of 

pollution at both sites (Table 3) 

The EPT indicator is a measure of the proportion of total families from the AUSRIVAS sample 

which were from the environmentally sensitive insect EPT orders (Ephemeroptera, Plecoptera 

and Trichoptera), and is a standard compositional bioindicator used in Tasmania, based on 

regionally sensitive indicator families. EPT scores were relatively low at the upstream site and 

slightly higher at the downstream site (Table 3). 

3.3 TRCI Macroinvertebrate Condition score 

For both upstream and downstream sites, the Composition metric was rated as moderate, 

reflecting the absence of a number of expected families from the fauna at both sites. The 

Abundance metric was rated as high for both sites, with total macroinvertebrate abundance at 

both sites in the range for healthy rivers in Tasmania (700 – 4,400 animals/m2). The Composition 

metric (proportion of EPT families in the fauna) was rated as Moderate for the upstream site and 

high for the downstream site. The resulting overall condition was rated as Poor for both upstream 

and downstream sites (Table 4). 

Table 4. Outputs of TRCI Benthic Macroinvertebrate Condition assessments, derived by integration 

from individual indicator scores, Spring 2021. 

Site Macroinvertebrate Component Metric/Indicator Score Rating 

Upstream Expectedness Metric MIe 30 Moderate 
  Abundance Metric MIa 100 High 
  Composition Metric MIc 30 Moderate 

  Condition Indicator MI 50 Poor 
            

Downstream Expectedness Metric MIe 65 Moderate 
  Abundance Metric MIa 100 High 
  Composition Metric MIc 48 High 

  Condition Indicator MI 55 Poor 
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3.3 Benthic algae 

Benthic algal biomass (represented as chlorophyll-a density) were at low levels at both the 

upstream (12.8 mg chlorophyll-a/m2) and downstream site (10.2 mg chlorophyll-a/m2; Table 5), 

with the TRCI analysis of algae data rating both the upstream and downstream sites in Good 

condition (Table 6).  

 Table 5. Values of overhead shading, benthic algal cover and chlorophyll-a density in Spring 2021. 

  Site Upstream of hatchery Downstream of hatchery 

  Date: 23-Sep-2021 

Biota Variable     

Macroinvertebrates       

  Abundance (n/m2) 1072  2361 

        

Benthic algae       

  Riparian shade (%) 0 0 

  Algal cover (%) 55.0 80.0 

  Chlorophyll-a (mg/m2) 12.60 10.20 
 

Table 6. Outputs of TRCI Algal Condition assessment, derived by integration from individual indicator 

scores, Spring 2021. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 100 Good 

Downstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 20 Good 

 

4. Conclusions 

• Biological sampling was undertaken for the Petuna Cressy hatchery on 23/9/2021; 

• The total abundance of macroinvertebrates was 1,072 and 2,361 individuals per m2 for 

the upstream and downstream sites, respectively.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a relatively 

low diversity of macroinvertebrates at both sites.  

• The AUSRIVAS samples for the upstream sites fell in AUSRIVAS impairment band C 

(‘severely impaired’), while the downstream AUSRIVAS samples fell in either AUSRIVAS 

impairment band B (‘significantly impaired’) or impairment band C. The TRCI analysis of 
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macroinvertebrate results rated both upstream and downstream sites in Poor overall 

condition. 

• Overall, the macroinvertebrate fauna was significantly impacted at both the upstream 

and downstream sites in Brumbys Creek, with both sites lacking a range of expected 

families.  

• Algae cover was relatively high at both sites, with greater algae cover at the downstream 

site (80%) compared to the upstream site (55%). However, chlorophyll-a levels (algae 

biomass) similar and relatively low for both upstream and downstream sites (< 15 mg 

chlorophyll-a/m2).  

• The TRCI analysis of algae data rated both sites in Good condition. 

• In conclusion, the macroinvertebrate fauna of both upstream and downstream sites 

exhibited a comparable degree of impairment, likely due to the highly modified flow 

regimes within Brumbys Creek, and extensive riparian clearing and agricultural activities 

throughout the river catchment. 
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28-04-2020 

 

Hi Daniel, 

 

Here are the AUSRIVAS and Rank Abundance results for autumn 2020. I have also included the 

results from previous samples for comparison:  

 

The samples taken this year were certainly impacted by the high flows in brumbies creek and the 

lack of sampling time due to the impact of Coronavirus. The samples were taken at a period of 

extremely high flow. The regular upstream site could not be accessed safely and so  another sample 

was taken further upstream. This site had poor substrate as habitat and therefore scored higher than 

samples taken from a higher quality habitat. The macro-invertebrates sampled were like previous 

samples. The downstream site was accessed much closer to the bank and had poorer substate, again 

giving elevated scores for this sampling round. The two sites accessed in Autumn 2020 could be 

recoded as they are not sites sampled previously. 

 

The focus should still be on relative impacts. The riffle samples taken above and below the farm 

showed little impacts. Both sites and replicates scored a “B” rating. The edge sample below the farm 

scored much higher than the edge sample taken above the farm. Edge samples can be quite varied 

and are not considered as accurate as riffle samples. 

 

The rank Abundance modelling scored two “B” ratings above the farm and a “A” and “B” rating 

below the farm, indicating little impact (improvement in one sample below the farm). 

 

AUSRIVAS sampling is only carried out in a 2-month window, twice yearly, to minimise 

environmental influences. This certainly is no guarantee of stable flows and temperatures, even in 

autumn and spring. 

 

The scores can rise and fall significantly (especially the lower to mid-range scores) with the 

addition/subtraction of a small number of individuals/families. It should also be noted that there is a 

possibility of ‘transient’macro-invertebrates being collected during sampling.  
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Table .1 AusRivAS band scoring. 

 

 

Rank Abundance bounds 
X Band 1.24 
A Band 0.78 
B Band 0.31 
C Band -0.15 

Table .2 Rank Abundance band scoring. 

 

 

Date Code Name 
 

OE50 
River 

Health 
31-Mar-20 PETUNA01 Brumbies Creek above farm Riffle 0.85 B 
31-Mar-20 PETUNA01 Brumbies Creek above farm Riffle 0.68 B 
31-Mar-20 PETUNA02 Brumbies Creek below farm Riffle 0.77 B 
31-Mar-20 PETUNA02 Brumbies Creek below farm Riffle 0.60 B 
31-Mar-20 PETUNA01 Brumbies Creek above farm Edge 0.36 C 
31-Mar-20 PETUNA02 Brumbies Creek below farm Edge 0.72 B 

Table .3 Results for autumn 2020. 

 

 

 
 
  

AusRivAS  
Band Scores 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

Code Site 
 

2016 
 

2016 
 

2017 
 

2017 
 

2018 
 

2018 
 

2019 
 

2019 
 

2020 

PETUNA01 Brumbies Creek above farm C C 
 

D C 
 

D 
 

D 
 

D 
  

B 

PETUNA01 
Brumbies Creek above farm 
(replicate) C C 

 
D D 

 
D 

 
C 

 
D 

  
B 

PETUNA02 Brumbies Creek below farm  C C 
 

C D 
 

D 
 

D 
 

D 
  

B 

PETUNA02 
Brumbies Creek below farm 
(replicate) C C 

 
 

C     C 

 
 

D 

 
 

D 

 
 

D 

  
 

B 

PETUNA01 
Brumbies Creek above farm 
Edge sample B B 

 
 

B C 

 
 

C 

 
 

B 

 
 

C 

  
 

C 

PETUNA02 
Brumbies Creek below farm 
Edge sample B C 

 
C C 

 
C 

 
B 

 
N/A 

  
B 

 

 

 

 

 

>1.14 X Over 112% more biodiversity than reference sites

0.86 – 1.14 A Similar levels of biodiversity to reference sites

0.58 – 0.85 B Approximately 16% to 45% of macro-invertebrate biodiversity has been lost

0.30 – 0.57 C Approximately 46% to 75% of macro-invertebrate biodiversity has been lost

0.00 – 0.29 D Approximately 76% to 100% of macro-invertebrate biodiversity has been lost
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Table .4 AusRivAS Band Scores over time. 

 

  
AusRivAS 

 O/E Scores 
 

Aut 
 

Spr 
 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

 
Spr 

 
Aut 

Code Site 
 

2016 
 

2016 
 

2017 
 

2017 
 

2018 
 

2018 
 

2019 
 

2019 
 

2020 

PETUNA01 Brumbies Creek above farm   
 

0.40 
 

0.28 
  

0.28 
  

0.85 

PETUNA01 
Brumbies Creek above farm 

(replicate)   
 

0.24 
 

0.19 
  

0.14 
  

0.68 

PETUNA02 Brumbies Creek below farm   
 

0.32 
 

0.19 
  

0.28 
  

0.77 

PETUNA02 
Brumbies Creek below farm 

(replicate)   

 

0.24 

 
 

0.19 

  
 

0.28 

  
 

0.60 

PETUNA01 
Brumbies Creek above farm 

Edge sample   
 

0.39 
 

0.26 
  

0.31 
  

0.36 

PETUNA02 
Brumbies Creek below farm 

Edge sample   
 

0.23 
 

0.36 
  

N/A 
  

0.72 

 

Table .5 AusRivAS Scores over time. 

 
 
  

Rank Abundance  
 

Aut 
 

Spr 
 

Aut 
 

Spr 
 

Aut 
 

Spr 
 

Aut 
 

Spr 
 

Aut 

Code Site 
 

2016 
 

2016 
 

2017 
 

2017 
 

2018 
 

2018 
 

2019 
 

2019 
 

2020 

PETUNA01 Brumbies Creek above farm C B 
 

C C 
 

B 
    

B 

PETUNA01 
Brumbies Creek above farm 
(replicate) C A 

 
C C 

 
A 

    
B 

PETUNA02 Brumbies Creek below farm  B A 
 

B C 
 

A 
    

A 

PETUNA02 
Brumbies Creek below farm 
(replicate) B A 

 
 

B C 

 
 

A 

    
 

B 

Table .6 Rank Abundance Scores over time. 

 

 

AUSRIVAS is a rapid procedure to quantify impact on the in-stream biota. At present, this is 

achieved by predicting the occurrence of families of macro invertebrates at test sites from 

environmental variables and a large database of high-quality reference sites. The raw output from 

this procedure is a list of the families of invertebrates expected in a standard sample from the 

site, the probability of occurrence of each family in that sample and a tally of which of those 

families did occur in an actual sample. 

 

O/E score is a ratio relating the number of families of macro invertebrates recorded in a sample 

to the number of families expected in that sample according to the predictions of the model for 

least-disturbed conditions. 

 

Sites are scored as follows: 

X  Richer than reference 

A  Similar to reference, families found similar to those expected 

B  Poorer than reference 

C  Much poorer than reference 

D  Far poorer than reference 

 

RANK ABUNDANCE takes into account the relative abundance of taxa and uses a ranking of high 

to low to determine the abundance of taxa within samples. 
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Introduction 

This report presents the results of the autumn 2020 algae sampling in Brumbys Creek which is the 

receiving waters for discharge from the Petuna hatchery, Cressy. 

Methods 
Algae sampling was carried out on 25 April 2020. River levels in Brumbys Creek were very low at both 

sites at the time of sampling. The algal sampling method used fully complies with that detailed within 

the TRCI protocol (NRM South 2009, 2009a), and is consistent with previous algae sampling conducted 

in Brumbys Creek for the Petuna hatchery. 

Chlorophyll-a  

Quantitative sampling for chlorophyll-a was conducted on the upper surfaces of 15 cobble-boulders at 

each site using the scourer pad method of Davies and Gee (1993).  

Sampling locations were identified as above (i.e. the same location is used for percent cover 

measurement and chlorophyll-a sampling). Each sample unit consisted of a single scour pad sampling 

event in the centre of the upper surface of cobbles or boulders which are immersed at the time of 

sampling. 

The scour pad was placed firmly against the rock surface and rotated back and forth 180 degrees, 3 

times at the same location, without lateral displacement. The scour pad was then removed from the 

dowel, prior to replacement with a fresh scour pad for the next sample unit. 

Each scourer pad sample was stored in a small labelled ziplock bag and chilled over freezer blocks in a 

darkened (lidded) Eski, and then stored frozen in the lab in the dark prior to analysis. 

All 15 scourer pads collected per sample location were added together to 75 ml of 90% acetone-water, 

swirled and left to soak for 24 hr in a glass beaker covered and sealed with Parafilm® at 50C in the dark. 

The liquid was then mixed well and a portion filtered using a 5 mm syringe packed with filter paper to fill 

a 1 cm spectrophotometer cuvette. Spectrophotometric absorbance readings were taken at 750 nm, 

663 nm and again, after acidification with 1 N HCl, at 663 nm then at 750 nm. These data were used to 

generate the mass of chlorophyll-a per unit area of rock surface for each sample (see APHA 2005 or later 

editions). 

Percent Algal Cover 

At 15 randomly selected sampling locations (within the accessible wetted area of the stream channel), a 

30 x 30 cm metal framed square quadrat, fitted with a 10 x 10 grid of thick wires defining 100 cells, was 

used to visually estimate % cover of benthic algae.  

Percent Shade 

Percent shade of the stream bed was estimated using a standard hemi-spherical densiometer after 

sampling had been completed. 
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Sample sites 
Two sites were sampled, a single site upstream and a single site downstream of the hatchery outfall. Site 

locations are shown in Figure 1.  

 

Figure 1. Site locations. 

Results 
Results for chlorophyll-a levels, percentage algae cover and shade are presented in Table 1, and the 

results of the TRCI analysis are presented in Table 2. 

Table 1. Results of algae sampling in Brumbys Creek, April 2020. 

Site/variable Chlorophyll-1 (mg/m2) Algae cover (mean %) Shade (%) 

Upstream of hatchery 40.8 66 0 

Downstream of hatchery 23.4 52 0 

 

Table 2. TRCI Algal Condition assessment, derived by integration from individual indicator scores in 

Table 1. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of hatchery Biomass Metric AIb  Moderate 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 60 Moderate 

Downstream of hatchery Biomass Metric AIb  Moderate 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 60 Moderate 
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Conclusion 
Chlorophyll-a levels and algae percentage cover were moderate at both the upstream and downstream 

sites, although percentage cover was slightly higher and chlorophyll-a levels were almost double the at 

the upstream site (Table 1). The TRCI analysis rated both sites as in Moderate overall condition for algae 

(Table 2). 

References 
Davies AL and Gee JHR 1993. A simple periphyton sampler for algal biomass estimates in streams. 

Freshwat. Biol. 30, 47-51. 

NRM South 2009. Tasmanian River Condition Index Reference Manual. NRM South. Hobart. 

NRM South 2009a. Tasmanian River Condition Index Aquatic Life Field Manual. NRM South. Hobart. 
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Summary 

• Biological sampling was undertaken for the Petuna Cressy hatchery on 9/3/2021; 

• Brumbys Creek was running at relatively high levels on the day of sampling due to 

release of water from the Poatina power station, so that the riffle areas were likely to 

have been wetted for a relatively short period. 

• The total abundance of macroinvertebrates was relatively low at both upstream and 

downstream sites (372 and 344 individuals per m2, respectively).  

• AUSRIVAS sampling collected a similar assemblage of families, with a relatively low 

diversity of taxa at both the upstream and downstream sites.  

• The AUSRIVAS samples for both upstream and downstream sites fell in impairment 

band C (‘severely impaired’), and the TRCI analysis of macroinvertebrate results rated 

both upstream and downstream sites in Extremely Poor overall condition. 

• The high river levels on the days leading up to sampling is likely to have impacted on 

macroinvertebrate results, leading to a depression in total abundance and reduced taxon 

diversity at both upstream and downstream sites.  

• Results of algae sampling were consistent with macroinvertebrate results. 

• Algae cover and chlorophyll-a levels (algae biomass) were very low at both upstream 

and downstream sites, with no evidence of any enrichment effect from the hatchery on 

algae growth at the downstream site. 

• The absence of any enrichment impact from the hatchery on algae growth is presumably 

due to the flushing effect of high river flows and the recently-wetted nature of the riffle 

habitat accessible for sampling. 

• Overall, in autumn 2021 and under conditions of relatively high river flows, there was no 

evidence of an impact of the hatchery on either macroinvertebrates or algae in Brumbys 

Creek.  
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1. Background 
Biological sampling is conducted bi-annually at the Petuna Cressy hatchery, with sampling 

occurring in autumn and spring of each year.  

Most of the bio-sampling for salmon hatcheries in Tasmania is conducted using components of 

the Tasmanian River Condition Index (TRCI) Aquatic Life protocol (NRM 2009a, b). Therefore, 

the values of TRCI benthic macroinvertebrate and algal indicators are also reported here, along 

with the overall TRCI condition indicators and ratings derived from them. 

Table 1. Indicators and methods for salmon hatchery biological sampling in Tasmania. 

Parameter Measure Method 

Benthic 
Macroinvertebrate 
Indicators 

Total macroinvertebrate abundance 
Total abundance per m2 of stream riffle 
substrate 

Tasmanian River Condition 
Index 

  AUSRIVAS model outputs AUSRIVAS single season 
riffle assessment 
(Tasmanian River 
Condition Index) 

  AUSRIVAS Impairment Band 

  O/Epa Score 

  O/Epa Signal Score 

  Macroinvertebrate composition Derived from AUSRIVAS 
data   Macroinvertebrate composition data 

  EPT Group Diversity (Family level)  

  Taxon Diversity (Family level)  

  Signal Index (Family level)  

  Rank abundance model outputs  Tasmanian rank 
abundance RIVPACS 
model assessment 

  AUSRIVAS Impairment Band 

  O/Erk Score 

Benthic Algal Indicators     

Stream shading 
% stream shading by riparian 
vegetation 

Tasmanian River Condition 
Index 

Benthic algal cover % stream bed algal cover 

Benthic algal biomass Chlorophyll a (mg/m2)  

2. Methods 

2.1 Sites 

Two sites were sampled for macroinvertebrates and algae (Figure 1), as follows: 

Upstream of the hatchery: a single site located approximately 30 below the weir 3 in Brumbys 

Creek (Easting 507800, Northing 5383250). 

Downstream of the hatchery: a single site approximately 100 m downstream of the hatchery outlet 

(Easting 508550, Northing 5383350).  
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Figure 1. Location of Upstream and Downstream sampling sites in Brumbys Creek. 

2.2 Macroinvertebrates Sampling  

Two types of macroinvertebrate samples were taken. 

AUSRIVAS samples 

Two standard AUSRIVAS kick samples were taken from riffle habitat in mid-channel under normal 

‘non-flood’ flow conditions. Sampling was conducted with a standard 250 micron mesh kick net 

placed on the stream bed immediately downstream of patches of stream bed disturbed by foot. 

The sample was collected over a composite 10 m area of stream bed, in riffle habitat, covering 

the range of substrate and flow conditions observed in that habitat. The sample was then live-

picked in the field following the TRCI AUSRIVAS protocol. 

Quantitative samples 

Quantitative sampling of macroinvertebrates, consisting of 10 Surber samples was also collected 

from riffle habitat. The 10 Surber samples collected at each site were pooled then preserved with 

neutral buffered formalin prior to being returned to the laboratory.  

2.3 Benthic algae 

Benthic algal biomass was assessed at each site by sampling of 15 upper rock (cobble) surfaces 

with a scourer pad sampler (method of Davies and Gee 1993), with sample locations situated 

randomly across the channel in rocky bed (riffle) habitat. In addition, benthic algal cover was 

assessed quantitatively at each site, by visual assessment using a 100 cell 30 x 30 cm gridded 

quadrat, placed on the stream bed in riffle habitat at five random locations across the channel.  
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Percent area of overhead shading of the stream bed was estimated using a standard hemi-

spherical densiometer once benthic biological sampling was completed. Readings were taken at 

locations across the channel at 0.25, 0.5 and 0.75 channel width, within the area of cover and 

chlorophyll sampling. At each location, a reading was taken facing upstream, downstream, bank 

left, and bank right.  

2.4 Sample processing 

The pooled set of Surber samples was elutriated with a saturated calcium chloride solution and 

sub-sampled to 20% using a standard ‘Marchant’ box sub-sampler prior to hand-picking under 

magnification. All individuals hand-picked from the AUSRIVAS sample were counted and 

identified to family level, while all animals from Surber samples were hand-picked and counted 

but not identified. 

Algal scourer pad samples were extracted using an acetone-methanol solution and analysed 

colorimetrically for chlorophyll-a content using a visual wavelength spectrophotometer, by a 

standard method (consistent with APHA Standard Methods 2010). Chlorophyll-a values were 

corrected to mg per unit area (mg/m2) values, and mean value derived from the 15 samples. 

At each site, an overall mean for % shading was derived from the 12 shade observations and a 

overall mean for % algal cover was derived from the five quadrat cover estimates. 

2.5 Data analysis 

The environmental and biological data from the AUSRIVAS sample were analysed using the 

established presence-absence Tasmanian AUSRIVAS (Australian River Invertebrate 

Assessment Scheme) model. This provided a single-season value for the O/E indicator (the ratio 

of observed to expected families), and their associated impairment bands, as well as for the 

SIGNAL O/E score.  

The EPT indicator was also generated from the AUSRIVAS sample – the proportion of total 

families occurring in the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies). This indicator is a standard compositional 

bioindicator used in Tasmania, based on regionally sensitive indicator families. The quantitative 

Surber data were used to generate an estimate of total density of macroinvertebrates per unit 

area. 

The values for the macroinvertebrate and benthic algae indicators were entered into the TRCI 

Aquatic Life software routine to generate a score for the TRCI macroinvertebrate and benthic 

algae condition indicators (MI and AI, respectively). These integrated indicators are rated from 0 

to 100. It is reported using 5 bands of impairment (Good, Moderate, Poor, Very Poor and 

Extremely Poor).  
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Table 2. Habitat characteristics of sample sites, Brumbys Creek, Autumn 2021. 

Brumbys Creek Site: Upstream of hatchery Downstream of hatchery 

  Date: 9 March 2021 

  Easting 507800 5383250 

  Northing 5383250 5383350 

Variable Units     

Bedrock % bed area 0 0 

Boulder % bed area 5 0 

Cobble % bed area 20 5 

Pebble % bed area 40 20 

Gravel % bed area 10 20 

Sand  % bed area 20 20 

Silt % bed area 0 20 

Clay % bed area 0 15 

Algal cover % bed area 10 60 

Silt cover % bed area 5 40 

Detritus cover % bed area 0 0 

Moss cover % bed area 0 0 

Depth m < 50 cm < 50 cm 

Temperature  deg C 14.6 14.4 

Conductivity microS/cm 23.1 25.8 

Width watered m 30 25 

Width bankfull m 40 30 

Riffle % site area 5 20 

Run % site area 95 80 

Pool % site area 0 0 

Snag % site area 0 0 

 

3. Results 

3.1 Habitat 

Water levels were relatively high at both sites at the time of sampling, indicating significant water 

release from the Poatina power station (flow rate for Brumbys Creek gauge-board reading 0.4: 

Hydro Tasmania water flow website: https://www.hydro.com.au/water/water-flow).  

Both sample sites were of similar width and slope and had riverbed material dominated by a 

mixture of pebble, gravel silt and clay substrates (Table 2). Both sites had similarly riparian 

vegetation of cleared pasture and juncus with minimal shading at both sites. The two sites were 

a mixture of run and riffle habitat, and channel widths were similar. Water conductivity was 

relatively low at both sites (< 30 mS/cm), reflecting presence of low-conductivity water released 

from Great Lake via the Poatina power station (Table 2). 
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3.2 Macroinvertebrates 

Surber sampling 

Enumeration of the 10 Surber samples yielded estimates relatively low estimates of total 

abundance of stream bed for both sites (372 and 344 individuals per m2 for the upstream and 

downstream sites, respectively) (Table 5).  

Table 3. Semi-quantitative macroinvertebrate family data derived from AUSRIVAS Rapid assessment 

protocol (RAP) sampling, with derived variables. For Coleoptera, A = adult  L = larvae 

    Site Upstream Upstream Downstream Downstream 

   Date: 9-Mar-2021 

Class Order Family RAP 1 RAP 2 RAP1 RAP 2 

Platyhelminthes Turbellaria     1   

Mollusca Gastropoda Hydrobiidae 7 8    

   Physidae     1 

  Oligochaeta  3 13 10 9 

Arachnida Acarina  1 1  1 

Crustacea Amphipoda Paramelitidae 3 8 1   

   Ceinidae 3 2    

  Isopoda Phreatoicidea   4    

  Ephemeroptera Leptophlebiidae   2    

   Caenidae 9 3 2   

   Baetidae 1 1 2 1 

  Hemiptera Veliidae 1     

   Corixidae     1 

  Diptera Chironomidae:       

   subfam: Chironominae   4 9 7 

   subfam: Orthocladiinae 3 5 7 9 

   Simuliidae 2  6 17 

   Dolichopodidae     3 

   Dip. Unid. Pup.   1    

  Trichoptera Hydrobiosidae   2    

   Hydropsychidae 4  1 1 

  Coleoptera ElmidaeL 1     

    N Taxa 12 13 9 10 

    O/Epa 0.39 0.55 0.40 0.40 

    Band C C C C 

    SIGNAL 4.33 4.54 4.13 3.70 

    SIGNAL O/E 0.71 0.74 0.67 0.60 

    EPT ratio 0.25 0.31 0.33 0.20 

 

AUSRIVAS sampling 

AUSRIVAS sampling collected a broadly similar assemblage of macroinvertebrate families with a 

relatively low number of taxa recorded at both sites (Table 3). The mean number of taxa present 

at the upstream site was slightly higher than at the downstream site (12.5 and 9.5 taxa, 

respectively) (Table 3). Both sites supported a number of pollution-sensitive taxa in the EPT 

(Ephemenoptera, Plecoptera, Trichoptera) grouping, notably Caenid and Baetid mayflies, and 

ceinid and paramelidid amphipods (Table 3).  
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The AUSRIVAS analysis placed both sites in the AUSRIVAS impairment band C (‘severely 

impaired’) (Table 3). These results reflect the absence of a large number of expected families 

from both upstream and downstream fauna.  

The SIGNAL score is an index derived from the AUSRIVAS samples which provides an indication 

of the proportion of the macroinvertebrate fauna with high pollution intolerance. Signal scores 

were relatively low for both upstream and downstream sites (Table 3) 

The EPT indicator is a measure of the proportion of total families from the AUSRIVAS sample 

which were from the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies), and is a standard compositional bioindicator 

used in Tasmania, based on regionally sensitive indicator families. EPT scores were relatively 

low at both the upstream and downstream sites (Table 3). 

3.3 TRCI Macroinvertebrate Condition score 

The TRCI Macroinvertebrate Expectedness, Composition and Abundance metrics were similar 

for both sites (Table 4). For both upstream and downstream sites, the Composition metric was 

rated as low, reflecting the absence of a large number of expected families from the fauna at both 

sites. For both upstream and downstream sites, the Abundance metric was also rated as low, 

reflecting the low total abundance estimates for both sites. The composition metric for both 

upstream and downstream sites was rated as moderate, reflecting the presence of a relatively 

low proportion of EPT families at both sites. The resulting overall condition for both upstream and 

downstream sites was rated as Extremely Poor (Table 4). 

Table 4. Outputs of TRCI Benthic Macroinvertebrate Condition assessments, derived by integration 

from individual indicator scores, Autumn 2021. 

Site 
Macroinvertebrate 

Component 
Metric/Indicator Score Rating 

Upstream Expectedness Metric MIe 10 Low 
  Abundance Metric MIa 40 Low 
  Composition Metric MIc 28 Moderate 

  Condition Indicator MI 5 Extremely Poor 
            

Downstream Expectedness Metric MIe 10 Low 
  Abundance Metric MIa 40 Low 
  Composition Metric MIc 27 Moderate 

  Condition Indicator MI 5 Extremely Poor 

 

3.3 Benthic algae 

Benthic algal biomass (represented as chlorophyll-a density) and % cover were at low levels at 

both the upstream site (10% cover, 1.4 mg chlorophyll-a per m2) and the downstream site (20% 

cover, 3.0 mg chlorophyll-a per m2) (Table 5). The TRCI analysis of algae data rated both 

upstream and downstream sites in Good condition (Table 6).  



8 
 

 Table 5. Values of overhead shading, benthic algal cover and chlorophyll-a density in Autumn 2021. 

  Site Upstream of hatchery Downstream of hatchery 

  Date: 9-Mar-2021 

Biota Variable     

Macroinvertebrates       

  Abundance (n/m2) 372 344 

        

Benthic algae       

  Riparian shade (%) 0 0 

  Algal cover (%) 10.0 20.0 

  Chlorophyll-a (mg/m2) 1.40 3.00 
 

Table 6. Outputs of TRCI Algal Condition assessment, derived by integration from individual indicator 

scores, Autumn 2021. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 100 Good 

Downstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 20 Good 

 

4. Discussion 
Brumbys Creek was running at relatively high levels on the day of sampling due to release of 

water from the Poatina power station (flow rate for Brumbys Creek gauge-board reading 0.4: 

Hydro Tasmania water flow website: https://www.hydro.com.au/water/water-flow). Brumbys 

Creek had been running at around this level for a period of around 4 days prior to sampling. 

While riffle areas were accessible for sampling, the riffle habitat sampled are likely to have been 

wetted for a relatively short period, and this is likely to have impacted on macroinvertebrate and 

algae results.  

In autumn 2021, total macroinvertebrate abundance was depressed at both upstream and 

downstream sites (< 400 individuals per m2 for the upstream and downstream sites: Table 5). 

These abundance estimates for autumn 2021 are substantially lower than those recorded in the 

recent spring 2020 sampling (abundance estimates in spring 2020: 1,224 and 3,506 individuals 

per m2 for the upstream and downstream sites, respectively). Similarly, the diversity of 

macroinvertebrate families at both sites was reduced in autumn 2021 compared to spring 2020. 

The net result was an AUSRIVAS ranking of Extremely Poor for both upstream and downstream 

sites in autumn 2021. 

https://www.hydro.com.au/water/water-flow
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The relatively high river levels in autumn 2021 is also likely to have impacted on algae levels in 

Brumbys Creek. Chlorophyll-a levels were very low in autumn 2021 (< 5 mg/m2 for both sites) 

compared to spring 2020 (12.8 and 85.2 mg chlorophyll-a per m2 for upstream and downstream 

sites, respectively). The increase in algae growth at the downstream site in spring 2020 was 

attributed to moderate nutrient enrichment from the hatchery outfall (Mallick 2020). In contrast, 

in autumn 2021, there was no evidence for an enrichment impact from the hatchery on algae 

growth, presumable due to the flushing effect of high river flows and the recently-wetted nature 

of the riffle habitat accessible for sampling.  

5. References 

Mallick, S. A. (2020). Aquatic Biomonitoring Macroinvertebrates and Algae Cressy Hatchery 

(Petuna). Spring 2020 Report. 

NRM South 2009. Tasmanian River Condition Index Reference Manual. NRM South. Hobart. 

NRM South 2009a. Tasmanian River Condition Index Aquaticnrm Life Field Manual. NRM South. 
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Summary 

• Biological sampling was undertaken for the Cressy hatchery on 9/9/2020; 

• The total abundance of macroinvertebrates was 1,224 and 3,506 individuals per m2 for 

the upstream and downstream sites, respectively.  

• Density of macroinvertebrates at the downstream site was therefore triple that of the 

upstream site, due principally to an increased abundance of oligochaete worms, 

indicating significant nutrient enrichment from the hatchery leading to increased 

productivity at the downstream site.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a 

moderately diverse macroinvertebrate fauna at both the upstream and downstream 

sites.  

• The AUSRIVAS samples for the upstream sites fell in either AUSRIVAS impairment 

band B (‘significantly impaired’) or impairment band C (‘severely impaired’), while both 

downstream AUSRIVAS samples fell in the AUSRIVAS impairment band B (‘significantly 

impaired’). The TRCI analysis of macroinvertebrate results rated both upstream and 

downstream sites in Poor overall condition. 

• The principal reason for a significant impairment rating in the AUSRIVAS analysis and 

the Poor overall TRCI condition rating was the absence of a number of expected 

macroinvertebrate families from the macroinvertebrate fauna at both sites. 

• Results of algae sampling were largely consistent with macroinvertebrate results.  

• Algae cover and chlorophyll-a levels (algae biomass) were substantially higher at the 

downstream site, indicating a significant level of nutrient enrichment and increased 

productivity is occurring downstream of the hatchery. 

• Overall, there was evidence for significant nutrient enrichment downstream of the 

hatchery on both macroinvertebrates and algae, but no evidence for severe toxicity 

impacts from the hatchery outfall (for example from ammonia). 

• The Poor rating for the macroinvertebrate fauna at both upstream and downstream sites 

in Brumbys Creek is due to the absence of a number of macroinvertebrate families 

which are predicted to occur at the sites.  

• This fauna depletion is likely to be due to the highly impacted nature of Brumbys Creek 

as a whole, particularly from highly modified flow regimes, and extensive riparian 

clearing and agricultural activities throughout the catchment. 
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1. Background 
Biological sampling is conducted bi-annually at the Petuna Cressy hatchery, with sampling 

occurring in autumn and spring of each year.  

Most of the bio-sampling for salmon hatcheries in Tasmania is conducted using components of 

the Tasmanian River Condition Index (TRCI) Aquatic Life protocol (NRM 

 2009a, b). Therefore, the values of TRCI benthic macroinvertebrate and algal indicators are also 

reported here, along with the overall TRCI condition indicators and ratings derived from them. 

Table 1. Indicators and methods for salmon hatchery biological sampling in Tasmania. 

Parameter Measure Method 

Benthic 
Macroinvertebrate 
Indicators 

Total macroinvertebrate abundance 
Total abundance per m2 of stream riffle 
substrate 

Tasmanian River Condition 
Index 

  AUSRIVAS model outputs AUSRIVAS single season 
riffle assessment 
(Tasmanian River 
Condition Index) 

  AUSRIVAS Impairment Band 

  O/Epa Score 

  O/Epa Signal Score 

  Macroinvertebrate composition Derived from AUSRIVAS 
data   Macroinvertebrate composition data 

  EPT Group Diversity (Family level)  

  Taxon Diversity (Family level)  

  Signal Index (Family level)  

  Rank abundance model outputs  Tasmanian rank 
abundance RIVPACS 
model assessment 

  AUSRIVAS Impairment Band 

  O/Erk Score 

Benthic Algal Indicators     

Stream shading 
% stream shading by riparian 
vegetation 

Tasmanian River Condition 
Index 

Benthic algal cover % stream bed algal cover 

Benthic algal biomass Chlorophyll a (mg/m2)  

2. Methods 

2.1 Sites 

Two sites were sampled for macroinvertebrates and algae (Figure 1), as follows: 

Upstream of the hatchery: a single site located approximately 30 below the weir 3 in Brumbys 

Creek (Easting 507800, Northing 5383250). 

Downstream of the hatchery: a single site approximately 100 m downstream of the hatchery outlet 

(Easting 508550, Northing 5383350).  
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Figure 1. Location of Upstream  and Downstream sampling sites in Brumbys Creek. 

2.2 Macroinvertebrates Sampling  

Two types of macroinvertebrate samples were taken. 

AUSRIVAS samples 

Two standard AUSRIVAS kick samples were taken from riffle habitat in mid-channel under normal 

‘non-flood’ flow conditions. Sampling was conducted with a standard 250 micron mesh kick net 

placed on the stream bed immediately downstream of patches of stream bed disturbed by foot. 

The sample was collected over a composite 10 m area of stream bed, in riffle habitat, covering 

the range of substrate and flow conditions observed in that habitat. The sample was then live-

picked in the field following the TRCI AUSRIVAS protocol. 

Quantitative samples 

Quantitative sampling of macroinvertebrates, consisting of 10 Surber samples was also collected 

from riffle habitat. The 10 Surber samples collected at each site were pooled then preserved with 

neutral buffered formalin prior to being returned to the laboratory.  

2.3 Benthic algae 

Benthic algal biomass was assessed at each site by sampling of 15 upper rock (cobble) surfaces 

with a scourer pad sampler (method of Davies and Gee 1993), with sample locations situated 

randomly across the channel in rocky bed (riffle) habitat. In addition, benthic algal cover was 

assessed quantitatively at each site, by visual assessment using a 100 cell 30 x 30 cm gridded 

quadrat, placed on the stream bed in riffle habitat at five random locations across the channel.  
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Percent area of overhead shading of the stream bed was estimated using a standard hemi-

spherical densiometer once benthic biological sampling was completed. Readings were taken at 

locations across the channel at 0.25, 0.5 and 0.75 channel width, within the area of cover and 

chlorophyll sampling. At each location, a reading was taken facing upstream, downstream, bank 

left, and bank right.  

2.4 Sample processing 

The pooled set of Surber samples was elutriated with a saturated calcium chloride solution and 

sub-sampled to 20% using a standard ‘Marchant’ box sub-sampler prior to hand-picking under 

magnification. All individuals hand-picked from the AUSRIVAS sample were counted and 

identified to family level, while all animals from Surber samples were hand-picked and counted 

but not identified. 

Algal scourer pad samples were extracted using an acetone-methanol solution and analysed 

colorimetrically for chlorophyll-a content using a visual wavelength spectrophotometer, by a 

standard method (consistent with APHA Standard Methods 2010). Chlorophyll-a values were 

corrected to mg per unit area (mg/m2) values, and mean value derived from the 15 samples. 

At each site, an overall mean for % shading was derived from the 12 shade observations and a 

overall mean for % algal cover was derived from the five quadrat cover estimates. 

2.5 Data analysis 

The environmental and biological data from the AUSRIVAS sample were analysed using the 

established presence-absence Tasmanian AUSRIVAS (Australian River Invertebrate 

Assessment Scheme) model. This provided a single-season value for the O/E indicator (the ratio 

of observed to expected families), and their associated impairment bands, as well as for the 

SIGNAL O/E score.  

The EPT indicator was also generated from the AUSRIVAS sample – the proportion of total 

families occurring in the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies). This indicator is a standard compositional 

bioindicator used in Tasmania, based on regionally sensitive indicator families. The quantitative 

Surber data were used to generate an estimate of total density of macroinvertebrates per unit 

area. 

The values for the macroinvertebrate and benthic algae indicators were entered into the TRCI 

Aquatic Life software routine to generate a score for the TRCI macroinvertebrate and benthic 

algae condition indicators (MI and AI, respectively). These integrated indicators are rated from 0 

to 100. It is reported using 5 bands of impairment (Good, Moderate, Poor, Very Poor and 

Extremely Poor).  
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Table 2. Habitat characteristics of sample sites, Brumbys Creek, Spring 2020. 

 

Brumbys Creek Site: Upstream of hatchery Downstream of hatchery 
  Date: 9 September 2020 

  Easting 507800 508550 
  Northing 5383250 5383350 

Variable Units     

Bedrock % bed area 0 0 
Boulder % bed area 0 0 
Cobble % bed area 0 0 
Pebble % bed area 10 20 
Gravel % bed area 30 20 
Sand  % bed area 20 20 
Silt % bed area 30 20 

Clay % bed area 10 20 
Algal cover % bed area 35 70 
Silt cover % bed area 50 90 

Detritus cover % bed area 0 0 
Moss cover % bed area 0 0 

Depth m < 25 cm < 25 cm 
Temperature  deg C 13.5 16.5 
Conductivity microS/cm 78.2 92.8 

Width watered m 20 16 
Width bankfull m 30 25 

Riffle % site area 30 50 
Pool % site area 70 30 
Run % site area 0 0 
Snag % site area 0 0 

3. Results 

3.1 Habitat 

Water levels were low at both sites at the time of sampling (flow rate for Brumbys Creek gauge-

board reading <0.1: Hydro Tasmania water flow website: https://www.hydro.com.au/water/water-

flow). Both sample sites were of similar width and slope and had riverbed material dominated by 

a mixture of pebble, gravel silt and clay substrates (Table 2). Both sites had similarly riparian 

vegetation of cleared pasture and juncus with minimal shading at both sites. Water conductivity 

was higher at the downstream site (92.8 mS/cm) compared to the upstream site (78.2 mS/cm) 

(Table 2). The two sites were a mixture of run and riffle habitat, and channel widths were similar.  

3.2 Macroinvertebrates 

Surber sampling 

Enumeration of the 10 Surber samples yielded estimates of total abundance of stream bed of 

1,244 and 3,506 individuals per m2 for the upstream and downstream sites respectively. Density 

of macroinvertebrates at the downstream site was therefore close to triple that of the upstream 

site, indicating a moderately increased productivity at the downstream site. 
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Table 3. Semi-quantitative macroinvertebrate family data derived from AUSRIVAS Rapid assessment 

protocol (RAP) sampling, with derived variables. For Coleoptera, A = adult  L = larvae 

    Site Upstream Upstream Downstream Downstream 

   Date: 9-Sep-2020 

Class Order Family RAP 1 RAP 2 RAP1 RAP 2 

Platyhelminthes Turbellaria  1  1   

Nematoda       1 

Mollusca Gastropoda Hydrobiidae 3 1  1 

Annelida Oligochaeta  1  26 40 

Arachnida Acarina  4 6    

Crustacea Amphipoda Paramelitidae 34 30 12 2 

   Ceinidae 1 4 7 1 

  Isopoda Phreatoicidea 1 1 1 1 

Insecta Ephemeroptera Caenidae 27 23 25 16 

   Baetidae 1  8 3 

  Odonata Telephlebiidae    1   

  Diptera Chironomidae:       

   subfam:Chironominae   6 6 1 

   subfam: Orthocladinae 3 1 12 3 

   Dip. Unid. Pup.    2 1 

  Trichoptera Atriplectididae   1    

   Calocidae 1 4 2   

   Conoesucidae 8 8 11 1 

   Ecnomidae    3 2 

   Hydrobiosidae 1  1 1 

   Hydropsychidae 9 14 6 12 

   Leptoceridae   1  1 

  Coleoptera ElmidaeA 22 11 7 6 

   ElmidaeL 2  2 1 

    N Taxa 16 14 18 18 

    O/Epa 0.63 0.49 0.68 0.68 

    Band B C B B 

    SIGNAL 5.27 5.21 5.29 4.72 

    SIGNAL O/E 0.85 0.84 0.85 0.76 

    EPT ratio 0.38 0.43 0.39 0.39 

 

AUSRIVAS sampling 

AUSRIVAS sampling collected a broadly similar assemblage of families with a moderately diverse 

macroinvertebrate fauna at both sites (Table 3). The mean number of taxa present at the 

upstream and downstream sites were 15 and 18 taxa, respectively (Table 3). 

Both sites supported a number of pollution-sensitive taxa, including Caenid and Baetid mayflies, 

a number of caddisfly families (Conosucids, Calocids, Hydrobiosids and Leptocerids), and Elimid 

beetle adults and larvae (Table 3). The principal difference between the sites was a marked 

increase in the abundance of oligochaete worms at the downstream site, which is indicative of 

increased sediment loading and organic enrichment at the downstream site.  

The AUSRIVAS analysis indicated the two samples from the upstream site fell in either the 

AUSRIVAS impairment band B (‘significantly impaired’) or impairment band C (‘severely 

impaired’). Both AUSRIVAS samples at the downstream site fell in the AUSRIVAS impairment 

band B (‘significantly impaired’) (Table 3). These results reflect the absence of a number of 
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expected families from both upstream and downstream fauna. The following families were 

predicted to occur at both sites but were absent from the fauna: beetles (Scirtidae), dipterans 

(Tipulidae, Simulidae, Podonomidae), and several families from the clean-water EPT orders 

(Ephemenoptera, Plectoptera and Trichoptera) (for example, the families Eusthenidae, 

Leptophlebiidae, Gripopterygidae). 

The SIGNAL score is an index derived from the AUSRIVAS samples which provides an indication 

of the proportion of the macroinvertebrate fauna with high pollution intolerance. Signal scores 

were in the mid-range for the upstream and downstream sites, indicating moderate levels of 

pollution at both sites (Table 3) 

The EPT indicator is a measure of the proportion of total families from the AUSRIVAS sample 

which were from the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies), and is a standard compositional bioindicator 

used in Tasmania, based on regionally sensitive indicator families. EPT scores were relatively 

low at both the upstream and downstream sites, reflecting the absence of number of clean-water 

families from the fauna at both sites (most notably Eusthenidae, Leptophlebiidae, 

Gripopterygidae) (Table 3). 

3.3 TRCI Macroinvertebrate Condition score 

The TRCI Macroinvertebrate Expectedness, Composition and Abundance metrics were similar 

for both sites (Table 4). For both upstream and downstream sites, the Composition metric was 

rated as only moderate, reflecting the absence of a number of expected families from the fauna 

at both sites. Due to the absence of these expected faunal elements, the resulting overall 

condition for both upstream and downstream sites was rated as Poor (Table 4). 

Table 4. Outputs of TRCI Benthic Macroinvertebrate Condition assessments, derived by integration 

from individual indicator scores, Spring 2020. 

Site Macroinvertebrate Component Metric/Indicator Score Rating 

Upstream Expectedness Metric MIe 65 Moderate 

  Abundance Metric MIa 100 High 

  Composition Metric MIc 41 High 

  Condition Indicator MI 55 Poor 

            

Downstream Expectedness Metric MIe 65 Moderate 

  Abundance Metric MIa 100 High 

  Composition Metric MIc 39 High 

  Condition Indicator MI 55 Poor 

 

3.3 Benthic algae 

Benthic algal biomass (represented as chlorophyll-a density) and % cover were at moderate 

levels at the upstream site (means of 50% cover, 12.8 mg chlorophyll-a per m2) (Table 5). In 
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contrast, benthic algal biomass and % cover were both high at the downstream site (means of 

85% cover, 85.2 mg chlorophyll-a per m2) (Table 5). The TRCI analysis of algae data rated the 

upstream site as in Good condition, while the downstream site was rated in Poor condition (Table 

6).  

 Table 5. Values of overhead shading, benthic algal cover and chlorophyll-a density in Spring 2020. 

  Site Upstream of hatchery Downstream of hatchery 

  Date: 9-Sep-2020 

Biota Variable     

Macroinvertebrates       

  Abundance (n/m2) 1,244 3,506 

        

Benthic algae       

  Riparian shade (%) 0 0 

  Algal cover (%) 50.0 85.0 

  Chlorophyll-a (mg/m2) 12.8   85.2 

 

Table 6. Outputs of TRCI Algal Condition assessment, derived by integration from individual indicator 

scores, Spring 2020. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 100 Good 

Downstream of 

hatchery 
Biomass Metric AIb  High 

  Cover Metric AIc  High 

  Condition Indicator AI 20 Poor 

 

4. Conclusions 

• Biological sampling was undertaken for the Cressy hatchery on 9/9/2020; 

• The total abundance of macroinvertebrates was 1,224 and 3,506 individuals per m2 for 

the upstream and downstream sites, respectively.  

• Density of macroinvertebrates at the downstream site was therefore triple that of the 

upstream site, due principally to an increased abundance of oligochaete worms, 
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indicating significant nutrient enrichment from the hatchery leading to increased 

productivity at the downstream site.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a 

moderately diverse macroinvertebrate fauna at both the upstream and downstream 

sites.  

• The AUSRIVAS samples for the upstream sites fell in either AUSRIVAS impairment 

band B (‘significantly impaired’) or impairment band C (‘severely impaired’), while both 

downstream AUSRIVAS samples fell in the AUSRIVAS impairment band B (‘significantly 

impaired’). The TRCI analysis of macroinvertebrate results rated both upstream and 

downstream sites in Poor overall condition. 

• The principal reason for a significant impairment rating in the AUSRIVAS analysis and 

the Poor overall TRCI condition rating was the absence of a number of expected families 

from the macroinvertebrate fauna at both sites. 

• Results of algae sampling were largely consistent with macroinvertebrate results.  

• Algae cover and chlorophyll-a levels (algae biomass) were substantially higher at the 

downstream site, indicating a significant level of nutrient enrichment and increased 

productivity is occurring downstream of the hatchery. 

• Overall, there was evidence for significant nutrient enrichment downstream of the 

hatchery on both macroinvertebrates and algae, but no evidence for severe toxicity 

impacts from the hatchery outfall (for example from ammonia). 

• The Poor rating for the macroinvertebrate fauna at both upstream and downstream sites 

in Brumbys Creek is due to the absence of a number of macroinvertebrate families 

which are predicted to occur at the sites.  

• This fauna depletion is likely to be due to the highly impacted nature of Brumbys Creek 

as a whole, particularly from highly modified flow regimes, and extensive riparian 

clearing and agricultural activities throughout the catchment. 
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Summary 

• Biological sampling was undertaken for the Petuna Cressy hatchery on 23/9/2021; 

• The total abundance of macroinvertebrates was 1,072 and 2,361 individuals per m2 for 

the upstream and downstream sites, respectively.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a relatively 

low diversity of macroinvertebrates at both sites.  

• The AUSRIVAS samples for the upstream sites fell in AUSRIVAS impairment band C 

(‘severely impaired’), while the downstream AUSRIVAS samples fell in either AUSRIVAS 

impairment band B (‘significantly impaired’) or impairment band C. The TRCI analysis of 

macroinvertebrate results rated both upstream and downstream sites in Poor overall 

condition. 

• Overall, the macroinvertebrate fauna was significantly impacted at both the upstream 

and downstream sites in Brumbys Creek, with both sites lacking a range of expected 

families.  

• Algae cover was relatively high at both sites, with greater algae cover at the downstream 

site (80%) compared to the upstream site (55%). However, chlorophyll-a levels (algae 

biomass) similar and relatively low for both upstream and downstream sites (< 15 mg 

chlorophyll-a/m2).  

• The TRCI analysis of algae data rated both sites in Good condition. 

• In conclusion, the macroinvertebrate fauna of both upstream and downstream sites 

exhibited a comparable degree of impairment, likely due to the highly modified flow 

regimes within Brumbys Creek, and extensive riparian clearing and agricultural activities 

throughout the river catchment. 
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1. Background 
Biological sampling is conducted bi-annually at the Petuna Cressy hatchery, with sampling 

occurring in autumn and spring of each year.  

Most of the bio-sampling for salmon hatcheries in Tasmania is conducted using components of 

the Tasmanian River Condition Index (TRCI) Aquatic Life protocol (NRM 2009a, b). Therefore, 

the values of TRCI benthic macroinvertebrate and algal indicators are also reported here, along 

with the overall TRCI condition indicators and ratings derived from them. 

Table 1. Indicators and methods for salmon hatchery biological sampling in Tasmania. 

Parameter Measure Method 

Benthic 
Macroinvertebrate 
Indicators 

Total macroinvertebrate abundance 
Total abundance per m2 of stream riffle 
substrate 

Tasmanian River Condition 
Index 

  AUSRIVAS model outputs AUSRIVAS single season 
riffle assessment 
(Tasmanian River 
Condition Index) 

  AUSRIVAS Impairment Band 

  O/Epa Score 

  O/Epa Signal Score 

  Macroinvertebrate composition Derived from AUSRIVAS 
data   Macroinvertebrate composition data 

  EPT Group Diversity (Family level)  

  Taxon Diversity (Family level)  

  Signal Index (Family level)  

  Rank abundance model outputs  Tasmanian rank 
abundance RIVPACS 
model assessment 

  AUSRIVAS Impairment Band 

  O/Erk Score 

Benthic Algal Indicators     

Stream shading 
% stream shading by riparian 
vegetation 

Tasmanian River Condition 
Index 

Benthic algal cover % stream bed algal cover 

Benthic algal biomass Chlorophyll a (mg/m2)  

2. Methods 

2.1 Sites 

Two sites were sampled for macroinvertebrates and algae (Figure 1), as follows: 

Upstream of the hatchery: a single site located approximately 30 below the weir 3 in Brumbys 

Creek (Easting 507800, Northing 5383250). 

Downstream of the hatchery: a single site approximately 100 m downstream of the hatchery outlet 

(Easting 508550, Northing 5383350).  
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Figure 1. Location of Upstream and Downstream sampling sites in Brumbys Creek. 

2.2 Macroinvertebrates Sampling  

Two types of macroinvertebrate samples were taken. 

AUSRIVAS samples 

Two standard AUSRIVAS kick samples were taken from riffle habitat in mid-channel under normal 

‘non-flood’ flow conditions. Sampling was conducted with a standard 250 micron mesh kick net 

placed on the stream bed immediately downstream of patches of stream bed disturbed by foot. 

The sample was collected over a composite 10 m area of stream bed, in riffle habitat, covering 

the range of substrate and flow conditions observed in that habitat. The sample was then live-

picked in the field following the TRCI AUSRIVAS protocol. 

Quantitative samples 

Quantitative sampling of macroinvertebrates, consisting of 10 Surber samples was also collected 

from riffle habitat. The 10 Surber samples collected at each site were pooled then preserved with 

neutral buffered formalin prior to being returned to the laboratory.  

2.3 Benthic algae 

Benthic algal biomass was assessed at each site by sampling of 15 upper rock (cobble) surfaces 

with a scourer pad sampler (method of Davies and Gee 1993), with sample locations situated 

randomly across the channel in rocky bed (riffle) habitat. In addition, benthic algal cover was 

assessed quantitatively at each site, by visual assessment using a 100 cell 30 x 30 cm gridded 

quadrat, placed on the stream bed in riffle habitat at five random locations across the channel.  
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Percent area of overhead shading of the stream bed was estimated using a standard hemi-

spherical densiometer once benthic biological sampling was completed. Readings were taken at 

locations across the channel at 0.25, 0.5 and 0.75 channel width, within the area of cover and 

chlorophyll sampling. At each location, a reading was taken facing upstream, downstream, bank 

left, and bank right.  

2.4 Sample processing 

The pooled set of Surber samples was elutriated with a saturated calcium chloride solution and 

sub-sampled to 20% using a standard ‘Marchant’ box sub-sampler prior to hand-picking under 

magnification. All individuals hand-picked from the AUSRIVAS sample were counted and 

identified to family level, while all animals from Surber samples were hand-picked and counted 

but not identified. 

Algal scourer pad samples were extracted using an acetone-methanol solution and analysed 

colorimetrically for chlorophyll-a content using a visual wavelength spectrophotometer, by a 

standard method (consistent with APHA Standard Methods 2010). Chlorophyll-a values were 

corrected to mg per unit area (mg/m2) values, and mean value derived from the 15 samples. 

At each site, an overall mean for % shading was derived from the 12 shade observations and a 

overall mean for % algal cover was derived from the five quadrat cover estimates. 

2.5 Data analysis 

The environmental and biological data from the AUSRIVAS sample were analysed using the 

established presence-absence Tasmanian AUSRIVAS (Australian River Invertebrate 

Assessment Scheme) model. This provided a single-season value for the O/E indicator (the ratio 

of observed to expected families), and their associated impairment bands, as well as for the 

SIGNAL O/E score.  

The EPT indicator was also generated from the AUSRIVAS sample – the proportion of total 

families occurring in the environmentally sensitive insect orders Ephemeroptera, Plecoptera and 

Trichoptera (mayflies, stoneflies and caddisflies). This indicator is a standard compositional 

bioindicator used in Tasmania, based on regionally sensitive indicator families. The quantitative 

Surber data were used to generate an estimate of total density of macroinvertebrates per unit 

area. 

The values for the macroinvertebrate and benthic algae indicators were entered into the TRCI 

Aquatic Life software routine to generate a score for the TRCI macroinvertebrate and benthic 

algae condition indicators (MI and AI, respectively). These integrated indicators are rated from 0 

to 100. It is reported using 5 bands of impairment (Good, Moderate, Poor, Very Poor and 

Extremely Poor).  
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Table 2. Habitat characteristics of sample sites, Brumbys Creek, Spring 2021. 

 

Brumbys Creek Site: Upstream of hatchery Downstream of hatchery 
  Date: 23 September 2021 

  Easting 507800 5383250 
  Northing 5383250 5383350 

Variable Units     

Bedrock % bed area 0 0 
Boulder % bed area 0 0 
Cobble % bed area 0 0 
Pebble % bed area 20 10 
Gravel % bed area 20 10 
Sand  % bed area 0 20 
Silt % bed area 0 30 

Clay % bed area 60 30 
Algal cover % bed area 55 80 
Silt cover % bed area 10 15 

Detritus cover % bed area 0 0 
Moss cover % bed area 0 0 

Depth m < 25 cm < 25 cm 
Temperature  deg C 12.2 11.6 
Conductivity microS/cm 96 91.2 

Width watered m 15 20 
Width bankfull m 25 30 

Riffle % site area 20 40 
Pool % site area 80 60 
Run % site area 0 0 
Snag % site area 0 0 

 

3. Results 

3.1 Habitat 

Water levels were low at both sites at the time of sampling (flow rate for Brumbys Creek gauge-

board reading ca. 0.1: Hydro Tasmania water flow website: 

https://www.hydro.com.au/water/water-flow). Both sample sites were of similar width and slope 

and had riverbed material dominated by a mixture of pebble, gravel, silt and clay substrates (Table 

2). Both sites had similarly riparian vegetation of cleared pasture and juncus with minimal shading 

at both sites. Water conductivity was slightly higher at the upstream site (96.0 microS/cm) 

compared to downstream (91.2 microS/cm). The two sites were a mixture of run and riffle habitat, 

and channel widths were similar. Algae cover was substantial at both sites, with 55% algae cover 

at the upsytrt5eam site and 80% cover at the downstream site. Both sites had relatively low levels 

(< 20%) of silt overlay on the substrate (Table 2).  
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3.2 Macroinvertebrates 

Surber sampling 

Enumeration of the 10 Surber samples yielded estimates of total abundance of stream bed of 

1,072 and 2,361 individuals per m2 for the upstream and downstream sites respectively. Density 

of macroinvertebrates at the downstream site was therefore double that of the upstream site, 

indicating a moderate increase in productivity at the downstream site. 

Table 3. Semi-quantitative macroinvertebrate family data derived from AUSRIVAS Rapid assessment 

protocol (RAP) sampling, with derived variables. For Coleoptera, A = adult  L = larvae 

    Site Upstream Downstream 

   Date: 23-Sep-2021 

Class Order Family RAP 1 RAP 2 RAP1 RAP 2 

Mollusca Gastropoda Hydrobiidae 13 1    

  Oligochaeta     15 16 

Arachnida Acarina  1 1  1 

Crustacea Amphipoda Paramelitidae 1 1 3 4 

Insecta Plecoptera Gripopterygidae     1 

  Ephemeroptera Leptophlebiidae     1 

   Caenidae   2 5 4 

   Baetidae 2   1 

  Diptera Chironomidae:       

   Chironominae 18 13 3 14 

   Orthocladiinae 8 7 12 21 

   Tipulidae 1     

   Dip. Unid. Pup.    3 1 

  Trichoptera Conoesucidae 3 1 4 6 

   Ecnomidae    6 4 

   Hydropsychidae 40 54 16 1 

   Leptoceridae    2 4 

   Trich. Unid. Pup.     1 

  Coleoptera ElmidaeA 9 2 1 2 

   ElmidaeL   1    

    N Taxa 10 10 11 16 

    O/Epa 0.45 0.30 0.45 0.68 

    Band C C C B 

    SIGNAL 5.17 5.56 4.83 5.25 

    SIGNAL O/E 0.82 0.80 0.76 0.84 

    EPT ratio 0.30 0.30 0.45 0.50 

 

AUSRIVAS sampling 

AUSRIVAS sampling collected a broadly similar assemblage of macroinvertebrate families with a 

relatively low diversity at both sites (no. taxa range = 10 – 16; Table 3). The mean number of taxa 

present at the upstream and downstream sites were 10 and 13.54 taxa, respectively (Table 3). 

Both sites supported a limited range of pollution-sensitive (EPT) familes, including small numbers 

of leptophleb, caenid and baetid mayflies, conosucid and leptocerid caddis, and elimid beetles 
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(Table 3). The principal difference between the sites was an increase in the abundance of 

oligochaete worms at the downstream site, which is indicative of increased sediment loading and 

organic enrichment at the downstream site. The downstream sites also supported small numbers 

of the predatory Ecnomid caddis, which can also be an indication of moderate organic enrichment. 

The AUSRIVAS analysis indicated the two samples from the upstream site fell in impairment band 

C (‘severely impaired’). The AUSRIVAS samples at the downstream site fell in either the 

AUSRIVAS impairment band B (‘significantly impaired’) or impairment band C (Table 3).  

The SIGNAL score is an index derived from the AUSRIVAS samples which provides an indication 

of the proportion of the macroinvertebrate fauna with high pollution intolerance. Signal scores 

were in the low range for both the upstream and downstream sites, indicating moderate levels of 

pollution at both sites (Table 3) 

The EPT indicator is a measure of the proportion of total families from the AUSRIVAS sample 

which were from the environmentally sensitive insect EPT orders (Ephemeroptera, Plecoptera 

and Trichoptera), and is a standard compositional bioindicator used in Tasmania, based on 

regionally sensitive indicator families. EPT scores were relatively low at the upstream site and 

slightly higher at the downstream site (Table 3). 

3.3 TRCI Macroinvertebrate Condition score 

For both upstream and downstream sites, the Composition metric was rated as moderate, 

reflecting the absence of a number of expected families from the fauna at both sites. The 

Abundance metric was rated as high for both sites, with total macroinvertebrate abundance at 

both sites in the range for healthy rivers in Tasmania (700 – 4,400 animals/m2). The Composition 

metric (proportion of EPT families in the fauna) was rated as Moderate for the upstream site and 

high for the downstream site. The resulting overall condition was rated as Poor for both upstream 

and downstream sites (Table 4). 

Table 4. Outputs of TRCI Benthic Macroinvertebrate Condition assessments, derived by integration 

from individual indicator scores, Spring 2021. 

Site Macroinvertebrate Component Metric/Indicator Score Rating 

Upstream Expectedness Metric MIe 30 Moderate 
  Abundance Metric MIa 100 High 
  Composition Metric MIc 30 Moderate 

  Condition Indicator MI 50 Poor 
            

Downstream Expectedness Metric MIe 65 Moderate 
  Abundance Metric MIa 100 High 
  Composition Metric MIc 48 High 

  Condition Indicator MI 55 Poor 
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3.3 Benthic algae 

Benthic algal biomass (represented as chlorophyll-a density) were at low levels at both the 

upstream (12.8 mg chlorophyll-a/m2) and downstream site (10.2 mg chlorophyll-a/m2; Table 5), 

with the TRCI analysis of algae data rating both the upstream and downstream sites in Good 

condition (Table 6).  

 Table 5. Values of overhead shading, benthic algal cover and chlorophyll-a density in Spring 2021. 

  Site Upstream of hatchery Downstream of hatchery 

  Date: 23-Sep-2021 

Biota Variable     

Macroinvertebrates       

  Abundance (n/m2) 1072  2361 

        

Benthic algae       

  Riparian shade (%) 0 0 

  Algal cover (%) 55.0 80.0 

  Chlorophyll-a (mg/m2) 12.60 10.20 
 

Table 6. Outputs of TRCI Algal Condition assessment, derived by integration from individual indicator 

scores, Spring 2021. 

Site 
Benthic algal 

Component 
Metric/Indicator   Score Rating 

Upstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 100 Good 

Downstream of 

hatchery 
Biomass Metric AIb  Low 

  Cover Metric AIc  Low-Medium 

  Condition Indicator AI 20 Good 

 

4. Conclusions 

• Biological sampling was undertaken for the Petuna Cressy hatchery on 23/9/2021; 

• The total abundance of macroinvertebrates was 1,072 and 2,361 individuals per m2 for 

the upstream and downstream sites, respectively.  

• AUSRIVAS sampling collected a broadly similar assemblage of families, with a relatively 

low diversity of macroinvertebrates at both sites.  

• The AUSRIVAS samples for the upstream sites fell in AUSRIVAS impairment band C 

(‘severely impaired’), while the downstream AUSRIVAS samples fell in either AUSRIVAS 

impairment band B (‘significantly impaired’) or impairment band C. The TRCI analysis of 



9 
 

macroinvertebrate results rated both upstream and downstream sites in Poor overall 

condition. 

• Overall, the macroinvertebrate fauna was significantly impacted at both the upstream 

and downstream sites in Brumbys Creek, with both sites lacking a range of expected 

families.  

• Algae cover was relatively high at both sites, with greater algae cover at the downstream 

site (80%) compared to the upstream site (55%). However, chlorophyll-a levels (algae 

biomass) similar and relatively low for both upstream and downstream sites (< 15 mg 

chlorophyll-a/m2).  

• The TRCI analysis of algae data rated both sites in Good condition. 

• In conclusion, the macroinvertebrate fauna of both upstream and downstream sites 

exhibited a comparable degree of impairment, likely due to the highly modified flow 

regimes within Brumbys Creek, and extensive riparian clearing and agricultural activities 

throughout the river catchment. 
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