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Figures

Figure 1: Summary of the seven key steps in designing a recreational fishing survey
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Executive Summary

Currently, the most significant gap in our knowledge in assessing the status of community-shared fisheries
is determining the relative contribution by the recreational sector. To explore this issue, a two-day national
workshop was held from 10-12 July 2018 at the South Australian Research and Development Institute
(SARDI). The key focus was advancing the ‘best practice’ approach in design, execution, and analysis of
recreational fishing surveys as described in Georgeson et al. (2015; FRDC 2007-014). This project also
builds on recent work by Griffiths et al. (2014; FRDC 2011-036) and Moore et al. (2015; FRDC 2012-
022.20). The overarching aim of this workshop was to assess the usefulness of new technologies and
techniques for enhancing the cost-effectiveness and reliability of recreational fishing surveys. The attendees
included recreational fisheries scientists, managers, a national peak body representative, an international
expert, representatives from Deckhand® and a Fisheries Research and Development Corporation (FRDC)
representative.

The specific objectives of the workshop were to:

1. explore options to improve the precision and cost-effectiveness of recreational fishing surveys;

2. assess whether emerging technologies can be feasibly integrated into future surveys; and

3. identify strategies that positively engage the recreational sector in fisheries science and management.

Recently, changes to the availability of traditional phone and address listings and rapid transformations in
the way people communicate, have led to a need to re-evaluate how recreational fishing is assessed. The
telephone directory (e.g. White Pages®) has traditionally been the primary sampling frame for large-scale
recreational fishing surveys; however, it has become less representative of the overall population. The
workshop identified that the most cost-effective option for future large-scale surveys is to gain access to a
national register of recreational fishers (without exemptions). This would allow probabilistic sampling of
the target population, improved precision of catch and effort estimates and alleviate the reliance on broad-
scale population sampling. Where a complete registry is not available, other general population databases,
such as; the Geocoded National Address File (G-NAF), the Integrated Public Number Database (IPND),
boat registration databases, commercial databases, and online panels may provide alternative sampling
frames, or a multi-frame design using combinations of these may be employed.

It was recognised that face-to-face screening is an effective method to reduce non-response bias and soft
refusals. However, face-to-face sampling can be prohibitively expensive due to the time and effort required
to adequate sample recreational fishers, which typically comprise a small component (<20%) of the general
population. Face-to-face sampling methods are more likely to be effective if they target small geographic
areas (e.g. boat ramps, marinas, popular shore-based fishing locations). Where face-to-face screening is not
practical, phone screening is likely to be the preferred method.

At the data collection phase of surveys, phone-surveys provide a cost-effective method to survey a large
number of fishers over broad spatial and temporal scales. Future surveys may utilise smartphone
applications and/or the internet as a more cost-efficient and modern alternative to data collection. It is
important to note, however, that web-based and smartphone technologies are more likely to complement
probabilistic based survey designs rather than replace them, by offering another platform to obtain extra
information about recreational fishing activities and an avenue to increase sectorial engagement.

Wash-up attitudinal surveys, undertaken following the completion of the large-scale survey, remain an
important tool to assess awareness of regulatory and educational information, gauge the sector’s attitudes
towards fisheries management, determine the social values of recreational fisheries, and to collect additional
economic information that may relate to expenditure or contingency evaluation. These surveys also have
considerable flexibility to gain information at a regional level, where questions can be formulated around
specific jurisdictional issues such as biosecurity (i.e. White Spot Disease in Queensland’s prawn fisheries,
or Pacific Oyster Mortality Syndrome in southern Australia). Consumptive orientation, socio-demography,
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social licence and choice modelling surveys are also likely to be relevant for future national and or State
wide surveys.

On-site surveys should continue to complement large-scale off-site methods by providing an important
avenue to collect necessary biological information (e.g. fish length and weight data). This level of biological
information is important as it is relied upon to convert fish numbers to weight, and subsequently the
estimated total harvest of the recreational fishing sector. In situations where the objective of the survey is to
guantify a specific regional component of the recreational fishing community such as the reopening of a
spatial closure, an on-site survey may be sufficient and preclude the need to undertake a larger off-site
investigation. Workshop participants agreed that the accuracy and precision of data obtained from large-
scale offsite surveys could be improved with complementary and innovative technologies. On-site
surveillance techniques such as static boat ramp cameras, aerial surveys, thermal imaging, automated traffic
counting systems, Automatic Number Plate Recognition (ANPR) software, and targeted drone surveys may
be particularly useful for developing proxies of fishing effort in between off-site surveys.

Recreational fishing surveys provide key information used to inform fisheries management. In some
jurisdictions (e.g. South Australia), recreational catch estimates are used to determine shares against pre-
described allocations that underpin resource management. Improving the accuracy and precision of these
estimates was a key focus of this workshop. However, the currently available sampling frames and survey
methods mean that it is generally cost-prohibitive to increase the amount of sampling coverage to reduce
bias and increase precision for many species. This is particularly relevant for niche species that are rarely
caught (i.e. Southern Bluefin Tuna in southern Australia), and consequently their estimated catches are often
bounded by large error variances. Such imprecise estimates for these species can erode stakeholder
confidence in the science and undermine the integrity of the entire survey. Educating stakeholders about
how recreational fishing surveys are undertaken, why only a small proportion of the population is surveyed,
and how the numbers are scaled up regionally to provide an estimate of total catch (and effort), is
fundamental in rebuilding their trust in the process. However, this remains a significant challenge. Modern
and rapidly advancing communication platforms may provide an appropriate avenue to bridge the
‘education’ gap. Social media platforms, smartphone applications or internet chat forums have quickly
infiltrated the population as a reliable means for mainstream communication, and currently provide a vehicle
to engage the recreational fishing community in fisheries related issues.

Keywords

Recreational fishing, survey, phone-diary, online-panel, creel, smart-phone, technology, engagement.
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1. Introduction

Assessing and managing community-shared fisheries resources among various user groups and stakeholders
is challenging particularly where knowledge gaps exist surrounding the relative contribution by the recreational
sector. To enable effective and sustainable management of these shared resources, fisheries scientists need to
account for the combined total harvest of individual species across the different sectors. Most commercial
fishers are obligated to report their catch and fishing activity as part of their licence conditions and
consequently their impact can be assessed and regulated, whereas fishing activity amongst the recreational
sector is largely unknown and can be difficult to assess. Recreational fishers are unlikely to report their catch
at the same level of detail or frequency as the commercial sector, so in order to obtain an estimate of their total
catch, a representative sample of the population needs to be surveyed periodically. The key focus of this
workshop was advancing the ‘best practice’ approach in design, execution, and analysis of recreational fishing
surveys as described in Georgeson et al. (2015). The overarching aim of this workshop was to assess the
usefulness of new technologies and techniques for enhancing the cost-effectiveness and reliability of
recreational fishing surveys.

In Australia, the most commonly used method for estimating the total catch from the recreational sector is
through phone-diary interviews and associated on-site creel surveys (Georgeson et al. 2015). Phone-diary
surveys typically involve randomly sampling the general population, screening and interviewing a sub-set of
the sampled population, recruiting intending fishers to participate in a telephone-diary survey, regularly
assessing their fishing activities over a defined time period, and scaling-up the data to obtain a population
estimate. These off-site surveys are often complemented with on-site investigations that aim to intercept
anglers at boat ramps, jetties, marinas and prominent shore-based fishing locations (e.g. breakwaters) to obtain
useful information about their catch and fishing experiences.

While these types of recreational fishing surveys are considered to adopt ‘world’s best practice’, they typically
rely on sampling the general population, which recreational fishers often account for a small proportion. For
jurisdictions that require recreational fishers to have a licence, or register prior to undertaking any fishing
activity, their sampling frame becomes refined to a more representative population that can be surveyed more
cost-effectively. When sampling a subset of the population, the sample selection can be either random
(probabilistic sampling) or non-random (non-probabilistic sampling). Random sampling is preferred as the
precision of the estimates can be assessed by calculating associated confidence intervals or margins of error
(Georgeson et al. 2015). However, as recreational fishers represent a small proportion of the population (~20%)
and a small proportion of recreational fishers catch the majority of fish, catch estimates are usually bounded
by large confidence intervals (Henry and Lyle 2003). Levels of error can be reduced by increasing the sample
size; however, for species caught infrequently, or from niche recreational fisheries, it can be difficult to achieve
precise estimates using large-scale survey designs. The dynamic nature of the recreational fishing sector, both
within and between jurisdictions, means that there is unlikely to be a single survey design that can provide
accurate and precise estimates of recreational catch and effort for all species.

Changes in the availability of traditional sampling frames and rapid transformations in telecommunication
have increased the need to re-evaluate the way recreational fishing is assessed. For example, large-scale
population surveys have traditionally relied on the telephone directory (e.g. White Pages®) as a representative
sampling frame, however, it is becoming less representative as the population continues to shift away from
landline telecommunications to become increasingly reliant on unlisted mobile devices (Griffiths et al. 2017).
As such, there is a need to investigate alternative sampling frames and associated methodologies to ensure that
survey designs continue to provide the highest quality information in the most cost-effective way. This includes
assessment of available sampling frames, suitable screening surveys, data collection platforms, validation
methods and follow-up attitudinal (‘wash-up’) surveys. As recreational fishing surveys are generally
conducted periodically (e.g. every 5 years in South Australia, SA), they are limited in their ability to capture
the highly dynamic nature of the recreational fishing sector. Therefore, there is also a need to identify
appropriate proxies for estimating catch between surveys. This may include the use of emerging technologies
(e.g. static cameras, drones and thermal imaging), data processing systems (e.g. machine learning and image
recognition software) and data collection platforms (e.g. smart phone applications). Increasing the frequency
of catch and/or effort estimates is an important step in improving the accuracy and precision of data. The result
would likely be increased stakeholder confidence in recreational survey estimates, which support management
decisions and assessments.



2. Objectives

The objectives of the National Recreational Fishing Workshop were to:
1. Identify options to improve the precision and cost-effectiveness of recreational fishing surveys.
2. ldentify strategies that positively engage the recreational sector in fisheries science and management.

3. Assess whether emerging technologies can be feasibly integrated into future surveys.



3. Method

The South Australian Research and Development Institute (SARDI) hosted a technical workshop from 10-12
July 2018 at the South Australian Aquatic Sciences Centre, West Beach. The workshop was combined with a
workshop for another national project ‘Determining the design, output specifications and sample size for a
national social and economic survey of recreational fishers in Australia’ (FRDC 2016-126). Participants at the
workshop included recreational fisheries scientists, managers, a national recreational peak body representative
and an international expert in recreational fishing surveys from New Zealand. The New Zealand representative
provided valuable case studies and insights into optimising survey designs. A list of attendees is available in
Appendix 2 and the workshop agenda is available in Appendix 3. The workshop, which was chaired by Dr
Sean Tracey (IMAS), was broken into several sessions to align with the workshop objectives; (i) improve the
precision and cost-effectiveness of surveys, (ii) emerging technologies and engagement strategies, and (iii)
national social and economic survey of recreational fishers. During these sessions, 11 presentations were given
(six of which were provided by attendees and have been presented in Appendices 4-9), followed by a discussion
session.

This report provides a synthesis of the standard methods currently used, as well as considering new and
emerging methods for conducting off-site surveys (i.e. sampling frames, screening survey methods, data
collection methods and wash-up attitudinal surveys) and on-site surveys (i.e. access point, roving,
complementary). The intention of this report is to provide a suite of options for researchers conducting future
large-scale off-site surveys and to assess emerging technologies to improve the accuracy and precision of on-
site surveys.

3.1 Presentations

1. “Don’tthrow the baby out with the bath water” presented by Dr Jeremy Lyle- IMAS, Tasmania (Appendix
4).

2. “Applying innovation to off-site survey designs and statistical methods” presented by Dr Karina Ryan-
DPIRD, Western Australia (Appendix 5).

3. “Use of internet surveys” presented by Mr Andy Moore- ABARES, Canberra (Appendix 6).

4. ““Surveys in a changing social landscape: Addressing the challenges of achieving representative population
samples” presented by Dr Jacki Schirmer- University of Canberra.

5. “What role can digital camera monitoring of boat retrievals play in informing fisheries management”
presented by Mr Bruce Hartill- NIWA, New Zealand (Appendix 7).

6. “Integrating remote camera data and aerial surveys into the monitoring of two WA recreational fisheries”
presented by Dr Stephen Taylor- DPIRD, Western Australia (Appendix 8).

7. “High resolution camera works (CRAGS)” presented by Dr Tim Lynch- CSIRO, Tasmania.

8. “Can ‘Deckhand’ transition from the commercial to the recreational sector” presented by Mr Simon Dick-
Deckhand, South Australia.

9. “Improved data on Aboriginal and Torres Strait Islanders fisheries resource use to better inform
community planning and agency decision-making” presented by Mr Shane Holland- PIRSA, South
Australia.

10. “Expectations of the recreational sector” presented by Mr Brett Cleary- ARFF, Tasmania.

11. “A national social and economic survey: options” presented by Mr Andy Moore- ABARES, Canberra
(Appendix 9).



4. Results

4.1 Survey Objectives

On-going data collection is important to measure the relative impact of fishing mortality to allow for
sustainable resource management. Therefore, the primary objective of many large-scale surveys is to quantify
catch and effort for a range of species. While catch and effort information is typically available through
mandatory reporting in commercial fisheries, it is challenging to collect equivalent data from recreational
fisheries (Georgeson et al. 2015). The size and complexity of survey methodology varies depending on the
scale and objectives of the study (Pollock et al. 1994). Most commonly, off-site survey methods are used for
these large-scale surveys. Off-site surveys are also suited to social and economic objectives including
participation, demographic profiling, expenditure, and attitudes and awareness related to fisheries management
issues. While on-site surveys can collect similar information, they are often targeted at estimating catch or
effort related to specific activities (e.g. shore-based or boat-based), areas/water bodies or species of interest.
Such studies frequently examine spatial and temporal trends in catch and effort and can be complementary to
large-scale off-site surveys. Achieving these objectives, often results in a trade-off between the accuracy and
precision required and the cost of an appropriate method (Georgeson et al. 2015).

4.2 Off-site Recreational Fishing Surveys

Off-site methodologies are often utilised for large-scale surveys where the target population is widely dispersed
and on-site sampling is unlikely to be cost-effective. The most commonly used off-site methods include
telephone, mail, internet or modern surveillance surveys. Following the identification of the objectives and
scope of the survey, six key steps were identified as the preferred approach to undertaking an off-site
recreational fishing survey: (1) select a representative population sampling frame under either a single or multi-
frame design; (2) establish a probability-based sampling procedure; (3) contact the selected sampling units to
conduct a screening survey and recruit eligible participants to the data collection phase; (4) collect off-site data
from the selected sample using the most appropriate survey method; (5) conduct ‘wash-up’ attitudinal surveys;
(6) complement off-site surveys with on-site surveys to obtain additional information about catch and fishing
experiences; and (7) assess sample representation to provide weightings for expanded population estimates
(Figure 1).
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4.2.1 Sampling frames

To access the target population, sampling frames of addresses, phone numbers or geographical areas need to
be identified. Sampling frames are a list of sampling units from which samples are selected. For each frame,
the primary sampling unit (e.g. household, person, fishing location, etc.) also needs to be determined. Sampling
the entire population (census) is problematic as some individuals will be hard to locate, the population is always
changing and it is unlikely to be cost-effective. To overcome this, methodologies have been developed to select
a segment of the population and apply appropriate weightings to expand results to population estimates.
Therefore, it is important that the chosen sampling frame will provide comprehensive coverage with the least
amount of bias to avoid high levels of variation or error.

The level of bias for each sampling frame will vary depending on the sampling methodology. The quota
sampling method (non-probability) pre-defines groups (e.g. demographics) using existing information and
involves selecting a specified number of cases (quota) from each group. This is a lower cost method compared
to probability sampling, but can result in biased estimates due to discrepancies in fisher contact availability
(Griffiths et al. 2010). Probability sampling involves randomly drawing samples from list frames or area
frames, whereby all samples or sampling units have a known probability of being drawn and confidence
intervals can be calculated (Pollock et al. 1994). Cluster sampling is commonly used for recreational fishing
surveys, particularly where there is no frame listing (Schaeffer et al. 1996).

General population sampling

Population databases provide a broad and representative sample of the population. The general population has
traditionally been sampled using address-based sampling frames (ICES 2010; Armstrong et al. 2013) or phone
numbers as a proxy for private dwelling listings (Henry and Lyle 2003; Lyle et al. 2002; Coleman 2003; Jones
2009; Giri and Hall 2015). Phone numbers are commonly sourced from a telephone directory (e.g. the White
Pages ©). In recent Australian examples, large-scale recreational fishing surveys have relied on physical
random sampling of public telephone directories, as it is currently illegal to use digital listings (Georgeson et
al. 2015). Future surveys could explore the use of the Geocoded National Address File (G-NAF), a database
of all 14.1 million Australian addresses compiled by the Public Sector Mapping Agencies (Public Sector
Mapping Agencies, 2013). This database includes address data and coordinate references (or geocode) for
street addresses in Australia. The Australian Communications and Media Authority (ACMA) manage an
equivalent database for phone-listings in the Integrated Public Number Database (IPND). This includes all
domestic and mobile phone numbers (over 80 million) in Australia (Georgeson et al. 2015).

The advantage of general population sampling frames is the potential to conduct probabilistic sampling over
any defined geographic area. The key challenge is obtaining access to a complete and accurate database. Until
recently, telephone directories were a relatively cost-effective way to achieve good coverage of the general
population. However, the rise in unlisted numbers and mobile phone usage has reduced the overall coverage
of traditional telephone directories, raising concerns around coverage bias particularly in relation to some
socio-demographic groups (i.e. under- or over-coverage of particular groups). As the White Pages© contains
only 81% of all residential households in Australia and the electronic version is no longer available, it is
unlikely to be the most effective sampling frame for future surveys (Ryan et al. 2013, Georgeson et al. 2015).
The IPND provides a more complete database, although this can only be accessed through Commonwealth
Government Research, unlisted numbers cannot be contacted, and random sampling of listed domestic
numbers within each postcode is not possible (Georgeson et al. 2015). Of these general population-sampling
frames, the G-NAF appears to provide the most tractable option for random sampling geocoded to the dwelling
level.

4.2.2 Screening surveys

Screening surveys involve interviewing a representative subset of the sampling units, which can be stratified
and weighted based on a number of criteria, e.g. residential statistical division. This allows the identification
and recruitment of subjects who participate in recreational fishing to take part in a follow-up diary survey.
Screening surveys can also be used to collect demographic information (e.g. age, gender, ethnicity, previous
and future levels of participation in recreational fishing, association memberships, recreational fishing licence
status, and socio-economic information (Henry and Lyle 2003).



Phone

Phone-based screening surveys involve either using random digit dialling (RDD) or contacting directory-listed
phone numbers, usually using a stratified random sampling approach. Historically, geographical regions could
be targeted based on landline prefix or address data listed in the phone directory. Phone surveys are preferable
to written surveys as it reduces issues associated with illiteracy, vision impediments, and respondent burden.
In Australia, response rates have typically been high (75% to 85%) for phone-based surveys, however, non-
response (non-contact or refusal) rates are increasing (Georgeson et al. 2015).

Face-to-face

The face-to-face (or door-to-door) method of screening is likely to be the most effective method to reduce non-
response bias and soft refusals. This is because the ease of response is attractive to respondents that have
difficulty in answering mail, or telephone surveys, due to lack of time/interest, poor literacy levels, disability
or infirmity. However, face-to-face surveys can be cost prohibitive due to the labour and training required to
undertake them. Consequently, this method is often limited to a small geographic area and may be appropriate
for some targeted studies.

Postage/mail

Generally, mail surveys are used to make initial contact and follow-up surveys can be undertaken using
alternative data collection methods. The advantage of using mail surveys is that a cover letter can be included
to provide additional information on the study. The level of non-response bias is likely to be higher for mail
survey methods compared to phone or face-face surveys, as response rates are generally much lower due to
respondent burden.

4.2.3 Collection of respondent catch and effort data

Following the screening survey, intending recreational fishers are identified and recruited into the data
collection phase (catch and effort) of the recreational fishing survey. This generally involves a longitudinal
panel survey, which collect repeated observations of the same variables over a defined period. This survey
consists of a carefully designed sequence of questions that are developed in-line with the survey objectives.
The data collected usually includes catch and effort information such as species targeted, species caught,
number of fish landed by species, fishing location, water body type and catch and release details.

Face-to-face

The face-to-face (or door-to-door) method typically involves trained personnel conducting regular interviews
over a pre-determined period. While this method is likely to be expensive, it provides a high level of
engagement resulting in more precise data and limited bias (Pollock et al. 1994). Due to the high cost of face-
to-face surveys, the key application is likely to be as a benchmark to corroborate results obtained through other
methods.

Postage/mail

Mail surveys are a type of self-reporting diary or logbook, which participants return at the end of a pre-
determined survey period. While this method is likely to be cost-effective, without telephone or face-to-face
contact, workshop participants generally agreed that the level of engagement can be low, resulting in sub-
optimal response rates, infrequent reporting and reduced data quality.

Phone diary

A combination of phone and respondent diaries are the most common method used in Australia to conduct
large-scale recreational fishing surveys. Diaries, logbooks or ‘memory joggers’, can be used to assist in data
collection by encouraging participants to record key information for all their fishing activity. Respondents are
contacted periodically to retrieve data and anglers who are more avid are contacted more frequently to reduce
recall bias. The phone-diary method is a cost-effective way to survey a large number of fishers over extensive
spatial and temporal scales (Griffiths et al. 2010; Georgeson et al. 2015). Computer Assisted Telephone
Interview (CATI) systems, where interviewers follow a script provided by a software application, could
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provide a more efficient data collection platform, but connection delays can lead to high refusal or hang-up
rates. Response rates for this method are generally higher than mail surveys but lower than on-site creel surveys
(Griffiths et al. 2010; Georgeson et al. 2015). Where diaries are used, surveys have a higher level of response
burden but the accuracy and precision of data are likely to be increased. In New Zealand, the respondent burden
is lower as there is no requirement to complete a diary, and phone contact is more regular (Heinemann et al.
2015). Similarly, in Tasmania, diarists are regularly contacted with the frequency of contact tailored to the
needs and behaviour of the individual respondent (Lyle and Morton 2004). These examples highlight the
importance of trained interviewers to ensure quality and completeness of surveys.

4.2.4 Wash-up attitudinal surveys

Wash-up attitudinal (post-enumeration) surveys are often conducted at the end of the diary survey to assess
awareness and attitude, and detect differences among respondents. Wash-up surveys can verify recreational
fishing behaviour (i.e. fished or not), collect additional expenditure data, collect profiling information (such as
boat ownership details, use of technologies), and assess opinions and attitudes to fisheries issues (Georgeson
etal. 2015). In particular, it is important for fisheries management agencies to understand levels of satisfaction,
motivating factors and influences on fishing activities. Generally, jurisdictions also conduct a separate survey
for a sub-sample of non-intending fishers who were not included in the main survey, allowing the identification
of any unexpected fishing to correct for participation rates when data are expanded to the population level
(Georgeson et al. 2015).

The questions included in wash-up surveys are likely to be largely jurisdiction-specific and will depend on the
overall objectives of the survey. Often stakeholder consultation is required to formulate the specific questions
and the right balance of questions is established to ensure the level of respondent burden is not too high. Socio-
demographic profiling is likely to be relevant across all jurisdictions as different values, beliefs, behaviours
and preferences may influence the population through time. The key advantage of collecting socio-
demographic data is disaggregating survey results by demographic groups and linking wash-up results to
identifiers in the main survey. Questions about fisher motivations are also likely to be relevant across all
jurisdictions as they provide insight into what recreational fishers expect of their fishing experience and can
vary significantly. This can include factors associated with satisfaction such as their consumptive orientation,
or the degree to which fishers value the catch-related aspects of the fishing experience. A successful fishing
experience may also be linked to attitudes around fisheries management and policy. Depending on the survey
objectives, wash-up surveys can provide an opportunity to gauge opinion on representation and
communication, and to determine which strategies are successful in engaging the recreational fishing
community. Questions concerning the community perceptions of fishing (social licence), may also be
important in reflecting the opinions and expectations of the broader community. These questions may be more
relevant at the Commonwealth level. Finally, wash-up surveys can provide an opportunity to investigate topical
jurisdictional issues such as determining the awareness of biosecurity threats, changes in fisheries
management, or community-based initiatives.

Wash-up attitudinal surveys may also provide an opportunity to incorporate questions using a choice modelling
approach. Choice modelling involves posing a series of questions about preferences and the outputs can be
used to estimate ‘use’ and ‘non-use’ values of recreational fishing (Georgeson et al. 2015). While use values
are associated with the direct use of the resource, non-use values are those that people derive from the existence
of a species or ecosystem even if they do not use it. The advantage of choice modelling is that it provides a
more structured approach to predict behaviour and estimate economic value compared to expenditure based
guestions. Nevertheless, choice modelling would increase the level of respondent burden, hence would be most
appropriate as a separate survey to the standard wash-up attitudinal survey. Depending on the length of the
choice modelling questionnaire, consideration should be given to delivery through a respondent-directed
method such as the internet. This method involves existing sample members recruiting new members to the
sample from their social network. To avoid bias, it would be important to sub-sample identifiable members of
the respondent sample representing the population.



4.2.4 Options for improvements to off-site surveys

Reqistry sampling frames

General population surveys are unlikely to be the most efficient method of collecting data, as recreational
fishers are relatively rare in the population. The most effective solution would be the creation of a
comprehensive registry of all recreational fishers. This would provide a targeted sampling frame improving
efficiency, precision and cost-effectiveness.

Currently, recreational fishing licences exist in New South Wales (NSW), Victoria (Ryan et al. 2009; Ford and
Gilmour 2013), and Western Australia (WA) (Ryan et al. 2009; 2017). Residents primarily purchase a
recreational fishing licence, however, a small number of interstate or overseas visitors also take out licences.
Some of these licence schemes have exemptions (e.g. pensioners, under 18s) and only apply to shore-based
fishers in Western Australia (Georgeson et al. 2015). Additional licence frames that could be accessed include
recreational rock lobster pot licences in WA (DeLestang et al. 2012), species and gear specific licences in
Tasmania (Melville-Smith and Anderton 2000; Lyle and Morton 2004; Lyle et al. 2005) and rock lobster pots
registrations in South Australia (SA, Currie et al. 2006). The major concern with registry sampling frames is
potential non-response bias related to avidity, meaning that follow-up surveys or adjustments may be required.
Vessel registration, or boat licence databases, are also likely to provide an effective alternative sampling frame,
as people who own a boat are more likely to participate in recreational fishing. While such licence frames may
not provide full coverage of the target population, they can be effective for targeting particular species or
fishing methods (e.g. boat-based fishing for offshore species).

Commercial databases and online panels

Commercial databases, such as those used for healthcare and market research, contain records from a sample
of the population and can be purchased, or leased, from commercial vendors. The types of data generally
include specific identifiers, i.e. names and addresses, and key demographic variables. They may also contain
indicators of wealth, purchasing behaviour, and leisure or professional activities. While coverage in these
databases is generally good, the accuracy and completeness of data available can be variable. The biggest
challenge presented by commercial databases is the lack of information available on data source and quality
control procedures. Further work is required to understand the potential biases in these datasets to aid
interpretation of outcomes when used for recreational surveys.

As it is often difficult to source a suitable sampling frame, online panels can provide access to a pool of subjects
who have agreed to take part in online studies on a regular basis. Non-probability panels are open for anyone
to join, this means that the probability of selection for each member is unknown and so it is not possible to
calculate confidence intervals. Probability-based online panels, where samples are randomly drawn from list
or area frames, are the preferred option to target recruits from either the general population or a pre-recruited
panel. The key advantages of online-panel data frames are ease of access, relative cost-effectiveness, and
increased likelihood of accurate and honest responses. With ongoing survey participation, it is also possible to
collect comprehensive demographic background information on panel members. One of the potential biases
of this method is that respondents may provide inaccurate answers to complete a survey faster, particularly if
there are, incentives involved (Hillygus et al. 2014). In addition, coverage bias, where a research sample is not
representative, can occur where the internet is the source of panel member recruitment. The quality of online
panels is likely to be highly variable between providers. More research is required to develop robust methods
for sampling and weighting to improve representativeness where this method is to be used in recreational
fishing surveys.

Internet surveys

The internet provides an online platform for the completion of surveys, which is a cost-efficient and modern
alternative for data collection. The main concerns are around the precision and bias of the data collected.
Specifically, not all of the target population will have access to the internet and levels of computer literacy are
likely to vary among socio-demographic groups. In addition, biases towards anglers that are more avid may
occur and overall response rates can be low, particularly in relation to zero catch reporting (Georgeson et al.
2015). The Netherlands successfully implemented monthly online diary surveys between 2010 and 2011,
demonstrating the potential of online surveys for cost effective data collection (van der Hammen 2016). Some



of the key issues to consider relate to designing questionnaires to reduce non-response bias, adjusting for
avidity and respondent bias, and exclusion of dropouts (those who were intending to fish but did not).

Smartphones

Smartphone applications (apps) may provide a cost-effective method to collect supplementary data on
recreational catch (Gutowsky et al. 2013, Papenfuss et al. 2015; Venturelli et al. 2017). As most app
subscriptions are self-selected, sampling is non-probability based and it is not possible to calculate confidence
intervals and margins of error. The unknown level of non-response bias has major implications in the expansion
of catch data from the sample of fishers who opt-in to the survey and the broader population. Selection bias
towards fishers who own and effectively operate smartphones and may belong to specific socio-demographic
groups can also occur. For this reason, apps are unlikely to be suitable as a stand-alone method to collect
accurate and precise information on recreational fishing at this point in time.

Modern smartphones have potential to provide accurate spatial and species-specific data assisted by
technologies such as the Global Positioning System (GPS), high-resolution digital cameras, accelerometers
and gyroscopes. The supplementary data that apps can provide may be useful in engaging the recreational
sector and as an educational tool. Examples of currently used apps include iAngler (Muller and Taylor 2013)
and the International Game Fish Association Catchlog (IGFA 2018) in Florida, iFishWatcher in Europe (Abou-
Tair et al. 2013), and iSnapper in Texas (Stunz et al. 2014). Potential biases associated with app-based data
collection include transiency (short-term use), avidity, accuracy (exaggerated catches) and avoidance (lack of
trust or reluctance to share), as well as design issues in relation to user demographics (Papenfuss et al. 2015).
As apps generally rely on voluntarily, self-reported data, supplementary data from on-site surveys may be
required to corroborate catch estimates.

In addition, apps can provide a more efficient data collection method where traditional paper logbooks are
currently in place. This transition has already occurred in some commercial fisheries. For example, the
Deckhand app has replaced paper logbooks in the Southern Rock Lobster Fishery in SA (Phillips 2015), The
Institute for Marine and Antarctic Studies (IMAS) has recently engaged Real Time Data to modify the
commercial reporting app to be used by on-site creel clerks during Southern Bluefin Tuna surveys (Tracey
pers. comm). If used appropriately, app-based data collection can increase cost-efficiency, improve quality
assurance and quality control by reducing double handling and incorporating inbuilt redundancy checks, and
provide Work Health and Safety advantages though GPS monitoring capabilities for on-site survey
interviewers.

4.3 On-site recreational fishing surveys

On-site recreational fishing surveys are frequently conducted to validate components of large-scale off-site
methods or assess specific fisheries in defined areas (Georgeson et al. 2015). On-site surveys can be useful for
collecting information to monitor change between survey periods and collect additional biological information
on catch composition (e.g. length and weight of fish caught). This level of biological information is important
as it is relied upon to convert fish numbers to weight, and subsequently the estimated total harvest of the
recreational fishing sector. As interviews take place either during, or directly after, a fishing trip, a key
advantage of on-site surveys is improved accuracy and precision of data. On-site surveys also provide an
opportunity to assess residential location and access information from interstate or overseas visitors who may
not be accessible within State-based sampling frames where they exist.

4.3.1 Access point surveys

Access-point surveys focus on boat ramps, jetties and marinas where interviewers intercept anglers
immediately after a fishing trip is completed (Pollock et al. 1994). This method is most appropriate where there
are defined access points where fishers enter the fishery, usually places where anglers can park vehicles.
Stratified sampling is typically required due to higher recreational fishing effort on weekends and holidays.
Access points are usually chosen at random from a current and complete list to ensure that effort is not over-
or under-estimated. In Australia, access-point surveys using the ‘bus-route’ design are commonly used as
fishing generally occurs over a broad geographic area with many access points (Conron and Coutin 1995,
1998; McGlennon and Kinloch 1997; Murray-Jones and Steffe 2000; Sumner et al. 2002, 2008; Webley et al.
2009).
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4.3.2 Roving Surveys

Where access is more widely dispersed and particularly for shore-based fisheries, interviewers can conduct
roving surveys either by boat or on foot (Pollock et al. 1994). Sampling methodology is similar to access-point
surveys, however, the main difference is the spatial extent of the sampling frame (i.e. there are no discrete
sites) and that interviews are conducted with anglers who have not yet completed their fishing trip. Roving
surveys can provide wider spatial coverage away from access points, however, trip data are often incomplete
or influenced by avidity and ‘length of stay bias’ as the probability of intercepting a fisher is proportional to
the length of their fishing trip (Pollock et al. 1994).

4.3.3 Complementary surveys

Complementary survey methods can improve the accuracy and precision of fishing effort and harvest estimates
(Steffe et al. 2008). While traditional creel surveys provide an opportunity to collect fishing effort information
and interview individual fishers, there is often a trade-off between sample coverage and cost. Increased
temporal coverage can be achieved by collecting supplemented auxiliary effort data, generally quantifying the
number of fishers or boats to calculate total effort.

For boat-based fishing activity, interviewers at boat ramps commonly undertake direct counts of boats or
trailers. Increased temporal coverage can be achieved by incorporating surveillance methods such as automatic
traffic counters at choke points to provide an indirect measure of boat movements, recording all vehicles
entering or leaving an area (Steffe et al. 2008). This is particularly useful in high traffic, or remote areas,
providing a cost-effective option for continuous monitoring which is important for highly variable recreational
fisheries. While they provide a low cost, low maintenance, and theft resistant option, they are unable to
distinguish between fishing and non-fishing vehicles and on-site validation is generally required (van Poorten
et al. 2018). Similarly, static boat ramp cameras can enable counts of boats launching and retrieving, however,
information on the proportion of boats that recreationally fish is required to measure recreational fishing effort
as opposed to overall boating activity. These cameras are commonly used to monitor trailer boats returning to
high traffic boat ramps in New Zealand (Hartill et al. 2016) and in Western Australia, boat ramps and groins
have also been surveyed (Smallwoood et al. 2012; Ryan et al. 2013, 2015, 2017; Steffe 2017). Future work
should look to automate the boat counting process from video footage to ensure consistent and repeatable
analysis. This could be facilitated by incorporating Automatic Number Plate Recognition (ANPR) software.

Shore-based fishing presents different challenges for surveyors to boat-based fishing as activity often extends
into the night. Sampling during the night has historically been challenging due to visibility and the safety of
observers. In Western Australia, dual lens cameras incorporating a thermographic lens have been trialled at
several locations to identify night-time shore-based crabbing effort (Steffe et al. 2017; Taylor et al. 2018).
Shore-based fishers are being identified in remote, unlit sections of the Peel-Harvey Estuary foreshore enabling
24-h monitoring of recreational fishing effort. This approach could be applied to other small-scale recreational
fisheries where fishing at night occurs. Future advances in this technology will likely see it become more
readily available and widely used as costs decrease.

Increasing the spatial coverage of on-site recreational fishing surveys is also important in areas where fishing
may occur over a large area, or is difficult to access by a vehicle. Aerial surveys using fixed-wing aircraft are
considered a useful tool for measuring the spatial distribution of effort providing estimates of fishing effort on
a selection of days at high-effort areas (Holdsworth et al. 2018; Hartill et al. 2011, 2013; Smallwood et al.
2012). They can provide instantaneous counts of shore-based anglers and identify spatial distribution and
aggregations of fishers. The main disadvantage is cost-effectiveness over large spatial or temporal scales.

An alternative to fixed-wing aircrafts is the use of drones which can provide video/photographic data with high
spatial accurately. A trial drone survey of recreational fishing activity is currently underway in Freycinet
Estuary, a remote area in Shark Bay, Western Australia (Taylor pers. comm.). This is part of a 12-month survey
to assess the status of local fish stocks and the effect of changes to management of pink snapper in the estuary.
Footage collected from drones is being compared to that collected from simultaneous aerial surveys using
fixed-wing aircraft to assist in evaluating the efficacy of this emerging technique (Taylor, pers. comm.). Some
of the limitations of drones are the certification requirements to pilot drones heavier than 2 kg (remotely piloted
aircraft), costs of equipment, intrusive/privacy concerns, limited flying time/range, local and/or national park
operating restrictions and access, and/or perception bias. Availability biases occur when not all subjects in the
area are observed, while perception biases are inherent with the sampling methodology and can include biases
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associated with observers, flight characteristics or environmental conditions (Colefax et al. 2018). Another
alternative, which is particularly suitable to remote and isolated areas, is the use of satellite imagery tools to
measure recreational fishing effort (Keramidas et al. 2018). In the Mediterranean, satellite images were used
to count the number of vessels and this was compared against physical counts of recreational vessels at ports
and marinas. High correlations between in situ and satellite data were observed. A similar method that may be
employed in the future is the vessel monitoring system (VMS) which is commonly used to track commercial
fishing vessels (Toonen and Bush 2018).
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5. Discussion

5.1 The future of large-scale off-site recreational fishing surveys

A comprehensive national registry of all recreational fishers would be the ideal sampling frame to undertake
cost-effective and robust large-scale recreational fishing surveys. A registry would provide access to a
representative sample of the target population and enable comprehensive sampling coverage while minimising
bias. From this, a robust offsite probabilistic sampling protocol can be implemented. While a national registry
would result in some cost savings due to increased sampling efficiency, there would likely be some additional
cost to maintain the database. However, the benefits of this approach would likely outweigh the cost due to
increased quality and quantity of data and improved public confidence in survey outputs.

The currently available registry databases are restricted to State-issued fishing licences, such as those available
in New South Wales, Victoria and Tasmania, or the Western Australian Recreational Fishing from Boat
Licence database. These sampling frames are generally subject to a range of exemptions (e.g. under 18,
concession card holders, pensioners, people fishing in private waters, Aboriginal or Torres Strait Islander
people). This may result in a sampling frame that does not capture all of the potential respondents affecting
the robustness of any estimates. In some instances, a dual-frame approach may be an appropriate option to
reduce biases introduced by relying on a single incomplete sampling frame (Georgeson et al. 2015).

Under a dual-frame approach, a general population database would be used as the primary sampling frame and
this would be supplemented with other existing licence databases where available. General population
databases such as phone, or address, listings provide a convenient sampling frame to choose random samples
for surveys. The most commonly used phone-based general population database is the White Pages®, although
in recent years this has become less representative of the overall population (Griffiths et al. 2017). While the
IPND, would provide a more complete phone-based list, it can only be accessed by Commonwealth
Government research agencies. Therefore, commercial databases, or probability-based online panels, which
are frequently used in social science and medical research, were identified as a potential alternative to
traditional telephone directories. As commercial databases and online panels do not cover the entire population,
it will be important to account for potential high levels of bias when scaling up results to the target population
level. Where face-to-face or mail-based surveys are acceptable as a primary contact method, the G-NAF would
provide the most complete address-based listing of Australian households.

Regardless of the sampling frame selected, longitudinal diary surveys are currently the most common platform
for collecting recreational fishing data in Australia (Georgeson et al. 2015). The required level of engagement
to achieve accurate and precise responses is likely to vary depending on personal preferences (of respondents)
related to factors such as age, language, literacy and technical ability. While phone-surveys are the most
commonly used method to undertake the diary surveys, respondent-driven methods such as online surveys
may become more popular in the future due to the speed and convenience offered by this platform. An internet
platform may provide a more cost-effective alternative with suitable flexibility to design surveys that will
likely appeal to a broader range of respondents. As internet-based surveys are respondent driven (i.e. they are
completed voluntarily), the key challenge is likely to be participant apathy towards surveys which can result
in bias and inaccuracy. Smartphone, or tablet apps, may provide another convenient method for data collection
and could replicate online surveys. Similar technology is already in place in the commercial sector in Australia,
where e-logbooks are submitted using apps that replace traditional paper logbooks (e.g. the South Australian
Southern Rock Lobster Fishery). Some fisheries also offer the option of submission manually or by using
electronic logbooks (e.g. fisheries managed by the Australian Fisheries Management Authority).

Following the main data collection surveys, wash-up attitudinal surveys are generally conducted to assess
awareness and attitude of recreational fishers and detect differences among respondents. As there are a large
number of recreational fishers, there are many potential biases that can influence recreational harvest estimates.
In particular, socio-demographic characteristics (e.g. age, race, ethnicity, gender, socio-economics), fisher
profile (boat size/power, use of technology), attitudes, values and motivations are all highly variable.
Workshop participants generally agreed that standard questions similar to those used in the Tasmanian wash-
up survey could easily be adapted to suit other jurisdictions. It is unlikely that all jurisdictions would include
choice modelling, as this sophisticated approach would be more suitable as a federal survey analysed by
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Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES) but potentially
distributed by the states/territories. In addition, wash-up surveys may provide an opportunity to explore
Aboriginal, Indigenous and traditional fishing which would be relevant to inform allocation policies and
decisions around native title claims.

5.2 Improving accuracy and precision of information through on-site
surveys

On-site recreational fishing surveys can provide cost-effective methods to collect catch, effort and biological
data for small-scale, or specific, recreational fisheries. Traditional creel surveys, using established roving or
access point methods, provide a mechanism to repeatedly survey important areas to identify changes through
time (Pollock et al. 1994). On-site surveys have also been used to complement off-site surveys providing
additional information that improve cost effectiveness (Georgeson et al. 2015). Compared to off-site surveys,
on-site surveys have the advantage of reduced recall bias and can provide opportunities for interviewers to
measure and weigh catch.

As recreational fishing activity is complex and highly variable over large spatial and temporal scales, it can be
difficult to sample all access points where fishing occurs. Where large geographical areas need to be covered,
aerial surveys are sometimes used to determine effort (counts of boats or shore-based fishers). Emerging
technologies such as drones and satellite imagery may provide a future alternative suitable to remote and hard
to access areas. Increased coverage can also be achieved with new and emerging on-site methods such as static
boat ramp cameras, ANPR and thermal imaging cameras. These technologies are being trialled in several
Australian jurisdictions and New Zealand as complementary methods to improve data on fishing effort.
Camera based surveillance methods are becoming more commonly used and this will likely continue to
increase as more cost-effective methods of data and image/video analysis are developed. Further comparative
studies using dual or multi-survey approaches will require collaboration across jurisdictions with a view to
build Australia’s capability in this area.

As effort and catch rates can be spatially and temporally structured and subject to different sources of
variability (Cabanellas-Reboredo et al. 2017), there is a clear need to develop cost-effective methods to
improve the accuracy of recreational harvest estimates and address specific management questions. As large-
scale surveys are generally undertaken infrequently, on-site methods may also provide a suitable proxy for
effort and could serve to capture the variation in fishing activity between off-site surveys.

5.3 Engaging the recreational fishing community

Recreational fishing surveys provide key information used to inform fisheries management. In some
jurisdictions (e.g. SA and WA), recreational catch estimates are used to determine shares against pre-described
allocations that underpin resource management (PIRSA 2011; 2017; Ryan et al. 2016). Improving the accuracy
and precision of these estimates was a key focus of this workshop. However, it has been identified that
stakeholders’ lack of understanding of survey methodologies when interpreting survey results can undermine
their integrity. As a result, the strategies to engage the recreational sector in fisheries science and management
were discussed. Workshop participants agreed that for future surveys, it would be important to engage with
the recreational fishing community at all stages of planning, implementation and delivery to ensure
understanding and acceptance of the outcomes. An example of this was the recent “Recfishing Champions”
workshop hosted by Recfish SA. This provided an opportunity for 15 recreational fishers to learn more about
managing our valuable fisheries resources with training from fishery managers and scientists. Increasing
recreational fisher involvement in fisheries management will likely require the development of programs to
build a sense of community (Copeland et al. 2017).

One way to engage the recreational fishing community is by developing citizen science capacity and spreading
educational messages through social media platforms and smartphone apps. Social media (e.g. Facebook,
Instagram) provides a platform for networks of individuals to share information in real-time. Social media
forums and smartphone apps provide opportunities to improve fishing experiences and are already popular
within the recreational fishing community. Social media and apps facilitate the sharing of fishing locations
through integrated mapping software, provide communication forums (brag boards, photo sharing), weather
and tide information, boat ramp locations and details, fish identification guides, fishing tips and tricks,
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competitions, fishing rules and regulations, news and other information. There may be some situations where
social media and apps can provide a cost-effective mechanism for community monitoring. However, they are
unlikely to be representative of the entire population and biases such as avidity will be difficult to account for.
In order to answer management questions and collect reliable data that are comparable to previous surveys,
the most tractable approach would be to undertake probabilistic sampling with a specifically designed app.
Other more active engagement approaches, such as the ‘Send in your Skeletons’ initiative implemented in
Western Australia and the King George Whiting (KGW) frame donation project in SA (FRDC 2016-003),
have been positive exercises in engaging more broadly with the sector, as they enabled fishers to collect and
contribute important biological information on their catches.

In addition to harvest estimates, effective recreational fishing surveys provide important insights into the social
and economic contribution of recreational fishing. Understanding the motivations of the recreational fishing
community is important to ensure that fishing is not only sustainable but also satisfying. As fishing motivations
are likely to differ between the commercial and recreational sector, a sustainable fishery may not be the sole
focus of the recreational sector, but more so the availability of target species (positive fishing experience). This
is complicated where allocation issues exist within shared access fisheries. An improved understanding of
recreational fisher attitudes and motivations is important when implementing changes to fishing rules and
regulations and to interpret fisher’s behaviour through time. Recreational fishing surveys play a key role in
understanding this shifting landscape as they provide an opportunity to understand fishing motivations that can
be either catch- or non-catch related (Finn and Loomis 2001).
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6. Conclusion

Rapid evolution in the way people communicate is occurring due to technological change and cultural shifts
towards less personalised communication. This presents challenges for undertaking future recreational surveys
and surveyors need to adapt to this changing landscape. The results of this workshop re-inforce the importance
of designing surveys to explicitly deal with fishery-management related issues. For large-scale surveys, the
most suitable and clearly defined sampling frame for future surveys is a national database of recreational
fishers. Where a complete sampling frame is not available, a dual-frame design incorporating a commercial
database or online panel should be investigated. It is likely that internet-based surveys will provide a cost-
efficient mechanism for undertaking recreational fishing surveys in the future. On-site surveys were identified
as a tool to provide a useful proxy for estimates of catch and effort between large-scale surveys. On-site surveys
should continue to be used to collect important catch, effort and essential biological information, particularly
where surveys occur over small-scales or where specific fisheries are being investigated. The accuracy and
precision of data collected during on-site surveys will likely be improved through use of new and emerging
technologies.

Wash-up attitudinal surveys, which are generally undertaken after the main survey, remain as an important
tool to provide insights into the socio-economic contribution of recreational fishing. Understanding the
motivations of recreational fishers continues to be an important component of recreational fishing surveys.
Smartphone apps were identified as a potential way to engage the recreational fishing community; however,
they are unlikely to replace robust non-probability survey methods. While this workshop was an important
first step in engaging with the recreational fishing community through their peak body, further engagement
will be required at the jurisdictional level to identify engagement strategies relevant to their user groups.
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7. Implications

The main constraint to undertaking recreational fishing surveys is the lack of a complete sampling frame.
Establishing a national registry of recreational fishers would avoid the need to investigate alternative sampling
frames. Until a national database becomes available, alternative sampling frames (e.g. existing licence frames
and/or population databases), will continue to be used to conduct large-scale recreational fishing surveys. The
use of these sampling frames is likely to introduce bias and for State wide surveys, interstate visitors are
unlikely to be sampled. There are potential opportunities to improve the accuracy and precision of data through
on-site sampling using modern sampling technigues and use of innovative technologies, although the utility of
such approaches required further investigation. A collaborative approach, across jurisdictions, will build
Australia’s capability in this area.
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8. Recommendations

8.1 Recommended approach

The workshop identified that the most cost-effective option for future large-scale surveys is to gain access to
a national register of recreational fishers (without exemptions). This would allow probabilistic sampling of the
target population, improved precision of the catch and effort estimates and alleviate the reliance on broad-scale
population sampling. Where a complete registry is not available, other general population databases, such as;
the Geocoded National Address File (G-NAF), the Integrated Public Number Database (IPND), boat
registration databases, commercial databases, and online panels may provide alternative sampling frames, or
a multi-frame design using combinations of these may be employed. Future surveys should consider the use
of internet-based data collection as a cost-efficient alternative to phone-surveys. Standard wash-up attitudinal
surveys should be developed using questions similar to the Tasmanian wash-up survey (Lyle 2018), which
could easily be adapted to suit all jurisdictions.

On-site surveys are recommended as a tool to provide useful proxies for estimates of catch and effort between
large-scale surveys. They also provide important catch, effort and essential biological information over small-
scales or where specific fisheries are being investigated. Consideration needs to be given to new and emerging
technologies to improve the accuracy and precision of data. Smartphone applications should be considered as
a tool for increasing engagement with the recreational community but are unlikely to replace more robust
survey methods. It is recommended that further engagement of the recreational fishing community is required
at the jurisdictional level to identify strategies relevant to their user groups.

8.2 Further development

The need to develop closer cross-jurisdictional collaborations to improve the cost-effectiveness and precision
of State-based recreational fishing surveys was acknowledged during the workshop. In particular, there is a
need to compare the effectiveness of new and emerging sampling frames, such as commercial databases or
online panels, given the decreasing coverage phone directories offer and the lack of a comprehensive registry
of recreational fishers. Whilst the needs of the various jurisdictions are likely to differ, there is overall
agreement regarding the underlying principles of recreational fishing surveys and the need to tailor the surveys
accordingly. Itwas the consensus of the workshop participants that a research proposal be developed to explore
the cost-effectiveness and precision of various data-collection methods. A comparison of direct interviews
and online data gathering techniques, along with combining both methods, would be the underlying objective,
however, these collection methods would need to be applied within the same sample frame. Applying this
comparative method analysis across the jurisdictions would add considerable value. For example the vessel
registration database could be used in WA, whereas a commercially purchased data-base could be assessed in
other jurisdictions (e.g. Qld, SA). This would lead to multiple experiments across the different states that can
be tailored to their respective situations and needs, while collectively contributing to improving Australia’s
overall understanding of recreational catch and effort, participation rates, and value.

From this workshop, it was recommended that periodic off-site State wide surveys be supplemented with more
regular, targeted, on-site investigations to establish a continuous proxy for recreational catch and effort.
Emerging surveillance technology is beginning to be used in some jurisdictions to support fisheries
management. These technologies include, static boat ramp cameras, aerial surveys, and thermal imaging, and
they are typically supported with on-site creel surveys to gain further insight into the dynamics and behaviour
of recreational fishers. Further research should aim to build upon the expertise from Australia and New Zealand
by assessing whether emerging technologies (e.g., ANPR and targeted drone surveys) can be effectively
integrated with small-scale boat-ramp surveys. By coupling passive long-term surveillance with periodic State
wide surveys such research will be able to develop proxies for catch and effort, determine the relative fishing
capacity (i.e. use of fishing technologies), and explore the underlying motivation that is driving the recreational
fishing sector.

The use of apps as a simple means of collecting recreational fishing data is often touted by the broader
community as the ‘panacea’ to surveying and assessing recreational catch and effort. However, reliance on this
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technology is problematic. There may be opportunities to investigate the potential of this technology, but this
should be undertaken from the standpoint of recreational fisher engagement and education to support the
sector’s understanding of the need for statistically rigorous, probabilistic, surveys.
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9. Extension and Adoption

There are clear benefits to establishing a national registry of recreational fishers to be used as the primary
sampling frame for off-site recreational fishing surveys. This would avoid the need for general population
sampling and enable a targeted approach to sampling. Where incomplete licence frames exist and general
population sampling is required, probabilistic (random) sampling will ensure appropriate representation and
reduce bias. While commercial databases present an opportunity for general population sampling under a dual-
frame approach, uncertainty around data sources and quality control procedures means that further work is
required to understand the potential biases in these datasets. As preferences in communication are changing,
we are likely to see a switch from traditional phone-surveys to online surveys. Similarly, on-site survey
methods continue to evolve with the advent of new technologies. The benefits are likely to be increased
sampling efficiency and reduced costs. As jurisdictions prepare for future recreational fishing surveys, the
results of this workshop provide a toolbox for building on the ‘best practice’ approach described in Georgeson
et al. (2015).
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Appendix 3: Agenda

NATIONAL WORKSHOP:

ASSESS NEW TECHNOLOGIES AND TECHNIQUES THAT COULD IMPROVE THE COST-EFFECTIVENESS
AND ROBUSTNESS OF RECREATIONAL FISHING SURVEYS (FRDC 2017/198)

In-conjunction with

DETERMINING THE DESIGN, OUTPUT SPECIFICATIONS AND SAMPLE SIZE FOR A NATIONAL SOCIAL
AND ECONOMIC SURVEY OF RECREATIONAL FISHERS IN AUSTRALIA (FRDC 2016/126)

TUES 10™ TO THUR 12™ JULY 2018

SOUTH AUSTRALIAN RESEARCH & DEVELOPMENT INSTITUTE (SARDI)
2 HAMRA AVE, WEST BEACH, SOUTH AUSTRALIA

WORKSHOP CHAIR: DR SEAN TRACEY (IMAS)

NEED:

It is proposed that a national workshop is needed to:

1. Identify options to improve the precision and cost-effectiveness of recreational fishing surveys;

2. Assess whether emerging surveillance technologies can be feasibly integrated into future surveys;

3. lIdentify strategies that positively engage the recreational sector in fisheries science and
management.

Although all States are expected to benefit from the outcomes of the proposed workshop, South Australia is
particularly reliant on the shared expertise, transfer of knowledge and advice regarding the execution of
scientifically robust, routine recreational fishing surveys. The South Australian Government is committed to
undertaking a recreational fishing survey every five years. All previous surveys have been carried out by
interstate experts, however, there is a commitment by PIRSA/SARDI to develop recreational fisheries science
capability at a sufficient level to undertake all future State-based surveys. It is expected that the workshop
will establish South Australia’s role as an active participant in the national assessment of recreational
fisheries, increase data harmonisation opportunities across the jurisdictions, and contribute in advancing
recreational fisheries science.

The second part of the workshop will focus on options for implementing a national social and economic
survey. Various options will be discussed in the hope on adopting a way forward that is beneficial to all
jurisdictions.

OUTCOMES:

It is anticipated that a discussion paper will be a key output of this national recreational fishing workshop.
Ideally, it would be beneficial to structure this paper as a ‘survey instrument’ that serves as a best-practice
guideline to undertake a contemporary recreational survey. It may contain a series of decision rules based
on the situation cascading from an established data-frame scenario to a lack of an appropriate sampling
framework. As a group, it will be good to determine how prescriptive this will need to be and what should be
incorporated into the tool box.
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PROGRAM

TUES 10™ JuLY

10:00

10:30

DAY 1 - IMPROVE THE PRECISION AND COST-EFFECTIVENESS OF SURVEYS

ARRIVAL/MORNING TEA

WELCOME/OBIJECTIVES/INTRODUCTIONS (ROWLING — PIRSA)

DON’T THROW THE BABY OUT WITH THE BATH WATER (LYLE - IMAS)

APPLYING INNOVATION TO OFF-SITE SURVEY DESIGNS AND STATISTICAL METHODS

(RYAN — DPIRD)

USE OF INTERNET SURVEYS (MOORE — ABARES)

SURVEYS IN A CHANGING SOCIAL LANDSCAPE: ADDRESSING THE CHALLENGES OF ACHIEVING
REPRESENTATIVE POPULATION SAMPLES (SCHIRMER — UNI. CAN)

13:00

LUNCH

GENERAL/OPEN DISCUSSION — SURVEY INSTRUMENT DEVELOPMENT

HOW TO DEAL WITH DIFFERENT SCENARIOS

15:30

AFTERNOON TEA

GENERAL/OPEN DISCUSSION — SURVEY INSTRUMENT DEVELOPMENT... CONTINUED...

17:00

CLOSE - DAY 1

WEDS 11™ JuLy

09:00

ARRIVAL/COFFEE/BISCUITS

DAY 2 - EMERGING TECHNOLOGIES AND ENGAGEMENT STRATEGIES

WHAT ROLE CAN DIGITAL CAMERA MONITORING OF BOAT RETRIVALS PLAY IN INFORMING
FISHERIES MANAGEMENT (HARTILL — NIWA)

INTEGRATING REMOTE CAMERA DATA AND AERIAL SURVEYS INTO THE MONITORING OF TWO
WA REC FISHERIES (TAYLOR- DPIRD)

10:30 MORNING TEA
HIGH RESOLUTION CAMERA WORK (CRAGS) (LYNCH — CSIRO)
CAN 'DECKHAND' TRANSITION FROM THE COMMERCIAL TO THE RECREATIONAL SECTOR? (DICK
— DECKHAND)

13:00 LUNCH

GENERAL/OPEN DISCUSSION — SURVEY INSTRUMENT DEVELOPMENT

WHY AND WHEN TO USE TECH
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15:30 AFTERNOON TEA

IMPROVED DATA ON ABORIGINAL AND TORRES STRAIT ISLANDERS FISHERIES RESOURCE USE
TO BETTER INFORM COMMUNITY PLANNING AND AGENCY DECISION-MAKING (HOLLAND -
PIRSA)

EXPECTATIONS OF THE RECREATIONAL SECTOR (CLEARY — ARFF)

GENERAL/OPEN DISCUSSION — SURVEY INSTRUMENT DEVELOPMENT

ENGAGEMENT STATEGIES, EXPERIENCES, SUCCESSES

17:30 CLOSE — DAY 2

19:00 MOSELEY BAR & KITCHEN (DINNER — **EXCLUDING ALCOHOL *¥*)

THURS 12™ juLy

09:00 ARRIVAL/MORNING TEA

DAY 3 - NATIONAL SOCIAL AND ECONOMIC SURVEY OF RECREATIONAL FISHERS

A NATIONAL SOCIAL AND ECONOMIC SURVEY: OPTIONS (MOORE — ABARES)

10:30 MORNING TEA

GENERAL/OPEN DISCUSSION - BEST WAY FORWARD FOR A NATIONAL SOCIAL AND
ECONOMIC SURVEY

13:00 LUNCH

GENERAL/OPEN DISCUSSION - BEST WAY FORWARD FOR A NATIONAL SOCIAL AND
ECONOMIC SURVEY CONTINUED...

14:30 END
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Appendix 4: Don’t throw the baby out with the
bath water

Dr Jeremy Lyle- IMAS, Tasmania

New, innovative, novel, cutting

edge, smart technology, cost-
effective

Recreational fishing surveys

4 £ 2 s

Before you throw

the baby out with Jeremy Lyle Established, traditional, proven,
the bathwater .... Survey methods workshop -
SARDI statistically robust, value for
10 July 2018
BRI mAS g money
BRI s :
Designing a survey Recreational surveys
- Instr_ument needs to be consistent with the survey objectives, including — Quantitative su rveys are designed to collect robust and
spatial and temporal scale & scope representative information to address specific questions
— Statistically robust and reliable information data needs to be . . . :
representative — ie probability basis for sampling (or at least the capability —nvara bly involve SUb-Samp“ng rather than census
to adjust)

- Therei
eraising panacea POLLS APART Why do polls always

seem to get it wrong? From Brexit to
the US election
| Yet again the political predictions are left in tatters

Horses for courses

by e et

p~ ~
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m NEWS US election: how did the polls get It o wrong?

Census results are coming out, but can we trust the

3 o dgta?
ORI @ s . SRV @ Mo .
Off-site fishing surveys Survey challenges
_ —Sampling frames — under-coverage
Most Australian states use phone-based surveys — Licence frames typically involve exemptions
for large spatial scale surveys —Phone surveys (directory): non-phone
Multi-phase design owners & mobiles
—Screening (profiling and eligibility) — phone — Response rates declining
(demographics and avidity) — Non-response
—Panel survey — phone-diary (catch and effort) — Refusals
—Supplementary components — economic — Unavailability/ non-contact
activity, social factors, attitudes & awareness — Data quality issues (self-reported)
BRI @ s s BRYNIINTLY | @ s o

30



Mobiles

By 2014, 27% ofthe adult population - 4.9 million
Australians aged 18 and over - were mobile-only users

Mobie-covy by age (Jun.14)

Number of persons ('000s) in the 12 months to June of each year.
Mobile-only data relates to percentage of people in each age
group

UNIVIRSITYof | s
SFELNIANTYY | . A ?

2017-18 Tasmanian general
fishing survey

— Sample frame: commercial database including mobiles
(household coverage approx. 70%).

— Landline v Mobiles
— No sign. difference in screening response rates
— No sign. difference in avidity profiles of fishers
— Demographic bias {landline biased to older age
groups, mobiles to younger ages)
— Participation rates higher for mobile owners
— mainly due to a demographic difference - 60+ age
group participation rate 1.7 times higher for mobile
owners

More work needed

UNIVIRSITY S o IMAS
TASMANIA® .

Observations on non-traditional

methods

Re1ponis (%)

Landlines v Mobiles

—Intercept surveys — generally no significant
avidity or CPUE bias for Landline v Mobile only
respondents

—a clear demographic (age) bias - correct by
reweighting?

BUT
Question remains — do participation rates for
Landline v Mobile-only respondents different?
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Internet / online surveys

internet Recreational Effort and Catch (JREC) - Canada

— annual catch estimates (and associated precision) across all tidal water
Pacific Fishery Management Areas (PFMA's), licensed fishing methods,
species and fates (retained or released) at a manthly resolution

— email contact information provided by fishers (condition of licensing) used
to create a sampling frame.

— random selections of licences active in a given month are invited, via
email, to provide details about their fishing activity and catch through a
web-hased survey toal.

— Fishing information from survey respondents is expanded to estimate
total effort and catch

— Actual response rates (monthly) around 30%
— Patterns consistent with expectations but some data biased

Rob Houtman, OFO Canada
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Online survey

a.l Smart phone
b B | Apps

foed
IANGLER [

National recreational fishing survey Netherlands
— Conducted biennially

— Screening Survey (online, once, ~100 000 participants)
— Estimate the number of fresh and marine fishermen

— Logbook Survey (online, monthly)
~ (Catch rates per fisher per year (~2500)

— Onsite Survey (ield survey)
— Length frequency distribution

Van der Harmmen et al (2016),ICESIMS 73: 441-450.

SFVALIANTYY | As
So ... itis getting harder to conduct
surve et the need for information
Challenges v, ¥
grows
Recruitment and retention (If reporting is non-mandatory) — Inthe absence of a comprehensive registry of fishers, thereis a
Solution(s): well-designed app, feedback, transparency need to explore multi-frame and alternate contact methods:
— dual frame landline / mobile surveys;
Fisheries integration — dual frame household / licence frame surveys;
] — face to face household surveys
Protocols? Structure? Ownership? Legal? — mail surveys using (back to the futurel)
Solution(s): understand tool and question(s), benefits and
limitations; a lot of research Technology — smart phones, internet, social \
media data mining — can play a role in data
Need for standards collection but not as a substitute for probability-
Venturelli PA, K Hyder, CK Skov. 2017 Angler apps as a source of recreational based sampling Wi et ThAL
fisheries data: opportunities, challenges, and proposed standards. Fish and Let's not throw the baby out
Fisheries __ withthebathwater.
BRNANIXY | @ s 15 SRV @ s -s
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Appendix 5: Applying innovation to off-site
survey designs and statistical methods

Dr Karina Ryan- DPIRD, Western Australia (Appendix 5)

Applying innovation to off-site survey
designs and statistical methods:
learnings from 4 biennial state-wide
surveys in Western Australia

Karina Ryan, Siephen Taylor, Eva Lai, Ciaire Smallwood,
Alissa Tate, Carmeron Desfosses, Norm Hall, Brent Wise

Management Objectives

sustainability (total mortality)
* management framework

resource allocation

participation & demographics
* provide amenity under ARMA

Charter Fishing

OUR
« assumed census QE‘J‘E{{?{R‘S
* no sampling error
* state-wide

* boat-based fishing

* kept & released catch
(by number)

* length (kept catch)

* protected species

Recreational Fishing Surveys

* Regular surveys required to provide estimates with
known precision comparable with other sectors

+ ~20,800 km coastline, low productivity, high diversity
+ ~80% population in Perth, travel throughout state

State-wide Survey

* integrated survey design: longitudinal phone-diary,
boat-ramp and remote camera

« biennial surveys of boat-based recreational fishing

« state-wide and bioregion estimates with high
precision for key species

Overview
Cbjective | Estimate totsl effort ond catch
| by bost-based racreationsl fishers
Survey period Mar 2041 = Feb 2012 May 2013 = Apr 2014;

Sep 2015 - Aug 2016; Sep 2017 - Aug 2018 *

Sampling fame | Recreational Boat Rshing Licence hal de

* Includes WP for shore-basedfighers
Stratification | Reponal Development Commission Boundaries
Samplesize | Random sample of RBAL holders, = 3,000 dansts
Data | Boat-based effort (hours and dinys frshed)

catch (retaned and released)

Fishing method | All boat bosed fishing me hods
Specics | 200 species '
Spatial State-wide, bioregons, 0nes
Temporal Ancwal, seasons
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Survey Instruments

¢ question wording & responses comparable to surveys
in other states, but appropriate for WA

* Computer Assisted Telephone Interviewing (CATI})

Complex Surveys

* ‘raw’ person-based sample data to
‘weighted’ population estimates

* WhitePages SF to ABS ERP
* licence SF to RBFL population Samling

Design and Analysis

* point estimates & uncertainty in R
Shaesa | lakr

» disaggregation at species, spatial & Tl
omplex Surveys
temporal levels o 1 A Ui

Opportunities

* DPIRD cooperation and coordination

* multi-agency cooperation and coordination

* advice for management & resource assessments
* biennial surveys allow comparisons of estimates

* integrating economic & human dimensions’ research

Woest Coast Demersal Scalefish

* mainly boat-based fishing N
ooV

West Australian dhufish
Dhule)

* large spatial & temporal scale

Swvenlle

e ~200 species, 15 key species, Gicmams et
80% catch from 3 species

« RBFLin 2010 (~150,000 / year)

 estimates of catch (by number)

* average weights (on-site
surveys & charter)

Pink snapper
(Snapper. pinkde)
Chrysophrys auratus

 sustainability assessments,
management advice, IFM

Baldchin groper
(Badie)
Chosrodon rubescens

20

Total commercial catch (t)
Total charter catch (t)
g

Fisheries
and Ecolog

Recreational fisheries data requirements for
monitoring catch shares

K. L. RYAN, F, 1. TRINNIE, R. JONES, A. M. HART & B, S, WISE

Dicputment uf Fibvrner, WA Fiseries wl Murine Reseureh Labwvasorics, Hillarys, WA, Austrafia

Estimated recreational catch (t)

Multi-agency cooperation & coordination

* Research Agreement with ECU
* Survey Research Centre & post-graduate research

E Department of .
V| Jaf Primary Industries and 2
Regional Development -«

GOVERNMENT OF recfishwest
WESTERN AUSTRALIA

EDITH COWAN

Fisheries Research g
Bege: W, stsbvinrsom/ooatetishess
The effects of measurement uncertainty on spatial characterisation of @__,___‘
recreational fishing catch rates

Eric N Aidoo™*, Ute Muelles*, Glenn A Hyndes®. Karina L. Ryan‘
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Collaboration — emerging priorities

ramp usage for boating facilities planning (DoT)
spatial management (state & commonwealth)
economic valuation (RFIF)

shark depredation

Contosts s athbie at

Marine Policy

Differences in perception of 4 newly ereated Marine Park in south-west ()
Western Australia by boat-based recreational fishers and the broader

(ornat Nomspage: wave o/

community

Kirvily Wactings”. Karina 1 Ryan

Challenges

* maintaining response rates

* out-of-scope — shore-based fishing

* maintaining quality sampling frames — White Pages
¢ under-coverage — low participation fisheries,

can be captured with species specific licence,
e.g. Rock Lobster Fishing Licence (nil exemptions)

e respondent management
* contact methods - Internet and Web-based surveys

« funding (2 to 3 years, required for IFM)}, cost-effective

alternatives

Frequency (%)

Maintaining quality sampling frames

WP status (all respondents) 100 4 Sex
—————p——
80 Y
-—a Y S
o 60 -
g
. =]
-
- 40
20 S as@zzzzooidoIniiig
Unsure —+- Uniistad-*- WP listed 0+ * M F
T T T T T T T ]
Days fished in previous 12 months. 40 Age Group
e e e e
e T e = i 5. iR
e e
o )
20 4 -
ok
10 1
*- 11014 ~o= 15+ days 0- *- 301045 <~ 6010 75 years
T T T T 1 T T T T |
10/11 1112 12113 1314 14115 1516 10011 1142 1213 13114 1415 15/

18

Western Rock Lobster

= ~40,000 licences / year
* large spatial & temporal

e annual mail surveys,
supplemented with
phone-diary surveys

Future Directions

dual-frame surveys (white pages / licences)
simulation modeling (bias, precision, sample size)
integrated surveys

low (frequent) & high (infrequent) monitoring
catch reconstruction

geostatistical methods

small area estimation

multi-modal contact methods

post-stratification and calibration (RBFL— ABS)

Multi-modal Contact Methods

g
A

* single platform with multi-
mode contact methods

* increase respondent
engagement

* integration of phone, online
and offline

* single questionnaire

* data storage, sample
management & extracts
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Post-stratification and calibration Future Proofing

* auxiliary variables * increasing technology & connectivity
* investigate alternative expansion factors. ¢ where possible run old and new methods

e.g. post hoc stratification using auxiliary variables to
improve matches between sample & population
post-stratification process based on strata and
appropriate weighting cell information,

e.g. avidity, bioregions fished & species targeted

concurrently to demonstrate effectiveness (true
measure) of improvements

objectives — design — then incorporate technology as
part of the design (data collection tool)
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Appendix 6: Use of internet surveys

Andy Moore- ABARES, Canberra

Australian Government

Department of Agriculture
ABARLS

Internet based
surveys: when are they
useful and how can
they be improved?

Andy Moore
anthony.moore@agriculture gov.au

Reanrcn by tne s
B Avgust, 2018 al Agricaltural and Pesnce b m:

+  No frame required

« Simple and costeffective to design ONLINE SURVEY PROCESS
+ Fastto implement and repeat » -0 o v/
{increased frequency, target — —
issues) e e L}
! N 4 ¥
+ No screening or interview cost w— e

*  Cost effective distribution and
advertising costs ~

«  More appealing to certain
demographics (young, time poor,
online junkies)

+ Notrepresentative of the population

+  Likely to bebiased for some data

*  Self selection

+ Noeasy way of estimating bias

* Noteveryone has access to a computer or smartphone

* Norapport with respondent

* Noreal-time data checking
*  Likely low retention rates SurveyMonkey

* Recall and avidity bias

¢ Variance in the sample

+  Selfreporting

*  Where is thebias? Recall and avidity bias?
+  How to limit multiple responses

*  Accessto technology

¢+ How to retain respondents

+  How representative is the data?

TS 0n barnat murvey aghing
o hare e toe sy mternet serveys”

+ Datathathas little variation
*  Social data, wellbeing data?
+ Issuebasedresearch

¢ Ort

Smmisliy higad 5

¢ Make the sample representative

¢ Recruit respondents via phone based
screening survey

*  Removes the bias issue

+  Removes many of the advantages, but
fixes the major downfall

De parimeniol Agricaliare
rvery
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= Victoria = opportunity
*  Benchmark/validation study

§ T 1 ahili
Recruitt wviapr

based sampling

*  Samesample size in phone and internet
based survey

*  Rumastandard internet survey for
comparison

*  Door knoclke

Dagn e 0 s

Chuaw, 3014 |+
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Appendix 7: What role can digital camera
monitoring of boat retrievals play in informing
fisheries management

Bruce Hartill- NIWA

Basis for this talk

Hartill, BW., Taylor, S.M., Keller, K., Weltersbach, M.S.
(submitted). Digital camera monitoring of recreational

What role can digital camera ‘ﬁ‘.NLU 4/ fishing effort: applications and challenges.

monitoring of boat retrievals play in " Froupestly sise sticlies

inf 2 fistior 5 » Camera location and configuration
informing fisheries management: « imageguality

Bruce Harti” SARDI National Recreational Fishing Workshop ¢ Maintaining continuity
Adelaide, July 2018

* From images to effort estimates
* Broader applications

e NIWA_—

Digital camera monitoring in NZ

H ﬁ i * First cameras installed in 2004. -

« Digital cameras used to monitor
boat retrievals at 13 indicator
boat ramps. 18 %

* Timestamped images taken
L every 60 seconds.

« Initially installed to understand

Trends in effort

Traffic index +/- SE
o
1

i «  the diurnal profile of

‘ recreational fishing effort, but 051

now used for a range of

—&— Waitangi -+~ Half Moon Bay
H purposes. 0o " Takapuwma = Suphur Point
« But other better uses have T T T T T 1
2004-05 2006-07 2008-09 2010-11 2012-13 2014-15 2016-17
emerged!
Fishing year
NIWA_— ey e ) =

Trends in harvest

* Much more use to fisheries managers.
¢ But also need a concurrent creel survey at
monitored sites to:

— estimate the proportion of observed boats actually
used for fishing,

— estimate the average catch per boat trip for
commonly caught species,

— to estimate the annual catch landed at indicator sites.

Boats per year {camera monitoring)

X

% of boats used for fishing (creel survey)

X

kg per boat trip {creel survey)

Annual harvest index {by ramp)

—NIWA_—~ cabinaing hé Susetnt ol ow Destasts st resowrens. | —=—NWA .~
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Harvest trends

* Can use occasional fishery wide harvest estimates
to scale up ramp specific harvest indices.

——NIWA_-

——NIUWA_—
Hartill et al. (2016) peors

Measuring temporal bias in onsite surveys

East Northiand Hauraki Gulf Bay of Plenty Comined

“mm BN e N

Aerial-access
survey estimates
mostly lower

= —F

o 100- g
> N B!
E oo : BRT analysis
£ 100 Fa——
& _— suggested that
».g ‘3 li_l ‘ .g terr.lporal
; variables

100 = .
5 ; g explained most
2 o e ] i DD £ ofthe

differences

b Ea Z etween
" i il R S

Afccess Panel  AAccess Pand  AAccess Panel  AAccess  Panel

——NIVA_—~
Hartill & Edwards (2015) N

Temporal bias in onsite survey estimates

Mid-week Weekend

traffic count data for all 365
days falling within the
Az surveyed year.

‘ Looked at camera based daily

Effort (Bt court)

Aerial-access survey days
quieter than average in three
out of four temporal strata.

Summee Winler  Summer Werker

——NIWA_—
Hartill & Edwards (2015} Na

Optimising temporal survey designs

Mid-week Weekend

Effort (Bost count)

’- ‘ Each subsequent day allocated to the
temporal stratum that reduces the
overall variance the most.

How many days?

Smallwood et al. (2012} - defining strata and allocating sampling effort
Hartill et al. (2016) - above
Edwards and Schindler {2017) ~ optimizing spatial allocation of effort (lakes)

——NIWA_—

Other applications

* Monitoring night time fishing effort (Smallwood et al.
2012, Taylor et al. 2018).

* Monitoring fishing effort in areas where marine
reserves are proposed (Lancaster et al. 2017).

» Assessing the effectiveness of a closed season
(Powers and Anson 2016).

* Assessing use of artificial reef structures (Keller et al.
2016, Wood et al. 2016).

e NIWA
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Appendix 8: Integrating remote camera data

and aerial surveys into the monitoring of two

WA recreational fisheries

Steve Taylor- DPIRD, Western Australia

ry industries and
nal Development

Integrating remote camera data and aerial
surveys into the monitoring of two Western
Australian recreational fisheries

Stephen Taylor, Karina Ryan, Cameron Desfosses, Stuart
Blight, Claire Smallwood, Eva Lai, Peter Adams, Brent Wise,
Gary Jackson

Peel Harvey Estuary

.

BSC = highestrec. harvestin the State.

Lack of data on shore-based harvest.

Access shore-based fishery from many areas.
Resource allocation between sectors.

.

.
>
o
o
=3
o
5
@
3
2
2
=
3
3
5}
@
=
@
o
<
=
3
3
a
3
o
<8
=
]
I}
@
aQ
o
o
a9
o
o
3
]
@
o
g

Tre fishery doesnot cause srious ar

irreversitie harm tonab tat structure,

wunsidered un @ g

bioregioral basiz and function

Bythe /th suneillance aLdit, provigs evidencethat the scoop net sector iz Nghly
ikely i ion to a poirt

serious or imevers bleham. This shouldinduds consideraticn of overlas with

hahirat for airn species with mphasis an listed thieatened speries

Tst Audit

Develop 2n agreed rogramto determine ) the distrituticn of habitats withir the estuary,

i) the footprint of recrzationalscoop-net fishing in the shaflows (<0.8m depty) and (i)

the habitat se by wading birds.

2nd Aucit

Implem2nt :ne Jrogram to2stimate the SCo0p NETINg ‘o0TAMT Inche estuary, gather

informazion onthe 1ab tat 4se of wading birds

2.4.1 UgC Blue suimmer

cra — [rec. scoop net).
givnal ot

Thermographic cameras: Fixed locations

ste kst
Coodanzp 6555
Herran Point 2711 326 307

Novara 6552 764 295 44

Instantaneous count taken at midnight,
then each fisher entering and leaving the
field of view recorded for the entire 24-
hrs.

High levels of fishing
effort at night although
variable among sites

Step 1: Roving survey — Estimate fishing effort {entire estuary)

11 sites

1/03/2018-28/02/2019
05:00-22:59
XTI Survevday

Season (4 levels),Day type (2 levels)

Time of day ([05:00-10:59]; [11:00-
16:59]; [17:00-22:59]), Region (3

levels)
Progressive count {fisher hours)

11 sites

Step 2: Identify high-use scoop netting areas

Georeferenced data from
one shift,

variable= Counts of scoop netters, fixed factors (location, day type, time of day,
season)).

Combined with habitat and wading bird data and used in a Risk Assessment.
Uavflights used to support assumption that sites not readily accessible from the
foreshore (i.e. not covered in the roving survey) are not high-useareas.

+ Ongoing monitoring of activity at high use areas (frequency funding dependent).

+ Outcome = |dentification of high use scoop netting areas based on GLM (Response

Inner Shark Bay

* Pink Snapper aggregate to spawn in the inner Gulfs,
* Three separate stocks, relatively small population sizes,
+ Targeted by recreational fishers, ~80% are tourists,
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Inner Shark Bay

* Essentially a ‘rec only’ fishery.

* Pink Snapper stocks managed
to notional TACs:

* Eastern Gulf (11.25t
recreational (~3,500 fish);
3.75t commercial). No

* Denham Sound (11.25t Gosug
recreational (~3,500 fish);
3.75t commercial).

* Freycinet Estuary (3.75t
recreational {~1,000 fish);
1.25 t commercial).

6 week
closure

Historical monitoring of recreational fishing: Boat ramp
surveys and harvest tags (Freycinet Estuary)

Longterm of boat-based

g
In Shark Bay, Western Australia: providing scientific
advice for na

Area

Orignd At

@ s ok, i marin recreations feshary b
Westeen Aatrake.

Hard limit to constrain the harvest

Sustainability Status for Pink Snapper

* Stocks recovered (Jackson and Moran, 2012).
* Latest assessment (2015): Freycinet Estuary stock rebuilt
to target level {40% unfished level; see graph below).

1965 160 165 2000 2008 2000 2018 2020

* Jan 2016: Removal of Harvest Tags in Freycinet Estuary

2016 onwards {after management changes)

* Need to monitor Pink Snapper harvest ininner Shark Bay (finer-scale).
» Challerging to get robust estimates for each stock.
* OngoingDepartmental surveys focussed on broader-scale estimates.

Camarvor

Gascoyne andsrmk
Statewide  Bioregion BayZone B3V

fol
~..‘.,\_ Mas

Inner-Shark Individual
$tockS poat ramps

Offsite surveys

Onsite surveys

Corroborating survey estimates = More confidence in
finer-scale catch estimates

Method Timeframe i Inscope

iSurvey Phone-diary 2011/12, All boat-based (incl. multi-day
2013/14, trips, boats not retrieving at
2015/16, Denham, Mankey Mia and
2017/18 Nanga, 24-hr fishing activity)

Supplementary Remote 2016/17 2018/19 Denham, Monkey Mia and

Accass Point cameras, boat  (6-month overlap Nanga (24-hr boat launches,

Survey (SAP)*  ramp survey with iSurvey) daytim e catch info)

Aerial* Fixed wing 2018 (6 months)  All Freycinet Estuary (daytime
plane, effort)

Unmanned TrialsinMay and  Tamala and Carrarang (daytime
Aerial Vehicles  July effort)

SAP: From camera to ramp-based estimates of harvest

Results from Taylor et al. 2018b

| 4timetad 1o1a) aumber of powerboat totiiwveh fral

sk dahght bours
8L 788 £
Ad|ustfor recreational
fighing activity
20
20
Numberotmksmpper Multiply by harvest rate ;m
!!O— g
o uv zm W oara s i
©
Weight (t) °
m.\l w! " PR R RS
g | | koce 1 e
NMQ o 124 e 38 7 e 052
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Other fishing activity in Freycinet- Aerial Survey

March and August 2018 (SRS).

Daily estimates of fishing effort{boat hours) for 28 flights between

Randomised start location and direction of travel.
Total effort estimates obtained for 6-month period. Provide a
means to scale up the catch from Nanga (with assumptions).

Recommendations for ongoing monitoring
+ Compare estimates on an ‘apples with apples’ basis.

Mar-Aug Mar-Aug (Pink Snapper season)
CAMERAS?
e
SAIPS SAPS
T
e
I T T | I T
2015 2016 2017 2018 2019 2020 2021 2022

+ One option: Use iSurvey estimate for inner Shark Bay (i.e. all three stocks
combined), then proportion the harvest based on 2018/19 onsite surveys.

+ Other options: Use remote cameras to monitor changes in fishing effort
between iSurveys. Use onsite surveys to estimate harvest rates between
iSurveys or to estimate the harvest.

Summary — Remote cameras

(e Fisherles research report No. 286
—rramenekfor rtagraton ofOata o hem

d Camaras into Recreational Fishery

2 index of ahing effort

3 e

Medum grovabity.

(10-75% coverage of i
Medum grodabaty based sample

(10-75% coverage of full PSUa)

4 o
afferont tamporal scales

5 Supplement an existing on ait survey dovign
/ by ncreasing coverage for tahing effrt of e
lempocal tame
6. Expand an existing survey design by ncang
a0 addiional monkoring component nat provides
Coverage of night ime hsning efort

7. Cortoborate estimates of fishing effort from
anather Indepandent survey

(6:75% coverage of il PSUS)

Gonsus prerred but trga peobatilty based
nampe (75-100% coverage of full PSUs)
Mogum probabaty based san

(10-75% coverage of hll PSUS)

Census preferted buf large probabiity based
nample (75.100% coverage of hll PSUS)

B Vaidate estmates of hshing effor rom another
Independent survey

Canaus (100% coverage of ul PSU's)
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Appendix 9: A national social and economic

survey: options

Andy Moore- ABARES, Canberra

Awetrainn Gomermanent

[vparmess of Apriaber
ARARSS

« Aligning state wide surveys

+ General comsensus that it could wark

« Fell over through policyp estuing

« No dearly defined budget fom the Commorwealth

A national social and What are the key types om data
EOOIIOI’nIC su . » Collect expenditure data for previous 12 month period
optlons * Motivation
« Socallicence
+ Bait provenance questions (white spot)
» Choice modelling
ndy oo : »
 ihony.meor Guanol wregerey
R e by cha Ao b Buresw.
TNt aba 3t Rimdirt s G s i<l o
2015 project Current project

+ Heading down the path ofa federally fimded sodal & ecomomic survey
+ Determining swvey design and sample size

+ Potential for nesting a wash-up swrvey instate-wide surveys

Options

1. Standaone suwrvey

2. Conductmultiple wash vp surveys

3. Nest national survey questi ons into edsting wash-up surveys

Part Il Testing
« Whatare the tings we cantest?

+ Howwe reouit respondmts

ntemet, commerdalframe, door Jmocking?

» Bowwe conduct theswrveys
[tenet pase, phome swrvey?
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Previous survey

« Surveyed 44,000 households

* Based am getting good RSEs of commenly caught spacies

* However weneed gaod RSEs on econamicand social data, not catch and effort
* How many housshalds per stat doweneed m call?

* Based om some easliee wixlet repeat the 2000/2001 survey weuld ease §68 wmillim

Previous national survey
* Daa rich survey that induded expenditurs and social datafor sachstate
* Randem remaval of respondents t reduce sumple size

* Whateffect does this have on annual total expenditure estimates and RSEs?

Subsample sce a5 % of tota diary rample

NSWJACT

ned et o
sy
[
—
e et

» I

e 21 5o e I 300 oo 130 ot ol

Tesmania
H T

g e o [

e 9

$ie }

2

H e o8 O’y fone L a3 mk B s carnats o gt
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