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Abstract 
 

Diminishing biodiversity is a global ecological problem, and as the human population continues to 

grow and climate change continues to worsen, biodiversity conservation is of vital importance. 

Freshwater ecosystems are particularly imperilled, as the linear and unidirectional flow 

characteristics of rivers and streams make them overly sensitive to human impacts. Competing 

demands from agriculture, domestic, and industrial use are a major threat to freshwater 

ecosystems. Despite freshwater habitats comprising less than 0.02 % of the planet’s water, they 

contain around 40% of the world’s fish species – with 30 to 40% of these thought to be threatened. 

Freshwater fish in Australia are facing growing threats from modified land use, increasingly 

regulated rivers, and competition, predation, and ecosystem alterations from alien fish species and 

in the Murray-Darling Basin (MDB) Australia native fish abundance has declined to around 10% of 

the level of pre-European settlement. 

Murray cod (Maccullochella peelii), endemic to the MDB, is Australia’s largest obligate freshwater 

fish. It is an iconic species that plays an important role ecologically, culturally, and economically. 

Murray cod are aggressive sit-and-wait ambush predators that are relatively sedentary outside of 

breeding season, maintaining close association within a stream section. They are usually closely 

associated with structure, such as submerged timber or rocks, undercut banks and overhanging 

vegetation. This means that Murray cod are difficult to sample using traditional fish survey methods 

like netting and electrofishing. Murray cod are simultaneously a nationally listed threatened species, 

while remaining a prized recreational fishing target. For these reasons, the species requires 

management attention. 

Population assessments are an important early step in any threatened species management 

programs, and while Murray cod are well studied in lowland reaches of the MDB, little is known 

about upland populations. Boat electrofishing has been used extensively in lowland monitoring 

programs and, as a survey technique, it lends itself well to lowland riverine environments. 

Conversely, the characteristics of upland rivers of the MDB make access for a boat electrofisher 

impossible for large stretches of river. Furthermore, boat electrofishing is a costly process and 

because of strict licensing and legislative requirements, it largely precludes stakeholder involvement. 

The high costs and limitations of current standard sampling methods (netting and boat 

electrofishing) resulted in the commencement in 2013 of a MDB-wide project to investigate the use 

of volunteer angler-based surveys for Murray cod. This thesis is part of that Basin-wide project. 
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Growing interest in participatory citizen science initiatives, as well as a strong cohort of conservation 

motivated anglers, provide an opportunity to develop an alternative angler-based survey method. A 

volunteer-based participatory research approach not only allows stakeholder involvement, but could 

substantially reduce the costs and increase the scope of monitoring programs.  

In this thesis, I report on three key aspects of Murray cod monitoring: (1) a comparison of the 

effectiveness of different capture techniques, including using volunteer anglers and boat 

electrofishing, (2) an analysis of the motivations of anglers to inform participatory fishery 

management study designs and limit volunteer attrition, and (3) an analysis of mark recapture data 

from the two different electrofishing survey methods, as well as angling surveys to quantify Murray 

cod populations in upland rivers.  

To determine the effectiveness of capture techniques, I compared (i) standardised volunteer angler-

based surveys for Murray cod, (ii) standard (SRA) boat electrofishing surveys and (iii) targeted 

habitat boat electrofishing surveys in a mark-recapture study. Six sites on the upper Murrumbidgee 

River were first surveyed by angling and then by boat electrofishing during three sampling 

campaigns in 2015-2016. A total of 48 fish were captured in 724 angler-hours by anglers, and 149 

fish were captured in 10.6 hours by boat electrofishing. A total of 11 marked fish were recaptured, 

all of which were captured during electrofishing surveys. Angling was shown to capture larger fish 

(median = 633 mm TL) than electrofishing (median = 349 mm TL). Although angling is a less efficient 

capture method in terms of catch per unit effort, it provides a cost-effective sampling method that 

can be employed across a much greater spatial extent in a short period of time. The mark recapture 

data was also fitted into a Bayesian framework using Markov Chain Monte Carlo (MCMC) methods 

to estimate per-site Murray cod populations. Acknowledging the large uncertainties stemming from 

a relatively low recapture rate, I was able to extrapolate local per-site population estimates to 

include all pool habitat within the Murrumbidgee River in the ACT. This resulted in an estimate for 

total post-juvenile Murray cod abundance in the Murrumbidgee River in the ACT of 1710 fish. 

Although these estimates should be treated with caution, they are the first attempt to quantify 

Murray cod populations in an upland system. 

To determine their motivations for initial and continuing participation in fishery science, a series of 

semi-structured interviews were conducted with 16 volunteer anglers who participated in the 

angling surveys. The interviews were analysed using an adaptive theory approach. Participant’s 

motivation for initial involvement stemmed largely from a strong interest in both freshwater angling 

for native species, and from the conservation of a valued fish species. Participants motivations 

changed as participation continued, shifting to a desire to continue achieving benefits such as 
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improved angling knowledge/skills, networking opportunities, and greater understanding of 

scientific processes. Key factors impacting a volunteer’s ability to maintain participation were other 

commitments affecting availability at specific times, together with concern about whether angler 

and researcher goals were complementary or might conflict in future, particularly if data on fish 

locations were published. This underlines the need to tailor study design to enable participants to 

continue achieving benefits from engaging in citizen science over the longer-term, as well as to 

ensure shared objectives are built between citizen scientists and professional researchers engaged in 

using citizen data. 

This study provides the basis for building a cost-effective and angler-inclusive Murray cod monitoring 

program for upland systems where traditional survey methods are supplemented by structured 

angler surveys. Some small adjustments to study design, such as the use of longer-term tags and 

more frequent angling surveys, should result in a higher recapture rate, and reduce the uncertainties 

of this study. Additionally, design of future participatory fishery monitoring programs should take 

into account factors that allow volunteers to achieve benefits from being involved in the research 

process, as well as limit factors that are likely to result in volunteer attrition.  
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Introduction 
 

Biodiversity loss is one of the most important environmental problems that threatens human well-

being (Díaz et al. 2006; Ehrlich & Ehrlich 2013; Ceballos et al. 2015). Global biodiversity is diminishing 

at an unprecedented rate in human history because of a broad range of human activities (Pimm et 

al. 1995; Baillie et al. 2004; Clausen & York 2008; Hails et al. 2008; Mora & Sale 2011; Dirzo et al. 

2014; Ceballos et al. 2015; McCauley et al. 2015). On a global scale, human activities affect more 

than 80% of terrestrial environments (Sanderson et al. 2002), and 100% of the ocean (Halpern et al. 

2008). Biodiversity loss can greatly affect the functioning of ecosystem services (Balvanera et al. 

2006; Cardinale et al. 2006; Worm et al. 2006; Stachowicz et al. 2007; Cardinale et al. 2011), and 

terrestrial and marine species reportedly declined in abundance by around 30% between 1970 and 

2000 (Clausen & York 2008). 

Freshwater ecosystems and their biodiversity are also in decline (Helfman 2007; Vörösmarty et al. 

2010; Collen et al. 2014), and at a faster rate than terrestrial and marine environments (Sala et al. 

2000; Jenkins 2003). Despite making up only 0.02% of the world’s water and covering around 0.8% 

of the planet’s surface, freshwater ecosystems support around 6% of the world’s described species 

(Hawksworth & Kalin-Arroyo 1995; Gleik 2011; Dudgeon et al. 2006). Freshwater ecosystems are 

particularly vulnerable to human activities, and this is largely attributed to the disproportionate 

richness of inland waters as habitat for plants and animals (Dudgeon et al. 2006). Freshwater 

ecosystems support around one third of the world’s global vertebrate diversity, including more than 

10,000 species of fish (approximately 40% of global fish diversity) (Lundberg et al. 2000; Dudgeon et 

al. 2006; Strayer & Dudgeon 2010). Aquatic species, and in particular freshwater fishes, are at 

greater risk of extinction than terrestrial species (Jenkins 2003). 

Freshwater fish are a particularly imperilled group, with up to 75% of fish species occurring in 

regulated rivers estimated to be extinct by 2070 (Xenopoulos et al. 2005). The decline of freshwater 

fish has been attributed largely to a range of human activities including habitat loss, alien species 

interactions, pollution, over-exploitation, and in particular reductions in flows from river regulation, 

warming temperatures and reduced precipitation, and increased water withdrawal for agriculture 

(Vörösmarty 2000; Alcamo et al. 2003; Xenopoulos et al. 2005; Helfman 2007). Fish are important in 

maintaining ecosystem condition through helping nutrient cycling, productivity, and food web 

dynamics (Helfman 2007). The freshwater fish biodiversity crisis is likely to escalate in response to 

economic growth (Clausen & York 2008), and it’s likely that the decline of freshwater fish and 
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ecosystems will greatly impact humans (Balvanera et al. 2006; Dudgeon et al. 2006; Clausen & York 

2008; Ceballos et al. 2015). 

Australian freshwater fish are also in decline because of a wide range of human activities (MDBC 

2004). Increasing agriculture, river regulation, habitat degradation and overfishing have contributed 

to Australian freshwater fish abundance declining to an estimated 10% of the level of pre-European 

settlement (MDBC 2004; Koehn & Lintermans 2012). A total of >74 species of freshwater fish are 

listed as threatened in Australia (Lintermans 2013), with 61 of these being listed as nationally 

threatened by the Australian Society for Fish Biology (Lintermans 2016), and 38 under the EPBC Act 

(1999). A major problem for threatened species rehabilitation is chronic underfunding (Balmford et 

al. 2003; Joseph et al. 2009), and failure to allocate sufficient resources for management can result 

in the species never being delisted, or even extinction (Lintermans 2013). 

Murray cod (Maccullochella peelii) is Australia’s largest obligate freshwater fish, growing to 1.8 m 

and >110 kg (Anderson et al. 1992; Lintermans 2007). Murray cod is endemic to the Murray-Darling 

Basin (MDB), and is widely considered to be important culturally, ecologically, recreationally, and 

economically. Murray cod is important culturally to many inland indigenous nations, where it was an 

important food source, and features prominently in some Aboriginal lore, where it is linked with the 

creation of the River Murray (Rowland 2005). Murray cod is an ecologically important species as an 

apex predator in the MDB (Ebner 2006), and is also an iconic recreational angling species (Henry & 

Lyle 2003). Historically, Murray cod once supported a large commercial fishery (Rowland 1989; 

Rowland 2005), however it is now economically important largely because of recreational angling 

where it has been estimated to contribute more than $165 million and more than 350 jobs to the 

Victorian economy alone in 2008-09 (Ernst & Young 2009). It is widely recognised that Murray cod 

have declined in abundance for more than a century (Dannevig 1903; Dakin & Kesteven 1938; 

Cadwallader & Gooley 1984; Rowland 1989; Humphries 2005). Declines in Murray cod abundance 

have been attributed to over-fishing as well as the creation of barriers to movement, habitat loss, 

and changes to natural flow regimes including thermal pollution (Kearney & Kildea 2001; Lintermans 

& Phillips 2005; Lintermans 2007; Sherman et al. 2007; NMCRT 2010; Barwick et al. 2014). 

Declining populations of Murray cod have led to the species receiving focussed management 

attention, and in 2003 the species was nationally listed as threatened under the Environment 

Protection and Biodiversity Conservation (EPBC) Act 1999. In 2010 a national Murray cod recovery 

plan was prepared to identify the reasons for decline, current threats and recommend recovery 

actions with the overarching aim to return the species to 60% of pre-European levels within 50 years 

of implementation (NMCRT 2010). In 2011, the Murray cod Fishery Management Group produced a 
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Fishery Action Plan to guide recreational fishery outcomes by improving collaboration and alignment 

across the MDB (MCFMG 2011). The Fishery Action Plan outlines actions to standardise Murray cod 

monitoring methods to help assessment of populations across reference sites. The plan also 

identifies the importance of developing and trialling cost-effective survey techniques, such as 

including angler involvement. Despite the long-identified need for better information on Murray cod 

populations (Kearney & Kildea 2001; Lintermans & Phillips 2005) population data are still relatively 

scarce. Recent national stock assessments of key Australian fish stocks have classified Murray cod 

populations in each state and territory as ‘undefined’ largely because of lack of information (Ye et al. 

2014; Ye et al. 2016). 

Murray cod, part of the Percichthyidae family, is a large-bodied predatory fish (Lintermans 2007). 

Murray cod spawn annually and predictably in spring as a response to rising water temperature, 

increasing day length and in some cases an increase in water level, where the male exhibits parental 

care of eggs and juvenile fish for around 7 days (Rowland 1983; Rowland 1988). Like most Australian 

percichthyids, Murray cod are largely sedentary ambush predators that prefer to sit and wait for 

food (Ebner 2006). Common prey items include fish, crustaceans, insects, and mussels, however, 

Murray cod have very large mouths, and have been known to eat water birds, water dragons, 

turtles, frogs, rodents, snakes, and even possums (Rowland 2005; Ebner 2006). The sedentary 

behaviour exhibited by Murray cod mean that they are usually closely associated with slow-flowing 

areas and structure that gives them cover, such as rocks and submerged timber, undercut banks, 

and over-hanging vegetation (Koehn 1996; Crook & Robertson 1999; Lintermans et al. 2005; 

Rowland 2005; Lintermans 2007). 

Traditional passive fish sampling methods such as gill netting are relatively ineffective for capturing 

Murray cod (Lintermans 2000), as the sedentary behaviour means that fish rarely encounter nets. 

Active fish capture techniques such as electrofishing, while expensive, are relatively successful for 

capturing Murray cod when deployed in the lowland systems of the MDB (Lyon et al. 2014). 

However, the high-gradient, rocky channels, and dense riparian areas of constrained upland rivers 

make boat electrofishing difficult or impossible. Consequently, Murray cod populations in lowland 

environments are well studied (Anderson et al. 1992; Jones & Stuart 2007; Koehn et al. 2009), while 

relatively little is known about the species in upland systems. 

Stock assessments or population estimates are essential for effective threatened species 

management (Begg et al. 1999; Male & Bean 2005). Population estimates provide a basis for fishery 

management and conservation (Hallerman 2003) by allowing managers to detect trends in 

abundance, and thus the ability to evaluate the success of any recovery or management actions 
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(Joseph et al. 2006; Maxwell & Jennings 2005), which is a necessary part of the feedback loop for 

adaptive management (Runge 2011). Population trends can also provide evidence for listing 

decisions, such as under the IUCN Red List system (Joseph et al. 2006), which can increase public 

concern for conservation . However, there are other important factors for effective fishery 

management including size/age structure and rates of migrations, births and deaths (Botsford et al. 

1997; Berkeley et al. 2004; King 2007; Methot & Wetzel 2013; Barwick et al. 2014). 

Citizen Science 
Public participation in science has been given several different terms including “citizen 

science”(Kruger & Shannon 2000), “community science” (Carr 2004), “participatory science”, 

“volunteer-based monitoring” (Miller-Rushing et al. 2012), and “community-based management” 

(Conrad & Hilchey 2011). Generally speaking, citizen science is the practice of volunteer citizens 

being actively involved in science as researchers (Kruger & Shannon 2000), and has been occurring 

since at least 1874 (Ratcliff 2015). Citizen science has been successfully undertaken in fields such as 

astronomy (Roy et al. 2012) ornithology (Dunn & Winkler 1999), water quality monitoring (Zerbe & 

Wilderman 2010), and other areas of natural resource management (including fisheries) (Danielsen 

et al. 2009). The citizen science literature includes many examples of these types of programs from 

all over the world including Europe, North America, Asia and Australia (Conrad & Hilchey 2011; Roy 

et al. 2012; Tulloch et al. 2013; Dyer et al. 2014). The use of community-based monitoring programs 

is growing worldwide (Conrad & Hilchey 2011; Roy et al. 2012; Tulloch et al. 2013), with a near 

tripling of community-based water and aquatic ecosystem monitoring programs between 1988 and 

1992 (Kerr et al. 1994). Public interest in this area has continued to increase substantially since the 

mid 1990s (Fore et al. 2001). 

There are varying degrees by which the public are involved in citizen science research, and five 

common models are outlined by Shirk et al. (2012). These models are contract, contribute, 

collaborate, co-create, and colleagues, which are listed from least amount of public involvement to 

greatest. Contract participation is where the public asks for scientists to conduct an investigation 

and then report on the results, while contribute participation occurs when the public is asked by 

scientists to collect and contribute data or samples. Collaborate participation is where the public, as 

well as collecting data and samples, assist scientists in the development stages of a scientific project. 

Co-create participation is when the public develop a study with input and advice from scientists, 

while Colleagues participation is independently performed by the public and helps to fill a scientific 

knowledge gap. The vast majority of citizen science projects tend to be contributory (Roy et al. 
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2012), and this model can allow for a high degree of data accuracy as scientists can maintain a high 

level of control (Sbrocchi 2014). 

Historically, citizen science has been undertaken primarily for scientific benefit (Miller-Rushing et al. 

2012), where community science projects have been effective in advancing scientific understanding 

(Bonney et al. 2009). Citizen science can also reduce sampling costs (Conrad & Daoust 2008), while 

allowing for fieldwork to be undertaken over larger areas and outside of office hours (Whitelaw et 

al. 2003). However, community science can also play an important educational role in local 

communities, where community members increase their scientific literacy by actively participating in 

research (Conrad & Hilchey 2011). A community’s scientific literacy can be broadened through 

greater understanding of scientific processes, or even by an improved understanding of their role in 

the environment (Evans et al. 2005). Volunteers in communities involved in citizen science engage 

more in community development, local issues, and even have greater influence over policy-makers 

than non-volunteers (Whitelaw et al. 2003; Pollock & Whitelaw 2005; Lynam et al. 2007). Citizen 

science also helps to build social capital, by increasing levels of trust and cooperation in communities 

(Sultana & Abeyasekera 2008) through identification of resources, volunteer engagement, agency 

connection, and leadership building (Whitelaw et al. 2003). Building social capital can lead to a more 

educated community (Cooper et al. 2007), increase public support for conservation (Schwartz 2006), 

as well as the creation of a stewardship ethic (Whitelaw et al. 2003) around the ecosystem or 

environment.  

Community science faces some well-documented challenges (Whitelaw et al. 2003; Conrad & Daoust 

2008), which are mostly centred around two major themes – organisational issues, and data 

reliability issues (Conrad & Hilchey 2011). Organisational issues include a lack of funding (Whitelaw 

et al. 2003) and information access (Milne et al. 2006), as well as a shortage of volunteer interest 

(Conrad & Daoust 2008) or networking opportunities (Milne et al. 2006). Probably the biggest barrier 

to broader adoption of citizen science programs is that the accuracy or quality of the data have 

traditionally been criticised (Gouveia et al. 2004; Conrad & Hilchey 2011). Some studies have 

reported inaccuracies in volunteer-collected data (Rehfisch et al. 2003; de Solla et al. 2005), 

particularly when estimating sizes of groups or individuals. Some studies have somewhat mitigated 

inaccuracies through thorough volunteer selection and training (Easa et al. 1997), and through 

validation have found data to be comparable to professional researchers (Fore et al. 2001; Newman 

et al. 2003). Furthermore; Conrad & Hilchey (2011) conclude that the benefits outweigh the 

challenges faced by citizen science for those who have the capacity to address them. 
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Another major challenge to citizen science programs is volunteer drop-out, which is largely 

determined by the participant’s enthusiasm and commitment (Cooke et al. 2000; Kerr 2006). While 

many studies focus on the data reliability issues faced by volunteer science programs (Conrad & 

Hilchey 2011), few studies investigate how program design might influence a valued and meaningful 

experience for participants. Good management by the initiating agency, as well as positive 

reinforcement – such as recognising participants effort, and informing them how they are 

influencing conservation – could help to curb volunteer drop-out (Whitelaw et al. 2003; Legg & Nagy 

2006). 

Citizen science based monitoring projects that target large or iconic fish have been highly successful 

in the past, particularly in Canada. Recreational muskellunge (Esox masquinongy) fishers were asked 

to record their captures in a diary-based monitoring program in Ontario, Canada (Mosindy & Duffy 

2006). In addition, volunteers were successfully used in a white sturgeon (Acipenser transmontanus) 

monitoring program in the lower Fraser River, British Columbia (Nelson et al. 2013). There are also 

other successful international examples of community-based fishery monitoring (Cooke et al. 2016), 

such as arapaima in Brazil (Castello et al. 2009), mahseer (Tor sp.) in India (Bower et al. 2016), and 

sand tiger sharks (Carcharias Taurus) in the USA (Kilfoil et al. 2017). Citizen science based initiatives 

using recreational anglers have largely focussed on angler diaries and tagging work. Despite its wide 

use overseas, community-based monitoring of key recreational fish species has rarely been 

employed in Australia, a country where over 3 million people (~12.5% population) participate 

annually in recreational fishing (Baker 2017). 

Aims 
This master’s thesis is based on two years of field research into survey methods and volunteer 

monitoring of Murray cod in the upper Murrumbidgee River, in the Australian Capital Territory 

(ACT). It is aimed at helping to develop ongoing cost-effective targeted monitoring of Murray cod in 

upland systems. The intended outcomes from this research are to understand how volunteer angler 

data can be used to improve knowledge about the status of the Murray cod population in the upper 

Murrumbidgee River in the ACT. Additionally, this thesis aims to help fishery managers to tailor 

study design to keep volunteers involved over long periods of time. 

Specific study aims are: 

 Compare standard boat electrofishing techniques to volunteer angler-based surveys 

of Murray cod in the upper Murrumbidgee River. 

 Determine volunteer’s motivation for initial and continued involvement in 

participatory fishery science 
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 Using the mark recapture data from electrofishing and volunteer angler surveys to 

quantify local abundance of Murray cod in the Murrumbidgee River within the ACT. 

 

In chapter 1, I use catch per unit effort to compare capture rates of standard boat electrofishing 

surveys, targeted habitat boat electrofishing surveys, and volunteer angler-based surveys for Murray 

cod. Through semi-structured interviews following an adaptive theory approach to analysis (Layder 

1998; Layder 2005), I then investigate the initial and continuing motivations for volunteers to get 

involved in fishery research (chapter 2). Additionally, in this chapter I make recommendations to 

project designers about how to limit volunteer attrition rates for ongoing fishery research programs. 

In chapter 3, I use mark recapture data from chapter 1 to estimate local per-site Murray cod 

abundance in the upper Murrumbidgee River in the ACT using Markov Chain Monte Carlo (MCMC) 

methods fitted into a Bayesian framework. These three data chapters are written as stand-alone 

papers meant for future publication in peer-reviewed journals, and because of this there is some 

necessary repetition throughout the thesis.  
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Chapter 1  Using recreational anglers to monitor an iconic 

threatened species: a comparison with conventional electrofishing 
 

1.1  Abstract 
Murray cod (Maccullochella peelii) is a nationally listed threatened species, as well as the most 

sought-after recreational freshwater angling species in south-eastern Australia. Murray cod ecology 

is well studied in the lowlands of the Murray-Darling Basin, however little research has been 

conducted in upland environments. This is in part because of the difficulty of using traditional survey 

methods (boat electrofishing) in the rocky, high gradient and narrow gorge country of upland rivers. 

With growing confidence in citizen science, and increasing interest from recreational anglers to be 

involved in the management of their fishery, there is an opportunity to develop novel cost-effective 

volunteer sampling techniques. This study used 24 volunteer anglers across six long-term 

conventional monitoring sites in the upper Murrumbidgee River in the ACT, to capture and tag 

Murray cod during three events in 2015-16. Immediately following the angling surveys, researchers 

conducted boat electrofishing surveys allowing a capture efficiency comparison of the two sampling 

techniques. Across all three sampling events, 48 Murray cod were captured by anglers in 724 angling 

hours, while 149 Murray cod were captured by electrofishing in 10.6 hours (‘power on’ time). Angled 

fish length ranged from 295mm to 1140mm total length (TL) (median = 632.5mm), while 

electrofishing captured fish from 82mm to 1075mm TL (median = 349mm). Fifty-one fish (34.2%) 

captured by electrofishing were juvenile Murray cod smaller than all angled fish. Although angling is 

a less efficient capture method, when used in conjunction with traditional survey techniques it could 

provide a basis for increasing the spatial extent and frequency of sampling for future monitoring 

programs, particularly in upland rivers. 

1.2 Introduction 
Global biodiversity is diminishing at an unprecedented rate in human history because of a wide 

range of anthropogenic activities (Pimm et al. 1995; Clausen & York 2008; Mora & Sale 2011; Dirzo 

et al. 2014; Ceballos et al. 2015; McCauley et al. 2015). Biodiversity loss alone can greatly affect the 

functioning of ecosystems (Balvanera et al. 2006; Cardinale et al. 2006; Worm et al. 2006; 

Stachowicz et al. 2007; Cardinale et al. 2011), and as a consequence, society (Cardinale et al. 2012). 

Terrestrial and marine species reportedly declined in abundance by around 30% between 1970 and 

2000, while freshwater species declined by 50% (Clausen & York 2008). Fish are one of the key taxa 

in decline on a global scale, with a peak in the biomass of fish caught from the world’s oceans 

(known as “peak fish”) being passed in the late 1980s. Since then, global fish catch has continued to 
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decrease in the face of growing fishing effort (Clausen & York 2008). Conservative estimates suggest 

that 20% of global freshwater fish populations were already extinct or in serious decline by the early 

1990s, (Moyle & Leidy 1992) and this trend is unlikely to have improved since then. The freshwater 

fish biodiversity crisis is likely to escalate with economic growth (Clausen & York 2008), and when 

coupled with the fact that freshwater ecosystems lose biodiversity faster than both marine and 

terrestrial ecosystems (Sala et al. 2000), this is of great global concern. 

Public participation in scientific research programs is growing worldwide (Conrad & Hilchey 2011; 

Roy et al. 2012; Tulloch et al. 2013). There was reportedly a near tripling of citizen science-based 

water and aquatic ecosystem monitoring programs between 1988 and 1992 (Kerr et al. 1994), and 

public interest in this area has continued to increase substantially since the mid-1990s (Fore et al. 

2001). Citizen science research programs have traditionally been used for scientific benefit (Miller-

Rushing et al. 2012), as citizen science approaches can substantially reduce sampling costs (Conrad & 

Daoust 2008), while simultaneously increasing the scope of field sampling (Whitelaw et al. 2003). 

However, the community itself can also benefit from citizen science programs through education, 

broadened scientific literacy, increased policy influence and the development of a stewardship ethic 

for their environment (Whitelaw et al. 2003; Evans et al. 2005; Pollock & Whitelaw 2005; Lynam et 

al. 2007). However, citizen science has been criticised for the reliability of data collected by 

volunteers (Conrad & Hilchey 2011). Some studies have shown inaccuracies in volunteer-collected 

data, particularly when estimating sizes of groups or individuals, or when complicated or specialist 

equipment are used (Rehfisch et al. 2003; de Solla et al. 2005). These potential issues can be 

mitigated through appropriate volunteer selection and training (Easa et al. 1997), and in some cases 

data can be indistinguishable from professionally collected data (Fore et al. 2001; Newman et al. 

2003; Dyer et al. 2014). 

Citizen science based monitoring projects that target large or iconic fish have been highly successful 

in the past, particularly in Canada. Recreational muskellunge (Esox masquinongy) fishers were asked 

to record captures in a diary-based monitoring program in Ontario, Canada (Mosindy & Duffy 2006). 

In addition, volunteers were successfully used in a white sturgeon (Acipenser transmontanus) 

monitoring program in the lower Fraser River, British Columbia (Nelson et al. 2013). There are also 

other international examples of community-based fishery monitoring (Cooke et al. 2016), such as 

arapaima in Brazil (Castello et al. 2009), mahseer (Tor sp.) in India (Bower et al. 2016), and sand tiger 

sharks (Carcharias Taurus) in the USA (Kilfoil et al. 2017). Despite its wide use overseas, community-

based monitoring of key recreational fish species has rarely been employed in Australia, a country 
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where over 3 million people (~12.5% population) participate annually in recreational fishing (Baker 

2017). 

Murray cod Maccullochella peelii (Mitchell) is Australia’s largest wholly freshwater fish, growing to 

>110 kg and ~1800 mm (Lintermans 2007). Murray cod is endemic to the Murray-Darling Basin 

(MDB), where it plays an important ecological role as an apex predator (Ebner 2006). Murray cod is a 

sedentary, solitary, ambush predator that is usually found among complex structure such as timber, 

rocks, or undercut banks (Rowland 2005; Koehn et al. 2009; Lieschke et al. 2016). The species once 

supported a large commercial fishery (Rowland 1989; Rowland 2005) and is an economically and 

culturally important target of recreational anglers (Henry & Lyle 2003). Murray cod angling in 

Victoria alone was estimated to contribute more than $165 million and more than 350 jobs to the 

economy in 2008-09 (Ernst & Young 2009). Murray cod is also iconic to Aboriginal people, where it 

was a major food item for inland nations, and in some Aboriginal lore it is linked with creation of the 

River Murray (Rowland 2005). Murray cod populations have been in decline since European 

settlement (Lintermans & Phillips 2005; Rowland 2005), largely as a consequence of overfishing and 

habitat degradation. This decline has led to their national listing in 2003 as vulnerable under the 

Environment Protection and Biodiversity Conservation (EPBC) Act. 

In response to declining Murray cod populations a national recovery plan was produced with the aim 

of returning the species to 60% of pre-European numbers within 50 years (NMCRT 2010). A key issue 

identified in the national recovery plan was the development of cost-effective survey techniques. A 

companion document to the recovery plan is an action plan, prepared by a coalition of fisheries 

managers, researchers, and anglers, which identified the desire of anglers to be involved in the 

management of the fishery (MCFMG 2011). Consequently, in 2013, a Basin-wide project to compare 

electrofishing to angling for capturing Murray cod commenced. Murray cod surveys were conducted 

by anglers in Dumaresq River in NSW, Goulburn and Ovens Rivers in Victoria, River Murray in SA, and 

in this study in the Murrumbidgee River in ACT. This study comprises the first published results from 

the Basin-wide project. 

Murray cod is well studied in the lowland systems of the MDB, but in spite of potentially significant 

populations, relatively little is known about this species in upland environments (Anderson et al. 

1992; Jones & Stuart 2007; Koehn et al. 2009).This is, in part, because passive sampling techniques 

like gill netting which have been traditionally used in upland habitats are relatively ineffective in 

capturing Murray cod (Lintermans 2000) as the species sedentary, sit-and-wait behaviour means 

they do not often encounter the nets. Active Murray cod capture techniques, such as electrofishing, 

are well suited to the wide, low-gradient connected pools of lowland systems (Lyon et al. 2014), 
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where a boat electrofisher can sample large lengths of river. In contrast, the high-gradient rocky 

channels, short pools and dense riparian areas of constrained upland systems make boat 

electrofisher access spatially limited. Both turbidity and increasing discharge have been found to 

negatively influence capture probability in lowland rivers (Lyon et al. 2014), however little work has 

been done to quantify these effects in upland rivers. 

Despite Murray cod being a nationally-listed threatened species, it is also an iconic recreational 

angling species for inland fishers in southern Australia (Rowland 2005). Murray cod can be a 

challenging fish to angle, and often require high levels of skill and effort to catch regularly. This 

means that the Murray cod fishing fraternity is characterised by experienced anglers who are 

generally conservation aware, and practice high rates of catch and release (77.6% reported by Henry 

& Lyle 2003), despite the species being considered an excellent ‘table fish’ (Rowland 2005). The 

availability of expert and highly motivated anglers provides an excellent foundation for a 

participatory volunteer research program.  

The difficulties associated with capturing Murray cod using traditional fish survey methods, their 

iconic status amongst recreational anglers, as well as angler’s ability to access remote environments 

makes Murray cod an excellent candidate species for trialling a participatory community approach to 

monitoring. Despite Murray cod supporting a large recreational fishery, and the upper 

Murrumbidgee River’s identification as an important cod population (NMCRT 2010), there is no 

targeted Murray cod monitoring currently conducted in the ACT. This study, as part of the broader 

national project, investigated the use of standardised volunteer angling to assess Murray cod 

populations in the upper Murrumbidgee River in the ACT and compared those results to standard 

boat electrofishing. Such a comparison will inform future decisions on the applicability of community 

science-based Murray cod monitoring in the ACT. 

1.3  Methods 
In a mark-recapture study, volunteer anglers were asked to participate in three structured Murray 

cod angling surveys across six sites in the upper Murrumbidgee River in the ACT in 2015/2016. Boat 

electrofishing surveys were conducted in the immediate days following each angling survey, and the 

capture rates of each technique were compared. A Bayesian analysis was conducted on the mark 

recapture data to estimate the population of adult fish at each site (Chapter 3). 

1.3.1  Study area 

The study was undertaken in the upper Murrumbidgee River in the ACT, which runs for around 60km 

through the ACT, and is a typical south-eastern Australian upland river with a cobble-boulder bed 
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and valley controlled with complex bed morphology. Substrate is typically bed rock, angular gravels, 

cobbles, and coarse sands (Wallbrink et al. 1998). While some sections are considered open valley, 

the upper Murrumbidgee is typically a low-gradient confined valley with intermittent floodplain 

pockets (Dyer et al. 2014). There are two significant high-gradient confined gorges within this reach 

Gigerline Gorge and Red Rocks Gorge (Sangston 2014).  

The locations of sampling sites within the study area were limited to specific pools at which a boat 

electrofisher could be safely launched and retrieved. Six long-term fish monitoring sites were 

selected (Figure 1) (Lintermans 2000). The six sampling sites are relatively evenly spaced along the 

river at 8 - 15 km intervals. The sites are of varying size with Angle Crossing and Point Hut Crossing 

being substantially smaller than the other four sites, while Retallack’s Hole is the largest (Table 1).  

Table 1- Size of sampling sites on the Murrumbidgee River, ACT. ‘Xing’ is used as an abbreviation for ‘crossing’ hereafter 

  
Angle 
Xing 

Tharwa 
Sandwash 

Point Hut 
Xing 

Kambah 
Pool 

Casuarina 
Sands 

Retallack's 
Hole 

Length (m) 281 1,472 333 815 567 1,166 

Max Width (m) 105 66 65 121 79 78 

Pool Perimeter (m) 783 3,120 992 1,908 1,272 2,771 

Surface area (m2) 13,713 51,709 18,273 58,623 32,356 59,256 
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Figure 1 - Study sites (bolded text), and environmental gauging stations (plain text) along the Murrumbidgee River in the 
Australian Capital Territory.. 

1.3.2  Angling surveys 

The overarching methods for this project were derived from the broader national project 

“Integrating fisher-derived and fishery-independent survey data to better understand and manage 

the Murray Cod fishery in the Murray-Darling Basin” (FRDC Project 2013/022), being conducted at 

selected sites in the MDB in Vic, NSW, QLD, SA and ACT. A Pilot angling event in the upper 

Murrumbidgee was held in April 2015, and two subsequent angling events were held in November 

2015 and March 2016 (Table 2). Experienced Murray cod anglers were hand-selected by the peak 

angling body for the Canberra region, Capital Region Fishing Alliance (CRFA). Only experienced cod 

anglers (pers. comm. Shane Jasprizza, CRFA) were used to minimise the chance of ‘false negatives’ 

and to maximise cod captures. As per the approach in the national project, all anglers fished in 

teams of two, with no more than two teams (4 anglers) per site (maximum of 24 anglers fishing at 

once). Anglers worked in teams of two to help reduce handling time and stress to fish during the 
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capture and tagging process, and having two teams per site was thought to promote competition 

between teams to increase effort. Anglers were asked to fish for a minimum of four hours using any 

technique they deemed appropriate to the environment and conditions.  

Table 2 – Dates, number of anglers and fishing teams for Murray cod angling events held during 2015/2016 

Angling Dates # of Fishing Total # of 

Event Fri Sat Sun Teams Anglers 

Pilot 
 

18/04/2015 19/04/2015 11 22 

2 
 

28/11/2015 29/11/2015 14 27 

3 18/03/2016 19/03/2016 20/03/2016 13 26 

 

Because of the nature of volunteer work, it was not possible to always have 24 anglers available for 

both days of each event (Table 2). Some anglers, as well as research staff (all experienced Murray 

cod anglers) were available to replace last minute unavailability of primary volunteers, to ensure at 

least one angling team at each site. Despite this, only 22 anglers participated in the Pilot event, with 

only one team fishing at Angle Crossing. 

Angling Event 2 was conducted immediately prior to the end of the ACT fishing closed season for 

Murray cod (September 1 – November 30). The closed season is intended to provide protection to 

breeding Murray cod, when fish may resorb eggs following capture or handling (Rowland 1988). 

Logistics and time constraints largely determined the timing of this angling event, and it was 

considered that fishing at the extreme end of the closed season would be unlikely to affect breeding 

fish as previous data demonstrated that the majority of Murray cod spawned in early November in 

the study area (Dyer et al. 2014). 

All anglers were briefed in person two days prior the commencement of each survey event on the 

sampling procedure, including best practice fish handling techniques. Additionally, anglers were 

given clear instructions that capturing as many fish as possible was the goal of the project, rather 

than capturing large fish. Anglers were provided with a labelled aerial photograph of their sampling 

site on which to mark approximate capture location. Captured fish were tagged through the soft 

tissue between the spines of the dorsal fin using streamer tags (Hallprint Pty. Ltd., 58 mm,T8356) 

(Figure 2). These tags consist of a small plastic ribbon with a unique identification number, and a 

needle attached at one end. These tags were chosen because their use is a relatively non-invasive 

procedure which can be performed confidently by volunteers with minimal training. Captured fish 

were single-tagged in the Pilot and 2nd event as previous studies in Victoria (pers. comm. Brett 
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Ingram, Fisheries Victoria) and New South Wales (pers. comm. Gavin Butler, NSW DPI) showed no 

tag loss when double-marking captured animals. In response to low recapture rates in the first two 

events, captured fish were double-tagged during Event 3. This double tagging showed that 4 out of 9 

recaptured fish during this event had lost one tag. 

All captured fish were photographed and measured (total length mm) before recovery and release. 

Anglers recorded local weather conditions (e.g. Rain, wind, etc), fish length, time of capture, method 

of capture (lure type), as well as the start and finish times of each fishing session. Approximate 

capture location of all fish were recorded on aerial photos supplied to anglers (to ensure that only 

captures from within the target pools were included in data analysis). 

 

Figure 2 - Streamer tag location - the soft tissue between the spiny rays of fish's dorsal fin (note double tag as per Event 
3) 

A number of measures to improve angler capture rates were instituted following the Pilot angling 

event. Anglers were encouraged to fish as many hours as they could on the allocated weekend, and 

replacement teams were deployed in cases where teams could only fish one day. Furthermore, small 

prize packs of lures were offered for the angler who caught the most fish, as well as prizes for 

mystery fish lengths. 

1.3.3  Electrofishing surveys 

Boat electrofishing surveys were conducted at each site in the immediate days following each 

angling event. Boat electrofishing was conducted with a purpose-built 4.1 m aluminium-hulled boat 

with a 5 KVA generator connected to dual anodes each fitted with 6 x 5 mm diameter steel cable 

droppers (Smith-Root, Vancouver, WA, USA). Boat electrofishing consisted of two runs of twelve 90 

sec ‘power on’ shots per site, with one full run at each of the six sites being completed before 

Photo: Gavin Butler (NSW DPI) 
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repeating the process. The first boat electrofishing survey at each site was conducted following the 

standard method (12 shots, distributed proportionally by area of available habitats) outlined by the 

Sustainable Rivers Audit (SRA) (Davies et al. 2012), which is the de facto standard for electrofishing 

in southern Australia. The second electrofishing survey targeted likely Murray cod habitat, such as 

submerged timber, and overhanging vegetation (Koehn 1996; Crook & Robertson 1999; Lintermans 

et al. 2005; Rowland 2005; Lintermans 2007). In response to low recapture rates of marked fish in 

the Pilot and 2nd sampling events additional targeted habitat electrofishing shots were completed 

immediately after both runs in the 3rd event at all sites where physical area allowed (Table 3). Only 

one electrofishing run (SRA) at each site could be completed during the Pilot event because of major 

equipment failure. Note that because of the small physical size of the pool at Point Hut Crossing, 

there were no major differences between SRA methods and the targeted habitat surveys – this pool 

was sampled in its entirety.  

Table 3 - Number of boat electrofishing shots completed per event at each site. First survey during each event follow 
SRA method (SRA), second survey during each event was targeting likely cod habitat (Targ). Bracketed shot numbers 
indicate additional targeted habitat shots undertaken directly after SRA surveys in an attempt to increase the previously 
low recapture rates.  

Dates Event # of shots (90 sec) 

 

 

Angle 
Xing Tharwa 

Point 
Hut Kambah 

Cas 
Sands Retallack's 

20/04/15 – 29/04/15 Pilot -SRA 12 12 12 12 12 12 

01/12/15 – 07/12/15 2.1 - SRA 12 12 12 12 12 12 

09/12/15 – 21/12/15 2.2 - Targ 12 13 12 15 12 12 

21/03/16 – 24/03/16 3.1 - SRA 12(+4) 12(+4) 12 12(+11) 12(+1) 12(+7) 

30/03/16 – 01/04/06 3.2 - Targ 13 17 12 20 14 29 

 

Captured fish were tagged, measured (total length mm) and released as per the angling surveys 

(Figure 2). Fish were not tagged during the final targeted cod habitat surveys of each event (2.2 and 

3.2) because the short life of the ribbon tags would have rendered them unsuitable for between-

event mark-recapture analysis. The start and end times of each electrofishing shot (shot elapsed 

time, rather than 90 seconds of ‘power on’ time) was also recorded.  

1.3.4  Data analysis 

Fish capture data from all angling and electrofishing surveys was compared using catch per unit 

effort (CPUE). CPUE was calculated as number of fish captured per hour of effort. Angling effort was 

calculated per angler-hour, i.e. the effort for a team of two fishing for 4 hours was calculated as 8 
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hours of total effort. This was chosen as both anglers in a team can fish independently of each other, 

and in some cases only one angler from a team participated in a particular session. Electrofishing 

effort was calculated in two different ways - firstly as the total time that electric current was applied 

(i.e. sum of the number of electrofishing shots * 90 seconds). To provide a ‘fairer’ comparison with 

the angling methods (when the amount of active fishing time is unknown, i.e. how long a lure is 

being actively fished in the water), electrofishing effort was also calculated as the sum of the total 

elapsed time of each electrofishing shot (difference between start and end time), and multiplied by 

the electrofishing team size (two personnel).  

As the large amounts of zero CPUE data violated the normal distribution assumption for parametric 

testing, differences in CPUE among techniques and sites was investigated using non-parametric 

Kruskal-Wallace tests in R v3.4.1 (R Development Core Team 2008), and significant treatments were 

investigated in post-hoc analysis using non-parametric Dunn Tests (using Bonferroni corrections). 

Fish length comparisons between techniques were analysed using two-tailed Wilcoxon rank sum 

tests in R v3.4.1. 

Barometric pressure data was obtained from the Australian Bureau of Meteorology (BoM) website 

for the Canberra Airport (station 710325)(Bureau of Meterology 2016). Hourly turbidity, water 

temperature, and stream discharge data were obtained from ALS Global (ALS 2016), and were 

recorded at Halls Crossing, which is approximately 14.5km downstream of Retallack’s Hole on the 

Murrumbidgee River (Figure 1). The effect of environmental variables on angling CPUE were 

investigated using linear regression analysis in SigmaPlot v12.5 (Systat Software, San Jose, CA).  

1.4  Results 
A total of 197 Murray cod were captured across all three sampling events, with 149 of those caught 

by electrofishing (SRA and targeted combined) and 48 by angling (Table 4). The lowest number of 

fish captured by both techniques was during the Pilot event, when there were also no recaptures 

(noting that only one electrofishing run was completed in the Pilot event). The greatest number of 

fish captured by angling was in Event 2 (n=28), while the greatest number captured by electrofishing 

was in Event 3 (n=72). Event 3 had the greatest number of recaptured fish with 9. Murray cod were 

captured by electrofishing at all sites and during all events, and there were fish recaptured at all sites 

except for Point Hut Crossing. In contrast, Murray cod were captured by anglers at all sites, but not 

during all events. 
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Table 4 - Summary of fish captures (per technique) and recaptures across events and sites. Electrofishing data is total 
from both SRA and Targeted methods. 

  
Angle 
Xing Tharwa Point 

Hut Kambah Cas 
Sands Retallack’s Total 

Pilot Angling 0 3 1 0 3 0 7 

 Efishing 3 5 1 6 7 3 25 

 Recapture 0 0 0 0 0 0 0 

Event 2 Angling 1 6 2 4 5 10 28 

 Efishing 6 10 3 11 6 16 52 

 Recapture 0 0 0 0 0 2 2 

Event 3 Angling 4 4 1 1 0 3 13 

 
Efishing 8 14 2 17 9 22 72 

 Recapture 1 4 0 2 1 1 9 

Total Angling 5 13 4 5 8 13 48 

 
Efishing 17 29 6 34 22 41 149 

 
Recapture 1 4 0 2 1 3 11 

 

Across all three events Murray cod captured by electrofishing ranged in total length from 82 mm to 

1075 mm TL (Figure 3A), while angled fish ranged from 295 mm to 1140 mm (Figure 3B). Angled fish 

were significantly larger (mean = 632 mm, median = 633 mm) than those captured by electrofishing 

(mean = 442 mm, median = 350 mm) (Wilcoxon rank sum test p<0.001). Around one third (n=52) of 

electrofished individuals were juveniles < 300 mm, while only 1 fish (295 mm) was angled in this size 

range. More than half (n=86) of fish captured by electrofishing were under 400 mm. The size class of 

700 - 799 mm was the only size class in which more fish were captured by angling (n=9) than by 

electrofishing (n=4). 
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Figure 3 – Length frequency for Murray cod captured via angling (A) and via electrofishing (B) across three events. X axis 
is the same in A and B. 

There was some variation in mean catch per unit effort across events for angling, with Event 2 

having a greater number of fish than both the Pilot and Event 3 (Figure 4), however the difference 

was not significant (Kruskal-Wallace χ2=5.20, DF=2, p=0.074). The very low scale of CPUE on the Y-

axis for angling should be noted. 

 

Figure 4 - Mean (+/- SE) catch per unit effort (fish per hour) for angling for each event. 
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There was no significant difference between mean CPUE of each electrofishing method within 

events (Kruskal-Wallace χ2=0.11, DF = 1, p=0.74) or across events (Kruskal-Wallace χ2=6.11, DF = 4, 

p=0.19) (Figure 5). However, there was a significant difference in in the length of fish captured by 

SRA (mean = 415.7 mm) and targeted electrofishing surveys (mean = 467.3 mm) (Wilcoxon rank sum 

test p=0.030). The scale for CPUE on the Y-axis is substantially larger than it was for angling CPUE 

(Figure 4). 

 

Figure 5 - Mean (+/- SE) catch per unit effort (fish per hour) for each electrofishing technique for all events. SRA surveys 
are represented in white and targeted habitat in grey (note that the scale for CPUE on Y-axis is substantially larger than 
for Figure 4) 

There was no significant difference in electrofishing CPUE between methods (Kruskal-Wallace chi-

squared=0.09, DF=1, p=0.76) or events (Kruskal-Wallace chi-squared=5.07, DF=4, p=0.28) when 

effort was calculated as elapsed time (as opposed to ‘power on’ time), and corrected for a two 

person research team (Figure 6). Calculating CPUE for electrofishing as elapsed time (rather than 

power-on) substantially reduces the CPUE for electrofishing, and although it is still higher than 

angling, it is now possible to plot the two methods on the same scale.  
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Figure 6 - Mean (+/- SE) catch per unit effort for electrofishing per event. Electrofishing effort has been calculated as 
elapsed time (rather than 'power on' time), and corrected for two researchers. Angling mean CPUE included for 
comparison. SRA represented by white bars, Targeted habitat surveys by grey bars, and angling surveys in dark grey 
bars. 

There was some variation in mean electrofishing CPUE across sites (Figure 7), with Point Hut 

Crossing and Angle Crossing having fewer fish than the rest of the sites. This difference was found to 

be significant (Kruskal-Wallace χ2=15.688, DF=5, p=0.008), however post-hoc analysis found the only 

significant interaction was between Point Hut Crossing and Retallack’s Hole (Dunn’s multiple 

comparison test p=0.003). 

 

Figure 7 - Comparison of mean electrofishing CPUE (+/- SE) across sites. Because there were no significant differences 
between SRA and Targeted surveys, these data as well as data from all three events are combined. Stars indicate 
significantly different sites. 

There was some variation in mean angling CPUE across sites (Figure 8), with Kambah Pool, Point Hut 

Crossing, and Angle Crossing lower than the other sites. However, there were no significant 

differences between any sites (Kruskal-Wallace χ2=6.2383, DF=5, p=0.284). 
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Figure 8 - Comparison of mean angling CPUE (+/- SE) across sites. Data for all three events are combined. 

 

Catch per unit effort for angling was calculated for each hour of the day, and although there are no 

obvious peak capture times for fishing across all three events, no fish were captured from 2pm to 

4pm despite there being at least 4 teams (8 anglers) fishing (Figure 9).  
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Figure 8 - Comparison of mean angling CPUE (+/- SE) across sites. Data for all three events are combined. 

 

Catch per unit effort for angling was calculated for each hour of the day, and although there are no 

obvious peak capture times for fishing across all three events, no fish were captured from 2pm to 

4pm despite there being at least 4 teams (8 anglers) fishing (Figure 9).  
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Figure 9 - Comparison of angling mean CPUE (+/- SE) (grey bars) per hour during the Pilot event (A) Event 2 (B) and Event 
3 (C), with the number of teams fishing during that hour also included (dark grey line). All sampling days of each angling 
weekend have been combined (sum) into one 24 hour period for each event. Night periods (calculated from BoM sunrise 
and sunset data) are represented by the hatched shading. 

There was some variation in turbidity between events, with the most turbid water observed in the 

Pilot, while Event 2 had the least turbid water (Figure 10). There is no relationship between turbidity 

and angling CPUE in Event 2 (R2 = 0.01, F = 0.08, p= 0.78) or Event 3 (R2 = 0.01, F = 0.51, p = 0.48), 

however there was a significant relationship in the Pilot (R2 = 0.09, F = 4.78, p= 0.034). 
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Figure 10 - Scatterplot showing hourly turbidity (measured at Halls Crossing) vs angling CPUE from three sampling events 
at six sites on the upper Murrumbidgee River, ACT. 

There was some variation in barometric pressure between events, with the Pilot event having the 

highest pressure (1029.2 hPa) and Event 3 having the lowest pressure (994.8 hPa) (Figure 11). The 

most consistent barometric pressure was during Event 2, where it remained between 1012.5 hPa 

and 1017.2 hPa throughout. There is no relationship between barometric pressure and angling CPUE 

in any of the three events (Pilot R2 = 0.04, F = 2.07, p = 0.157; Event 2 R2 = 0.03, F = 1.25, p = 0.27; 

Event 3 R2 = 0.00, F = 0.00, p = 0.99). 

 

Figure 11 - Scatterplot showing hourly barometric pressure (hPa) (measured at Canberra Airport) vs angling CPUE from 
three sampling events at six sites on the upper Murrumbidgee River, ACT. 

 

The water temperature was substantially lower during the Pilot event than it was during the other 

two events (Figure 12). Although there is some variation between events, there is no correlation 
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Figure 11 - Scatterplot showing hourly barometric pressure (hPa) (measured at Canberra Airport) vs angling CPUE from 
three sampling events at six sites on the upper Murrumbidgee River, ACT. 

 

The water temperature was substantially lower during the Pilot event than it was during the other 

two events (Figure 12). Although there is some variation between events, there is no correlation 
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between water temperature and angling CPUE in any event (Pilot R2 = 0.03, F = 1.52, P = 0.22; Event 

2 R2 = -0.02, F = 0.73, P = 0.40; Event 3 R2 = 0.00, F = 0.00, P = 0.98). 

 

Figure 12 - Scatterplot showing hourly water temperature (°C) (measured at Halls Crossing) vs angling CPUE from three 
sampling events at six sites on the upper Murrumbidgee River, ACT. 

1.5 Discussion 
This study presents the first published comparison of electrofishing and angling for Murray cod 

capture surveys in Australia. The results are informative, however the direct comparison of effort in 

such disparate methods is potentially problematic when capture data is normalised to CPUE 

(Lintermans 2016). At first glance, electrofishing was a substantially more efficient technique than 

angling, capturing around three times the number of fish in only 1.5% of the hourly effort. 

Detectability (depth, false negatives, size range) of Murray cod still requires further research, 

particularly in upland systems. Aggressiveness, influence of environmental factors on electrofishing 

detection, and local-scale movement could all influence the detectability of Murray cod, and while 

this has been studied in lowland systems (Lyon et al. 2014), little is known about it in upland 

habitats.  

Comparison of the raw capture data can be misleading and does not convey the considerable 

differences between techniques in resources/elapsed time required to collect the data. In basic total 

effort calculations, there was 68 times more effort put into the angling surveys, and this angling 

effort was concentrated over one weekend, while the electrofishing surveys took considerably 

longer (mean of 14 days) to complete. Furthermore, it was not possible to measure the active fishing 

time (i.e. the time a lure is actively working in the water), so even though anglers were asked to note 

any breaks taken during their sampling hours (for lunch, etc.), using total time spent at the river is an 

overestimate of actual sampling effort. For this reason we investigated electrofishing capture rates 
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using ‘shot elapsed’ time as a fairer comparison than ‘power on’ time, and corrected for the two 

person electrofishing team required to complete the surveys. While this revised electrofishing 

comparison greatly reduced electrofishing catch rate, it was still substantially higher than the catch 

rate of angling. This is not unexpected, as electrofishing should capture any fish within the radius of 

the electric field (approx. 3m around the boat), while angling can only target fish that are aggressive 

towards the lure.  

There was no significant difference between the capture rates of SRA and Targeted habitat methods 

during electrofishing surveys. This was unexpected because of Murray cod’s close association with 

complex structural habitat (Rowland 2005; Koehn et al. 2009; Lieschke et al. 2016), which means 

that methods targeting such habitat could be expected to deliver higher catch rates. This theory is 

consistent with electrofishing surveys in lowland systems, where SRA methods captured low 

numbers of Murray cod (MDBC 2003; Ebner et al. 2008). It may be that in spatially restricted 

(narrower, shallower) areas like upland streams that the SRA sampling effectively samples all cod-

preferred habitat. While there was no significant difference in capture rates between SRA and 

Targeted surveys, the Targeted surveys caught significantly larger fish than the SRA methods. This 

could suggest that smaller fish are using different habitat to that usually considered to be ‘preferred’ 

habitat – such as timber, rocks, overhanging vegetation (Rowland 2005; Ebner 2006; Lintermans 

2007; Koehn et al. 2009). Since juvenile Murray cod are vulnerable to cannibalism (Humphries 2005), 

these individuals could be using different habitat to avoid this – a behaviour found in northern pike 

(Esox Lucius) (Eklöv 1997). Different size classes of bluegill (Lepomis macrochirus) have also been 

found to occupy different habitats in response to their different predation risk (Mittelbach 1981). 

The angling surveys were biased towards capturing larger fish, likely because fishers were asked to 

employ any angling techniques they liked, and there is usually a tendency for recreational fishers to 

target large trophy fish. This would also be reinforced by the minimum legal size limits for Murray 

cod (600 mm TL) for recreational anglers. It may be possible that smaller and juvenile fish would be 

catchable if anglers employed different techniques such as reducing lure size, or by using bait. It may 

also be possible that the smaller fish are using different habitat to the larger fish, and anglers may 

not have been targeting these areas. For future study, this issue could be raised with anglers prior to 

fishing events. In contrast, the electrofishing surveys were biased towards smaller fish, with one 

third of the total number of fish captured by electrofishing being juvenile fish smaller than 300 mm 

in length. This bias towards smaller fish contrasts with existing literature that suggests that the peak 

power required to immobilise fish decreases with increasing fish volume (Dolan & Miranda 2003). 

While this means that larger fish are easier to immobilise once they are within the effective electric 
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field, it could be possible that larger mature fish are more likely to be trap-shy – that is more adept 

at evading the electric field before immobilisation. Trap-shyness is a well-established principle of 

animal capture (Green et al. 1981; Pradel & Sanz-Aguilar 2012), and fishes are no exception (Alós et 

al. 2014; White et al. 2015). It could also be that recreational angling minimum size limits are 

influencing the population size structure (larger fish being removed by angling), and a length 

frequency analysis of Murray cod in lowland systems has previously demonstrated this (Nicol et al. 

2005). Despite the various potential biases, electrofishing caught a larger size range of the 

population, while the angling techniques employed by this study are really only suitable for 

surveying the post-juvenile Murray cod population. 

Traditionally, fishermen cite a number of environmental variables as having an effect on their 

capture rates. Conventional fishing wisdom suggests that dawn and dusk are the most productive 

angling times (Starling 1986; Classon et al. 2010), and it was notable no angling captures were 

recorded between 2pm and 4pm. While the literature suggests that feeding of many fish tends to 

decrease as light levels decrease (Ryder 1977; Trippel & Neil 2003; Stoner 2004), this traditional 

angling folklore is likely related to the increase in a fish’s locomotion as light decreases (Stoner 

2003). This increase in locomotion could allow fish to encounter bait or lures at higher frequencies 

and in places they would not have occupied during higher light levels. 

Low barometric pressure is usually considered to produce slow capture rates for anglers (McGill 

2011; Hoefs 2015), with 1020 hPa often considered the lower point at which fish are more 

susceptible to angling (Creed 2015). However, a rapidly changing barometer (e.g. rapidly dropping as 

a storm approaches) is sometimes also anecdotally reported as associated with good fishing 

conditions (Willoughby 2014). The results of this study are not consistent with these hypotheses as 

both the highest and lowest barometric pressure occurred during the Pilot event, and the most 

captures and most consistent pressure readings occurring during Event 2. However, the very low 

pressure observed in the first days of Event 3 may have contributed to the low capture rate. 

Traditionally, fishermen also describe colder water temperatures reducing capture rates for most 

Australian native target species (including Murray cod)(Starling 1986; Classon et al. 2010). This is 

consistent with the literature which suggests that colder water could result in a reduction in a 

temperate fish’s ability to capture prey or avoid predation (Childs & Clarkson 1996; Temple & 

Johnston 1997; Myrick & Cech 2000; Todd et al. 2005). This is also consistent with our results, with 

the lowest temperatures and lowest number of captures observed during the Pilot event.  
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Turbidity is also considered among Australian angling fraternities to affect capture rates (especially 

for lure fishing), with highly turbid water traditionally reported as resulting in lower capture rates 

(Geddes 2007; Hoffman 2013). Turbidity has been found to negatively affect the predation success 

of primarily visual feeding fish (Radke & Gaupisch 2005), and was shown to be negatively correlated 

with angling capture rates in Largemouth Bass in the USA (Drenner et al. 1997). In contrast, we 

found a significant positive relationship between turbidity and CPUE in the Pilot event, suggesting 

that capture rate increased with turbidity. It is unlikely that this is truly the case and it’s probable 

that this relationship is skewed by outliers and low capture rates in this event. In general though, the 

least turbid water was associated with the greatest number of captures (Event 2), while the most 

turbid water was associated with the lowest number of captures (Pilot). Turbidity is a somewhat 

site-specific variable that is dependent on where and when precipitation occurs, as well as the 

location of a tributary’s confluence. Site specific measurements were not available in the current 

study and in some cases the measurements from the available gauging station did not always match 

the angler’s on-ground observations. For example anglers at Retallack’s Hole during Event 3 reported 

highly turbid water, likely as a result of heavy sediment load carried by the Molonglo River, however 

the downstream Halls Crossing gauging station recorded relatively low turbidity levels. It is quite 

likely that this disparity is just a delay in the sediment reaching the gauging station, and later 

turbidity measurements from the station support this explanation. 

There was some variation in the number of fish captured by angling in each event, although there 

was no significant difference in CPUE between events. This variation is not explained by any of the 

environmental variables investigated. It is possible that the timing of an event could have an effect 

on capture rates, as Event 2 was conducted shortly after spawning (and closed) season, some fish 

may have been more aggressive or be less ‘lure shy’ after a prolonged period of reduced angling 

pressure. This theory is supported by Alós et al.(2014), where intensity of recreational angling 

correlated with alterations in the vulnerability of fish through both learning and selection. Similarly, 

Post et al. (2002) found that angling was less successful proportional to the distance from a human 

population centre. Furthermore, the sampling sites in the current study were selected for 

accessibility, which means that a number of sites receive a high amount of regular angling pressure. 

Kambah Pool is an excellent example of an easily accessible site with high levels of human visitation 

(including angling pressure) (McGovern & Lintermans 2003). Despite its large size and habitat 

availability there was a relatively small number of fish captured by angling compared to other sites 

as well as when compared to the electrofishing surveys at Kambah Pool. It is likely that a 

combination of some or all of these factors will affect capture rates, making it difficult to isolate any 

one environmental condition as having a substantial influence. It would be possible to reduce the 
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potential impact of environmental variables on capture rates by increasing the number of events 

over a longer period of time. 

The differing pool sizes between upland and lowland rivers in the MDB needs consideration. The raw 

number of captures during angling surveys in this study is higher than those found in angling surveys 

in Victoria as part of the Basin-wide project (Brett Ingram, Fisheries Victoria, unpublished data). 

However, despite observing a greater number of captures, the CPUE of angling surveys in this study 

are lower than those in Victoria (Brett Ingram, Fisheries Victoria, unpublished data). In contrast, the 

raw number of captures as well as the CPUE of electrofishing surveys in this study is substantially 

lower than in Victoria’s electrofishing surveys. In some cases, the small size of a pool (e.g. Point Hut 

Crossing) did not allow for a difference between SRA and Targeted electrofishing surveys, as the 

entire pool could be sampled within the 12 SRA shots. It is likely that this has also affected angling 

CPUE as smaller pools could probably be fished by two anglers as effectively as four anglers could. 

This could result in the smaller pools being over-sampled by both angling and boat electrofishing. 

Increasing habitat complexity is generally associated with higher abundance in fish (Angel & Patricio 

Ojeda 2001; Górski et al. 2011), and habitat can affect the capture efficiency of electrofishing (Bayley 

& Austen 2002; Lyon et al. 2014). While there was some variation in electrofishing CPUE across sites, 

the only significant difference was between Point Hut Crossing and Retallack’s Hole. Although Point 

Hut Crossing was only the second smallest site, it did appear to have the least amount of habitat 

complexity and availability of all the sites, and is also close to public access and the closest site to an 

urban area and would expect to see relatively high angling pressure. Conversely, Retallack’s Hole 

was the largest site, and appeared to have a large amount of habitat complexity relative to the other 

study sites. Retallack’s Hole is also a relatively large distance from easy public access, and would 

expect to see less angling pressure than most other study sites. These are all factors that likely 

contributed to the differences of CPUE observed at these two sites.  

Despite its relatively low capture rate and greater variability across events when compared to 

electrofishing, angling as a survey method still has a number of direct advantages worth considering 

– namely cost, effort, and spatial extent. Firstly, the time it takes to complete angling surveys is 

substantially less than the time required for a small research team to complete electrofishing 

surveys. A large team of anglers can complete surveys at all sites simultaneously, while the research 

team could only complete surveys at around two sites per day. The cost of using volunteer anglers 

for surveys is just a fraction of the cost of electrofishing surveys. While anglers can sample fish from 

a range of depths, electrofishing is only effective within the capture range of the electric field (~3m) 

and so is ineffective at depths outside this range. However, probably the greatest advantage angling 
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has, particularly for sampling upland systems, is the wide spatial range anglers can cover, whether 

on foot or in a small watercraft (kayak/canoe/float tube), anglers can cover almost any environment. 

Importantly, involving recreational anglers in the management of their own fishery offers benefits to 

the community as a whole through education and broadened scientific literacy which can lead to 

greater policy influence and the development of a stewardship ethic for the resource (Whitelaw et 

al. 2003; Evans et al. 2005; Pollock & Whitelaw 2005; Lynam et al. 2007). However, it is well 

established that to achieve these benefits (and ongoing volunteer participation), volunteers need to 

feel that their data are valued and helpful (Stadel & Nelson 1995; Whitelaw et al. 2003; Stenekes & 

Sahlqvist 2011). 

A number of measures could increase the value of the data from angling surveys. Firstly, using long-

term tags to mark captured fish would allow anglers to conduct surveys over a greater time period. 

This would reduce the influence of environmental variables, but also allow potentially lure-shy fish a 

longer ‘cool down’ period which could also result in more recaptures. In addition, with an increase in 

spatial extent, anglers would have more opportunity to fish further from population centres which 

should lead to better angling conditions (Post et al. 2002; Alós et al. 2014). Streamer tags were used 

in this study for their ease of application by volunteers with minimal training, and so introducing 

longer-term tags will likely require additional training of volunteers. A longer-term comparative 

study could also be used to ‘calibrate’ data from angling and electrofishing surveys, and allow for the 

data to be ‘corrected’. Focusing the bulk of angling effort on periods where the water is warmer, and 

using the start of the open season when fish should be least likely to exhibit trap-shy behaviour, 

could also increase the capture rate of angling surveys. By downsizing lures and targeting all forms of 

habitat (rather than only traditionally preferred habitat), as well as giving clear instructions to 

anglers that monitoring is not interested solely in large fish, angling surveys could likely capture a 

larger size range. While the training component did emphasise this issue, particularly for Event 2 and 

3, it’s probably an issue that should have been made more energetically from the beginning at the 

same time as stressing the need to record breaks and fishing effort regardless of capture results. It 

may have been worthwhile investing more time into the training component to drive these issues 

home, however it was already difficult to get all the anglers together for the short period in this 

study, and further involvement from the participants would likely have required an additional 

incentive of some sort.  

Participatory community-based fish monitoring programs have been highly successful in the past, 

with the muskellunge (Esox masquinongy) fishery in Canada being an excellent example. 

Recreational anglers were asked to record captures of muskies in a diary-based monitoring program 
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in Ontario, Canada (Mosindy & Duffy 2006). Similarly to Australia’s Murray cod fishery, muskellunge 

is a naturally rare, large-bodied predatory freshwater fish which requires great skill and dedicated 

time to capture regularly. This has resulted in a large cohort of muskellunge anglers who are 

conservation aware, practise high rates of catch and release, and are dedicated to the management 

of the species (Cooke et al. 2000; Kerr 2006). A pre-established group of highly motivated and 

experienced anglers such as these provides the ideal base for developing a participatory fish 

monitoring program. Long term use of anglers has previously provided useful data for fishery 

management in Australia as well. ‘Basscatch’ involves recreational anglers targeting Australian bass 

(Peraclates novemaculeata) and has been held on the Hawkesbury-Nepean River biannually since 

1989 (Growns & James 2005). Recreational Murray cod capture data from the Lake Mulwala ‘cod 

classic’ has also been used to inform fishery management (Park 2005).  

Despite being substantially less efficient in terms of CPUE than electrofishing, using volunteer 

anglers to survey Murray cod in upland systems has shown some promise. As both techniques have 

advantages and disadvantages, it is likely that any future Murray cod monitoring programs 

developed for the ACT would benefit from using both electrofishing and angling surveys. Despite 

being a robust technique for capturing a large size range of the Murray cod population, 

electrofishing simply cannot be used in vast stretches of upland streams where boat access is not 

feasible. The high cost of electrofishing and the constraints on fisheries agencies monitoring budgets 

can also limit the temporal frequency at which electrofishing can be deployed. As there was no 

significant difference in the capture rate of the SRA methods and Targeted surveys, it may be 

possible to use the ACT Government’s long-term fish monitoring program (see Lintermans 2000) as 

part of an angler-supplemented targeted Murray cod monitoring program. It could also be possible 

to conduct angler surveys prior to this ACT Government monitoring to obtain long-term mark-

recapture data for ongoing local per-site population assessments. To increase the spatial scale of 

these per site population estimates, it would be beneficial to use longer-term tags such as dart or PIT 

tags which would allow mark-recapture studies to be undertaken by anglers in almost any part of 

the river. Although outside the scope of this research, further study should include a thorough 

analysis of costings to truly quantify the cost differences between citizen science initiatives and 

traditional survey methods. 
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Chapter 2   Maintaining citizen scientist involvement in long-

term monitoring projects: An Australian case study of monitoring 

populations of Murray Cod 
 

2.1 Abstract 
Volunteer citizen science programs are becoming increasingly popular worldwide. Recreational 

angler participation in fisheries research has been successful in multiple projects, with growing 

interest in enabling citizen scientists to engage in activities such as monitoring fish populations. 

However, multiple studies have identified that high drop-out rates amongst volunteer anglers create 

challenges for long-term citizen science-based monitoring programs. This study examined 

motivations for initial and continued involvement of 16 anglers in a volunteer angler program 

monitoring Murray cod populations in the Australian Capital Territory, Australia. The project 

involved three separate angling events over several months, enabling examination of how volunteer 

motivation changed from initial recruitment to longer-term participation. Motivations for initial 

involvement were driven by strong interest in both freshwater angling for Australian species, and in 

conservation of a valued fish species. Participants’ motivations changed as participation continued, 

shifting to a desire to continue achieving benefits such as improved angling knowledge/skills, 

networking opportunities, and greater understanding of scientific process. Key factors impacting 

ability to maintain participation were commitments affecting availability at specific times, together 

with concern about whether angler and researcher goals were complementary or might conflict in 

future, particularly if data on fish locations were published. Our results highlight the need to tailor 

design to enable participants to continue achieving benefits from engaging in citizen science over 

the longer-term, as well as to ensure shared objectives are built between citizen scientists and 

professional researchers engaged in using citizen data.  

2.2 Introduction 
The concept of citizen science is not a new one; active involvement of non-scientists in collecting and 

analysing scientific data has occurred since at least 1874 (Ratcliff 2015). In recent decades, the use of 

citizen science has grown rapidly worldwide (Roy et al. 2012; Tulloch et al. 2013). Citizen science is 

making significant contributions to scientific knowledge in a number of fields including astronomy 

(Roy et al. 2012), ornithology (Dunn & Winkler 1999), water quality monitoring (Zerbe & Wilderman 

2010), and natural resource management (including fisheries) (Danielsen et al. 2009). Referred to by 

a number of names, including ‘community science’, ‘public participation in science’, ‘community-
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angler participation in fisheries research has been successful in multiple projects, with growing 

interest in enabling citizen scientists to engage in activities such as monitoring fish populations. 

However, multiple studies have identified that high drop-out rates amongst volunteer anglers create 

challenges for long-term citizen science-based monitoring programs. This study examined 

motivations for initial and continued involvement of 16 anglers in a volunteer angler program 

monitoring Murray cod populations in the Australian Capital Territory, Australia. The project 

involved three separate angling events over several months, enabling examination of how volunteer 

motivation changed from initial recruitment to longer-term participation. Motivations for initial 

involvement were driven by strong interest in both freshwater angling for Australian species, and in 

conservation of a valued fish species. Participants’ motivations changed as participation continued, 

shifting to a desire to continue achieving benefits such as improved angling knowledge/skills, 

networking opportunities, and greater understanding of scientific process. Key factors impacting 

ability to maintain participation were commitments affecting availability at specific times, together 

with concern about whether angler and researcher goals were complementary or might conflict in 

future, particularly if data on fish locations were published. Our results highlight the need to tailor 

design to enable participants to continue achieving benefits from engaging in citizen science over 

the longer-term, as well as to ensure shared objectives are built between citizen scientists and 

professional researchers engaged in using citizen data.  

2.2 Introduction 
The concept of citizen science is not a new one; active involvement of non-scientists in collecting and 

analysing scientific data has occurred since at least 1874 (Ratcliff 2015). In recent decades, the use of 

citizen science has grown rapidly worldwide (Roy et al. 2012; Tulloch et al. 2013). Citizen science is 

making significant contributions to scientific knowledge in a number of fields including astronomy 

(Roy et al. 2012), ornithology (Dunn & Winkler 1999), water quality monitoring (Zerbe & Wilderman 

2010), and natural resource management (including fisheries) (Danielsen et al. 2009). Referred to by 

a number of names, including ‘community science’, ‘public participation in science’, ‘community-



 
36 
 

based monitoring’, and ‘citizen science’ (Kruger & Shannon 2000; Carr 2004; Conrad & Hilchey 2011; 

Miller-Rushing et al. 2012), this paper uses the term ‘citizen science’ as this is perhaps the most 

commonly used term, and as it refers specifically to non-scientists being engaged in scientific 

activity. 

Five common models of the varying degree to which the public are involved in citizen science 

initiatives are outlined by Shirk et al. (2012). These models, listed from least amount of public 

involvement to greatest, are contract, contribute, collaborate, co-create, and colleagues. Contract 

participation is where the public asks for scientists to conduct an investigation and then report on 

the results, while contribute participation occurs when the public is asked by scientists to collect and 

contribute data or samples. Collaborate participation is where the public, as well as collecting data 

and samples, assist scientists in the development stages of a scientific project. Co-create 

participation is when the public develop a study with input and advice from scientists, while 

colleagues participation is independently performed by the public and helps to fill a scientific 

knowledge gap. While these models are all described as common, the vast majority of citizen science 

projects tend to be contributory (Roy et al. 2012), and this is likely because this model can allow for 

a high degree of data accuracy as scientists can maintain a high level of control (Sbrocchi 2014). 

From the scientist’s point of view, involving members of the public in research can be of great 

benefit to an individual project, potentially allowing for an increase in the frequency, duration, area 

or scope of fieldwork (Whitelaw et al. 2003) while simultaneously reducing sampling costs (Conrad & 

Daoust 2008). In spite of this, citizen science has faced challenges (Conrad & Hilchey 2011). Lack of 

funding (Whitelaw et al. 2003) and data reliability concerns have historically been the greatest 

barrier to wider adoption of community science programs (Gouveia et al. 2004). Some studies have 

found inaccuracies in data collected by volunteers, particularly when ‘estimating’, (e.g. size of groups 

or individual animals), or using complicated or specialist equipment (Rehfisch et al. 2003; de Solla et 

al. 2005).However, other studies have been able to overcome data reliability concerns, usually by 

appropriate volunteer selection, as well as providing volunteers with thorough training (Easa et al. 

1997; Fore et al. 2001; Newman et al. 2003). This means that in many cases the key challenge that 

remains to achieving success in citizen science programs is enabling volunteers to become involved 

(Conrad & Daoust 2008), and remain involved (Rotman et al. 2014). 

Despite growing interest in the use of citizen science, many studies have identified that maintaining 

the involvement of volunteers over time is a significant challenge for citizen science (Reed et al. 

2013; Rotman et al. 2014; Shirk et al. 2012). Continued volunteer involvement is important for many 

citizen science programs (Nov et al. 2011; Prestopnik & Crowston 2011), particularly those that rely 
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on ongoing monitoring, or involve high levels of training of volunteer citizen scientists. High levels of 

drop-out can increase the cost of research, through requiring greater investment in training new 

volunteers on a regular basis (Savan et al. 2003; Stenekes & Sahlqvist 2011). This can threaten the 

viability of long-term monitoring if a stable and ongoing base of volunteer scientists is not 

maintained (Wiggins & Crowston 2011; Rotman et al. 2014). While many studies focus on the 

scientific benefits, or in some cases the data reliability issues faced by volunteer science programs 

(Conrad & Hilchey 2011), few studies have investigated the factors that influence a volunteer’s 

willingness to maintain long-term involvement, and how the citizen science experience can be 

designed to better target factors that motivate this ongoing involvement. While it is clear that it is 

worthwhile to evaluate the outcomes of a participatory program, it is also worthwhile to evaluate 

the individual and community outcomes that can be achieved. This means that citizen science 

programs tend to focus on two aspects, where biophysical scientists focus on the accuracy and 

precision of volunteers to undertake research, social scientists tend to investigate aspects 

influencing the desire to volunteer and the emotional benefits that come from it (Dyer et al. 2014; 

Rotman et al. 2014). 

This study, through a series of semi-structured interviews with volunteer anglers, aims to determine 

the reasons fishery research participants volunteer in the first place (initial motivations), as well as 

why they continue to be involved (continued motivation), why they might cease involvement (drop-

out), and what factors may increase likelihood of drop-out. A greater understanding of volunteer 

motivations and barriers to ongoing participation can inform more specific design of citizen science 

activities to minimise volunteer drop-out.  

Motivations for and barriers to ongoing volunteer participation were examined using a case study of 

anglers in Australia who participated in three rounds of standardised angling surveys as part of a 

study seeking to estimate local population abundance of a native fish species – Murray cod 

(Maccullochella peelii). Murray cod are a nationally threatened Australian freshwater fish species 

(NMCRT 2010), which are challenging to study because of the cost and efficacy of traditional 

scientific capture methods. Murray cod is an iconic and highly prized recreational angling species 

that requires high levels of skill and dedicated time to capture regularly, which has led to growth of a 

large cohort of conservation-aware recreational anglers. This suggests that citizen science has strong 

potential to contribute to the future monitoring and conservation of the species. 

This paper first reviews what is currently known about the benefits and costs of engaging in citizen 

science for participants, about motivations for getting involved and staying involved in citizen 

science, and about the barriers to remaining engaged in longer-term citizen science activities. The 
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methods used in the case study citizen science project are then described. The results examine initial 

and ongoing motivations of participants, as well as the barriers that might prevent ongoing 

participation. 

2.2.1 Benefits and costs of citizen science 

There are many potential benefits for those involved in citizen science research. Citizen science can 

play an important role in education, through participants gaining a greater understanding of the 

scientific process or even by improving their understanding of their role in the environment (Evans 

et al. 2005; Conrad & Hilchey 2011). Volunteers involved in citizen science tend to engage more in 

community development and have a greater influence over policy makers (Pollock & Whitelaw 2005; 

Lynam et al. 2007), and this can help to create a stewardship ethic around an ecosystem or 

environment (Whitelaw et al. 2003). Citizen science also helps to build social capital, by increasing 

levels of trust and cooperation in communities (Sultana & Abeyasekera 2008), increasing volunteer 

engagement, improving agency connection, and leadership building (Whitelaw et al. 2003). Building 

social capital can lead to a more educated community (Cooper et al. 2007), and increase public 

support for conservation (Schwartz 2006).  

A wide range of factors motivate volunteers to participate in citizen science projects, which vary 

both within and between sectors of society (Roy et al. 2012), and are influenced by individual factors 

such as gender, age, income, family structure, and level of independence (Pearce 1993; Terry et al. 

2012; Rotman et al. 2014). Understanding motivation for participation in citizen science can be 

complicated because of the wide range of types of citizen science and of engagement in citizen 

science (from full commitment, to occasional ‘dabblers’) (Crowston & Fagnot 2008). This is further 

complicated because participants are usually motivated by more than one factor (Jordan Raddick et 

al. 2013; Reed et al. 2013), and these factors may change over time (Locke et al. 2003).  

The most commonly recorded motives for volunteers to participate in citizen science programs is 

enthusiasm, commitment and enjoyment related to the goals of the project (Cooke et al. 2000; Kerr 

2006; Roy et al. 2012). This is particularly salient in the context of fishery research programs where 

levels of enthusiasm and commitment are largely determined by the overall ‘culture’ of the fishery 

(Cooke et al. 2000; Kerr 2006). Other commonly identified motivations include commitment to a 

larger cause (or moral duty), learning opportunities, reputation gain, and reciprocity (Batson et al. 

2002; Rotman et al. 2014). Some elements in successful citizen science programs include genuine 

acknowledgement of participant’s contribution, effective and consistent communication, a 

volunteer’s involvement from the beginning, and the involvement of local respected champions 

(Whitelaw et al. 2003; Conrad & Hilchey 2011; Rotman et al. 2012; Dedual et al. 2013; Rotman et al. 
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2014).The primary reason for discontinuation of involvement in citizen science (drop-out) identified 

in the limited literature available is competing demands for volunteer time, with citizen science 

being given lower priority than other time demands (Eveleigh et al. 2014). Whether engaging in 

citizen science is given high priority can be influenced by a number of factors including poor 

communication between volunteer and initiating agency, lack of positive reinforcement/feedback, 

volunteers’ access to the data, and whether they feel their contribution is valued and helpful (Stadel 

& Nelson 1995; Whitelaw et al. 2003; Gouveia et al. 2004). In particular, a volunteer’s ability to 

maintain a link to the data they provide has been found to influence future participation (Roy et al. 

2012). This link is largely achieved through effective communication between the involved parties, 

which can sometimes be challenging. Dedual et al. (2013) showed that in fisheries citizen science 

programs there are a number of risk areas to the breakdown of communication, including a lack of 

rigorous scientific information transfer from scientists to fishers and managers, a fear from fishers 

that management actions will limit fishing opportunities, pre-existing antagonism between 

commercial and recreational fisheries, and fishers’ suspicion of science. The relatively small number 

of studies examining factors leading to drop-out highlights the importance of understanding how the 

citizen science experience can be designed to maintain enthusiasm and commitment to the project.  

2.3 Methods 

Data on volunteer motivations for initial and continuing involvement in collecting data on Murray 

cod abundance were collected using three rounds of semi-structured interviews, conducted 

following three angling events on the upper Murrumbidgee River in the Australian Capital Territory 

(ACT) in 2015/16. Semi-structured interviews are a common qualitative data collection technique in 

which interviewers ask a series of open-ended questions about pre-determined topics, and explore 

responses given to each in detail (Miles & Huberman 1985). By not limiting respondents to a set of 

pre-determined answers, semi-structured interviews allow participants an opportunity to discuss or 

raise a wide range of issues (Auerbach & Silverstein 2003). Qualitative data focus on people’s lived 

experiences and, as such, are well suited for locating the meanings people place on the events, 

processes, or structures in their lives (Miles & Huberman 1985) –their perceptions, assumptions, 

prejudgments, presupposition (Van Manen 1977). It is this lived experience that influences whether 

a person gets involved, and continues to be involved, in citizen science processes. For these reasons, 

semi-structured interviews were deemed to be the most appropriate technique for this study. 

Experienced Murray cod anglers were recruited through recommendation from the region’s peak 

recreational fishing body (CRFA) for their angling expertise (to maximise capture rate), which 

resulted in an entirely male group of participants, aged from their twenties to their sixties. Over 11 
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months these anglers participated in three angling events at six sites in the upper Murrumbidgee 

River in the Australian Capital Territory (ACT). Anglers were required to fish in teams of two for a 

minimum of four hours during each event, and to tag and record all captured Murray cod as well as 

record the start and finish times of each angling session. Volunteers also measured captured fish 

length, and recorded basic local weather conditions. Anglers fished in teams of two and were 

assigned specific fishing locations (see Chapter 1 for detailed methods of the angling events). Anglers 

were given an opportunity to nominate locations that they were feasibly able to fish on a given day, 

as well as who they would prefer to fish with, and by and large these preferences were 

accommodated. 

A total of 42 interviews were conducted with a total of 19 anglers across the three survey events 

(Table 5). All participating anglers were encouraged to be involved in the interview process before 

and after each angling event. All interviews were conducted by phone, and recorded using the 

Android application “Automatic Call Recorder”. Most interviews took around 15-30 minutes, but 

some lasted longer, up to 80 minutes in one case. 

The project included both volunteer anglers and a small number of professional scientists (who were 

also anglers) who assisted with angling when volunteers were not available. Only volunteers were 

interviewed. Rates of participation in interviews after each angling event varied, with 76% 

participating in the first round, 58% in the second round and 61% in the final round. While no anglers 

refused to be interviewed, some did not respond to requests to schedule interviews. To assist 

participation in interviews, a gift voucher of $25 was offered to those who participated in the third 

round of interviews to encourage faster participation, and this process was successful in achieving a 

more rapid response. It could have been possible to achieve a higher response rate by offering an 

incentive like this from the beginning. Interviews were conducted in the final round until no new 

themes (across all rounds) were discussed, a point often referred to as ‘thematic saturation’ (Baxter 

& Eyles 1997).  

Table 5 - Total number of interviews for each event, as well as the number of interviewees returning to participate after 
conducting an interview in a previous event. 

Event Total # of anglers Total # interviews # Return 
interviewees 

1 21 16 - 

2 24 14 14 

3 20 13 12 
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Probing questions were used during the interviews to explore the participant’s responses to gain a 

thorough insight to their meaning. Notes and inferences were made during and directly after each 

interview, and this formed part of the initial analysis process. All interviews were fully transcribed, 

using the platform oTranscribe (Bentley 2013). While transcribing, interviewer observations noted 

during interviews were also included in the transcript, focusing on interviewer assessments of 

context, emerging themes and new areas for exploration. These were then used to inform and shape 

probing questions in subsequent interview rounds (Corbin & Strauss 1990). 

Each interview was thematically coded based on key themes emerging from interviews and 

associated interviewer notes. The coding process followed an adaptive theory approach, which 

combines the use of pre-existing theory and theory generated from the data analysis (Layder 1998). 

This is often described as the combination of preconceived and emergent theory (Layder 2005). 

Existing theory forms the basis for initial coding themes, and these were expanded and altered 

based on the themes that emerged from the interview data (Layder 2005). A hierarchy of three 

different types of codes was used - open codes, axial codes and selective codes (Walker & Myrick 

2006) – see Table 6. First, open codes were assigned to segments of interview text. These were then 

organised into axial and selective codes, which formed into the core emergent themes of the data. 

Coding was performed using NVivo 10 (v10.0.138.0). 

 

 

Table 6 - Example of organised hierarchy of codes produced in data analysis  

Number of 
interview 
participants 
who 
discussed 
theme 

Total 
number of 
times 
theme 
mentioned 

Open Codes:  Axial codes:  Selective code: 

8 10 Passionate about fishing Is a passionate 
angler 
 

Feels they have 
a role to play 
and want to 
make a 
difference 

4 5 Good excuse to go fishing 
8 8 Wanted to give back 
8 8 Wanted to give back Wants to be 

involved in 
conservation of 
fishery 
 

15 19 Wants fishery conserved 
6 6 Wanted to try fishery 

research 
5 5 Felt they had something to 

offer the project 
4 5 Social opportunity Social capital Direct benefit 
9 11 Wants to learn more Social learning 
6 8 Interested in citizen science 
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2.4 Results 
Analysis of interview data focused on comparing the initial motivations of participants with the 

motivations for maintaining their involvement, and barriers to continued involvement. The results 

presented here identify the key themes discussed by the interviewees in these three areas. These 

findings are then discussed in the context of optimal design of the citizen science experience in 

future community-based research projects. 

2.4.1 Participation and drop-out 

There was some temporary participant drop out across the three angling events held (over a period 

of 18 months), with seven anglers not returning after the first two events. All of these participants 

advised researchers that they were unavailable for particular sampling dates, and in one case an 

angler did not participate in the second event after being involved in the first, and then returned to 

the project for the third sampling event. 

While there was some observed drop-out, interview data suggest the drop-out was not permanent. 

Participants were asked if they would consider volunteering in citizen science projects in the future 

in general, if they would consider volunteering for fishery research in the future, and whether they 

would be willing to be involved in future Murray cod monitoring in the ACT. Participants’ responses 

to these questions were positive, with all participants agreeing they would like to be involved 

further. Most simply stated they would be willing to continue participating: “Yep, definitely” –Angler 

#4 and “Yep, for sure” – Anglers #10, #14. Other participants described their motivations for ongoing 

involvement as they answered the question (examined further in the next section). 

“Yeah, most definitely. Like if my recreational fishing can add something to some decent data for 

sustainability for the future, then that makes perfect sense …I've said a couple of times it’s a 

privilege to be a part of it [the research]. I'm really, really stoked to be involved in it and I hope I can 

continue to be as the project continues for any time into the future. I'd love to continue to be 

involved.” – Angler #13. 

This suggests that the study experienced transient drop-out of volunteers, with all volunteers willing 

to participate again in future, even if they had temporarily ceased involvement at some point in the 

three angling events held for this study. 

2.4.2 Initial motivations 

Motivations for participants’ initial involvement included personal enthusiasm for the study species 

or location, as well as a sense of moral duty. Participants also discussed the project as an 

 
43 
 

opportunity to increase social capital, and to learn and build knowledge. These motivations are 

discussed below. 

Personal enthusiasm: 

All 16 interviewees expressed a high affinity with the local region or with Murray cod, and this 

affinity was a principal driver of initial participation.  

“Murray cod are obviously probably the most fascinating of freshwater species to most people on 

the southern side of the east coast. So you know I've always been fascinated with cod fishing.” – 

Angler #10  

While most participants had a strong interest in Murray cod and the local environment, 10 of 16 

anglers also expressed a passion for angling itself as a key motivator for their initial participation. “I 

like fishing” – Angler #13. This suggests that the key driver for participants’ initial involvement was a 

pre-existing passion and interest that was relevant to the science involved. In this case this was 

angling for an iconic species in an environment that most cared deeply about. This high level of 

enthusiasm underpinned most of the other motives discussed below.  

Moral duty: 

Conservation was a strong motivator for most participants: 15 of 16 anglers identified a desire to 

contribute to the conservation of Murray cod, and some an interest in broader environmental 

conservation, as a primary motivation for participation: 

“I like getting out there [in the environment] and having a look at them [Murray cod] and catching 

them and then putting them back, so I'd like my kids to be able to do that. And if I can make sure 

that that continues to happen, you know anything that I can do is a good thing I think” – Angler #12.  

While nearly all (15) participants felt they wanted to give something back to the fishery, five of 16 

anglers more specifically felt that their skillset in angling meant that they had something to offer the 

project:  

“I've always volunteered to try and tag fish through ACT fisheries and even some parts of NSW 

fisheries due to the large numbers of big cod I catch and the inability for them [scientists] to 

effectively electrofish them. So I've always been keen to get into tagging and then this opportunity 

came up, so I just took it.” – Angler #15. 
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Overall, when participants felt a moral obligation to do what they could to conserve the fishery was 

accompanied by personal enthusiasm, the initial motivation to volunteer was particularly strong. 

Increasing social capital: 

Seven participants wanted to get involved in the project to grow their social capital by broadening 

their networks, and thought it would be an excellent opportunity to meet other like-minded people:  

“it’s also a chance to meet some new guys … I sort of see that they're fishing on Facebook or in 

newsletters and fishing forums and that, and it’s just a good opportunity to meet new people as 

well. Pick their brains and learn a bit more from other people.” – Angler #16. 

However, that was not true for all participants. For a small number, having to work closely with 

people they did not know or did not like would result in their reduced participation: “If we were 

allocated partners, I probably would [reduce my future involvement]. Due to the fact that there are 

some people out there that I don't get along with” – Angler #15.  

In some cases participants preferred it if the citizen science opportunity enabled them to grow their 

existing social capital, reinforcing existing social networks. 

“I’d probably not be as excited [about being allocated a partner to fish with whom the angler did not 

know] as if I was just fishing with my mates, because I know I can rely upon them and we can talk 

about whatever, you know if we're just sitting there fishing or whatever... you know we can talk 

about our lives etc and... so yeah I'd prefer it if it was fishing [with your mates].” - Angler #17. 

In this case study, other than chance meetings on the water during sampling, training nights before 

each event were the only official project meet-ups for the anglers. Some anglers sought to organise 

additional social opportunities with fellow participants (in the form of a dinner after a training night), 

further highlighting the desire of many participants to achieve social benefits from their engagement 

in citizen science. 

Learning and knowledge: 

Ten participants discussed learning as a motivation. These participants felt that participation in the 

project provided a good opportunity for them to learn more about angling. This opportunity was 

discussed in two different ways. First, some participants felt it was a good opportunity for social 

learning from their peers: “Pick their brains and learn a bit more from other people.” – Angler #16. 

Second, some anglers saw an opportunity to learn more about angling patterns from the results of 

the fishing events: 
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“Just what you said before about the only fish that were caught were all within that half an hour 

window. Anybody who’s done a lot of fishing knows that those little windows occur and then trying 

to marry up the results with… because you can’t measure your own results as effectively as you can 

if it’s one component of an overall picture.” – Angler #9. 

Some anglers also thought volunteering would be a good opportunity to learn more about the 

biology or ecology of a particular species or environment: “Or just being able to learn more about 

the population and fisheries and how it’s all [the waterways] going” – Angler #1. In addition, a 

number of participants liked the idea of being involved in citizen science, and thought that could 

broaden their scientific education. 

“Mainly just to get involved in a bit of the research side, and maybe find out a bit more about the 

fishery ourselves. Like as rec [recreational] anglers, you don't always get to be involved, and you 

don’t get to hear a lot about what’s going on in terms of research and monitoring and that sort of 

thing. So, yeah it was a bit of an opportunity to get involved in that, and I guess get in a bit behind 

the scenes on how the monitoring side of things works.” – Angler #16 

2.4.3 Continued motivation 

When asked about factors motivating them to continue participating in angling events, the same 

themes that prompted initial motivation were mostly still present for returning participants. 

However, an additional theme emerged – individual benefit. While this was often linked to initial 

motivations, continued motivations were typically expressed in more specific ways, which focused 

on the benefits the participant was deriving from the process. This was discussed in three main 

ways: social learning/feedback, improving angling skills, and enjoyment. 

Learning: 

Nearly all (13) participants described learning about the species, the local environment, and specific 

skills, as motivations for continued participation, focusing on the learning opportunities they saw 

opening up as a result of their ongoing participation: “and yeah just getting an idea of how healthy 

the waterways are is something I'd really be keen to find out as a result of all this” – Angler #13. In 

particular, several anglers reported being motivated by increasing their scientific literacy, through 

actions such as learning to record data and how to tag fish: “First of all I'd never tagged a fish before 

we started this, so yeah, you know I've learnt how to tag fish. And I'm learning how to record data” – 

Angler #4.  

Achieving goals: 
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Four participants also discussed ‘seeing the project through’ as a reason for returning for subsequent 

events, and in particular the final (third) fishing event: “To see it [the project] through to the end” – 

Angler #1 and “Well, I like to finish what I start with” – Angler #4. While this project had a final date, 

and returning for the final event would result in a participant ‘finishing what they start’ in that sense, 

it is important to note that most ongoing monitoring programs do not have an ‘end point’. This 

suggests that it could be important for citizen science projects to set specific objectives or goals so 

that participants can have a sense of completion. For longer term and ongoing projects, this could 

involve setting interim goals so that participants can have a sense of achievement at key stages. 

Feedback: 

Receiving feedback was described as important to maintaining motivation by several interviewees. 

Feedback on the outcomes of their involvement in the project assisted participants to feel like they 

were achieving goals, and to understand how their involvement fitted into a broader conservation 

perspective:  

 “Everyone wants to hear the results. The best way to get people engaged is to tell them what 

they've done has been successful... and by successful I just mean that something has been 

determined by it, not necessarily that they caught fish” – Angler #12.  

Some described a desire for specific types of feedback from the study: 

 “... I'd love to see some kind of documented record of all of the surveys - like the dates, the angler 

effort, the catch rate by anglers, and the recapture rate by electrofishing. That would be fascinating 

for me. I'd love to see that” – Angler #9. 

Feedback helped participants to understand how their involvement fits into the broader 

conservation perspective, and just as importantly provided an opportunity for volunteers to hear 

that their contribution was valuable, and that they were helping to achieve research goals. 

Improving angling skills: 

Nine participants felt they were directly improving their angling skills or knowledge by being 

involved with the project. 

“And when everyone else is fishing the same time as us, you're seeing patterns. People are catching 

fish or people aren't catching fish... you know it's good to see that you're not the problem, there's 

something environmental, there's something else.” – Angler #4  
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“Refining handling techniques might be part of it. Because you're a bit under the pump [under 

pressure] to try and get the tag in and get the picture and stuff, but you've got to look after the fish.” 

– Angler #19 

One participant felt that they improved their angling skills from another experienced fisherman.  

“I've fished with him a few times before, he’s very knowledgeable and he's very happy to share his 

knowledge. A good sort of affable guy to fish with and I get along with him well, so yeah [...], I always 

learn something fishing with him” – Angler #16.  

However this was not always the case, with one angler feeling that their fishing had not improved at 

all. 

“Cod still elude me and I still have no clue what I'm doing in the way of angling. But I suppose as we 

do more of them and a bigger picture is starting to build there's a chance to maybe come up with 

some other theories as well, but you know at this point in time I'm finding it very hard to say that 

I've learnt in this project” – Angler #10. 

Enjoyment: 

Eleven anglers said that enjoyment of previous events was an important motive for them to return 

for subsequent fishing events: 

“Oh, I enjoyed the first one [angling event]. I think they’re great fun. At the end of the day, I'm going 

to go fishing anyway, so we may as well try and do it with a bit of purpose.” – Angler #11  

“Oh, I enjoyed participating and being a part of it last time” – Angler #14. 

After a low capture rate and relatively small number of angling hours conducted during the first 

angling event, researchers introduced a number of small prizes to incentivise anglers to commit 

more time. Most anglers said that the prizes did not affect their fishing: “No, I don't think so. I was 

just keen to fish for some Murray cod.” – Angler #8. However, four participants thought that the 

addition of the prizes would encourage other participants, and three thought it created a more 

competitive environment, which they enjoyed:  

“it probably adds a bit of competition to it, which makes it a bit of fun I guess.” – Angler #6. 

“Not so much for the prizes, but maybe more for a little bit of bragging rights between the guys. 

Yeah, the prizes... I could take or leave the prizes, but the bragging rights is where it’s at for me.” – 

Angler #19 
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While nine participants discussed enjoyment of the first fishing events as a factor motivating 

continuing involvement, not all had a positive experience in the initial fishing event. In particular, 

some anglers expressed disappointment in some of the sites and the weather they were asked to 

fish, with very poor weather during the first fishing event:  

“It wasn't very exciting being allocated a tiny pool [to fish]. And you know fishing it over and over 

again, […] you know, it did feel a bit silly. There was too much effort in too small an area for any 

serious fisherman to get excited” – Angler #18 

“It was just the weather was pretty ordinary. You know, fisherman have fished that part of the river 

out there for like 45 years and you just know that when the weather is like that it’s umm its hard 

work and I suppose that your confidence levels are down” – Angler #2 

While these experiences in which fishers had little enjoyment of a particular fishing event did not 

result in volunteer drop out, they were described as a factor that could potentially reduce 

involvement if the negative conditions continued. In this study, weather was good in the second and 

third fishing events, and care was taken to rotate fishing sites so all citizen scientists had the 

opportunity for a ‘good’ fishing spot. This may have mitigated the potential negative impact of a 

single poor fishing experience on volunteer participations, and highlights the importance of 

designing citizen science events to enable enjoyment.  

2.4.4 Barriers to ongoing participation 

Participants identified a number of factors that would reduce their participation in future events. 

Most of these, such as time management and injury/illness, were factors that would have a 

temporary effect on a participant’s motivation. However a number of volunteers also suggested that 

one issue - publicly releasing fish capture locations - would affect their involvement on a more 

permanent basis. 

Time: 

Having pre-existing commitments that clashed with proposed dates of fishing events was the most 

common barrier to participation cited by interviewees (n = 16): 

 “Oh, family commitments mainly. But with enough notice that can usually be avoided anyway” – 

Angler #7.  

“Ahh, just timing, but with enough notice I could get around to it” – Angler #19.  
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Seven participants experienced clashes with timing of other events, such as other pre-arranged 

fishing trips, family commitments, and family emergencies, which prevented their involvement in 

one or more of the three fishing events. Contact was maintained with all of these participants, and in 

one case a participant who had missed the second event was able to participate in the third event. 

However, this highlights timing and a need to ensure participants can miss some events while 

maintaining longer-term participation. 

Injury/illness: 

A number of participants made cursory mentions that injury or illness might result in their reduced 

involvement for any particular event, and in one case this occurred, with a participant suffering an 

injury and having to cancel participation in a fishing event as a result. 

Public release of fish locations: 

Recreational fishers are well-known to be protective of what they consider to be productive fishing 

locations (Starling 1986). A key de-motivational factor discussed by participants was whether fish 

capture locations would be made public. Since the anglers knew they were collecting mark-

recapture data that was going to be used for a Murray cod population estimate, there was some 

concern that these data might be made publicly available in publications that resulted from the 

project. This could result in an undesirable amount of recreational angling in areas shown to hold 

high numbers of fish. 

“but you know if the information [about exact fish locations] was kind of handed out, then that 

might get me out of joint a little bit... I think that's something that might kind of give a negative spin 

on things. You know people get a bit funny about that sort of thing” – Angler #13. 

This concern is particularly acute for Murray cod. This threatened species is relatively sedentary 

(known to have a small home range), with their movement further reduced by the limited habitat 

continuity in upland river systems in which the study took place, meaning there is high concern 

about over-fishing if locations of cod populations are publicly identified: 

“I don't actually like telling people where I'm fishing... there's already way too much fishing pressure 

on Murray cod, especially in the local region of the Murrumbidgee. And there's way too many 

dickheads, just utter dickheads, disregarding the laws and boasting and posting away on Facebook 

and the internet and in magazines saying where they caught their fish.” - Angler #18.  
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2.5 Discussion 
Citizen science lends itself well to projects that require a one-off contribution from volunteers, such 

as vegetation planting or environmental clean-ups, however many citizen science projects are 

longer-term and involve ongoing monitoring. In these cases, it is important that attrition of 

volunteers is minimised, as drop out of volunteers can threaten the viability of a citizen science 

initiative. 

The results of this study suggest that there is a large overlap between motivations for initial and 

continued participation. This is likely because the major driving motivation for participants to 

volunteer in the first place is centred largely around a pre-existing personal interest (Rotman et al. 

2014), in this case a respondent’s passion for angling, as well as their affinity for a particular species 

and/or place. It is this passion that helps to drive a stewardship ethic, and consequently a desire to 

be involved in conservation initiatives. It is also likely that the actions needed to fulfil those 

motivations may change as a person’s engagement in citizen science continues over time. 

In this study, motivation was particularly driven by close affinity with the species being monitored 

and strong interest in fishing. Murray cod are often considered an elusive angling species, and so 

require high levels of skill and dedicated time to capture regularly. This has led to a large cohort of 

very passionate anglers, who are highly skilled and very conservation aware. It is likely that this close 

association with a species is strengthened by the iconic status of Murray cod (Lintermans et al. 

2005). This iconic status is evident in the sheer numbers of Murray cod that are released after 

capture by recreational fishers: despite being considered an excellent table fish, around 85% of 

Murray cod are released by recreational anglers in Australia (Henry & Lyle 2003). This means that 

the catch and release Murray cod fishery is exceeded (in terms of proportion of fish released) only 

by sharks and rays, and is the highest catch and release freshwater fishery in Australia (Henry & Lyle 

2003). Similarly, many fishers have a strong affinity for the Murrumbidgee River in the ACT, which 

holds the only natural population of Murray cod in the ACT. With few other natural or wild (i.e. not 

stocked urban lakes) angling options available locally, many local fishers have developed a strong 

connection to both the species and place that were the focus of this study.  

Furthermore, nearly all participants felt that the project offered them a good reason to participate in 

their hobby when they otherwise may not have been able to justify time out of their busy personal 

or family lives. That is, the project provided an opportunity for volunteers to engage in an activity 

they were passionate about and already actively sought opportunities to engage in.  
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Volunteer selection was made based on their experience as Murray cod anglers in an attempt to 

maximise capture rate. The volunteers were selected through personal recommendation of the 

region’s peak recreational fishing body (CRFA). Although not all participants were members of the 

CRFA, this lead to an entirely male group of anglers, which may have influenced their responses 

during the interview process. Schlozman et al. (1995) found more similarities than differences 

between male and female volunteers in citizen science, and other studies found no differences in 

the responses of men and women (Rotman et al. 2012). Nevertheless, it may be worthwhile 

increasing angler diversity where possible in future studies to help determine or minimise the 

influence gender may have on the motivations of volunteers in participatory fishery research 

programs. 

Many participants also felt a strong moral duty to be involved in conservation initiatives, where they 

felt as though they could make a difference. When this sense of moral duty also accompanied a 

strong pre-existing passion for Murray cod and fishing, motivation for involvement was particularly 

strong. These results suggest that in cases where there is already strong pre-existing passion for the 

activity being engaged in or the subject being studied, volunteer engagement and retention is likely 

to be relatively strong, whereas in situations where there is not a pre-existing cohort of passionate 

volunteers, scientists may need to actively encourage and build this passion to encourage long-term 

participation. 

Another important factor in participants’ initial and continuing motivation was a desire to further 

develop social capital. Although most participants knew at least one other volunteer angler prior to 

their involvement in the project, many thought it would be a good opportunity to build social capital 

(Putnam 2000) by broadening their social networks and meeting other like-minded people. This 

study offered limited social opportunities, and participants actively sought more such as dinners 

after training nights. Active design and use of multiple social opportunities should be designed into 

citizen science, including developing online social networks through mechanisms such as Facebook 

which can enable participants to interact with other volunteers as well as researchers, to share 

experiences and discussions. 

Many participants also discussed a desire to further reinforce existing social networks with other 

participants they already knew well. During this project, this was achieved through anglers fishing in 

teams of two and having an opportunity to state a preferred partner. Many of these anglers spent 

the majority of a sampling weekend in close contact with a good friend, enabling them to reinforce 

and build social capital within their existing social networks. Future citizen science projects could 

facilitate these sorts of opportunities by enabling friends or family to spend time together as part of 
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the citizen science process. Importantly, not all volunteers wished to engage in new social contact in 

the project: one of the reasons for low drop-out in this study may be because of the choice given to 

fishers as to whether they would fish with a partner they already knew, or with someone they did 

not know previously. This ensured that those who did not wish to have to interact with strangers did 

not have to. 

Many participants were motivated by a desire to develop their angling skills via their participation in 

the project, through learning from other experienced anglers. Consistent with Roy et al. (2012), this 

suggests that it is important for citizen science projects to provide opportunities for volunteers to 

develop and grow skills and expertise important to them, or related to the enthusiasm that 

motivated their initial involvement. This social learning aspect can be achieved in-part by providing 

the social capital building opportunities previously mentioned. However, traditional learning 

opportunities are also important, through providing formal training in scientific skills, as well as 

updates on the project and access to the results of the project for volunteers. For example, during 

this study a number of participants found it educational to hear approximate capture locations, 

times, and techniques from other anglers, which they felt could help them to adjust their angling 

under similar environmental conditions in the future. 

Many participants were eager to take part in the final angling event for the project to ‘see it 

through’. This suggests that volunteers are not only motivated by an ability achieve personal goals 

(such as grow skills), but also the achievement of specific objectives of the scientific project in which 

they are engaged. While this project was relatively short-term, many citizen science projects are 

much longer-term and in many cases are ongoing monitoring projects, meaning it can be more 

difficult to ensure participants feel they are achieving specific goals or outcomes. To enable 

participants to experience this sense of achievement, longer-term projects may need to set specific 

shorter-term objectives that are completed within shorter periods within the overall project. For 

example, in fisheries monitoring projects this can be readily framed around open and closed angling 

seasons.  

The ability of participants to achieve project goals is closely tied to the feedback they receive from 

project managers. Clear communication between participants and researchers is widely regarded to 

be an important factor that underpins volunteer participation in the long-term (Roy et al. 2012; 

Rotman et al. 2014). Feedback also provides good opportunities for participants to learn how their 

involvement fits into a broader conservation context, but also that their contribution is valued and 

how they are helping to achieve research goals. Failure to communicate to volunteers about their 

engagement can result in high levels of attrition for citizen science projects (Stadel & Nelson 1995).  
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Regular feedback and contact with participants could provide an opportunity for researchers and 

volunteers to build trust (Sultana & Abeyasekera 2008) or better understand each other’s 

perspectives. The relationship between researchers and volunteers can potentially be strengthened, 

or even repaired in cases where they may have deteriorated (Danylchuk et al. 2007; Garbarino & 

Mason 2016). Throughout this study, the relationship between researchers and participants was 

largely established and maintained through the interview process and training before each event. 

Some anglers participated in a self-organised pub meal after one of the training sessions, in this case 

the researchers could not attend, however this could have provided a good opportunity to 

strengthen relationships and build networks between researchers and volunteers.  

Additionally, strengthening the relationship between researchers and volunteers may have resulted 

in increased participation in the interview process. While offering a small gift voucher reward 

substantially reduced the time it took participants to conduct the interviews, it did not result in new 

or more participants. For future study it could be worth investing more time into building the 

relationships with participants through social events beyond the training and educational events 

conducted in this study. This could also provide further opportunities to solidify the participants 

understanding of the major research goals, and ensure that both researchers and volunteers are 

working to achieve them. It is possible that strengthening these relationships would provide a better 

foundation on which to build a community stewardship ethic (Pollock & Whitelaw 2005), and 

increase both parties’ awareness of issues affecting the target species. 

The primary barrier to participation in this study was lack of time, or specifically whether 

participants could prioritise their involvement in the project over other commitments. This is a 

challenging barrier to overcome. The results suggest that rather than seeking to ensure every 

participant can take part in every event, it is more important to have strategies for maintaining 

contact with those who drop-out temporarily to better ensure they re-enter volunteering and that 

temporary drop out does not become permanent exit from the citizen science process. 

Interviewees discussed poor weather, the site they were allocated for sampling, as well as prizes 

that created a competitive environment as factors that affected their enjoyment during 

participation. While having a single experience of a ‘low enjoyment’ event did not lead to drop-out 

of the highly motivated volunteers in this project, continued low enjoyment could have done this, 

and having poor enjoyment could have caused drop out of less motivated volunteers. Project 

designers should take into account factors that affect a participant’s enjoyment during the actual 

sampling process where possible. This could primarily be achieved through scheduling sampling 
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Regular feedback and contact with participants could provide an opportunity for researchers and 
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during seasons with more stable and pleasant weather where possible, as well as allowing 

participants to rotate through ‘preferred’ sampling sites. 

Participants in this study discussed only one factor as likely to result in them stopping participation - 

public release of fish capture locations. Some anglers were concerned that publications resulting 

from the case study (a Murray cod population estimate) would translate into an unwanted increase 

of recreational angling pressure on locations deemed to have large numbers of fish. This highlights 

that when the participants have fundamental concerns about the goals, or resulting publication of 

research, stopping participation is a real possibility. This is something that should be carefully taken 

into account by project designers to limit the attrition rate of projects, and it can largely be 

addressed though effective feedback and communication between project managers and 

volunteers. There is an opportunity for technology (such as social media) to play role in effective two 

way communication and education in future research programmes, however it is out of the scope of 

this study. 

2.6 Conclusion 
Volunteer drop-out can threaten the viability of ongoing citizen science projects, and keeping 

volunteers engaged in projects in the long term is often difficult. Understanding the factors that 

motivate volunteers to participate, as well as the factors that result in de-motivation is critical to 

long-term volunteer engagement. The results of this study provide insight for project designers to 

actively shape citizen science initiatives to encourage long-term volunteer participation. 

Project designers need to take into account a wide range of factors, and in some cases may need to 

account for a varying number of demographics when designing citizen science programs. The 

primary factor for project managers to take into account is the characteristics of volunteers that are 

required for long-term participation. In most cases this is largely dependent on the pre-existing 

enthusiasm among the cohort of volunteers. In cases where this enthusiasm is limited, it is 

important for scientists to encourage and build this passion. Citizen science program designers 

should provide opportunities for volunteers to build social capital in the form they prefer it, whether 

this is meeting new people, or spending time with people they already know. Designers of ongoing 

projects should set interim goals, and provide clear and consistent feedback that gives volunteers a 

sense of achievement throughout the project life-cycle. Effective communication and feedback also 

allows maintenance of participation of those who have to temporarily stop participating because of 

competing demands on their time. 
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Chapter 3   Using mark-recapture data from volunteer angling 

and electrofishing surveys to estimate local Murray cod populations 

in the upper Murrumbidgee River, ACT. 
 

3.1 Abstract 
Murray cod are both a nationally listed threatened species and an iconic target for recreational 

anglers in south-eastern Australia. The National Murray Cod Recovery Plan identified important 

populations in the Murray-Darling Basin, and identified the need to improve collaboration across 

jurisdictions and allow the trial of cost-effective survey methods. Upland populations of Murray cod 

are understudied when compared with those in lowland systems, and there is no targeted Murray 

cod monitoring in the ACT or upland NSW. Stock assessments are vital for the effective management 

of threatened fish species, as they show trends in abundance which allow for the evaluation of 

management actions. This study used mark-recapture data from volunteer angling and boat 

electrofishing surveys fitted into a Bayesian framework using Markov Chain Monte Carlo (MCMC) 

methods to estimate local per-site populations of Murray cod in the ACT. This study estimates the 

total population of post-juvenile Murray cod at all sample sites sampled to be between 131 and 828 

individuals. A large amount of uncertainty in these estimates from extremely low recaptures means 

that results should be treated with caution, however this study provides the first quantified estimate 

of a Murray cod population in upland systems and provides a baseline for further monitoring. 

3.2 Introduction 
Declining biodiversity is a global ecological problem (Allan & Flecker 1993; Sparks 1995; Dirzo et al. 

2014; Ceballos et al. 2015; McCauley et al. 2015), and freshwater ecosystems are declining at 

alarming rates (Vörösmarty et al. 2010; Collen et al. 2014) and declining faster than both marine and 

terrestrial systems (Sala et al. 2000). Globally, freshwater fish species declined by approximately 50% 

between 1970 and 2000 (Clausen & York 2008), and conservative estimates suggest that 20% of 

global freshwater fish populations were already extinct or in serious decline by 1992 (Moyle & Leidy 

1992). Large freshwater fish are in decline for a number of reasons, including environmental 

degradation (Lyons et al. 1998) and loss of spawning habitat (Carlson & Bonislawsky 1981), as well as 

over-exploitation by either recreational (Post et al. 2002) or commercial fishing (Degen et al. 2000). 

Stock assessments or population estimates are integral for effective threatened species 

management (Begg et al. 1999; Male & Bean 2005). Population estimates provide a basis for 

fisheries management and conservation (Hallerman 2003) by allowing for detection of trends in 
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abundance, and thus the ability to evaluate the success of any recovery or management actions 

(Maxwell & Jennings 2005; Joseph et al. 2006), which is a necessary part of the feedback loop for 

adaptive management (Runge 2011). Population estimates have successfully been used 

internationally to determine abundance trends in Gulf of Mexico sturgeons (Acipenser oxyrinchus 

desotoi) in the Suwannee River, Florida (Pine et al. 2001), and Arapaima (Arapaima sp.) in the 

Amazon (Castello et al. 2011). Stock assessments have also successfully been used to determine 

trends in abundance in marine environments in southern Australia with school sharks (Galeorhinus 

galeus) (Punt & Walker 1998).  

Large freshwater fish in Australia are in decline because of a number of human-influenced factors 

including interactions with alien fish species, habitat destruction and flow regulation, and both 

commercial and recreational fishing (Cadwallader & Gooley 1984; Ingram et al. 1990; Todd et al. 

2005; Sherman et al. 2007; Koehn & Lintermans 2012). The large-bodied native freshwater fish fauna 

of the Murray-Darling Basin (MDB) is dominated by the Percichthyidae family (Lintermans 2007), and 

a number of these large Percichthyids are threatened, including all four from the genera 

Maccullochella, two of which are from the MDB (Lintermans et al. 2005).  

Maccullochella peelii is Australia’s largest wholly freshwater fish, growing to 1.8 m and 113.6 kg 

(Anderson et al. 1992; Lintermans 2007). Endemic to the MDB, Murray cod once supported a large 

commercial fishery, and today is an economically and culturally important target of inland 

recreational fishers (Henry & Lyle 2003; Koehn & Todd 2012). It is widely recognised that Murray cod 

have declined in abundance for more than a century (Dannevig 1903; Dakin & Kesteven 1938; 

Rowland 1989; Humphries 2005), and these declines in abundance have been attributed to over-

fishing as well as artificial barriers to movement, habitat loss, and changes in the natural flow 

regimes including thermal pollution (Kearney & Kildea 2001; Lintermans & Phillips 2005; Lintermans 

2007; NMCRT 2010). In 2003 Murray cod was listed as vulnerable under the Environment Protection 

and Biodiversity Conservation (EPBC) Act 1999, and a national recovery plan was subsequently 

prepared to identify the reasons for decline, current threats and recommend recovery actions 

(NMCRT 2010). As well as a plan for conservation and recovery, an action plan to inform 

management of the recreational fishery was also prepared (MCFMG 2011). The recovery plan 

identifies important cod populations in the MDB, and both plans identify the need to develop and 

trial cost-effective survey techniques (e.g. including volunteer anglers). Despite the long-identified 

need for better information on Murray cod populations (Kearney & Kildea 2001; Lintermans & 

Phillips 2005) such data are still relatively scarce, particularly outside of the Murray River. Recent 

national stock assessments of key Australian fish stocks have classified Murray cod populations in 
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each state and territory as ‘undefined’ largely because of lack of information (Ye et al. 2014; Ye et al. 

2016).There are no existing Murray cod population estimates, and so this clear and important 

knowledge gap must be addressed to help us understand the effectiveness of any future 

management actions. 

Murray cod are well studied in lowland systems (Anderson et al. 1992; Jones & Stuart 2007; Koehn 

et al. 2009), however relatively little is known about upland cod populations. Although upland 

Murray cod populations are beginning to receive more attention, and the upper Murrumbidgee 

River has been identified as containing an important cod population (NMCRT 2010), there is no 

targeted Murray cod monitoring undertaken in this area (though there is some general fish 

community monitoring conducted (see Lintermans 2000). This is in part because of the difficulties 

associated with employing traditional fish survey methods such as gill netting for sit-and-wait 

predators like Murray cod. More recent active survey methods such as boat electrofishing, are 

difficult to conduct in the narrow, high-gradient, rocky channels of upland systems. Boat 

electrofishing can only be used in very limited pockets of water in the upper Murrumbidgee River 

where the river and topography allows launch and retrieval of a boat electrofisher. 

A current lack of suitable Murray cod survey methods for upland environments, as well as the 

growing use of citizen science monitoring programs world-wide (Conrad & Hilchey 2011; Roy et al. 

2012; Tulloch et al. 2013) provides a basis for developing an angler-inclusive Murray cod monitoring 

program suitable for upland systems. Under the auspices of the Murray Cod Fishery Management 

Group, a multistate project commenced in 2013 to investigate the use of angler data to monitor the 

species. As part of this project, experimental mark-recapture Murray cod monitoring data were 

collected by volunteer anglers and boat electrofishing at six sites in the upper Murrumbidgee River 

in the ACT in 2015/16 (Chapter 1). These data can be easily used for presence-absence or relative 

abundance analysis, however to help understand trends in absolute abundance and quantify the 

effectiveness of any fishery management actions, we should be able use this data for stock 

assessments. While presence-absence surveys can be applied over a greater spatial scale to give 

information about range or distribution, population estimates give more information per site 

(Joseph et al. 2006), and when combined with a citizen-science approach can be conducted over 

large spatial and temporal scales. 

The aim of this study is to use mark-recapture data collected from both angling and electrofishing 

surveys to estimate the local population size of Murray cod at six sites in the upper Murrumbidgee 

River in the ACT. 
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3.3 Methods 
A mark-recapture study was undertaken during three sampling campaigns at 6 sites in the upper 

Murrumbidgee River in the ACT. Murray cod were captured during angling and boat electrofishing 

surveys and tagged using the methods outlined in Chapter 1. Anglers fished in teams of two, for a 

minimum of four hours during a given weekend, where they tagged and measured all Murray cod. 

Electrofishing surveys were conducted in the days immediately following the angling surveys. Two 

‘runs’ of electrofishing surveys were conducted per sampling campaign, with the first run following 

SRA methods (Davies et al. 2012), while the second run targeted Murray cod habitat. Captured fish 

that were smaller than 200 mm TL were not tagged to minimise stress to vulnerable juvenile fish 

(see Chapter 1 for detailed methods). 

Across three sampling campaigns 47 post-juvenile Murray cod were captured by anglers in 724 

hours, while 98 were captured by electrofishing in 10.6 hours. A total of 11 fish were recaptured 

across all 3 sampling campaigns, and all of these were recaptured during electrofishing surveys, with 

only two having been first tagged by anglers (see Chapter 1 for detailed results). This chapter 

analyses mark recapture data from one sampling campaign in March 2016 (Event 3, see Chapter 1). 

3.3.1 Study Area 

This study was conducted in the upper Murrumbidgee River within the Australian Capital Territory, 

south-eastern Australia. Six sites that are relatively evenly spaced along the ~60km length of the 

Murrumbidgee River within the ACT, and were all known to contain Murray cod (Lintermans 2000) 

were chosen for sampling (Figure 13). The six sites are all pools of varying size (Table 7). The upper 

Murrumbidgee River is a typical south-eastern Australian upland river with a cobble-boulder bed and 

valley controlled with complex bed morphology. Some sections are considered open valley, but the 

upper Murrumbidgee is typically a low-gradient confined valley with intermittent floodplain pockets 

(Dyer et al. 2014). Substrate is bedrock, angular gravels, cobbles, and coarse sands (Wallbrink et al. 

1998). Previous geomorphic analysis at 100m intervals has determined that the reach is 63.7% pool 

habitat (Dyer et al. 2014). 

Since the construction of Tantangara Dam and the Snowy Mountains Hydro-electric scheme, 99% of 

in-flowing water has been diverted from Tantangara to Lake Eucumbene, as well as a complete 

elimination of spring snow melt and reduction in annual flows of 50% (Pendlebury 1997; Lintermans 

2006). Many years of poor land management and a lack of flushing flows has led to large amounts of 

sedimentation in some parts of the upper Murrumbidgee (Erskine 1997), which in addition to road 

crossings and weirs can form major barriers to fish passage (Lintermans 2006). Additionally, another 

seven alien fish species have become established in the upper Murrumbidgee River, with undoubted 
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effects on native fish populations (Lintermans 2000). With the exception of a conservation stocking 

of Trout cod above Gigerline Gorge and and Kambah Pool (ACT Government 2018), there have been 

no recreational fish stockings in the Murrumbidgee within the ACT (ACT Government 2015). 

However, in more recent years, fishing clubs and the NSW Department of Primary industries have 

stocked Murray cod upstream of the ACT which have established reproducing populations (Couch et 

al. 2016). 

Table 7 - Size of sampling sites within a 53.27km reach on the Murrumbidgee River in the ACT.  

 

Angle 
Xing 

Tharwa 
Sandwash 

Point Hut 
Xing 

Kambah 
Pool 

Casuarina 
Sands 

Retallack's 
Hole 

Length (m) 281 1,472 333 815 567 1,166 

Max Width (m) 105 66 65 121 79 78 

Perimeter (m) 783 3,120 992 1,908 1,272 2,771 

Surface area (m2) 13,713 51,709 18,273 58,623 32,356 59,256 

 



 
61 
 

effects on native fish populations (Lintermans 2000). With the exception of a conservation stocking 

of Trout cod above Gigerline Gorge and and Kambah Pool (ACT Government 2018), there have been 

no recreational fish stockings in the Murrumbidgee within the ACT (ACT Government 2015). 

However, in more recent years, fishing clubs and the NSW Department of Primary industries have 

stocked Murray cod upstream of the ACT which have established reproducing populations (Couch et 

al. 2016). 

Table 7 - Size of sampling sites within a 53.27km reach on the Murrumbidgee River in the ACT.  

 

Angle 
Xing 

Tharwa 
Sandwash 

Point Hut 
Xing 

Kambah 
Pool 

Casuarina 
Sands 

Retallack's 
Hole 

Length (m) 281 1,472 333 815 567 1,166 

Max Width (m) 105 66 65 121 79 78 

Perimeter (m) 783 3,120 992 1,908 1,272 2,771 

Surface area (m2) 13,713 51,709 18,273 58,623 32,356 59,256 

 



 
62 
 

 

Figure 13 - Location of sites sampled during angling and electrofishing surveys in the Murrumbidgee River, ACT. Inset 
show the location of the study reach in southeastern Australia. 

3.3.2  Data Analysis 

The total and post-juvenile (>300 mm total length (TL)) population size of Murray cod at each sample 

site was estimated using the angling survey and electrofishing survey capture data obtained during 

one sampling campaign in March 2016 (Event 3, see Chapter 1). Post-juvenile has been defined as 

>300 mm TL for the purposes of this study, as that is the approximate size at which Murray cod 

become vulnerable to standard angling techniques (Ross-Magee unpubl obs). The data from this 

campaign comprise the number of captures and recaptures from three visits to each of the six sites 

(see Chapter 1). Fish were captured during the first visit by angling, and the number of hours spent 

angling varied across sites. During the remaining two visits, fish were captured by boat 

electrofishing, where the number of 90 second boat electrofishing shots varied across sites. This 

means there were two different capture probabilities assumed: one is the probability of capturing a 

fish that is present at a site in one hour of angling (which is applied to the first visit to each site). The 
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second is the probability of capturing a fish during one 90 second boat electrofishing shot (applied to 

the remaining visits). It was assumed that these capture probabilities are the same for all six sites, 

and also that no tag loss occurs.  

Every captured fish at each site was assigned a 3-digit capture history. For example, a fish captured 

at a site by angling during the first visit, but was not recaptured during subsequent electrofishing 

visits would be assigned the capture history of “100” (where each digit represents the capture 

history of a visit). However, a fish not captured during angling surveys, but captured and then 

recaptured during the subsequent electrofishing visits would have a capture history of “011”. For 

each capture history we can write an equation describing the probability of observing that outcome. 

For example, the equation for capture history “100” would be: 

 (1-(1-pa) angling_hours)  *  (1-pe)eshot2  *  (1-pe)eshot3 

Where pa is the capture probability per hour of angling and pe is the capture probability per boat 

electrofishing shot (eshot); angling_hours is the number of hours spent angling during visit 1, and 

eshot2 and eshot3 are the number of electrofishing shots during visit 2 and 3 to the site where the 

fish was captured. 

The first term in the equation describes the probability of a successful capture by angling (as the fish 

was caught on the first visit), while the remaining two terms describe the probability of an 

unsuccessful capture by electrofishing, which reflects the capture history that was observed. 

Following the same method, equations were created to describe the capture probability to reflect 

each of the other observed capture histories. 

In addition to these capture histories, there is also an unobserved capture history of “000”, which 

represents fish that were present at a given location, but were not captured during any visit. The 

probability of this outcome can also be calculated using the appropriate equation. 

Each data point then comprised the capture history of fish at each location, with a probability of 

capture that has two unknown parameters (Pa and Pe). As capture probabilities calculated from only 

the observed captures are biased (Royle & Dorazio 2008), the data was augmented with a series of 

pseudo-individuals (assigned the unobserved capture history “000”) following the method in Royle 

(2009). This meant that including the captured fish, there were a total 250 ‘fish’ (capture histories) 

associated with each site – which meant there were enough pseudo-individuals to include all the 

individuals actually present at a site. Because sampling was confined to pool habitats (because boat 
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electrofishing is not possible in shallow riffle and run habitats), population estimates have only been 

generated for pool habitats.  

This model was fitted in a Bayesian framework using Markov Chain Monte Carlo (MCMC) methods, 

in JAGS (Plummer 2003) called from R v. 2.3.1 (R Development Core Team 2008). The model was 

used to estimate the unknown capture probabilities (Pa and Pe), and based on these, the number of 

pseudo-individuals that were actually present at each site but not captured. An estimate of the total 

Murray cod population at each site was then calculated by adding the number of captured fish to 

the estimated number of pseudo-individuals present but not captured. 95% credible intervals (the 

range we can be 95% sure the true value lies within) have been calculated. This was repeated with 

all fish <300mm TL excluded, to estimate the population of post-juvenile Murray cod at each site.  

Relationships between local population estimate and pool length were investigated using linear 

regression in SigmaPlot v12.5 (Systat Software, San Jose, CA). Population extrapolations were 

calculated for the entire Murrumbidgee River length in the ACT from the regression equation. These 

estimates were also ‘corrected’ to account for the proportion of pool habitat based on a geomorphic 

study of the majority (48km stretch from Angle Crossing to downstream of Casuarina Sands) of the 

Upper Murrumbidgee River, in the ACT (Dyer et al. 2014). Non-pool habitats were excluded from the 

population estimate as the angling and electrofishing sampling only covered pools. As pools are the 

preferred habitat for adult Murry cod (Lintermans et al. 2005; Rowland 2005; Lintermans 2007) and 

pool habitats comprise approximately 65% of the total river length in the ACT (Dyer et al. 2014), this 

approach to correct the estimate based on pool length provides a benchmark for further studies. 

3.4 Results 
Thirteen Murray cod were captured by anglers, with captures at all sites except Casuarina Sands. A 

total of 72 Murray cod were captured from the two runs of electrofishing and there were captures at 

all sites (Table 8). All nine recaptured fish were from electrofishing surveys, with only two of those 

recaptured fish being first tagged by anglers. 
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Table 8 - Number of Murray cod caught per site by boat electrofishing and angling.  

  
Angle 
Xing 

Tharwa 
Sandwash 

Pt. Hut 
Xing 

Kambah 
Pool 

Casuarina 
Sands 

Retallack’s 
Hole Total 

Angling 4 4 1 1 0 3 13 

Efishing 8 14 2 17 9 22 72 

Recapture 1 4 0 2 1 1 9 

 

Murray cod captured by electrofishing ranged in length from 82 mm to 1075 mm TL, while angled 

fish ranged from 295 mm to 705 mm TL (Figure 14). Angled fish were significantly (Wilcoxon rank 

sum test p<0.001) larger (mean= 525.5 mm TL, median=520 mm TL) than those captured by 

electrofishing (mean=484 mm, median=375.5 mm). Over half (n=40) of fish captured by 

electrofishing were <400 mm TL, and 19% of the total were juvenile fish <300 mm TL. Anglers only 

captured one fish <400 mm TL. 

 

Figure 14 - Length frequency comparison of Murray cod captured by angling and boat electrofishing. 

 

Mean estimates of total population size of Murray cod per site ranged from 27 – 95, while the total 

estimated population at all sites ranged from 185 - 882 (Figure 15). The population estimates varied 

across sites, however, there is large uncertainty and a great deal of overlap in the 95% credible 

intervals across all sites (Figure 15). Although there is still some overlap, there is less uncertainty that 

Point Hut Crossing has a lower population estimate compared to all other sites. 
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Figure 15 - Estimates of the total population of Murray cod per site in the upper Murrumbidgee River. Red dots show the 
captured population, while the black dots represent the mean (or best estimate probabilistically) of the estimated 
population size within the 95% credible intervals. Note that total population estimate of the Murrumbidgee reach in the 
ACT is presentedin Table 9. 

 

Mean estimates of population size of post-juvenile Murray cod per site ranged from 25 – 82, while 

the total post-juvenile population estimates at all sites ranged from 131 - 828 (Figure 16). While the 

minimum and mean number of fish estimated at each site is slightly reduced from those for the full 

population estimates, the maximum population estimates at Angle Crossing and Casuarina Sands is 

much lower. Maximum population estimates at Tharwa Sandwash and Rettallack’s Hole remain 

similar. The uncertainty around the post-juvenile population estimate at Kambah Pool and Point Hut 

 
67 
 

Crossing increases from the full population estimates, however the uncertainty around the estimates 

for Angle Crossing and Casuarina Sands populations are reduced.  

 

 

Figure 16 - Estimates of the population of post-juvenile (> 300 mm TL) Murray cod per site in the upper Murrumbidgee. 
Red dots show captured population, while the black dots represent the mean (or best estimate probabilistically) of the 
estimated population within 95% credible intervals. 

 

There was a positive non-significant (linear regression p > 0.05) relationship between pool length 

and estimated population size (Figure 17), with R2 ranging from 0.56 (maximum population 

estimate) to 0.59 (minimum population estimate). 
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Figure 17 - Correlation of estimated Murray cod population size and pool length on the upper Murrumbidgee River. 

There was a significant positive relationship between pool length and estimated post-juvenile 

population size (Figure 18). Linear regression determined that there were significant relationships 

between pool length and the maximum population (R2 = 0.77, DF = 5, F = 13.49, p = 0.02; y = 55.392 

+ (0.107*pool_length)), mean population (R2 = 0.79, DF = 5, F = 15.12 p = 0.02, y = 16.442 + 

(0.0499*pool_length)), and minimum population (R2 = 0.76, DF = 5, F = 12.51, p = 0.02, y = 2.005 + 

(0.0257*pool_length)). Note that these post juvenile population relationships were stronger than 

those of the full population estimates. 

 

Figure 18 - Correlation of estimated post-juvenile Murray cod population and pool length on the upper Murrumbidgee 
River. Significant correlations are highlighted by an asterisk. 
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A Murray cod population estimate for the whole of the upper Murrumbidgee River in the ACT was 

extrapolated using the regression equation (maximum population = 55.392 + (0.107*pool_length), 

mean population = 16.442 + (0.0499*pool_length), minimum population = 2.005 + 

(0.0257*pool_length)), and this ranged from 1371 to 5755 fish (Table 9). This estimate was 

‘corrected’ to exclude river habitat other than pools (e.g. riffles, runs), based on previous 

geomorphic study of the area (Dyer et al. 2014). Corrected Murray cod population estimates in pool 

habitats ranged from 874 to 3686 fish for the whole river reach.  

Table 9 - Extrapolation of post-juvenile Murray cod population for 53.27km reach of the Murrumbidgee River. Pool 
population est. is the estimate of the post-juvenile Murray cod population in pool habitats only within the 
Murrumbidgee River in the ACT. 

 
Minimum Mean Maximum 

Equation estimate 1371 2675 5755 

Pool population est. 874 1710 3686 

 

3.5  Discussion 
Despite the acknowledged uncertainties, this is the first study to estimate Murray cod population 

size in upland environments. Total estimated Murray cod population at all sites ranged from 185 to 

882. As these are local per-site population estimates that only take account a very small percentage 

of the upper Murrumbidgee, (and only include pool habitats) it is logical that the true population 

value for the entire reach of the upper Murrumbidgee River in the ACT is substantially higher. 

Although small-scale per-site population estimates alone are unlikely to allow Murray cod stocks in 

the ACT to become ‘defined’ as a fishery (as per Ye et al. 2014; Ye et al. 2016), it provides a baseline 

population estimate that will be valuable for ongoing monitoring and detections of trends in 

abundance.  

A number of factors may influence the variability in estimated population sizes between sites. Sites 

varied greatly in size with Retallack’s Hole and Kambah Pool both having more than three times 

greater surface area than Point Hut Crossing and Angle Crossing. It’s likely that habitat complexity 

and availability is another factor that influenced the population size at a given site (Angel & Patricio 

Ojeda 2001; Górski et al. 2011). While habitat complexity and availability was not quantified in this 

study, it is reasonable to assume that larger sites would generally contain more available habitat for 

fish, and this is consistent with other studies (Eadie et al. 1986; Angermeier & Schlosser 1989). This is 

consistent with site observations, with particular emphasis on the relatively high degree of habitat 

complexity (high frequency of deep water, submerged rocks and timber, weed beds and over-
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hanging vegetation) found at Tharwa Sandwash and Retallack’s Hole. Another factor that may 

influence a population’s size in a recreational fishery that allows ‘catch-and-take’ is its proximity to 

public access for anglers (Post et al. 2002; Alós et al. 2014). Casuarina Sands and Kambah Pool are 

major public access points to the Murrumbidgee River, while both Angle Crossing and Point Hut 

Crossing are only a short walk from public car parks. Retallack’s Hole however, is accessible only 

through private property, and Tharwa Sandwash has been closed to public angling since the early 

2000s (ACT Government 2018). When taking all of these factors into account, Retallack’s Hole 

appears to be the most likely site of those studied to support the largest population of Murray cod, 

and this is consistent with the findings. 

Significant positive relationships were found between pool length and post-juvenile population size, 

with the mean post-juvenile population showing the strongest relationship (R2 = 0.79). As Murray 

cod predominantly occupy restricted home ranges for the majority of the year (Koehn et al. 2009), 

the species potentially lends itself to scaling up from local per-site population estimates to per-reach 

population estimates. Extrapolation of the post-juvenile population from the regression equation 

(and correcting to include only pool habitat based on previous geomorphic study) resulted in a 

population ranging from 874 to 3686 (mean = 1710) Murray cod in the Murrumbidgee River 

between Angle Crossing and Retallack’s Hole. These estimates need to be treated with caution as 

there is considerable uncertainty involved in the initial estimates; however, they would be 

strengthened by increasing the frequency and number of sites surveyed within the reach where 

possible, and increasing the number of recaptured fish. 

Only one fish <400 mm TL was captured by anglers, compared to 40 by electrofishing. This bias 

towards larger fish in angling surveys is likely related to the tendency for recreational anglers to 

target larger or trophy fish (Arterburn et al. 2002; Sutton 2003; Beardmore et al. 2013). 

Furthermore, anglers were asked to employ angling techniques they were confident in, so it may be 

possible that smaller fish would be better represented in the catch if anglers used different 

techniques such as reducing lure size, or using bait. As the size/age structure of a population is 

important information in effective fishery management (Berkeley et al. 2004; Hsieh et al. 2006; 

Barwick et al. 2014), the ability of electrofishing to sample a large size range could be important in 

future Murray cod population monitoring in upland systems. However, it is likely that with the 

difficulties in sampling and recapturing small fish, and the potential for small juvenile fish to use 

shallower, non-pool habitats (Act Govt unpubl data), post-juvenile population estimates will remain 

more robust than those which include juvenile fish. 
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The population estimates generated in this study should be treated cautiously as there are large 

uncertainties around all estimates, because of the extremely low recapture rates. Fish studies, 

particularly in freshwater, can have low-efficiency sampling methods (Bayley & Austen 2002), and 

very low recapture rates which can affect model precision and accuracy (Pine et al. 2003). The low 

recapture rate observed in this study could have been in part because fish exhibited trap-shy 

behaviour (to both angling and electrofishing), a phenomenon previously observed in fishes (White 

et al. 2015), and can be affected by both selection and learned behaviour (Alós et al. 2014). As 

Murray cod is a long-lived species (Rowland 2005), it is likely that learned behaviours such as this 

play an important role in survival. Additionally, recapture methods such as acoustic telemetry tags 

could provide for a better recapture rate, however it is expensive and the tagging procedure largely 

precludes volunteer involvement. 

The uncertainty around the population estimates was reduced when the model was run with the 

inclusion of only post-juvenile (>300 mm TL) fish, likely because only one fish under this length (270 

mm) was recaptured. Exclusion of fish <300 mm TL also excludes the possibility that some captured 

fish were actually recaptures as no fish captured <200 mm TL were tagged to minimise potential 

stress to these juvenile fish. It is also likely that further sampling events across a greater time-frame 

(using long-term tags) would reduce the uncertainties around these estimates, and help to mitigate 

the influence of environmental variables. The model in this study used a closed population 

assumption, as there is no immigration or emigration information available in upland environments, 

and Murray cod are known to be relatively sedentary outside of spawning season (Koehn et al. 

2009). However, given more data and long-term tags, ongoing monitoring could allow for a slightly 

different population estimate approach which takes into account additions and deletions from the 

population over time, which may reduce the uncertainty. 

A future monitoring program aimed at monitoring Murray cod in upland systems where boat-

electrofisher access is limited, would likely benefit from the increase in spatial scale that 

incorporating anglers provides. However, as anglers did not reliably capture fish smaller than 300 

mm, or recapture tagged fish, electrofishing is still an essential component for monitoring of Murray 

cod populations. Few sampling techniques can reliably capture the whole size spectrum of a fish 

species (Lintermans 2016), and so employing multiple capture methods is likely to be valuable for 

future monitoring. Furthermore, using angling and electrofishing in combination over longer time-

frames may also reduce the variation because of trap-shyness from learned behaviour, and 

environmental variables. Since the aim of threatened species management is to manage a 

population (not just adults), it would make future monitoring programs more robust to also 
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understand other demographic information on Murray cod populations, such as abundance and 

survival rates of eggs and larvae, juvenile abundance, and number of adults contributing to breeding 

and recruitment (NMCRT 2010; King 2007). As it is not possible for recreational anglers to collect this 

information, a monitoring program that used this kind of approach would need to incorporate both 

anglers and traditional scientific monitoring methods. 

This study is the first attempt at estimating Murray cod population in an upland river. We estimate 

that there are between 874 and 3686 (95% credible), with the predicted mean being 1710 post-

juvenile Murray cod in pools in the upper Murrumbidgee River in the ACT. While there are large 

uncertainties as a result of low numbers of recaptures, and these estimates should be treated with 

caution, this study provides a basis for fishery managers to see trends in abundance, and thus 

measure the success or failure of management actions during ongoing monitoring of Murray cod. 

The uncertainties of this study could likely be reduced by using longer term tags (or perhaps 

telemetry tags) and increasing the spatial extent and frequency of angling surveys, which should lead 

to more robust recapture data (as discussed in Chapter 1). Nevertheless, it shows that data from 

volunteer angler-based surveys, as well as boat electrofishing surveys can be used in conjunction for 

Murray cod monitoring in remote upland systems with limited access.  
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Synthesis 
 

This research showed that boat electrofishing was a substantially more efficient capture method 

than angling in terms of a sheer catch per unit effort comparison. However, angling as a survey 

method still provides some benefits worth considering for future Murray cod monitoring programs, 

such as the relatively low cost, rapidity of sampling, and relative ease of sampling difficult-to-access 

habitats. I also showed that volunteer angler-supplemented mark-recapture data can be used for 

local per-site Murray cod population estimates, and that these can potentially be expanded to larger 

extents of river in upland systems. This study estimates that there are between 874 and 3686 post-

juvenile Murray cod in pools in the Murrumbidgee River in the ACT, with the predicted mean 

estimate being 1710 fish. Additionally, to help reduce volunteer attrition in ongoing citizen science 

projects, this study identified the key motivations for volunteer’s initial participation in fishery 

research which was driven by a strong pre-existing enthusiasm. In the case of this research, that pre-

existing enthusiasm was for a combination of Murray cod, the Murrumbidgee River, and angling 

itself. 

In this synthesis chapter I provide a brief summary of the findings of the three research chapters in 

this thesis, I also discuss how this research fits within a national and international context, as well as 

suggestions for further research. 

 

Chapter 1  Using recreational anglers to monitor an iconic 

threatened species: a comparison with conventional electrofishing 
Murray cod is a nationally threatened iconic fish species, as well as a highly sought after recreational 

angling target (Henry & Lyle 2003; Rowland 2005). In 2010, a Murray cod recovery plan was 

produced to help improve collaboration across the Murray-Darling Basin, as well as develop cost 

effective survey techniques (NMCRT 2010). A companion document was produced in 2011 by the 

Murray Cod Fishery Management Group, a coalition of fishery managers, researchers, and anglers, 

which identified the desire of anglers to be involved in the conservation of their fishery (MCFMG 

2011). To address these issues, a Basin-wide project was funded in 2013 to compare standard boat 

electrofishing techniques to volunteer angler surveys for capturing Murray cod, and the research 

presented in chapter one is the ACT component of this national project. 
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The research in chapter one used 24 volunteer anglers across 6 long-term conventional monitoring 

sites in the upper Murrumbidgee River in the ACT, to capture and tag Murray cod during three 

events in 2015/16. Immediately following the angling surveys, researchers conducted boat 

electrofishing surveys at the same sites (all large pools) allowing a capture efficiency comparison of 

the two sampling techniques. Across all 3 sampling events, 48 Murray cod were captured by anglers 

in 724 angling hours, while 149 Murray cod were captured by electrofishing in 10.6 hours (‘power 

on’ time). A total of 11 Murray cod were recaptured, all during electrofishing surveys. 

Comparing such disparate capture methods directly (e.g. through CPUE), was problematic, and 

potentially misleading, as has been found in other methods comparisons for Australian fish (e.g. see 

Lintermans 2016). For example, CPUE altered dramatically depending on how effort was measured 

with each technique (electrofishing on time vs elapsed time). Also, the size range of fish captured by 

each sampling method was significantly different, with electrofishing catching a much larger size 

range of fish than angling. While this research showed that in terms of catch per unit effort angling 

was not as effective when compared with boat electrofishing, angling as a survey method still has 

some inherent benefits that electrofishing cannot offer –particularly in upland systems. Angling 

surveys can be completed in a fraction of the timeframe and for a fraction of the cost of boat 

electrofishing surveys. However, most importantly, angling also offers the ability to sample fish in 

remote locations where boat electrofisher access is impossible. While the angling surveys in this 

study were affected by environmental conditions to a greater degree than electrofishing, and 

anglers were not able to reliably capture fish <300 mm TL, future monitoring programs would 

benefit from the inclusion of both capture methods. Further research should consider including a 

thorough cost analysis to better compare the two survey methods from an economic standpoint. 

 

Chapter 2   Maintaining citizen scientist involvement in long-term 

monitoring projects: An Australian case study of monitoring populations of 

Murray Cod 
The use and confidence in citizen science projects is growing worldwide (Conrad & Hilchey 2011; Roy 

et al. 2012; Tulloch et al. 2013), as the involvement of volunteers can allow for an increase in scope 

and frequency of field sampling, while simultaneously reducing costs (Whitelaw et al. 2003; Conrad 

& Daoust 2008). However, many studies have identified that maintaining the involvement of 

volunteers over time is a significant challenge for citizen science projects (Shirk et al. 2012; Reed et 

al. 2013; Rotman et al. 2014).  
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The research in this chapter examined motivations for initial and continued involvement of 16 

anglers in a volunteer angler program monitoring Murray cod populations in the Australian Capital 

Territory, Australia. The project involved three separate angling events over several months, 

enabling examination of how volunteer motivation changed from initial recruitment to longer-term 

participation. These 16 anglers were interviewed (semi-structured interviews) after each angling 

event, and the data were analysed using an adaptive theory approach (Layder 1998; Layder 2005), 

which combines the use of pre-existing and ‘emerging’ theory. 

This research in chapter two underlined the importance for project designers to actively shape 

citizen science initiatives to encourage the long-term involvement of participants. It was determined 

that initial volunteer engagement in citizen science projects was largely driven by a pre-existing 

enthusiasm for a species, place, and/or activity. In cases where this enthusiasm is limited, it is 

important for scientists to encourage and build this passion. However, as the project progressed, 

participant’s motivation shifted to include learning, building skills, and social and networking 

opportunities. This means that it is also important for project designers to provide opportunities for 

volunteers to build social capital (Roy et al. 2012), but it is important that these opportunities are 

provided as the type of social interaction desired by individual participants. For example, some 

participants were looking to broaden their social networks, while others were more interested in 

deepening their existing social bonds – and in some cases participants indicated that getting this 

wrong may have led to reduced involvement. Additionally, it is important to provide clear and 

consistent feedback that allows volunteers a sense of achievement throughout the project life-cycle. 

Failure to offer clear and effective communication about project objectives, findings, and 

achievements is likely to result in volunteer attrition (Stadel & Nelson 1995). 
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2014; Ye et al. 2016). The capture data presented in Chapter 1 can be used for presence-absence or 

relative abundance analysis relatively easily, however, to help understand trends in absolute 

abundance and quantify the effectiveness of any fishery management actions, we should be able use 

these data for population assessments. 

This study used mark-recapture data from volunteer angling and boat electrofishing surveys fitted 

into a Bayesian framework using Markov Chain Monte Carlo (MCMC) methods to estimate local per-

site populations of Murray cod in the ACT. This study estimates the total population of Murray cod 

at all sites sampled to be 421 individuals, and extrapolates these estimates to between 874 and 3686 

post-juvenile Murray cod in pools in the Murrumbidgee River in the ACT. Although it is not possible 

to estimate the total Murray cod abundance in the Murrumbidgee River in the ACT, as pools are the 

preferred habitat for adult Murry cod (Lintermans et al. 2005; Rowland 2005; Lintermans 2007) and 

pool habitats comprise approximately 65% of the total river length in the ACT (Dyer et al. 2014), this 

estimate provides a benchmark for further studies.  

Although the low number of recaptures meant that there were large uncertainties around the 

estimates produced in this chapter, and they should be treated with caution, it provides a basis for 

ongoing targeted monitoring of Murray cod in upland systems. While the uncertainties observed in 

this study could likely be reduced by increasing the spatial extent and frequency of angling surveys 

(in combination with longer-term tags), it shows that capture data from volunteer angler-based 

surveys can be used in conjunction with conventional survey methods such as boat electrofishing for 

Murray cod monitoring in upland systems. 

Thesis Contribution 
The research presented in this thesis is the first published comparison of angling and boat 

electrofishing surveys for capturing Murray cod, as well as the first estimate of Murray cod 

population size in an upland river. While population estimates from volunteer angler-based surveys 

have been used extensively overseas to monitor populations of large iconic freshwater fish, such as 

white sturgeon (Nelson et al. 2013) and muskellunge (Mosindy & Duffy 2006), they have not been 

widely employed in Australia’s freshwater environments. The overall angling catch per unit effort 

(0.066) observed in this study was very close to the long term capture rate observed in Canada’s 

muskellunge fishery (0.069) (Kerr 2006). In contrast, the CPUE of angling surveys and boat 

electrofishing in this study were lower than those conducted in Victoria as part of the broader 

multistate project (Brett Ingram, Fisheries Victoria, unpublished data).  
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Despite Murray cod being nationally threatened (NMCRT 2010) as well as a highly sought after 

recreational species (Henry & Lyle 2003), and the upper Murrumbidgee’s identification as an 

important cod population (NMCRT 2010), no targeted Murray cod monitoring program currently 

exists in the ACT. This is in part because of a lack of resources and funding, as well as a paucity of 

suitable boat electrofisher access to remote upland rivers. By including volunteer anglers in a 

participatory approach to monitoring, it would be possible to increase the spatial extent and 

sampling frequency, without greatly increasing the costs. As well as these logistical benefits, the 

inclusion of primary stakeholders (anglers) in the management of their fishery can only have positive 

benefits by engendering a stewardship ethic, and furthering social capital and social learning. Any 

future monitoring projects would also likely benefit from using longer-term fish tags where possible. 

This would reduce the influence of environmental variables on capture rates, as well as allow anglers 

to collect mark-recapture data in virtually any area of an upland river. This would likely result in a 

reduction in the uncertainties of any future Murray cod population estimates. This research also 

underlines the importance for designers to actively shape project design to encourage long-term 

participation from volunteers, but also to help to mitigate the attrition rates that often plague 

ongoing citizen science projects.  

Ongoing Murray cod monitoring is essential to understanding how successful management actions 

are, and thus making it possible to reach the overarching recovery goal of returning the species to 

60% of pre-European numbers within 50 years (NMCRT 2010). Ongoing monitoring projects must 

exist within the time and budgetary constraints of fishery management agencies, and where these 

agencies are often underfunded, implementing a participatory approach is logical. Additionally, by 

involving the stakeholders in the conservation of their fishery, conservation and recreational goals 

can be monitored and addressed in parallel as the monitoring program progresses.  
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Appendices 
 

Appendix 1 – Interview Framework: First Round  
Post-angling interview questions 

First Round 
 

How did your weekend go? 

Can you tell me a little bit about your background in fishing? 

Why did you volunteer to be involved with the project? 

What parts of the angling sampling process did you find worked well? 

What parts of the angling sampling process did you find did not work well? 

How do you think the angling sampling process could be improved? 

Going into the project, what did you expect to happen? 

What are some reasons you will stay involved in this project? 

Are there any factors that may reduce your future involvement in this or a similar project? 

What are you expectations for what this research will achieve? 
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Appendix 2 – Interview Framework: Second Round 
Post-angling interview questions 

Second round 
 
How did your weekend go? 
 
Overall, how did you find this angling event? What was good and bad about it? 
 
How did you find this angling event compared to the first? 
 
Did you catch more or less fish than you wanted to? 
 
What parts of the angling sampling process did you find worked well/not well? 
 
How do you think the angling sampling process could be improved? 
 
Were your expectations for what would happen during this angling even different to the 
expectations you had for the first angling event? 
 
Why did you decide to return for the second angling event? 
 
Are you enjoying being involved in fishery research?  
 
Do you feel you’re learning anything by being involved with the project? 
 
Would you consider being involved in other fishery research programmes? 
 
Would you consider volunteering in an angler-based Murray cod monitoring? 
 
Are there any factors that may reduce your future involvement in the final sampling event?  
 
What are your expectations for what this research will achieve? 
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Appendix 3 – Interview Framework: Third Round 
Post-angling interview questions 

Final round 
 
How did your weekend go? 
 
Overall, how did you find this angling event? What was good and bad about it? 
 
How did you find this angling event compared to the first two events? 
 
Did your catch for this event meet your expectations? 
 
What parts of the angling sampling process did you find worked well/not well? 
 
Did the prizes affect the way you fished?  
 
How do you think the angling sampling process could be improved? 
 
How do you feel about the feedback you’ve been given from me? 
 
Were your expectations for what would happen during this angling event different to the 
expectations you had for the first two angling events?  
 
Why did you decide to return for the final angling event? 
 
Are you enjoying being involved in fishery research?  
 
Do you feel you’re learning anything by being involved with the project?  
 
Would you consider being involved in other fishery research programmes?  
 
Would you consider volunteering in an angler-based Murray cod monitoring?  
 
Are there any factors that may reduce your involvement in an angler-based Murray cod monitoring 
project in the ACT moving into the future? 
 
What are your expectations for what this research will achieve? 
 
What would you consider to be a successful result for this project? 
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Appendix 4 – Interview Coding Framework 
Motivation for initial involvement in the project: 

Src Ref Open Codes:  Axial codes:  Selective code: 

8 10 Passionate about fishing Is a passionate 

angler 

 

Feels they have a 

role to play and 

want to make a 

difference 

4 5 Good excuse to go fishing 

8 8 ***Wanted to give back 

8 8 ***Wanted to give back Wants to be involved 

in conservation of 

fishery 

 

15 19 Wants fishery conserved 

6 6 Wanted to try fishery research 

5 5 Felt they had something to offer 

the project 

4 5 Social opportunity Social capital Direct benefit 

9 11 Wants to learn more Social learning 

6 8 Interested in citizen science 

 

Motivations for remaining involved in the project: 

Round 1: 

Src Ref Open Codes:  Axial codes:  

6 8 Passionate about fishing Is a passionate 

angler 

 

4 6 Good excuse to go fishing  

5 6 Wanted to give back  

5 6 Wanted to give back  
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9 11 Wants to see fishery conserved Wants to be involved 

in conservation of 

fishery 

 

1 1 Felt like they had something to 

offer the project 

 

3 4 Felt like it was the right thing to 

do 

 

5 5 Wants to learn more Social 

learning/feedback 

 

10 17 Wants to see end results  

3 3 Likes social aspect Social capital  

3 3 Enjoyed the event  
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Reasons for returning for second angling event: 

Src Ref Open Codes: Axial Codes: Selective code: 

12 16 Wants to give back Wants to be 

involved in 

conservation of 

fishery 

Feels they have a 

role to play in 

making a difference 

now and into the 

future 

9 10 Wants to see fishery conserved 

2 4 Likes stakeholder/community 

involvement 

3 3 Help start citizen science program 

4 4 Had something to offer project 

13 13 Enjoying involvement in this 

project 

Wants to be 

involved further/in 

future 
12 13 Wants to be involved in other 

research programs if possible 

13 13 Wants to be involved in ACT cod 

monitoring program 

1 1 Wants to learn more Social 

learning/feedback 

Direct benefit 

7 7 Wants to see end results 

2 2 Increasing scientific literacy 

2 2 Fish tagging 

2 2 

 

Learning about current research 

endeavours 

8 9 Improving angling ^^ Improving 

angling 

knowledge/skills 

 

2 2 Fish handling techniques 

1 1 Fish identification 
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3 5 Enjoys challenge Social Capital 

4 6 Social opportunity 

1 1 Feels privileged  

7 8 Enjoyed first event 

7 11 Good excuse to go fishing 
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Reasons for returning for final angling event: 

Src Ref Open Codes: Axial Codes:  

5 6 Wanted to give back Wants to be involved 

in conservation of 

fishery 

 

3 4 Wants to see fishery conserved  

2 2 Had something to offer project  

4 5 Wanted to see it through  

10 11 Enjoying involvement in the 

project 

Wants to be involved 

further/into the 

future 

 

12 13 Wants to be involved in ACT cod 

monitoring program 

 

12 15 Wants to be involved in other 

research programs if possible 

 

4 4 Wanted to learn about river 

health 

Social 

learning/feedback 

 

4 6 To see end results  

2 2 Learning about current research 

endeavours 

 

1 1 Improving scientific literacy   

4 4 Feels they are learning about river 

health 

 

2 2 Finding new fishing locations ^^Improving angling 

knowledge/skills 

 

2 2 Fish handling  

7 9 Improving angling   

2 2 Likes social aspect Social capital  

1 1 Enjoys the challenge   
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Reasons for returning for final angling event: 

Src Ref Open Codes: Axial Codes:  
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7 7 Good excuse to go fishing  

2 2 Enjoyed previous events  

1 1 Feels they are networking  

 

  

 
107 
 

 

Major reasons for discontinuing involvement: 

Round 1 interviews: 

Src Ref Open Codes:  Axial codes:  

1 1 Don’t get along with fishing 

partner 

Differing goals to 

researchers or other 

anglers/participants 

 

1 1 Involving cowboy type anglers  

2 3 Releasing specific fish locations 

publically 

 

1 1 Undesirable results released [lock-

outs] 

 

1 1 ^^No results given to anglers ^^Lack of feedback  

5 5 Time management Availability  

1 1 Moving away from region  

5 5 Nothing Nothing  

 

Round 2 interviews: 

Src Ref Open Codes: Axial Codes:  

13 13 Time management Availability  

1 1 Fitness or Injuries  

1 1 Unfavourable site allocation Compatibility issues 

with researchers 

 

1 1 Making fish locations available 

publically 

 

3 3 No Nothing  
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Round 3 interviews: 

Src Ref Open Codes: Axial Codes:  

8 8 Availability Availability  

1 1 Injuries or illness  

1 1 Involving cowboy type anglers Differing goals to 

researchers/other 

participants 

 

1 1 Releasing fish locations publically  

4 4 Nothing Nothing  
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Expectations for what research will achieve: 

Round 1interviews: 

Src Ref Open Codes: Axial Codes:  

3 4 Increase stewardship ethic Community benefit  

7 11 Educate/improve community 

knowledge 

 

7 8 Improve communication between 

researchers and community 

 

2 2 Improve communication between 

researchers and policy makers 

 

9 13 Lead to conservation goals Fishery conservation  

2 2 Fisheries officers Enforcement of 

regulation 

 

 

Round 2 interviews: 

Src Ref Open Codes: Axial Codes:  

3 3 Improve communication between 

researchers and community 

Community benefit  

5 6 Increase community involvement 

in fishery research 

 

1 1 Educate/improve community 

knowledge 

 

9 9 Increase scientific knowledge Fishery conservation  

3 3 Fish well-being after capture  

9 10 Lead to conservation goals  
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6 6 Population estimate  

3 3 Validate sampling techniques  

6 6 Initial stage of monitoring 

program 

 

7 7 Guide legislation Influence policy  

 

Round 3 interviews: 

Src Ref Open Codes: Axial Codes:  

2 5 Increase community involvement 

in fishery research 

Community benefit  

2 3 Rec angler culture change  

1 1 Catch and release practices Fishery conservation  

2 2 Fish movement  

6 6 Monitoring program  

9 9 Population Estimate  

1 1 Validate techniques  

5 5 Increase scientific knowledge  

5 5 Guide legislation Influence policy  
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2 5 Increase community involvement 
in fishery research 

Community benefit  

2 3 Rec angler culture change  

1 1 Catch and release practices Fishery conservation  

2 2 Fish movement  

6 6 Monitoring program  

9 9 Population Estimate  

1 1 Validate techniques  

5 5 Increase scientific knowledge  

5 5 Guide legislation Influence policy  
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Appendix 5 – Raw data 

 Electrofishing captures 

# Event Date Site Length Shot Tag 1 Tag 2 
1 1.1 20/04/2015 Angle 114 11 -   
2 1.1 20/04/2015 Angle 183 11 -   
3 1.1 20/04/2015 Angle 197 10 -   
4 1.1 21/04/2015 Cas sands 105 8 -   
5 1.1 21/04/2015 Cas sands 180 10 -   
6 1.1 21/04/2015 Cas sands 187 10 -   
7 1.1 21/04/2015 Cas sands 205 4 A145   
8 1.1 21/04/2015 Cas sands 242 4 A144   
9 1.1 21/04/2015 Cas sands 248 8 A143   

10 1.1 21/04/2015 Cas sands 255 3 A146   
11 1.1 21/04/2015 Kambah 94 11 -   
12 1.1 21/04/2015 Kambah 231 5 A149   
13 1.1 21/04/2015 Kambah 240 2 A150   
14 1.1 21/04/2015 Kambah 242 2 ACT368   
15 1.1 21/04/2015 Kambah 495 11 A147   
16 1.1 21/04/2015 Kambah 538 6 A148   
17 1.1 22/04/2015 Point hut 105 9 -   
18 1.1 29/04/2015 Retallacks 235 4 B268   
19 1.1 29/04/2015 Retallacks 650 1 B269   
20 1.1 29/04/2015 Retallacks 665 9 B267   
21 1.1 20/04/2015 Tharwa 102 1 -   
22 1.1 20/04/2015 Tharwa 104 1 -   
23 1.1 20/04/2015 Tharwa 186 5 -   
24 1.1 20/04/2015 Tharwa 198 1 -   
25 1.1 20/04/2015 Tharwa 860 11 F   
26 2.1 3/12/2015 Angle 692 4 236   
27 2.1 3/12/2015 Angle 716 1 235   
28 2.1 1/12/2015 Cas sands 290 4 222   
29 2.1 1/12/2015 Kambah 382 5 223   
30 2.1 1/12/2015 Kambah 634 7 224   
31 2.1 1/12/2015 Kambah 935 12 245   
32 2.1 7/12/2015 Point hut 855 5 240   
33 2.1 1/12/2015 Retallacks 249 7 228   
34 2.1 1/12/2015 Retallacks 272 8 230   
35 2.1 1/12/2015 Retallacks 290 4 225   
36 2.1 1/12/2015 Retallacks 310 12 234   
37 2.1 1/12/2015 Retallacks 323 8 229   
38 2.1 1/12/2015 Retallacks 334 7 227   
39 2.1 1/12/2015 Retallacks 335 6 226   
40 2.1 1/12/2015 Retallacks 521 5 C361   
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Appendix 5 – Raw data 

 Electrofishing captures 

# Event Date Site Length Shot Tag 1 Tag 2 
1 1.1 20/04/2015 Angle 114 11 -   
2 1.1 20/04/2015 Angle 183 11 -   
3 1.1 20/04/2015 Angle 197 10 -   
4 1.1 21/04/2015 Cas sands 105 8 -   
5 1.1 21/04/2015 Cas sands 180 10 -   
6 1.1 21/04/2015 Cas sands 187 10 -   
7 1.1 21/04/2015 Cas sands 205 4 A145   
8 1.1 21/04/2015 Cas sands 242 4 A144   
9 1.1 21/04/2015 Cas sands 248 8 A143   

10 1.1 21/04/2015 Cas sands 255 3 A146   
11 1.1 21/04/2015 Kambah 94 11 -   
12 1.1 21/04/2015 Kambah 231 5 A149   
13 1.1 21/04/2015 Kambah 240 2 A150   
14 1.1 21/04/2015 Kambah 242 2 ACT368   
15 1.1 21/04/2015 Kambah 495 11 A147   
16 1.1 21/04/2015 Kambah 538 6 A148   
17 1.1 22/04/2015 Point hut 105 9 -   
18 1.1 29/04/2015 Retallacks 235 4 B268   
19 1.1 29/04/2015 Retallacks 650 1 B269   
20 1.1 29/04/2015 Retallacks 665 9 B267   
21 1.1 20/04/2015 Tharwa 102 1 -   
22 1.1 20/04/2015 Tharwa 104 1 -   
23 1.1 20/04/2015 Tharwa 186 5 -   
24 1.1 20/04/2015 Tharwa 198 1 -   
25 1.1 20/04/2015 Tharwa 860 11 F   
26 2.1 3/12/2015 Angle 692 4 236   
27 2.1 3/12/2015 Angle 716 1 235   
28 2.1 1/12/2015 Cas sands 290 4 222   
29 2.1 1/12/2015 Kambah 382 5 223   
30 2.1 1/12/2015 Kambah 634 7 224   
31 2.1 1/12/2015 Kambah 935 12 245   
32 2.1 7/12/2015 Point hut 855 5 240   
33 2.1 1/12/2015 Retallacks 249 7 228   
34 2.1 1/12/2015 Retallacks 272 8 230   
35 2.1 1/12/2015 Retallacks 290 4 225   
36 2.1 1/12/2015 Retallacks 310 12 234   
37 2.1 1/12/2015 Retallacks 323 8 229   
38 2.1 1/12/2015 Retallacks 334 7 227   
39 2.1 1/12/2015 Retallacks 335 6 226   
40 2.1 1/12/2015 Retallacks 521 5 C361   
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41 2.1 1/12/2015 Retallacks 549 11 232   
42 2.1 7/12/2015 Tharwa 280 12 -   
43 2.1 7/12/2015 Tharwa 666 4 237   
44 2.1 7/12/2015 Tharwa 890 12 238   
45 2.2 9/12/2015 Angle 260 7     
46 2.2 9/12/2015 Angle 436 11     
47 2.2 9/12/2015 Angle 579 10     
48 2.2 9/12/2015 Angle 695 4     
49 2.2 14/12/2015 Cas sands 245 1     
50 2.2 14/12/2015 Cas sands 261 8     
51 2.2 14/12/2015 Cas sands 437 1     
52 2.2 14/12/2015 Cas sands 515 5     
53 2.2 14/12/2015 Cas sands 535 1     
54 2.2 14/12/2015 Kambah 277 2     
55 2.2 14/12/2015 Kambah 283 12     
56 2.2 14/12/2015 Kambah 285 9     
57 2.2 14/12/2015 Kambah 301 9     
58 2.2 14/12/2015 Kambah 325 12     
59 2.2 14/12/2015 Kambah 540 9     
60 2.2 14/12/2015 Kambah 634 11     
61 2.2 14/12/2015 Kambah 653 1     
62 2.2 16/12/2015 Point hut 288 9     
63 2.2 16/12/2015 Point hut 700 7     
64 2.2 9/12/2015 Retallacks 234 8 -   
65 2.2 9/12/2015 Retallacks 238 3 -   
66 2.2 9/12/2015 Retallacks 258 8 -   
67 2.2 9/12/2015 Retallacks 281 1 -   
68 2.2 9/12/2015 Retallacks 321 2 B229   
69 2.2 9/12/2015 Retallacks 321 3 B229   
70 2.2 9/12/2015 Retallacks 605 3 -   
71 2.2 9/12/2015 Retallacks 885 11 -   
72 2.2 16/12/2015 Tharwa 265 10     
73 2.2 16/12/2015 Tharwa 295 4     
74 2.2 16/12/2015 Tharwa 425 4     
75 2.2 16/12/2015 Tharwa 611 11     
76 2.2 16/12/2015 Tharwa 627 10     
77 2.2 16/12/2015 Tharwa 638 4     
78 2.2 16/12/2015 Tharwa 775 5     

79 3.1 24/03/2016 Angle 82 10 
too 
small too small 

80 3.1 24/03/2016 Angle 96 10 
too 
small too small 

81 3.1 24/03/2016 Angle 99 8 
too 
small too small 
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82 3.1 24/03/2016 Angle 108 9 
too 
small too small 

83 3.1 22/03/2016 Cas sands 256 10 A127 C357 
84 3.1 22/03/2016 Cas sands 265 4 A134 A133 
85 3.1 22/03/2016 Cas sands 349 2 A138 A137 
86 3.1 22/03/2016 Cas sands 349 3 A136 A135 

87 3.1 22/03/2016 Cas sands 1040 5 A131 
A128 (0546 
gov) 

88 3.1 24/03/2016 Kambah 324 22 C350 C349 
89 3.1 24/03/2016 Kambah 330 8 A066 A068 
90 3.1 24/03/2016 Kambah 343 5 A061 A062 
91 3.1 24/03/2016 Kambah 346 17 A074 A075 
92 3.1 24/03/2016 Kambah 346 22 C351 C352 
93 3.1 24/03/2016 Kambah 356 5 A063 367 (gov) 
94 3.1 24/03/2016 Kambah 360 9 A069 A070 
95 3.1 24/03/2016 Kambah 371 12 A071 A072 
96 3.1 24/03/2016 Kambah 565 19 C353 C354 
97 3.1 24/03/2016 Kambah 950 4 A059 A060 
98 3.1 24/03/2016 Kambah 1015 3 A057 A058 
99 3.1 24/03/2016 Kambah 1035 18 C355 C356 

100 3.1 24/03/2016 Kambah 1075 6 A064 A065 
101 3.1 23/12/2016 Point hut 544 9 C480 C481 
102 3.1 21/03/2016 Retallacks 281 10 C505 C506 
103 3.1 21/03/2016 Retallacks 296 9 C503 C504 
104 3.1 21/03/2016 Retallacks 310 8 C501 C502 
105 3.1 21/03/2016 Retallacks 344 19 A140 A139 
106 3.1 21/03/2016 Retallacks 354 10 C507 C508 
107 3.1 21/03/2016 Retallacks 521 7 C496 C497 
108 3.1 21/03/2016 Retallacks 535 11 C509 C510 
109 3.1 21/03/2016 Retallacks 571 13 A142 A141 
110 3.1 21/03/2016 Retallacks 995 4 C493 C495 
111 3.1 21/03/2016 Retallacks 995 8 C499 C500 
112 3.1 23/03/2016 Tharwa 324 8 C472 C473 
113 3.1 23/03/2016 Tharwa 325 12 C474 C475 
114 3.1 23/03/2016 Tharwa 350 14 C478 C479 
115 3.1 23/03/2016 Tharwa 408 6 C468 C469 
116 3.1 23/03/2016 Tharwa 642 13 C476 C477 
117 3.1 23/03/2016 Tharwa 660 4 C466 C467 
118 3.1 23/03/2016 Tharwa 802 7 C470 C471 
119 3.2 1/04/2016 Angle 102 6     
120 3.2 1/04/2016 Angle 125 6     
121 3.2 1/04/2016 Angle 476 2 B318 drop 
122 3.2 1/04/2016 Angle 620 11     
123 3.2 1/04/2016 Cas sands 270 4 A134 A133 
124 3.2 1/04/2016 Cas sands 290 5     
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82 3.1 24/03/2016 Angle 108 9 
too 
small too small 

83 3.1 22/03/2016 Cas sands 256 10 A127 C357 
84 3.1 22/03/2016 Cas sands 265 4 A134 A133 
85 3.1 22/03/2016 Cas sands 349 2 A138 A137 
86 3.1 22/03/2016 Cas sands 349 3 A136 A135 

87 3.1 22/03/2016 Cas sands 1040 5 A131 
A128 (0546 
gov) 

88 3.1 24/03/2016 Kambah 324 22 C350 C349 
89 3.1 24/03/2016 Kambah 330 8 A066 A068 
90 3.1 24/03/2016 Kambah 343 5 A061 A062 
91 3.1 24/03/2016 Kambah 346 17 A074 A075 
92 3.1 24/03/2016 Kambah 346 22 C351 C352 
93 3.1 24/03/2016 Kambah 356 5 A063 367 (gov) 
94 3.1 24/03/2016 Kambah 360 9 A069 A070 
95 3.1 24/03/2016 Kambah 371 12 A071 A072 
96 3.1 24/03/2016 Kambah 565 19 C353 C354 
97 3.1 24/03/2016 Kambah 950 4 A059 A060 
98 3.1 24/03/2016 Kambah 1015 3 A057 A058 
99 3.1 24/03/2016 Kambah 1035 18 C355 C356 

100 3.1 24/03/2016 Kambah 1075 6 A064 A065 
101 3.1 23/12/2016 Point hut 544 9 C480 C481 
102 3.1 21/03/2016 Retallacks 281 10 C505 C506 
103 3.1 21/03/2016 Retallacks 296 9 C503 C504 
104 3.1 21/03/2016 Retallacks 310 8 C501 C502 
105 3.1 21/03/2016 Retallacks 344 19 A140 A139 
106 3.1 21/03/2016 Retallacks 354 10 C507 C508 
107 3.1 21/03/2016 Retallacks 521 7 C496 C497 
108 3.1 21/03/2016 Retallacks 535 11 C509 C510 
109 3.1 21/03/2016 Retallacks 571 13 A142 A141 
110 3.1 21/03/2016 Retallacks 995 4 C493 C495 
111 3.1 21/03/2016 Retallacks 995 8 C499 C500 
112 3.1 23/03/2016 Tharwa 324 8 C472 C473 
113 3.1 23/03/2016 Tharwa 325 12 C474 C475 
114 3.1 23/03/2016 Tharwa 350 14 C478 C479 
115 3.1 23/03/2016 Tharwa 408 6 C468 C469 
116 3.1 23/03/2016 Tharwa 642 13 C476 C477 
117 3.1 23/03/2016 Tharwa 660 4 C466 C467 
118 3.1 23/03/2016 Tharwa 802 7 C470 C471 
119 3.2 1/04/2016 Angle 102 6     
120 3.2 1/04/2016 Angle 125 6     
121 3.2 1/04/2016 Angle 476 2 B318 drop 
122 3.2 1/04/2016 Angle 620 11     
123 3.2 1/04/2016 Cas sands 270 4 A134 A133 
124 3.2 1/04/2016 Cas sands 290 5     
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125 3.2 1/04/2016 Cas sands 380 2     
126 3.2 1/04/2016 Cas sands 591 2     
127 3.2 31/03/2016 Kambah 324 1 C349 drop 
128 3.2 31/03/2016 Kambah 353 6 A063 367 (gov) 
129 3.2 31/03/2016 Kambah 370 20     
130 3.2 31/03/2016 Kambah 385 5     
131 3.2 30/03/2016 Point hut 610 5     
132 3.2 31/03/2016 Retallacks 191 10     
133 3.2 31/03/2016 Retallacks 300 4     
134 3.2 31/03/2016 Retallacks 337 10     
135 3.2 31/03/2016 Retallacks 380 24     
136 3.2 31/03/2016 Retallacks 381 23     
137 3.2 31/03/2016 Retallacks 400 28     
138 3.2 31/03/2016 Retallacks 535 15 C509 C510 
139 3.2 31/03/2016 Retallacks 635 19     
140 3.2 31/03/2016 Retallacks 641 1     
141 3.2 31/03/2016 Retallacks 705 28     
142 3.2 31/03/2016 Retallacks 885 9     
143 3.2 31/03/2016 Retallacks 925 19     
144 3.2 30/03/2016 Tharwa 218 3     
145 3.2 30/03/2016 Tharwa 325 15 C474 drop 
146 3.2 30/03/2016 Tharwa 653 8 C467 C466 
147 3.2 30/03/2016 Tharwa 657 13 A051 A052 
148 3.2 30/03/2016 Tharwa 660 5     
149 3.2 30/03/2016 Tharwa 800 5 C470 drop 
150 3.2 30/03/2016 Tharwa 1005 15     
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 Angling captures 

# 
Even
t Date Site Length Time Tag 

Recaptur
e Lure 

1 1 
18/04/201

5 Cas sands 390 6:50 221 N Surface 

2 1 
18/04/201

5 Cas sands 430 8:45 B246 N 
Spinnerbai
t 

3 1 
18/04/201

5 Tharwa 560 9:01 A99 N 
Chatterbai
t 

4 1 
18/04/201

5 Tharwa 630 6:40 A100 N Surface 

5 1 
18/04/201

5 Tharwa 655 10:01 A98 N 
Chatterbai
t 

6 1 
18/04/201

5 Point Hut 810 17:50 A162 N 
Spinnerbai
t 

7 1 
18/04/201

5 Cas sands 930 7:30 B270 N Surface 

8 2 
28/11/201

5 Point Hut 300 18:30 A026 N 
Lipless 
Crank 

9 2 
28/11/201

5 
Cas 
Sands 470 7:09 B321 N 

Spinnerbai
t 

1
0 2 

28/11/201
5 Kambah 530 10:39 B298 N Swimbait 

1
1 2 

28/11/201
5 

Retallack
s 530 11:30 C361 N 

Spinnerbai
t 

1
2 2 

28/11/201
5 

Retallack
s 540 7:00 C363 N 

Spinnerbai
t 

1
3 2 

28/11/201
5 

Retallack
s 550 11:46 C360 N 

Spinnerbai
t 

1
4 2 

28/11/201
5 Tharwa 550 9:45 C366 N 

Spinnerbai
t 

1
5 2 

28/11/201
5 

Retallack
s 585 8:50 B171 N 

Lipless 
Crank 

1
6 2 

29/11/201
5 Tharwa 585 10:51 C370 N 

Spinnerbai
t 

1
7 2 

28/11/201
5 Kambah 600 9:00 B297 N 

Spinnerbai
t 

1
8 2 

28/11/201
5 Tharwa 600 20:05 C391 N Surface 

1
9 2 

29/11/201
5 Point Hut 635 18:10 A027 N Hard Body 

2
0 2 

29/11/201
5 Tharwa 635 13:30 C390 N 

Spinnerbai
t 

2
1 2 

28/11/201
5 

Cas 
Sands 650 8:10 B323 N 

Lipless 
Crank 

2
2 2 

28/11/201
5 Kambah 680 5:00 A076 N Surface 

2
3 2 

28/11/201
5 

Retallack
s 700 6:30 C364 N Surface 
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 Angling captures 

# 
Even
t Date Site Length Time Tag 

Recaptur
e Lure 

1 1 
18/04/201

5 Cas sands 390 6:50 221 N Surface 

2 1 
18/04/201

5 Cas sands 430 8:45 B246 N 
Spinnerbai
t 

3 1 
18/04/201

5 Tharwa 560 9:01 A99 N 
Chatterbai
t 

4 1 
18/04/201

5 Tharwa 630 6:40 A100 N Surface 

5 1 
18/04/201

5 Tharwa 655 10:01 A98 N 
Chatterbai
t 

6 1 
18/04/201

5 Point Hut 810 17:50 A162 N 
Spinnerbai
t 

7 1 
18/04/201

5 Cas sands 930 7:30 B270 N Surface 

8 2 
28/11/201

5 Point Hut 300 18:30 A026 N 
Lipless 
Crank 

9 2 
28/11/201

5 
Cas 
Sands 470 7:09 B321 N 

Spinnerbai
t 

1
0 2 

28/11/201
5 Kambah 530 10:39 B298 N Swimbait 

1
1 2 

28/11/201
5 

Retallack
s 530 11:30 C361 N 

Spinnerbai
t 

1
2 2 

28/11/201
5 

Retallack
s 540 7:00 C363 N 

Spinnerbai
t 

1
3 2 

28/11/201
5 

Retallack
s 550 11:46 C360 N 

Spinnerbai
t 

1
4 2 

28/11/201
5 Tharwa 550 9:45 C366 N 

Spinnerbai
t 

1
5 2 

28/11/201
5 

Retallack
s 585 8:50 B171 N 

Lipless 
Crank 

1
6 2 

29/11/201
5 Tharwa 585 10:51 C370 N 

Spinnerbai
t 

1
7 2 

28/11/201
5 Kambah 600 9:00 B297 N 

Spinnerbai
t 

1
8 2 

28/11/201
5 Tharwa 600 20:05 C391 N Surface 

1
9 2 

29/11/201
5 Point Hut 635 18:10 A027 N Hard Body 

2
0 2 

29/11/201
5 Tharwa 635 13:30 C390 N 

Spinnerbai
t 

2
1 2 

28/11/201
5 

Cas 
Sands 650 8:10 B323 N 

Lipless 
Crank 

2
2 2 

28/11/201
5 Kambah 680 5:00 A076 N Surface 

2
3 2 

28/11/201
5 

Retallack
s 700 6:30 C364 N Surface 
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2
4 2 

28/11/201
5 Angle 710 9:58 B271 N 

Spinnerbai
t 

2
5 2 

28/11/201
5 

Retallack
s 730 8:00 C362 N 

Spinnerbai
t 

2
6 2 

28/11/201
5 

Retallack
s 730 13:00 C359 N 

Spinnerbai
t 

2
7 2 

28/11/201
5 Tharwa 755 10:25 C368 N 

Spinnerbai
t 

2
9 2 

28/11/201
5 

Retallack
s 760 6:00 C365 N Surface 

2
8 2 

29/11/201
5 Cas sands 760 6:00 A101 N Surface 

3
0 2 

29/11/201
5 Cas sands 770 7:35 A103 N Surface 

3
1 2 

28/11/201
5 

Retallack
s 800 12:00 B172 N 

Spinnerbai
t 

3
2 2 

28/11/201
5 Tharwa 858 17:00 C369 N 

Spinnerbai
t 

3
3 2 

29/11/201
5 

Retallack
s 940 5:30 C358 N Surface 

3
4 2 

29/11/201
5 Cas sands 993 21:00 B249 N Surface 

3
5 2 

28/11/201
5 Kambah 1140 8:00 B296 N 

Spinnerbai
t 

3
6 3 

18/03/201
6 

Retallack
s 295 18:50 

C341, 
C342 N Soft Vibe 

3
7 3 

21/03/201
6 

Retallack
s 400 10:15 

C491,C49
2 N 

Spinnerbai
t 

3
8 3 

19/03/201
6 

Retallack
s 415 8:30 

A049, 
A048 N 

Spinnerbai
t 

3
9 3 

20/03/201
6 Angle 470 10:10 

B316, 
B318 N 

Spinnerbai
t 

4
0 3 

19/03/201
6 Point Hut 478 7:38 

C372, 
C373 N Hard Body 

4
1 3 

20/03/201
6 Tharwa 480 10:13 

A053, 
A054 N 

Spinnerbai
t 

4
2 3 

19/03/201
6 Angle 520 12:21 

A079, 
A080 N 

Lipless 
Crank 

4
3 3 

20/03/201
6 Angle 530 8:45 

B320,B31
9 N 

Spinnerbai
t 

4
4 3 

19/03/201
6 Kambah 563 17:10 B243, x? N 

Spinnerbai
t 

4
5 3 

19/03/201
6 Tharwa 640 10:30 

B196, 
B197 N 

Spinnerbai
t 

4
6 3 

20/03/201
6 Tharwa 660 12:10 

A055, 
A056 N 

Spinnerbai
t 

4
7 3 

19/03/201
6 Tharwa 675 18:18 

A051, 
A052 N 

Spinnerbai
t 

4
8 3 

19/03/201
6 Angle 705 8:19 

A077, 
A078 N 

Chatterbai
t 
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 Electrofishing shots 

Date Event Site 
Shot 
# Start End Mins 

# 
Cod 

# 
obs. 

Op. 
1 

Op. 
2 

Op.   
3 

20/04/2015 1 Angle Xing 1 1119 1123 4 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 2 1126 1129 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 3 1130 1134 4 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 4 1134 1138 4 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 5 1139 1142 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 6 1142 1147 5 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 7 1147 1150 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 8 1150 1153 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 9 1153 1156 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 10 1156 1200 4 1 0 PRM BB RC 
20/04/2015 1 Angle Xing 11 1202 1206 4 2 0 PRM BB RC 
20/04/2015 1 Angle Xing 12 1212 1215 3 0 0 PRM BB RC 
20/04/2015 1 Tharwa 1 1428 1432 4 3 0 PRM BB RC 
20/04/2015 1 Tharwa 2 1435 1437 2 0 0 PRM BB RC 
20/04/2015 1 Tharwa 3 1437 1448 11 0 0 PRM BB RC 
20/04/2015 1 Tharwa 4 1440 1444 4 0 0 PRM BB RC 
20/04/2015 1 Tharwa 5 1444 1448 4 1 0 PRM BB RC 
20/04/2015 1 Tharwa 6 1448 1452 4 0 1 PRM BB RC 
20/04/2015 1 Tharwa 7 1452 1457 5 0 2 PRM BB RC 
20/04/2015 1 Tharwa 8 1457 1501 4 0 0 PRM BB RC 
20/04/2015 1 Tharwa 9 1501 1506 5 0 0 PRM BB RC 
20/04/2015 1 Tharwa 10 1506 1510 4 0 0 PRM BB RC 
20/04/2015 1 Tharwa 11 1510 1525 15 1 0 PRM BB RC 
20/04/2015 1 Tharwa 12 1525 1532 7 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 1 1522 1527 5 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 2 1529 1534 5 0 1 PRM BB RC 
21/04/2015 1 Cas Sands 3 1534 1536 2 1 0 PRM BB RC 
21/04/2015 1 Cas Sands 4 1537 1543 6 2 0 PRM BB RC 
21/04/2015 1 Cas Sands 5 1545 1549 4 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 6 1549 1552 3 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 7 1552 1557 5 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 8 1557 1603 6 1 0 PRM BB RC 
21/04/2015 1 Cas Sands 9 1607 1611 4 0 1 PRM BB RC 
21/04/2015 1 Cas Sands 10 1611 1615 4 2 0 PRM BB RC 
21/04/2015 1 Cas Sands 11 1618 1623 5 1 1 PRM BB RC 
21/04/2015 1 Cas Sands 12 1627 1632 5 0 0 PRM BB RC 
21/04/2015 1 Kambah 1 1153 1157 4 0 0 PRM BB RC 
21/04/2015 1 Kambah 2 1157 1202 5 2 0 PRM BB RC 
21/04/2015 1 Kambah 3 1218 1224 6 0 0 PRM BB RC 
21/04/2015 1 Kambah 4 1226 1231 5 0 0 PRM BB RC 
21/04/2015 1 Kambah 5 1232 1236 4 1 0 PRM BB RC 
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 Electrofishing shots 

Date Event Site 
Shot 
# Start End Mins 

# 
Cod 

# 
obs. 

Op. 
1 

Op. 
2 

Op.   
3 

20/04/2015 1 Angle Xing 1 1119 1123 4 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 2 1126 1129 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 3 1130 1134 4 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 4 1134 1138 4 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 5 1139 1142 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 6 1142 1147 5 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 7 1147 1150 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 8 1150 1153 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 9 1153 1156 3 0 0 PRM BB RC 
20/04/2015 1 Angle Xing 10 1156 1200 4 1 0 PRM BB RC 
20/04/2015 1 Angle Xing 11 1202 1206 4 2 0 PRM BB RC 
20/04/2015 1 Angle Xing 12 1212 1215 3 0 0 PRM BB RC 
20/04/2015 1 Tharwa 1 1428 1432 4 3 0 PRM BB RC 
20/04/2015 1 Tharwa 2 1435 1437 2 0 0 PRM BB RC 
20/04/2015 1 Tharwa 3 1437 1448 11 0 0 PRM BB RC 
20/04/2015 1 Tharwa 4 1440 1444 4 0 0 PRM BB RC 
20/04/2015 1 Tharwa 5 1444 1448 4 1 0 PRM BB RC 
20/04/2015 1 Tharwa 6 1448 1452 4 0 1 PRM BB RC 
20/04/2015 1 Tharwa 7 1452 1457 5 0 2 PRM BB RC 
20/04/2015 1 Tharwa 8 1457 1501 4 0 0 PRM BB RC 
20/04/2015 1 Tharwa 9 1501 1506 5 0 0 PRM BB RC 
20/04/2015 1 Tharwa 10 1506 1510 4 0 0 PRM BB RC 
20/04/2015 1 Tharwa 11 1510 1525 15 1 0 PRM BB RC 
20/04/2015 1 Tharwa 12 1525 1532 7 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 1 1522 1527 5 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 2 1529 1534 5 0 1 PRM BB RC 
21/04/2015 1 Cas Sands 3 1534 1536 2 1 0 PRM BB RC 
21/04/2015 1 Cas Sands 4 1537 1543 6 2 0 PRM BB RC 
21/04/2015 1 Cas Sands 5 1545 1549 4 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 6 1549 1552 3 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 7 1552 1557 5 0 0 PRM BB RC 
21/04/2015 1 Cas Sands 8 1557 1603 6 1 0 PRM BB RC 
21/04/2015 1 Cas Sands 9 1607 1611 4 0 1 PRM BB RC 
21/04/2015 1 Cas Sands 10 1611 1615 4 2 0 PRM BB RC 
21/04/2015 1 Cas Sands 11 1618 1623 5 1 1 PRM BB RC 
21/04/2015 1 Cas Sands 12 1627 1632 5 0 0 PRM BB RC 
21/04/2015 1 Kambah 1 1153 1157 4 0 0 PRM BB RC 
21/04/2015 1 Kambah 2 1157 1202 5 2 0 PRM BB RC 
21/04/2015 1 Kambah 3 1218 1224 6 0 0 PRM BB RC 
21/04/2015 1 Kambah 4 1226 1231 5 0 0 PRM BB RC 
21/04/2015 1 Kambah 5 1232 1236 4 1 0 PRM BB RC 
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21/04/2015 1 Kambah 6 1238 1243 5 1 0 PRM BB RC 
21/04/2015 1 Kambah 7 1252 1257 5 0 0 PRM BB RC 
21/04/2015 1 Kambah 8 1300 1305 5 0 0 PRM BB RC 
21/04/2015 1 Kambah 9 1305 1309 4 0 0 PRM BB RC 
21/04/2015 1 Kambah 10 1310 1316 6 0 0 PRM BB RC 
21/04/2015 1 Kambah 11 1316 1325 9 2 0 PRM BB RC 
21/04/2015 1 Kambah 12 1335 1340 5 0 0 PRM BB RC 
22/04/2015 1 Point Hut 1 1142 1145 3 0 0 PRM BB RC 
22/04/2015 1 Point Hut 2 1145 1149 4 0 0 PRM BB RC 
22/04/2015 1 Point Hut 3 1149 1153 4 0 0 PRM BB RC 
22/04/2015 1 Point Hut 4 1153 1157 4 0 0 PRM BB RC 
22/04/2015 1 Point Hut 5 1157 1202 5 0 0 PRM BB RC 
22/04/2015 1 Point Hut 6 1202 1205 3 0 0 PRM BB RC 
22/04/2015 1 Point Hut 7 1205 1209 4 0 0 PRM BB RC 
22/04/2015 1 Point Hut 8 1209 1212 3 0 0 PRM BB RC 
22/04/2015 1 Point Hut 9 1212 1216 4 1 0 PRM BB RC 
22/04/2015 1 Point Hut 10 1216 1219 3 0 0 PRM BB RC 
22/04/2015 1 Point Hut 11 1219 1222 3 0 0 PRM BB RC 
22/04/2015 1 Point Hut 12 1222 1225 3 0 0 PRM BB RC 
29/04/2015 1 Retallack's 1     6.15 1 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 2     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 3     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 4     6.15 1 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 5     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 6     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 7     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 8     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 9     6.15 1 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 10     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 11     6.15 0 0 PRM Jek Lisa 
29/04/2015 1 Retallack's 12     6.15 0 0 PRM Jek Lisa 

1/12/2015 2.1 Cas Sands 1 855 902 7 0 1 PRM BB   
1/12/2015 2.1 Cas Sands 2 902 908 6 0 1 PRM BB   
1/12/2015 2.1 Cas Sands 3 908 912 4 0 2 PRM BB   
1/12/2015 2.1 Cas Sands 4 922 930 8 1 0 PRM BB   
1/12/2015 2.1 Cas Sands 5 931 937 6 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 6 937 945 8 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 7 945 952 7 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 8 953 1002 9 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 9 1003 1008 5 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 10 1008 1022 14 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 11 1022 1027 5 0 0 PRM BB   
1/12/2015 2.1 Cas Sands 12 1027 1030 3 0 0 PRM BB   
1/12/2015 2.1 Kambah 1 1210 1215 5 0 0 PRM BB   
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1/12/2015 2.1 Kambah 2 1215 1220 5 0 0 PRM BB   
1/12/2015 2.1 Kambah 3 1220 1227 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 4 1227 1234 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 5 1234 1240 6 1 1 PRM BB   
1/12/2015 2.1 Kambah 6 1240 1245 5 0 0 PRM BB   
1/12/2015 2.1 Kambah 7 1245 1253 8 1 0 PRM BB   
1/12/2015 2.1 Kambah 8 1253 1300 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 9 1300 1307 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 10 1307 1315 8 0 0 PRM BB   
1/12/2015 2.1 Kambah 11 1315 1322 7 0 1 PRM BB   
1/12/2015 2.1 Kambah 12 1322 1335 13 0 1 PRM BB   
1/12/2015 2.1 Retallack's 1 1535 1541 6 0 0 PRM BB   
1/12/2015 2.1 Retallack's 2 1541 1546 5 0 0 PRM BB   
1/12/2015 2.1 Retallack's 3 1546 1550 4 0 0 PRM BB   
1/12/2015 2.1 Retallack's 4 1550 1555 5 1 0 PRM BB   
1/12/2015 2.1 Retallack's 5 1557 1618 21 1 0 PRM BB   
1/12/2015 2.1 Retallack's 6 1620 1627 7 1 0 PRM BB   
1/12/2015 2.1 Retallack's 7 1628 1634 6 2 0 PRM BB   
1/12/2015 2.1 Retallack's 8 1639 1643 4 2 0 PRM BB   
1/12/2015 2.1 Retallack's 9 1648 1654 6 0 0 PRM BB   
1/12/2015 2.1 Retallack's 10 1654 1659 5 0 0 PRM BB   
1/12/2015 2.1 Retallack's 11 1659 1705 6 1 0 PRM BB   
1/12/2015 2.1 Retallack's 12 1705 1715 10 1 0 PRM BB   
3/12/2015 2.1 Angle Xing 1 1150 1155 5 1 0 PRM RC   
3/12/2015 2.1 Angle Xing 2 1200 1215 15 0 1 PRM RC   
3/12/2015 2.1 Angle Xing 3 1215 1220 5 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 4 1220 1224 4 1 0 PRM RC   
3/12/2015 2.1 Angle Xing 5 1226 1231 5 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 6 1231 1236 5 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 7 1236 1240 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 8 1240 1244 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 9 1244 1247 3 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 10 1247 1251 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 11 1252 1256 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 12 1256 1259 3 0 0 PRM RC   
7/12/2015 2.1 Point Hut 1 1436 1440 4 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 2 1440 1445 5 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 3 1445 1448 3 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 4 1448 1452 4 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 5 1452 1459 7 1 0 PRM BB RC 
7/12/2015 2.1 Point Hut 6 1500 1505 5 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 7 1505 1509 4 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 8 1509 1512 3 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 9 1512 1515 3 0 0 PRM BB RC 
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1/12/2015 2.1 Kambah 2 1215 1220 5 0 0 PRM BB   
1/12/2015 2.1 Kambah 3 1220 1227 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 4 1227 1234 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 5 1234 1240 6 1 1 PRM BB   
1/12/2015 2.1 Kambah 6 1240 1245 5 0 0 PRM BB   
1/12/2015 2.1 Kambah 7 1245 1253 8 1 0 PRM BB   
1/12/2015 2.1 Kambah 8 1253 1300 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 9 1300 1307 7 0 0 PRM BB   
1/12/2015 2.1 Kambah 10 1307 1315 8 0 0 PRM BB   
1/12/2015 2.1 Kambah 11 1315 1322 7 0 1 PRM BB   
1/12/2015 2.1 Kambah 12 1322 1335 13 0 1 PRM BB   
1/12/2015 2.1 Retallack's 1 1535 1541 6 0 0 PRM BB   
1/12/2015 2.1 Retallack's 2 1541 1546 5 0 0 PRM BB   
1/12/2015 2.1 Retallack's 3 1546 1550 4 0 0 PRM BB   
1/12/2015 2.1 Retallack's 4 1550 1555 5 1 0 PRM BB   
1/12/2015 2.1 Retallack's 5 1557 1618 21 1 0 PRM BB   
1/12/2015 2.1 Retallack's 6 1620 1627 7 1 0 PRM BB   
1/12/2015 2.1 Retallack's 7 1628 1634 6 2 0 PRM BB   
1/12/2015 2.1 Retallack's 8 1639 1643 4 2 0 PRM BB   
1/12/2015 2.1 Retallack's 9 1648 1654 6 0 0 PRM BB   
1/12/2015 2.1 Retallack's 10 1654 1659 5 0 0 PRM BB   
1/12/2015 2.1 Retallack's 11 1659 1705 6 1 0 PRM BB   
1/12/2015 2.1 Retallack's 12 1705 1715 10 1 0 PRM BB   
3/12/2015 2.1 Angle Xing 1 1150 1155 5 1 0 PRM RC   
3/12/2015 2.1 Angle Xing 2 1200 1215 15 0 1 PRM RC   
3/12/2015 2.1 Angle Xing 3 1215 1220 5 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 4 1220 1224 4 1 0 PRM RC   
3/12/2015 2.1 Angle Xing 5 1226 1231 5 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 6 1231 1236 5 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 7 1236 1240 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 8 1240 1244 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 9 1244 1247 3 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 10 1247 1251 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 11 1252 1256 4 0 0 PRM RC   
3/12/2015 2.1 Angle Xing 12 1256 1259 3 0 0 PRM RC   
7/12/2015 2.1 Point Hut 1 1436 1440 4 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 2 1440 1445 5 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 3 1445 1448 3 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 4 1448 1452 4 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 5 1452 1459 7 1 0 PRM BB RC 
7/12/2015 2.1 Point Hut 6 1500 1505 5 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 7 1505 1509 4 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 8 1509 1512 3 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 9 1512 1515 3 0 0 PRM BB RC 
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7/12/2015 2.1 Point Hut 10 1515 1517 2 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 11 1517 1520 3 0 0 PRM BB RC 
7/12/2015 2.1 Point Hut 12 1520 1522 2 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 1 1025 1033 8 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 2 1033 1036 3 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 3 1038 1040 2 0 1 PRM BB RC 
7/12/2015 2.1 Tharwa 4 1040 1050 10 1 0 PRM BB RC 
7/12/2015 2.1 Tharwa 5 1053 1058 5 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 6 1058 1102 4 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 7 1102 1106 4 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 8 1106 1111 5 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 9 1111 1117 6 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 10 1117 1136 19 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 11 1136 1141 5 0 0 PRM BB RC 
7/12/2015 2.1 Tharwa 12 1141 1150 9 2 0 PRM BB RC 
9/12/2015 2.2 Angle Xing 1 910 912 2 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 2 912 915 3 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 3 915 919 4 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 4 919 923 4 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 5 926 932 6 1 0 PRM BB   
9/12/2015 2.2 Angle Xing 6 932 939 7 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 7 939 943 4 1 0 PRM BB   
9/12/2015 2.2 Angle Xing 8 943 947 4 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 9 947 951 4 0 0 PRM BB   
9/12/2015 2.2 Angle Xing 10 953 958 5 1 0 PRM BB   
9/12/2015 2.2 Angle Xing 11 1000 1006 6 1 0 PRM BB   
9/12/2015 2.2 Angle Xing 12 1009 1013 4 0 0 PRM BB   
9/12/2015 2.2 Retallack's 1 1223 1227 4 1 0 PRM BB   
9/12/2015 2.2 Retallack's 2 1228 1237 9 1 0 PRM BB   
9/12/2015 2.2 Retallack's 3 1243 1249 6 3 0 PRM BB   
9/12/2015 2.2 Retallack's 4 1251 1258 7 0 1 PRM BB   
9/12/2015 2.2 Retallack's 5 1258 1302 4 0 0 PRM BB   
9/12/2015 2.2 Retallack's 6 1306 1311 5 0 2 PRM BB   
9/12/2015 2.2 Retallack's 7 1311 1315 4 0 0 PRM BB   
9/12/2015 2.2 Retallack's 8 1315 1321 6 2 0 PRM BB   
9/12/2015 2.2 Retallack's 9 1323 1331 8 0 0 PRM BB   
9/12/2015 2.2 Retallack's 10 1331 1335 4 0 0 PRM BB   
9/12/2015 2.2 Retallack's 11 1335 1342 7 1 0 PRM BB   
9/12/2015 2.2 Retallack's 12 1344 1350 6 0 0 PRM BB   

14/12/2015 2.2 Cas Sands 1     5.22 3 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 2     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 3     5.22 0 0 PRM 
Matt 
B Chenz 
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14/12/2015 2.2 Cas Sands 4     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 5     5.22 1 1 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 6     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 7     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 8     5.22 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 9     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 10     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 11     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 12     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 1 1200 1203 3 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 2 1210 1215 5 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 3 1215 1219 4 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 4 1219 1222 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 5 1222 1226 4 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 6 1227 1230 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 7 1230 1233 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 8 1233 1237 4 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 9 1238 1240 2 3 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 10 1241 1248 7 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 11 1249 1253 4 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 12 1256 1259 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 13 1303 1305 2 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 14 1305 1310 5 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 15 1310 1314 4 0 0 PRM 
Matt 
B Chenz 

15/12/2015 2.2 Tharwa 1     6.04 0 0 PRM 
Matt 
B   
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14/12/2015 2.2 Cas Sands 4     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 5     5.22 1 1 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 6     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 7     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 8     5.22 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 9     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 10     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 11     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Cas Sands 12     5.22 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 1 1200 1203 3 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 2 1210 1215 5 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 3 1215 1219 4 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 4 1219 1222 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 5 1222 1226 4 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 6 1227 1230 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 7 1230 1233 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 8 1233 1237 4 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 9 1238 1240 2 3 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 10 1241 1248 7 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 11 1249 1253 4 1 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 12 1256 1259 3 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 13 1303 1305 2 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 14 1305 1310 5 0 0 PRM 
Matt 
B Chenz 

14/12/2015 2.2 Kambah 15 1310 1314 4 0 0 PRM 
Matt 
B Chenz 

15/12/2015 2.2 Tharwa 1     6.04 0 0 PRM 
Matt 
B   
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15/12/2015 2.2 Tharwa 2     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 3     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 4     6.04 3 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 5     6.04 1 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 6     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 7     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 8     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 9     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 10     6.04 2 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 11     6.04 1 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 12     6.04 0 0 PRM 
Matt 
B   

15/12/2015 2.2 Tharwa 13     6.04 1 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 1 1308 1311 3 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 2 1311 1314 3 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 3 1314 1318 4 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 4 1318 1321 3 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 5 1321 1324 3 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 6 1324 1327 3 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 7 1327 1333 6 1 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 8 1333 1336 3 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 9 1336 1343 7 1 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 10 1343 1347 4 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 11 1347 1349 2 0 0 PRM 
Matt 
B   

21/12/2015 2.2 Point Hut 12 1350 1353 3 0 0 PRM 
Matt 
B   

21/03/2016 3.1 Retallack's 1 1346 1349 3 0 0 PRM BB   
21/03/2016 3.1 Retallack's 2 1349 1357 8 0 0 PRM BB   
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21/03/2016 3.1 Retallack's 3 1357 1402 5 0 0 PRM BB   
21/03/2016 3.1 Retallack's 4 1403 1418 15 1 0 PRM BB   
21/03/2016 3.1 Retallack's 5 1419 1425 6 0 0 PRM BB   
21/03/2016 3.1 Retallack's 6 1425 1430 5 0 1 PRM BB   
21/03/2016 3.1 Retallack's 7 1430 1435 5 1 0 PRM BB   
21/03/2016 3.1 Retallack's 8 1438 1453 15 2 0 PRM BB   
21/03/2016 3.1 Retallack's 9 1456 1501 5 1 0 PRM BB   
21/03/2016 3.1 Retallack's 10 1502 1510 8 2 0 PRM BB   
21/03/2016 3.1 Retallack's 11 1513 1521 8 1 0 PRM BB   
21/03/2016 3.1 Retallack's 12 1521 1541 20 0 0 PRM BB   
21/03/2016 3.1 Retallack's 13 1541 1545 4 1 0 PRM BB   
21/03/2016 3.1 Retallack's 14 1546 1553 7 0 0 PRM BB   
21/03/2016 3.1 Retallack's 15 1554 1602 8 0 0 PRM BB   
21/03/2016 3.1 Retallack's 16 1602 1606 4 0 0 PRM BB   
21/03/2016 3.1 Retallack's 17 1606 1610 4 0 0 PRM BB   
21/03/2016 3.1 Retallack's 18 1611 1615 4 0 0 PRM BB   
21/03/2016 3.1 Retallack's 19 1616 1623 7 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 1 852 856 4 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 2 856 900 4 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 3 904 907 3 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 4 910 915 5 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 5 917 930 13 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 6 933 940 7 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 7 940 945 5 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 8 945 950 5 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 9 950 957 7 0 1 PRM BB   
22/03/2016 3.1 Cas Sands 10 958 1006 8 1 1 PRM BB   
22/03/2016 3.1 Cas Sands 11 1010 1015 5 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 12 1015 1019 4 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 13 1020 1025 5 0 0 PRM BB   
23/03/2016 3.1 Point Hut 1 1422 1427 5 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 2 1427 1431 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 3 1431 1434 3 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 4 1434 1439 5 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 5 1439 1443 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 6 1446 1450 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 7 1446 1450 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 8 1450 1453 3 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 9 1453 1501 8 1 0 PRM BB RC 
23/03/2016 3.1 Point Hut 10 1501 1506 5 0 1 PRM BB RC 
23/03/2016 3.1 Point Hut 11 1506 1513 7 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 12 1513 1516 3 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 1 1011 1013 2 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 2 1013 1019 6 0 0 PRM BB RC 
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21/03/2016 3.1 Retallack's 3 1357 1402 5 0 0 PRM BB   
21/03/2016 3.1 Retallack's 4 1403 1418 15 1 0 PRM BB   
21/03/2016 3.1 Retallack's 5 1419 1425 6 0 0 PRM BB   
21/03/2016 3.1 Retallack's 6 1425 1430 5 0 1 PRM BB   
21/03/2016 3.1 Retallack's 7 1430 1435 5 1 0 PRM BB   
21/03/2016 3.1 Retallack's 8 1438 1453 15 2 0 PRM BB   
21/03/2016 3.1 Retallack's 9 1456 1501 5 1 0 PRM BB   
21/03/2016 3.1 Retallack's 10 1502 1510 8 2 0 PRM BB   
21/03/2016 3.1 Retallack's 11 1513 1521 8 1 0 PRM BB   
21/03/2016 3.1 Retallack's 12 1521 1541 20 0 0 PRM BB   
21/03/2016 3.1 Retallack's 13 1541 1545 4 1 0 PRM BB   
21/03/2016 3.1 Retallack's 14 1546 1553 7 0 0 PRM BB   
21/03/2016 3.1 Retallack's 15 1554 1602 8 0 0 PRM BB   
21/03/2016 3.1 Retallack's 16 1602 1606 4 0 0 PRM BB   
21/03/2016 3.1 Retallack's 17 1606 1610 4 0 0 PRM BB   
21/03/2016 3.1 Retallack's 18 1611 1615 4 0 0 PRM BB   
21/03/2016 3.1 Retallack's 19 1616 1623 7 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 1 852 856 4 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 2 856 900 4 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 3 904 907 3 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 4 910 915 5 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 5 917 930 13 1 0 PRM BB   
22/03/2016 3.1 Cas Sands 6 933 940 7 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 7 940 945 5 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 8 945 950 5 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 9 950 957 7 0 1 PRM BB   
22/03/2016 3.1 Cas Sands 10 958 1006 8 1 1 PRM BB   
22/03/2016 3.1 Cas Sands 11 1010 1015 5 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 12 1015 1019 4 0 0 PRM BB   
22/03/2016 3.1 Cas Sands 13 1020 1025 5 0 0 PRM BB   
23/03/2016 3.1 Point Hut 1 1422 1427 5 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 2 1427 1431 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 3 1431 1434 3 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 4 1434 1439 5 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 5 1439 1443 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 6 1446 1450 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 7 1446 1450 4 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 8 1450 1453 3 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 9 1453 1501 8 1 0 PRM BB RC 
23/03/2016 3.1 Point Hut 10 1501 1506 5 0 1 PRM BB RC 
23/03/2016 3.1 Point Hut 11 1506 1513 7 0 0 PRM BB RC 
23/03/2016 3.1 Point Hut 12 1513 1516 3 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 1 1011 1013 2 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 2 1013 1019 6 0 0 PRM BB RC 
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23/03/2016 3.1 Tharwa 3 1019 1024 5 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 4 1024 1029 5 1 0 PRM BB RC 
23/03/2016 3.1 Tharwa 5 1029 1048 19 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 6 1049 1056 7 1 0 PRM BB RC 
23/03/2016 3.1 Tharwa 7 1059 1111 12 1 0 PRM BB RC 
23/03/2016 3.1 Tharwa 8 1111 1117 6 1 0 PRM BB RC 
23/03/2016 3.1 Tharwa 9 1119 1126 7 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 10 1126 1131 5 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 11 1131 1135 4 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 12 1135 1139 4 1 0 PRM BB RC 
23/03/2016 3.1 Tharwa 13 1141 1148 7 1 0 PRM BB RC 
23/03/2016 3.1 Tharwa 14 1148 1152 4 0 1 PRM BB RC 
23/03/2016 3.1 Tharwa 15 1154 1200 6 0 0 PRM BB RC 
23/03/2016 3.1 Tharwa 16 1200 1204 4 0 0 PRM BB RC 
24/03/2016 3.1 Angle Xing 1 915 920 5 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 2 920 925 5 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 3 925 930 5 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 4 930 935 5 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 5 935 939 4 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 6 939 943 4 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 7 943 947 4 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 8 947 953 6 1 0 PRM BB   
24/03/2016 3.1 Angle Xing 9 953 957 4 2 0 PRM BB   
24/03/2016 3.1 Angle Xing 10 957 1001 4 1 0 PRM BB   
24/03/2016 3.1 Angle Xing 11 1001 1005 4 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 12 1005 1010 5 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 13 1012 1018 6 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 14 1019 1025 6 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 15 1025 1028 3 0 0 PRM BB   
24/03/2016 3.1 Angle Xing 16 1028 1032 4 0 0 PRM BB   
24/03/2016 3.1 Kambah 1 1237 1245 8 0 0 PRM BB   
24/03/2016 3.1 Kambah 2 1245 1250 5 0 0 PRM BB   
24/03/2016 3.1 Kambah 3 1250 1302 12 1 0 PRM BB   
24/03/2016 3.1 Kambah 4 1304 1309 5 1 0 PRM BB   
24/03/2016 3.1 Kambah 5 1310 1317 7 2 0 PRM BB   
24/03/2016 3.1 Kambah 6 1320 1333 13 1 0 PRM BB   
24/03/2016 3.1 Kambah 7 1333 1336 3 0 0 PRM BB   
24/03/2016 3.1 Kambah 8 1336 1343 7 1 0 PRM BB   
24/03/2016 3.1 Kambah 9 1344 1348 4 1 0 PRM BB   
24/03/2016 3.1 Kambah 10 1350 1354 4 0 0 PRM BB   
24/03/2016 3.1 Kambah 11 1354 1357 3 0 0 PRM BB   
24/03/2016 3.1 Kambah 12 1357 1402 5 1 0 PRM BB   
24/03/2016 3.1 Kambah 13 1402 1407 5 0 0 PRM BB   
24/03/2016 3.1 Kambah 14 1407 1412 5 0 0 PRM BB   
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24/03/2016 3.1 Kambah 15 1412 1415 3 0 0 PRM BB   
24/03/2016 3.1 Kambah 16 1415 1419 4 0 0 PRM BB   
24/03/2016 3.1 Kambah 17 1419 1423 4 1 0 PRM BB   
24/03/2016 3.1 Kambah 18 1423 1440 17 1 0 PRM BB   
24/03/2016 3.1 Kambah 19 1440 1457 17 1 0 PRM BB   
24/03/2016 3.1 Kambah 20 1457 1501 4 0 0 PRM BB   
24/03/2016 3.1 Kambah 21 1501 1506 5 0 0 PRM BB   
24/03/2016 3.1 Kambah 22 1506 1513 7 2 0 PRM BB   
24/03/2016 3.1 Kambah 23 1514 1520 6 0 0 PRM BB   
30/03/2016 3.2 Point Hut 1 1425 1429 4 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 2 1429 1432 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 3 1432 1437 5 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 4 1437 1440 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 5 1440 1445 5 1 0 PRM BB RC 
30/03/2016 3.2 Point Hut 6 1448 1451 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 7 1451 1455 4 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 8 1455 1501 6 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 9 1501 1504 3 0 1 PRM BB RC 
30/03/2016 3.2 Point Hut 10 1504 1507 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 11 1507 1511 4 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 12 1511 1513 2 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 1 924 928 4 0 1 PRM BB RC 
30/03/2016 3.2 Tharwa 2 928 931 3 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 3 931 935 4 1 0 PRM BB RC 
30/03/2016 3.2 Tharwa 4 935 940 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 5 940 949 9 2 0 PRM BB RC 
30/03/2016 3.2 Tharwa 6 951 1000 9 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 7 1000 1005 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 8 1005 1012 7 1 0 PRM BB RC 
30/03/2016 3.2 Tharwa 9 1016 1021 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 10 1021 1025 4 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 11 1025 1030 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 12 1030 1034 4 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 13 1034 1039 5 1 0 PRM BB RC 
30/03/2016 3.2 Tharwa 14 1043 1047 4 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 15 1047 1052 5 2 0 PRM BB RC 
30/03/2016 3.2 Tharwa 16 1054 1100 6 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 17 1100 1108 8 0 0 PRM BB RC 
31/03/2016 3.2 Kambah 1 1521 1524 3 1 0 PRM RC   
31/03/2016 3.2 Kambah 2 1526 1533 7 0 0 PRM RC   
31/03/2016 3.2 Kambah 3 1533 1536 3 0 0 PRM RC   
31/03/2016 3.2 Kambah 4 1536 1541 5 0 0 PRM RC   
31/03/2016 3.2 Kambah 5 1541 1545 4 1 0 PRM RC   
31/03/2016 3.2 Kambah 6 1545 1556 11 1 0 PRM RC   
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24/03/2016 3.1 Kambah 15 1412 1415 3 0 0 PRM BB   
24/03/2016 3.1 Kambah 16 1415 1419 4 0 0 PRM BB   
24/03/2016 3.1 Kambah 17 1419 1423 4 1 0 PRM BB   
24/03/2016 3.1 Kambah 18 1423 1440 17 1 0 PRM BB   
24/03/2016 3.1 Kambah 19 1440 1457 17 1 0 PRM BB   
24/03/2016 3.1 Kambah 20 1457 1501 4 0 0 PRM BB   
24/03/2016 3.1 Kambah 21 1501 1506 5 0 0 PRM BB   
24/03/2016 3.1 Kambah 22 1506 1513 7 2 0 PRM BB   
24/03/2016 3.1 Kambah 23 1514 1520 6 0 0 PRM BB   
30/03/2016 3.2 Point Hut 1 1425 1429 4 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 2 1429 1432 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 3 1432 1437 5 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 4 1437 1440 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 5 1440 1445 5 1 0 PRM BB RC 
30/03/2016 3.2 Point Hut 6 1448 1451 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 7 1451 1455 4 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 8 1455 1501 6 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 9 1501 1504 3 0 1 PRM BB RC 
30/03/2016 3.2 Point Hut 10 1504 1507 3 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 11 1507 1511 4 0 0 PRM BB RC 
30/03/2016 3.2 Point Hut 12 1511 1513 2 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 1 924 928 4 0 1 PRM BB RC 
30/03/2016 3.2 Tharwa 2 928 931 3 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 3 931 935 4 1 0 PRM BB RC 
30/03/2016 3.2 Tharwa 4 935 940 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 5 940 949 9 2 0 PRM BB RC 
30/03/2016 3.2 Tharwa 6 951 1000 9 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 7 1000 1005 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 8 1005 1012 7 1 0 PRM BB RC 
30/03/2016 3.2 Tharwa 9 1016 1021 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 10 1021 1025 4 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 11 1025 1030 5 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 12 1030 1034 4 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 13 1034 1039 5 1 0 PRM BB RC 
30/03/2016 3.2 Tharwa 14 1043 1047 4 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 15 1047 1052 5 2 0 PRM BB RC 
30/03/2016 3.2 Tharwa 16 1054 1100 6 0 0 PRM BB RC 
30/03/2016 3.2 Tharwa 17 1100 1108 8 0 0 PRM BB RC 
31/03/2016 3.2 Kambah 1 1521 1524 3 1 0 PRM RC   
31/03/2016 3.2 Kambah 2 1526 1533 7 0 0 PRM RC   
31/03/2016 3.2 Kambah 3 1533 1536 3 0 0 PRM RC   
31/03/2016 3.2 Kambah 4 1536 1541 5 0 0 PRM RC   
31/03/2016 3.2 Kambah 5 1541 1545 4 1 0 PRM RC   
31/03/2016 3.2 Kambah 6 1545 1556 11 1 0 PRM RC   
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31/03/2016 3.2 Kambah 7 1556 1601 5 0 0 PRM RC   
31/03/2016 3.2 Kambah 8 1601 1604 3 0 0 PRM RC   
31/03/2016 3.2 Kambah 9 1604 1608 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 10 1608 1614 6 0 0 PRM RC   
31/03/2016 3.2 Kambah 11 1614 1618 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 12 1618 1622 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 13 1622 1626 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 14 1626 1629 3 0 0 PRM RC   
31/03/2016 3.2 Kambah 15 1629 1633 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 16 1633 1636 3 0 0 PRM RC   
31/03/2016 3.2 Kambah 17 1636 1640 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 18 1640 1644 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 19 1644 1648 4 0 0 PRM RC   
31/03/2016 3.2 Kambah 20 1648 1658 10 1 0 PRM RC   
31/03/2016 3.2 Retallack's 1 1006 1011 5 1 0 PRM RC   
31/03/2016 3.2 Retallack's 2 1011 1015 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 3 1015 1018 3 0 0 PRM RC   
31/03/2016 3.2 Retallack's 4 1018 1022 4 1 0 PRM RC   
31/03/2016 3.2 Retallack's 5 1022 1027 5 0 0 PRM RC   
31/03/2016 3.2 Retallack's 6 1027 1031 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 7 1031 1034 3 0 0 PRM RC   
31/03/2016 3.2 Retallack's 8 1034 1037 3 0 0 PRM RC   
31/03/2016 3.2 Retallack's 9 1037 1046 9 1 0 PRM RC   
31/03/2016 3.2 Retallack's 10 1046 1050 4 2 0 PRM RC   
31/03/2016 3.2 Retallack's 11 1053 1057 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 12 1057 1101 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 13 1101 1105 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 14 1105 1110 5 0 0 PRM RC   
31/03/2016 3.2 Retallack's 15 1110 1116 6 1 0 PRM RC   
31/03/2016 3.2 Retallack's 16 1118 1123 5 0 1 PRM RC   
31/03/2016 3.2 Retallack's 17 1123 1133 10 0 0 PRM RC   
31/03/2016 3.2 Retallack's 18 1133 1137 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 19 1137 1148 11 2 0 PRM RC   
31/03/2016 3.2 Retallack's 20 1150 1155 5 0 0 PRM RC   
31/03/2016 3.2 Retallack's 21 1155 1200 5 0 0 PRM RC   
31/03/2016 3.2 Retallack's 22 1200 1204 4 0 0 PRM RC   
31/03/2016 3.2 Retallack's 23 1204 1209 5 1 0 PRM RC   
31/03/2016 3.2 Retallack's 24 1236 1243 7 0 0 PRM RC   
31/03/2016 3.2 Retallack's 25 1244 1247 3 0 0 PRM RC   
31/03/2016 3.2 Retallack's 26 1247 1250 3 0 0 PRM RC   
31/03/2016 3.2 Retallack's 27 1250 1253 3 0 0 PRM RC   
31/03/2016 3.2 Retallack's 28 1253 1258 5 2 0 PRM RC   
31/03/2016 3.2 Retallack's 29 1300 1310 10 0 0 PRM RC   

1/04/2016 3.2 Angle Xing 1 1149 1153 4 0 0 PRM BB HA 
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1/04/2016 3.2 Angle Xing 2 1154 1158 4 1 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 3 1201 1204 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 4 1204 1209 5 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 5 1209 1212 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 6 1212 1217 5 2 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 7 1219 1223 4 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 8 1223 1226 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 9 1226 1229 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 10 1229 1233 4 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 11 1233 1239 6 1 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 12 1244 1249 5 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 13 1249 1251 2 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 1 851 855 4 0 1 PRM BB HA 
1/04/2016 3.2 Cas Sands 2 856 900 4 2 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 3 903 906 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 4 906 910 4 1 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 5 912 916 4 1 1 PRM BB HA 
1/04/2016 3.2 Cas Sands 6 916 920 4 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 7 920 923 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 8 924 927 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 9 927 931 4 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 10 931 934 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 11 934 941 7 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 12 941 946 5 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 13 946 949 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 14 949 953 4 0 0 PRM BB HA 
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1/04/2016 3.2 Angle Xing 2 1154 1158 4 1 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 3 1201 1204 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 4 1204 1209 5 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 5 1209 1212 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 6 1212 1217 5 2 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 7 1219 1223 4 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 8 1223 1226 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 9 1226 1229 3 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 10 1229 1233 4 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 11 1233 1239 6 1 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 12 1244 1249 5 0 0 PRM BB HA 
1/04/2016 3.2 Angle Xing 13 1249 1251 2 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 1 851 855 4 0 1 PRM BB HA 
1/04/2016 3.2 Cas Sands 2 856 900 4 2 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 3 903 906 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 4 906 910 4 1 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 5 912 916 4 1 1 PRM BB HA 
1/04/2016 3.2 Cas Sands 6 916 920 4 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 7 920 923 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 8 924 927 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 9 927 931 4 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 10 931 934 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 11 934 941 7 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 12 941 946 5 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 13 946 949 3 0 0 PRM BB HA 
1/04/2016 3.2 Cas Sands 14 949 953 4 0 0 PRM BB HA 
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Angling surveys 

Date Event Site Day Start Finish 
Total 
Hours 

# 
anglers Correction 

18/04/2015 1 Angle Xing Sat 7:15:00 11:40:00 4:25:00 2 8:50:00 
18/04/2015 1 Cas sands Sat 6:00:00 12:00:00 6:00:00 2 12:00:00 
18/04/2015 1 Cas sands Sat 6:30:00 11:30:00 5:00:00 2 10:00:00 
18/04/2015 1 Kambah Sat 7:00:00 11:30:00 4:30:00 2 9:00:00 
18/04/2015 1 Point Hut Sat 16:00 20:00 4:00:00 2 8:00:00 
18/04/2015 1 Point Hut Sat 12:30:00 16:30:00 4:00:00 2 8:00:00 
18/04/2015 1 Tharwa Sat 5:30:00 13:00:00 7:30:00 2 15:00:00 
18/04/2015 1 Tharwa Sat 8:15:00 12:15:00 4:00:00 2 8:00:00 
19/04/2015 1 Angle Xing Sun 10:30:00 13:00:00 2:30:00 2 5:00:00 
19/04/2015 1 Cas sands Sun 14:30:00 18:30:00 4:00:00 2 8:00:00 
19/04/2015 1 Kambah Sun 12:30:00 17:00:00 4:30:00 2 9:00:00 
19/04/2015 1 Kambah Sun 8:00:00 16:00:00 8:00:00 2 16:00:00 
19/04/2015 1 Retallack's Sun 7:00:00 11:30:00 4:30:00 2 9:00:00 
19/04/2015 1 Retallack's Sun 7:00:00 11:35:00 4:35:00 2 9:10:00 
19/04/2015 1 Tharwa Sun 5:30:00 10:30:00 5:00:00 2 10:00:00 
28/11/2015 2 Angle Xing Sat 5:00:00 11:00:00 6:00:00 2 12:00:00 
28/11/2015 2 Angle Xing Sat 7:00:00 17:00:00 10:00:00 2 20:00:00 
28/11/2015 2 Cas sands Sat 0:00:00 4:30:00 4:30:00 2 9:00:00 
28/11/2015 2 Kambah Sat 5:30:00 11:00:00 5:30:00 2 11:00:00 
28/11/2015 2 Kambah Sat 16:30:00 23:00:00 6:30:00 2 13:00:00 
28/11/2015 2 Kambah Sat 4:00:00 10:00:00 6:00:00 2 12:00:00 
28/11/2015 2 Kambah Sat 18:30:00 21:30:00 3:00:00 2 6:00:00 
28/11/2015 2 Point Hut Sat 16:00:00 23:00:00 7:00:00 2 14:00:00 
28/11/2015 2 Point Hut Sat 6:00:00 10:00:00 4:00:00 2 8:00:00 
28/11/2015 2 Retallack's Sat 7:30:00 15:15:00 7:45:00 2 15:30:00 
28/11/2015 2 Retallack's Sat 6:00:00 15:00:00 9:00:00 2 18:00:00 
28/11/2015 2 Tharwa Sat 17:00:00 23:00:00 6:00:00 2 12:00:00 
28/11/2015 2 Tharwa Sat 8:50:00 17:30:00 8:40:00 2 17:20:00 
29/11/2015 2 Angle Xing Sun 8:30:00 13:00:00 4:30:00 2 9:00:00 
29/11/2015 2 Cas sands Sun 4:00:00 10:00:00 6:00:00 2 12:00:00 
29/11/2015 2 Cas sands Sun 6:30:00 10:30:00 4:00:00 2 8:00:00 
29/11/2015 2 Kambah Sun 5:30:00 10:30:00 5:00:00 1 5:00:00 
29/11/2015 2 Kambah Sun 4:00:00 8:00:00 4:00:00 1 4:00:00 
29/11/2015 2 Kambah Sun 5:45:00 10:45:00 5:00:00 2 10:00:00 
29/11/2015 2 Kambah Sun 18:15:00 21:00:00 2:45:00 2 5:30:00 
29/11/2015 2 Point Hut Sun 5:00:00 11:00:00 6:00:00 2 12:00:00 
29/11/2015 2 Point Hut Sun 16:00:00 21:00:00 5:00:00 2 10:00:00 
29/11/2015 2 Retallack's Sun 5:00:00 9:00:00 4:00:00 2 8:00:00 
29/11/2015 2 Tharwa Sun 17:00:00 21:30:00 4:30:00 2 9:00:00 
29/11/2015 2 Tharwa Sun 9:00:00 16:00:00 7:00:00 2 14:00:00 
28/11/2016 2 Cas sands Sat 6:05 11:00 4:55:00 2 9:50:00 
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Angling surveys 

Date Event Site Day Start Finish 
Total 
Hours 

# 
anglers Correction 

18/04/2015 1 Angle Xing Sat 7:15:00 11:40:00 4:25:00 2 8:50:00 
18/04/2015 1 Cas sands Sat 6:00:00 12:00:00 6:00:00 2 12:00:00 
18/04/2015 1 Cas sands Sat 6:30:00 11:30:00 5:00:00 2 10:00:00 
18/04/2015 1 Kambah Sat 7:00:00 11:30:00 4:30:00 2 9:00:00 
18/04/2015 1 Point Hut Sat 16:00 20:00 4:00:00 2 8:00:00 
18/04/2015 1 Point Hut Sat 12:30:00 16:30:00 4:00:00 2 8:00:00 
18/04/2015 1 Tharwa Sat 5:30:00 13:00:00 7:30:00 2 15:00:00 
18/04/2015 1 Tharwa Sat 8:15:00 12:15:00 4:00:00 2 8:00:00 
19/04/2015 1 Angle Xing Sun 10:30:00 13:00:00 2:30:00 2 5:00:00 
19/04/2015 1 Cas sands Sun 14:30:00 18:30:00 4:00:00 2 8:00:00 
19/04/2015 1 Kambah Sun 12:30:00 17:00:00 4:30:00 2 9:00:00 
19/04/2015 1 Kambah Sun 8:00:00 16:00:00 8:00:00 2 16:00:00 
19/04/2015 1 Retallack's Sun 7:00:00 11:30:00 4:30:00 2 9:00:00 
19/04/2015 1 Retallack's Sun 7:00:00 11:35:00 4:35:00 2 9:10:00 
19/04/2015 1 Tharwa Sun 5:30:00 10:30:00 5:00:00 2 10:00:00 
28/11/2015 2 Angle Xing Sat 5:00:00 11:00:00 6:00:00 2 12:00:00 
28/11/2015 2 Angle Xing Sat 7:00:00 17:00:00 10:00:00 2 20:00:00 
28/11/2015 2 Cas sands Sat 0:00:00 4:30:00 4:30:00 2 9:00:00 
28/11/2015 2 Kambah Sat 5:30:00 11:00:00 5:30:00 2 11:00:00 
28/11/2015 2 Kambah Sat 16:30:00 23:00:00 6:30:00 2 13:00:00 
28/11/2015 2 Kambah Sat 4:00:00 10:00:00 6:00:00 2 12:00:00 
28/11/2015 2 Kambah Sat 18:30:00 21:30:00 3:00:00 2 6:00:00 
28/11/2015 2 Point Hut Sat 16:00:00 23:00:00 7:00:00 2 14:00:00 
28/11/2015 2 Point Hut Sat 6:00:00 10:00:00 4:00:00 2 8:00:00 
28/11/2015 2 Retallack's Sat 7:30:00 15:15:00 7:45:00 2 15:30:00 
28/11/2015 2 Retallack's Sat 6:00:00 15:00:00 9:00:00 2 18:00:00 
28/11/2015 2 Tharwa Sat 17:00:00 23:00:00 6:00:00 2 12:00:00 
28/11/2015 2 Tharwa Sat 8:50:00 17:30:00 8:40:00 2 17:20:00 
29/11/2015 2 Angle Xing Sun 8:30:00 13:00:00 4:30:00 2 9:00:00 
29/11/2015 2 Cas sands Sun 4:00:00 10:00:00 6:00:00 2 12:00:00 
29/11/2015 2 Cas sands Sun 6:30:00 10:30:00 4:00:00 2 8:00:00 
29/11/2015 2 Kambah Sun 5:30:00 10:30:00 5:00:00 1 5:00:00 
29/11/2015 2 Kambah Sun 4:00:00 8:00:00 4:00:00 1 4:00:00 
29/11/2015 2 Kambah Sun 5:45:00 10:45:00 5:00:00 2 10:00:00 
29/11/2015 2 Kambah Sun 18:15:00 21:00:00 2:45:00 2 5:30:00 
29/11/2015 2 Point Hut Sun 5:00:00 11:00:00 6:00:00 2 12:00:00 
29/11/2015 2 Point Hut Sun 16:00:00 21:00:00 5:00:00 2 10:00:00 
29/11/2015 2 Retallack's Sun 5:00:00 9:00:00 4:00:00 2 8:00:00 
29/11/2015 2 Tharwa Sun 17:00:00 21:30:00 4:30:00 2 9:00:00 
29/11/2015 2 Tharwa Sun 9:00:00 16:00:00 7:00:00 2 14:00:00 
28/11/2016 2 Cas sands Sat 6:05 11:00 4:55:00 2 9:50:00 
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29/11/2016 2 Point Hut Sun 10:00 18:00 8:00:00 2 16:00:00 
18/03/2016 3 Kambah Fri 17:00 21:00 4:00:00 2 8:00:00 
18/03/2016 3 Retallack's Fri 18:00 22:00 4:00:00 2 8:00:00 
18/03/2016 3 Tharwa Fri 18:00 21:30 3:30:00 2 7:00:00 
19/03/2016 3 Angle Xing Sat 7:00 17:30 10:30:00 2 21:00:00 
19/03/2016 3 Cas sands Sat 5:30 11:30 6:00:00 2 12:00:00 
19/03/2016 3 Cas sands Sat 6:00 11:45 5:45:00 2 11:30:00 
19/03/2016 3 Kambah Sat 5:00 9:00 4:00:00 2 8:00:00 
19/03/2016 3 Kambah Sat 3:00 7:00 4:00:00 2 8:00:00 
19/03/2016 3 Point Hut Sat 6:00 9:15 3:15:00 2 6:30:00 
19/03/2016 3 Point Hut Sat 15:45 20:00 4:15:00 2 8:30:00 
19/03/2016 3 Retallack's Sat 15:00 24:00:00 9:00:00 2 18:00:00 
19/03/2016 3 Retallack's Sat 6:00 11:30 5:30:00 2 11:00:00 
19/03/2016 3 Tharwa Sat 6:00 11:00 5:00:00 2 10:00:00 
19/03/2016 3 Tharwa Sat 14:00 19:30 5:30:00 2 11:00:00 
19/03/2016 3 Tharwa Sat 6:00 10:00 4:00:00 2 8:00:00 
20/03/2016 3 Angle Xing Sun 14:30 20:00 5:30:00 2 11:00:00 
20/03/2016 3 Angle Xing Sun 5:00 10:30 5:30:00 2 11:00:00 
20/03/2016 3 Cas sands Sun 18:00 22:00 4:00:00 2 4:00:00 
20/03/2016 3 Cas sands Sun 16:00 21:30 5:30:00 2 11:00:00 
20/03/2016 3 Kambah Sun 11:00 15:00 4:00:00 2 8:00:00 
20/03/2016 3 Kambah Sun 7:00 11:00 4:00:00 2 8:00:00 
20/03/2016 3 Point Hut Sun 6:15 9:30 3:15:00 2 6:30:00 
20/03/2016 3 Point Hut Sun 17:30 20:00 2:30:00 2 5:00:00 
20/03/2016 3 Retallack's Sun 14:00 19:00 5:00:00 2 10:00:00 
20/03/2016 3 Retallack's Sun 6:00 11:30 5:30:00 2 11:00:00 
20/03/2016 3 Tharwa Sun 17:30 21:30 4:00:00 2 8:00:00 
20/03/2016 3 Tharwa Sun 6:30 15:00 8:30:00 2 17:00:00 
21/03/2016 3 Retallack's Mon 10:00 14:00 4:00:00 2 8:00:00 

 




