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Abstract
1.	 Citizen science facilitates cost-effective ecological data collection at much larger 

scales than would otherwise be feasible. This is particularly useful for the study of 
highly migratory species with broad distributions, such as billfishes.

2.	 Participants in citizen science benefit from an increase in scientific literacy, a sense 
of satisfaction and enhanced understanding. However, there are common chal-
lenges involved in citizen science projects, including the recruitment and long-term 
retention of participants. Applying knowledge about participant motivations and 
concerns is needed to overcome these barriers.

3.	 We conducted an anonymous online survey of 153 game fishers from across 
Australia, who were largely recruited through game fishing clubs. The survey in-
vestigated their perspectives on participating in citizen science on billfish, including 
their motivations and concerns.

4.	 Overall, those surveyed were highly motivated to participate in billfish citizen 
science programmes and reported few barriers to their engagement in research. 
Alongside wanting to contribute to billfish research and management, game fishers 
were motivated to participate to counteractive potential negative perceptions of 
the sport. However, approximately one third of respondents had not participated 
in research. Therefore, opportunities for further recruitment exist as potential par-
ticipants almost certainly exceed current participants. Impediments to participa-
tion included a lack of communication about opportunities and outcomes of citizen 
science research.

5.	 The survey highlighted a need to strengthen citizen science programmes to en-
sure participant retention and recruitment through targeted engagement and col-
laboration across organisations, which includes harnessing technology. Improved 
communication about the purpose and outcomes of research is key. We anticipate 
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1  |  INTRODUCTION

1.1  |  Benefits and challenges of citizen science

The term ‘citizen science’ (hereafter CS) refers to scientific work un-
dertaken by members of the public, usually in collaboration with pro-
fessional scientists and scientific institutions (Vohland et al., 2021). It 
was coined three decades ago, although the practice has been around 
for much longer (Bonney, 2021; Vohland et al., 2021). Many research 
programmes have benefitted from the growing involvement of citizen 
scientists, combined with the increasing use of digital platforms for 
sharing and accessing data (Bonney, 2021; Conrad & Hilchey, 2011). 
For example, eBird and iNaturalist are large online platforms that en-
gage with many users on a global scale to collect biodiversity data 
(Bonney, 2021). Citizen science can facilitate cost-effective data col-
lection on much larger spatial and temporal scales than would oth-
erwise be feasible for many research projects, alleviating budgetary, 
time and staffing constraints that researchers often face (Bonney 
et al., 2021). Robust, long-term monitoring data are often needed to 
support resource management decisions, particularly in cases when 
there may be conflicts about resource use (Bonney et al., 2021).

Participants in CS often report a sense of well-being, satisfaction 
and community, enhanced understanding and increased scientific lit-
eracy (Bonney et al., 2016; Koss & Kingsley, 2010; Martin, Christidis, 
Lloyd, & Pecl, 2016; Pocock et al., 2023). CS projects where partic-
ipants interact with nature have also been shown to increase both 
physical and mental health (Eichholtzer et al., 2024; Oh et al., 2024, 
2025). In turn, the benefits gleaned from participating in CS can lead 
to a greater respect for and trust in scientific research by the public (Li 
et al., 2010; Lowry & Stepenuck, 2021). Participants in nature-related 
CS are more likely to bridge the knowledge-action gap by increas-
ing their positive environmental behaviours (Day et al., 2022; Dean 
et al., 2018; Dean et al., 2019; Kelly et al., 2021; Pocock et al., 2023). 
Although there are many benefits to CS, there are some common 
challenges to its implementation. These include the development 
and maintenance of suitable data collection methods and platforms 
(Lotfian et al., 2020), and uncertainty regarding the skill levels of par-
ticipants, which could impact the quality of data generated by CS pro-
grammes (Bonney, 2021). Additionally, the complexity and scope of 
a CS programme should be balanced against the time and resources 

required for effective engagement to recruit, train and retain suffi-
cient participants to meet the programme's objectives (Aceves-Bueno 
et al., 2015). Datasets generated by CS tend to be cumbersome and 
in need of quality checking, which requires expertise in data manage-
ment (Burgess et al., 2017). The presumption by some scientists that 
CS-derived data are of low quality and deficient can lead to these 
datasets being underutilised by the scientific community (Aceves-
Bueno et al., 2015; Bonney, 2021; Burgess et al., 2017).

1.2  |  Recreational fishers are ideal citizen scientists

Nature and marine recreational activities can provide a basis for 
engaging in stewardship (Aschenbrand,  2024; Dean et  al.,  2024). 
Recreational fishers are ideal recruits for CS data collection (Bonney 
et  al.,  2021), as they can be meaningfully engaged in research and 
management of a resource that they use (McKinley et  al.,  2017). 
Their connection to nature, place-based learning and local ecological 
knowledge developed through recreational fishing can foster envi-
ronmental values and stewardship (Shephard et al., 2023). Fishers can 
enhance CS programmes by providing their skills and local knowledge 
of fisheries, habitats and ocean conditions to not only support data 
collection but also assist with project design (Bonney et  al.,  2021; 
Calderwood et  al.,  2023). Fisheries managers and scientists are in-
creasingly recognising the importance of integrating recreational fish-
ing data with scientific data to provide insights into fish populations 
and fisher behaviour (Calderwood et al., 2023; Fowler et  al., 2023; 
Jansen et  al.,  2013). In some cases, anglers have been attributed 
co-authorship in scientific publications (e.g. Arostegui et  al.,  2024; 
Buckmeier et al., 2016; Francis et al., 2019). Many fisheries agencies 
lead monitoring programmes that make use of catch and effort data 
and fish frames collected by recreational fishers to derive essential 
inputs for stock assessments and support management decisions (e.g. 
Fairclough et al. (2014), NOAA (2023)).

Globally, recreational fishers have contributed to CS programmes 
directly by providing catch information, fish samples and by tag-
ging fish, and indirectly through sharing records such as catch di-
aries, tournament data, historic photographs and media articles 
(Gervasi et  al.,  2022; Gledhill et  al.,  2015; Pepperell et  al.,  2011). 
Widespread and popular CS angler programmes involve conventional 

that our findings and recommendations are applicable to broader citizen science 
programmes, particularly those involving recreational fishers or a specialised pool 
of highly motivated participants.

6.	 Great opportunity exists for researchers, fisheries managers and fishing organi-
sations to work together to expand citizen science programmes that strategically 
improve our knowledge of the biology and stocks of billfish and other recreationally 
important fish species.

K E Y W O R D S
Australia, billfish, citizen science, game fishing, migratory fish, recreational fisheries
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capture–tag–release–recapture programmes (hereafter conventional 
tagging programmes). These programmes have involved many thou-
sands of participants worldwide who have tagged millions of fish, and 
their data have been used to explore questions regarding migration 
and movement patterns, distributions and abundance, site fidel-
ity and age and growth (Brodie et al., 2018; Kohler & Turner, 2001; 
Merten et  al.,  2022; Ortiz et  al.,  2003). Recreational anglers have 
instigated or even operated their own tagging programmes, such as 
the Tindale Marine Research Charitable Trust in New Zealand and 
the Oceanographic Research Institute's (ORI, n.d.) Cooperative Fish 
Tagging Project in South Africa (Dunlop et al., 2013; Tindale Marine 
Research Charitable Trust, 2018).

For those seeking to use CS tools to garner information about rec-
reational fisheries, understanding what motivates fishers is critical for 
leveraging their interests to recruit and retain them as CS volunteers 
(Clary et al., 1998; Lotfian et al., 2020). People can perform an action 
because it is inherently interesting or satisfying, known as intrinsic 
motivations (e.g. to benefit society), or because of what they receive 
in return, which is considered an extrinsic motivation (e.g. to further 
their career) (Finkelstien, 2009; Lotfian et al., 2020). The degree of 
participation in a CS programme can vary, with some being highly 
active and others becoming involved for a short time and then mov-
ing on (Fischer et al., 2021). A person's decision to stop volunteering 
may be because they are no longer motivated or receive insufficient 
benefit, or there may be personal or organisational reasons (Fischer 
et al., 2021). Understanding the organisational factors (e.g. difficult 
sampling protocols), personal situation factors (e.g. time commitment) 
and dispositional factors (e.g. concerns, values) that may present bar-
riers to participation can allow programme managers to address them 
(Bonter et al., 2023).

1.3  |  Game fishers and their role in billfish research

Marine game fishers are a relatively small community of skilled fish-
ers who target large and challenging species such as billfish, tuna and 
sharks, often using specialised vessels and gear (Ward et al., 2012). 
Typically, they are highly committed recreational fishers who fish 
more frequently and have more fishing experience than other rec-
reational marine fishers, and can afford both the time and financial 
expenditure required to target billfish (Ditton & Stoll,  2003; Ward 
et al., 2012). Game fishers predominantly practice catch-and-release 
of billfish rather than retaining them either for consumption or as tro-
phies (Holland et al., 1998; Ward et al., 2012). Their engagement in 
research activities such as conventional tagging and tissue sampling 
is a cost-effective tool for gathering important information about 
these highly migratory fish that are difficult to access and catch in 
great numbers. Indeed, much of what we know about billfish has been 
derived in part from the game fishing community, who are strongly 
supportive of research, conservation, and education about species 
of interest (Ditton & Stoll,  2003; Ward et  al.,  2012). Organisations 
such as the International Game Fishing Association and The Billfish 
Foundation promote CS initiatives in several different countries, 

and there is a long history of game fishers providing financial sup-
port to scientists as well as participating directly in research (Ditton & 
Stoll, 2003; Howard & Ueyanagi, 1965).

In Australia, the New South Wales (NSW) Department of Primary 
Industries Game Fish Tagging Program (NSW Department of Primary 
Industries, 2023) has operated continuously across the country since 
1973 with over 500,000 game fish tagged as of 2022 for the dual pur-
poses of sport and research (NSW Department of Primary Industries, 
2023). The  establishment and long-term success of conventional 
tagging programmes suggest that game fishers are motivated to be 
involved in research and conservation of a resource that they intrin-
sically value (Ortiz et  al.,  2003). More recently, electronic tagging 
programmes such as the Great Marlin Race have involved game fish-
ers both sponsoring and deploying satellite tags on over 400 billfish 
across 21 countries (IGFA,  2021). Fishers have provided samples 
from landed fish and non-lethal fin clips (e.g. Arizmendi-Rodríguez 
et  al.,  2006; Williams et  al.,  2015). Non-lethal sampling is increas-
ingly important to generate sufficient sample sizes for research on 
billfish species since the majority of recreational catches are released 
(Williams et al., 2015).

As several billfish stocks are in decline or data deficient, it is criti-
cal that we gather more data to inform accurate stock assessments 
(Collette et al., 2019, 2022). Citizen science can play an important role in 
addressing these knowledge gaps, for example, through combining con-
ventional and satellite tagging data to inform stock structure (Arostegui 
et al., 2024). However, we need to understand the drivers and barriers 
for game fishers' participation in CS programmes in order to harness 
these opportunities more effectively. Therefore, in this study, we devel-
oped an online anonymous survey of game fishers fishing for billfish in 
Australia to: (1) characterise the diversity and level of their participation 
in CS research on billfish; (2) assess their motivations for participating 
in CS research; (3) identify barriers to their participation in research ac-
tivities; and (4) examine their perceptions of and attitudes towards CS 
research on billfish. We present here the results of this survey and pro-
vide several recommendations for sustaining and growing game fishers' 
participation in CS programmes on billfish.

2  |  METHODS

2.1  |  Survey instrument

The survey instrument was developed by the authors, who have years 
of experience working with game fishers in Australia and researching 
participation in marine CS. The survey assessed factors influencing long-
term participant engagement in CS in four broad categories (as suggested 
by Bonter et al.  (2023)), including dispositional, organisational, personal 
situation and project-level factors. Respondent disposition was explored 
through questions about motivations and concerns, which included a se-
ries of statements about motivations (Table 1). The development of these 
statements was based on a classification of CS volunteer motivations by 
Lotfian et al.  (2020), which is an expansion of the Volunteer Functions 
Inventory (Clary et al., 1998) (see Supporting Information—Appendix S2). 

 25758314, 0, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1002/pan3.70174 by R

esearch Inform
ation Service, W

iley O
nline L

ibrary on [21/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4  |    SMITH et al.

Organisational factors that may affect participation were investigated, in-
cluding asking participants whether their roles within the programme were 
clear, if they were satisfied with feedback provided and whether the tasks 
were simple enough to complete. Socio-demographic questions captured 
details about the range of people responding to the survey. Project-level 
factors were assessed through questions about the participants' perspec-
tives on the nature and extent of their experience in previous research, as 
well as the perceived benefits. A measure of the intention to participate 
in future research activities was included to directly assess engagement 
(Ajzen, 1991). The survey instrument was programmed in the Qualtrics 
XM platform. The initial survey questions were pilot tested by six experi-
enced game fishers who were identified by the Game Fishing Association 
of Australia (GFAA) to represent different states, with two representa-
tives from NSW and one from each Queensland, Western Australia and 
Victoria. Following feedback from the pilot testing, the survey instrument 
was refined for clarity. The final survey instrument included 50 questions 
and is provided in Supporting Information (Appendix S1).

2.2  |  Survey recruitment

Prior to survey distribution, the research was approved by the University 
of Queensland Science LRN Committee in the Research Ethics and 
Integrity Department on 16 November 2022 (project reference num-
ber 2021/HE002607). Game fishers aged 18 years or over who fish for 
billfish in Australia were invited to participate through survey links that 
were distributed via email to clubs affiliated with the GFAA and to charter 
operators who target billfish across Australia. The survey was also shared 
via Facebook through relevant channels for the Australian game fishing 
audience, including game fishing community pages and groups. The sur-
vey was conducted over an 8-week period from February to April 2023. 

A non-random convenience sampling method was used to recruit game 
fishers because they are a small, specialised and geographically dispersed 
group, representing only a small proportion (<1%) of the overall recrea-
tional fishing population (Ditton & Stoll, 2003; Ward et al., 2012).

2.3  |  Data cleaning

Measures were put in place to identify low-quality responses, 
particularly those populated by computer bots. As suggested by 
Wardropper et  al.  (2021), questions were included in the survey 
to check the attention and logic of responses, including a consent 
check, commitment check and compulsory open-ended responses. 
These measures helped to identify that 63% of the 415 completed 
surveys received were fraudulent; therefore, only 153 survey re-
sponses were retained. The increasing prevalence of survey bots is 
a concern for social research, as they are now often present in large 
proportions of online survey responses (Johnson et al., 2023). The 
Qualtrics platform collected response metadata that aided in the 
detection of fraudulent responses, such as IP address and duplicate, 
fraud and reCAPTCHA scores. The most important variable for iden-
tifying fraudulent responses was location, as almost all suspicious 
responses were found to originate from outside of Australia. Logical 
checks were performed; for example, if years of fishing experience 
exceeded age or mismatches occurred between the state where the 
respondent was predominantly fishing, the state of residence, and 
the state of the fishing club. Fraudulent entries often had vague or 
identical open-ended responses and had selected they were mem-
bers of multiple fishing clubs. Flagged responses were reviewed 
manually for irregularities, and those deemed to be fraudulent were 
excluded from the final dataset.

Statement Level 1 Level 2 Definition

I want to win tournaments 
and prizes

Extrinsic Future return
Ego enhancement

Expect to achieve 
something in return
Have a good reputation 
among others

I want to ensure game fishing 
has a good reputation in the 
wider community

Extrinsic Community Being part of a community 
with a shared goal

I want to have an activity to 
do while billfishing

Intrinsic Enjoyment Enjoy doing an activity 
other than profession

I want to spend more time 
billfishing

Intrinsic Enjoyment Enjoy doing an activity 
other than profession

I want to learn more about 
billfish

Intrinsic Fulfilment Interested in learning 
new knowledge and 
understanding the 
scientific process

I want to contribute to 
billfish research

Intrinsic Altruism Help scientists advance 
their research or contribute 
to a worthy cause

I want to contribute to 
billfish management

Intrinsic Altruism Help scientists advance 
their research or contribute 
to a worthy cause

TA B L E  1  Classification of statements 
about motivation for participating in 
future research activities under Lotfian 
et al.'s (2020) framework of citizen science 
volunteers' motivation where Level 1 
classifies motivations into intrinsic or 
extrinsic, and Level 2 breaks this down 
into six sub-categories.
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    |  5SMITH et al.

2.4  |  Analyses

Responses to questions describing socio-demographics, fishing 
experience and past participation in research were summarised 
as frequency counts and percentages. A respondent's intention to 
participate in research activities over the next 2 years was meas-
ured on a 7-point rating scale (from ‘strongly disagree’ to ‘strongly 
agree’) and visualised using the likert package in R (Bryer, 2016). An 
ordinal logistic regression model with a logit link and an equidis-
tant threshold was implemented in R using the ordinal package to 
explore the relationships between variables that predict intention 
to participate in future research activities (Christensen,  2023). 
Predictor variables included: age, gender, state or territory of 
residence, education level, club membership status, past partici-
pation in research, years' experience billfishing and whether par-
ticipants were involved in a charter business. A likelihood ratio 
test was used to compare models with flexible, equidistant and 
symmetric thresholds. A Type II analysis of deviance with Wald 
chi-squared test was used to assess the significance of individual 
predictor variables. Respondents were asked to rank seven state-
ments about their motivations for participating in future research 
activities on a 5-point rating scale (Table 1), and were asked to list 
any other motivations in an open-ended question (see Supporting 
Information—Appendix  S1 for the questions). Differences in the 
seven motivation statements between those who had and had 
not participated in research activities were tested using a Mann–
Whitney test.

Six statements about the benefits of participating in billfish re-
search in the next 2 years were ranked on a 7-point rating scale by 
respondents, who were also asked to list any additional benefits (see 
Supporting Information—Appendix  S1). An open-ended question 
asked whether they had concerns related to participation in future 
billfish research activities, and thematic analysis was used to group 
the answers, which were summarised with counts and percentages. 
Respondents who had participated in research activities in the past 
selected from lists of factors that helped their participation and 
factors that made it more difficult to participate (see Supporting 
Information—Appendix S1). Those who were willing to participate in 
research activities in the next 2 years were asked to list anything that 
might make it easier or more difficult to participate.

3  |  RESULTS

3.1  |  Respondent demographics and fishing 
experience

There were 153 legitimate survey responses received, including 
respondents from every state in Australia. Tables with count and 
percentage summaries of the responses are provided in Supporting 
Information (Appendix  S3). Queensland (QLD) was most repre-
sented with 64 responses, followed by NSW with 43 and Western 
Australia (WA) with 24. There were 10 or fewer respondents from 

other states. Most respondents were male (88%) and aged in their 
late 40s or older (mean age 48). Many respondents had a trade or 
professional certificate (42%), and some had completed under-
graduate (21%) or postgraduate degrees (9%). Most were employed 
(57%) or self-employed (28%), and only 8% earned less than the 
Australian median income. Respondents had a mean of 41 years' ex-
perience in recreational fishing and a mean of 18 years' experience 
fishing for billfish. In addition, 8% were either owners or crew of 
charter operations, and the majority (84%) were current members 
of the GFAA. Most respondents had targeted billfish on at least 10 
trips (median) over the previous 12 months.

3.2  |  Participation in research

Nearly two-thirds of the respondents (63%) had been involved in bill-
fish research activities in the past. Of these respondents, 96% had 
predominantly used conventional tags. Other activities included the 
provision of fish samples (55% of participants), provision of catch in-
formation (54%) and involvement in electronic tagging (26%). Most of 
those respondents (78%) had participated in research on more than 
one species, and most (78%) had participated in more than one type 
of research activity. Responses indicated that black marlin (Istiompax 
indica) was the most common focal species for past research activi-
ties (86%), with sailfish (Istiophorus platypterus) (60%), blue marlin 
(Makaira nigricans) (53%) and striped marlin (Kajikia audax) (52%) also 
popular. Fewer respondents had participated in research on spearfish 
(Tetrapturus angustirostris) (8%) and swordfish (Xiphias gladius) (5%). 
Just under a third (32%) of the respondents who had previously par-
ticipated in research activities had undertaken more than 100 fishing 
trips for research, and over half (61%) had participated in a research 
activity in the past 6 months. The majority of respondents (88%) had 
participated in research in Australia only, with just 11% indicating that 
they had participated in research both within and outside of Australia. 
Half of the respondents had participated in research on species other 
than billfish. For these other species, most participants (88%) were 
involved in conventional tagging. Few respondents (5%) indicated that 
they did not intend to participate in future research. Past participa-
tion was shown to be a predictor of intention to participate in future 
research by the ordinal logistic regression model (p = 0.027) with a 
positive coefficient estimate (0.84, SE = 0.38); however, none of the 
other predictor variables were significant. The analysis of deviance 
with Wald chi-squared tested the significance of individual predictors 
and showed that only past participation was significant (p = 0.027). 
Most respondents agreed that they intended to participate in future 
research regardless of whether they had participated previously, but 
those with previous experience had stronger intentions (Figure 1).

3.3  |  Organisational factors

Most respondents (70%) who had participated in billfish research 
indicated that there were no factors that had made it more 
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6  |    SMITH et al.

difficult; however, 11% indicated that data submission was chal-
lenging and 7% indicated that lack of training made participation 
more difficult. Additional factors listed were predominantly re-
lated to the logistical challenges of fishing for billfish, although 
some cited access to information and equipment caused difficulty. 
Factors that facilitated participants' involvement in research in-
cluded that data submission (63%) and sampling (45%) were sim-
ple tasks to complete, and that clear instructions were provided 
for the research activity (47%). Responses to statements regard-
ing past participation in research were largely positive (Figure 2). 
Most participants agreed that they clearly understood their role 
in the research (96%), the reasons the research was being con-
ducted (95%) and were satisfied with their participation (94%) 
(Figure 2). While most participants (71%) were satisfied that they 
had been informed of the outcomes or results of the research, 
19% did not feel as though they had been adequately informed 
and 10% of the respondents were not satisfied with the commu-
nication from those leading the research activity (Figure 2). Just 
under a third of survey respondents (31%) had not participated in 
any research activities, with a further 5% uncertain whether they 
had participated before. The main reasons for non-participation 
included not being aware of research activities occurring (52%) 
and being aware of a research activity but unable to participate 
at the time (30%).

3.4  |  Dispositional factors

The majority of respondents (88%) indicated that maintaining the 
good reputation of game fishing within the wider community was an 
important motivation for participating in research in the future, as was 
learning more about billfish (86%) (Figure 3). Contributing to billfish 
management (78%) and to billfish research (76%), as well as spending 
more time billfishing (74%) were also rated as important motivations 
by many respondents (Figure 3). Having an activity to do while bill-
fishing (22%), and winning prizes and tournaments (18%) were less 
important motivators (Figure  3). Additional comments about moti-
vations provided in open-text answers were reflective of answers in 
other parts of the survey and were considered in the overall interpre-
tation of the perceptions and attitudes of game fishers towards re-
search. Open-text responses are provided in Supporting Information 
(Appendix  S4). Most respondents agreed that increasing scientific 
knowledge (96%) and their own knowledge (91%) about billfish were 
benefits of participating in billfish research in the next 2 years. Other 
benefits included improving the game fishing community as a whole 
(88% agreed), improving the management of billfish (87%), enhanc-
ing their enjoyment of billfishing (81%) and enhancing their involve-
ment in the game fishing community (78%). Most respondents (79%) 
did not have any concerns about participating in research activities; 
however, the remaining comments were classified into five themes 

F I G U R E  1  Boxplots overlaid with dot plots depicting the distribution of responses to a statement about intention to participate in 
research in activities over the next 2 years, where one is strongly disagree and seven is strongly agree, in relation to whether or not the 
respondent had previously participated in research activities (yes/no). Most respondents agreed with the statement and those who had 
participated in the past had stronger intentions.
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(Table 2). The most common concern was the possibility for data to be 
misused (9%), with comments either about restricting access to rec-
reational fishers (6%) or increasing commercial exploitation of billfish 
(3%) (Table 2). Other concerns related to the logistical challenges of 
game fishing (5%) and to do with the welfare of billfish (4%) (Table 2).

4  |  DISCUSSION

4.1  |  Drivers for participation

Our study finds that game fishers in Australia are strongly motivated 
to participate in billfish research. This is important because there is 
a large pool of potential volunteers that could be recruited into both 
existing and new CS programmes on billfish to bolster data collec-
tion efforts. We identified that learning more about billfish was an 
important motivation for participation, as was contributing to bill-
fish research and management. Previous studies on recreational 
fishers' engagement in CS programmes have identified similar driv-
ers (Fairclough et  al.,  2014; Mann-Lang et  al.,  2022). Although CS 
projects increase the public's participation in science, this does not 
always translate into learning outcomes and this disconnect should 
be addressed to better meet the expectations of participants (Bela 
et al., 2016; Phillips et al., 2018). A review of several CS programmes 

also found contributing to science and research to be a strong driver 
for participation (Lotfian et  al.,  2020), which suggests that motiva-
tions are broadly similar across various CS programmes. Respondents 
in our study indicated that they wanted to provide input on the type 
of research activities conducted on billfish, which is consistent with 
findings in another study on Australian recreational fishers (Martin, 
Christidis, & Pecl, 2016).

Recreational fishers often take part in research and stewardship 
actions because they want to maintain access to the fishery (Granek 
et al., 2008). Our study identified that for most game fishers, ensuring 
the sport maintains a good reputation within the wider community 
was important. A negative shift in public attitudes towards and social 
acceptance of game fishing could lead to increased limitations on this 
activity in the future (Arlinghaus et al., 2012). The results of our study 
suggest that one of the reasons that game fishers are motivated to 
participate in research activities is to counteract potential negative 
perceptions, as well as to play an active role in maintaining billfish 
stocks. In a previous study about a conventional tagging programme, 
participants expressed that the programme improved perceptions of 
game fishing and had beneficial welfare and conservation outcomes 
(Mann-Lang et al., 2022).

Survey respondents indicated that winning tournaments and 
prizes was a less important motivation for participating in CS, which 
was unexpected as many game fishers participate in tournaments 

F I G U R E  2  Stacked bar plot showing the level of agreement with statements about past experiences in participation in research activities. 
Most participants were very positive about their past experiences.
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8  |    SMITH et al.

that often have substantial prizes (Ward et  al.,  2012). A previous 
study found that ‘trophy fishers’ in Australia were motivated by the 
challenge and mastery of fishing and placed importance on catch-
ing large fish and meeting personal milestones (Magee et al., 2018). 
Conversely, recreational factors such as enjoyment of nature and per-
ceived freedoms were most important for fishing trip satisfaction for 
members of a Texas sportfishing association (Holland & Ditton, 1992). 
Extrinsic motivations such as rewards and prizes have been shown 
in other studies to be less important for engaging participants in CS 

programmes (Chacon et  al.,  2017; Fairclough et  al.,  2014; Lotfian 
et al., 2020; West et al., 2021).

Most survey respondents intended to participate in future re-
search activities, and intention can predict behaviour (Ajzen, 1991). 
Past participation in research activities was a predictor of intention 
to participate in research activities in the near future, which is con-
sistent with behavioural studies that show past behaviour is a good 
predictor of future behaviour (Ouellette & Wood, 1998). A subset of 
respondents could be considered highly committed citizen scientists. 

F I G U R E  3  Stacked bar plot showing the level of importance for motivations for participation in future research activities.
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TA B L E  2  Classification of open-
text responses about the concerns of 
participating in research activities into 
themes with definitions, counts and 
percentages.
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An explanation for the strong participation in CS is that most survey 
respondents who undertook research activities had positive experi-
ences. Positive experiences in CS programmes have been reported by 
recreational fishers in previous studies (Crandall et al., 2018; Mann-
Lang et al., 2022; Martin, Christidis, & Pecl, 2016). Continued positive 
experiences in CS programmes rely on their appropriate management 
of the drivers and barriers identified in this study. In contrast, non-
participation was largely owing to a lack of awareness of available op-
portunities. Improving awareness of CS programmes would therefore 
be very likely to increase recruitment of these willing volunteers in 
the future.

4.2  |  Clear communication strengthens citizen 
science

The perceived success of a CS programme can be an important factor 
in maintaining participant motivation (Bonter et al., 2023). The results 
of our survey indicated that communication about both the purpose 
and outcomes of the research from CS programme leaders needs 
improvement. Respondents stated they would like more communica-
tion, particularly digitally, such as over social media or through an app. 
A study of marine users in Australia showed that they placed a high 
importance on feedback from scientists about CS projects (Martin, 
Christidis, & Pecl, 2016). If participants are not aware of the results 
of CS programmes, then they are unlikely to consider it successful, 
nor a valuable use of their time. Game fishing is a time-consuming 
and expensive activity that requires specialised skill, equipment and 
resources, which in itself is a barrier to participation in research activi-
ties on billfish. It is important that CS programme leaders keep these 
factors in mind, such as time and cost commitments and weather and 
boating constraints, although they are beyond their control. Clearly 
communicating the benefits of participating in CS, keeping require-
ments simple, demonstrating the value for research and management, 
and providing feedback to participants of CS programmes can help to 
counteract these factors and improve participant retention (Bonter 
et al., 2023; Dedual et al., 2013).

Respondents in our survey identified that a lack of access to in-
formation from CS programmes was a factor that made it more dif-
ficult to participate. Previous studies have shown that recreational 
fishers have limited access to scientific information, and there are 
barriers to communication between scientists, managers and fish-
ers, including the technical language barriers and the inaccessibil-
ity of peer-reviewed publications (Calderwood et  al.,  2023; Dedual 
et  al.,  2013; Li et  al.,  2010). Researchers predominantly share their 
findings through peer-reviewed publications or conference proceed-
ings, which are aimed at an academic audience and tend to spend little 
time on public outreach (Nguyen et al., 2019). Researchers involved 
in CS programmes should look to increase communication, engage-
ment and collaboration from aspects of programme design through 
to sharing outcomes with participants. The benefits of CS data to re-
searchers and managers are often far greater compared to the cost of 

independent sampling and can be improved with investment in en-
gagement (Fairclough et al., 2014).

Our survey identified that the potential misuse of information 
collected for CS to restrict game fishing was the most common 
concern, although most respondents did not identify any con-
cerns. The recreational fishing sector has expressed similar con-
cerns about access limitations through the creation or expansion 
of marine parks or changes to fisheries legislation in previous stud-
ies (Dedual et  al.,  2013; Gledhill et  al.,  2015; Magee et  al.,  2018; 
Martin, Christidis, Lloyd, & Pecl,  2016). Species with high social 
value, such as billfish, can garner substantial political debate about 
their management, and therefore these concerns are not unsub-
stantiated (Fairclough et al., 2014; Kadagi et al., 2020). Respondents 
also raised concerns about the potential for commercial fishers to 
use data from CS programmes to increase commercial catch of bill-
fish or their prey. Tension between the interests of recreational 
and commercial fishers is a common theme in fisheries manage-
ment (Bower et al., 2020; Dedual et al., 2013; Kadagi et al., 2020). 
There is a general concern that emerging technologies that allow 
anglers to collect and share information could lead to exploitation 
of fisheries (Cooke et al., 2021; Holder et al., 2020). As such, rec-
reational fishers may be reluctant to share information through CS 
programmes that they feel could be used to exploit their target 
species or fishing grounds. If CS programmes fail to acknowledge 
the concerns of game fishers around potential misuse of data, it 
is possible that we will see decreasing levels of trust in research-
ers and managers within the game fishing community. To address 
these concerns, monitoring data, particularly location data, should 
be managed responsibly and consideration should be given as to 
who owns the data, how it is stored and with whom it is shared 
(Calderwood et al., 2023; Pecl et al., 2019; Sandbrook et al., 2021; 
Young et al., 2022). If engagement is done poorly, then there is a 
real risk to the future of CS programmes on billfish because the 
game fishing community from which these CS programmes draw is 
comparatively small and specialised.

4.3  |  Mechanisms to improve engagement with 
game fishers

Ensuring there is a good relationship between the organisations lead-
ing CS programmes and the game fishing community is vital to the 
success of billfish research. Greater engagement with game fishers 
and collaboration across organisations can address some of the bar-
riers to and enhance drivers for participating in CS programmes that 
were raised in this study. Collaboration helps build trust, which is fun-
damental to effective management (Bonney et  al.,  2021; Gilfedder 
et al., 2019). A previous study found that researchers who are more 
involved in fisheries management processes and public engagement 
often see greater uptake of their research findings, along with in-
creased public trust (Nguyen et  al.,  2019). Greater involvement of 
both game fishers and the fishing associations that represent them 
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in CS programmes is likely to increase the agency of these groups 
and enhance their stewardship of the billfish species that they target 
(Arlinghaus et al., 2019; Shephard et al., 2023). Fishing associations 
are well placed to help increase fisher participation in CS programmes 
(Martin, Christidis, & Pecl, 2016; Voyer et al., 2015). These associations 
can provide support for research and conservation measures through 
advocacy, funding or in-kind contributions (Granek et  al.,  2008; 
Vohland et al., 2021). Collaboration can strengthen and diversify sup-
port and ensure continuity for long-term CS programmes, which can 
be threatened by fluctuations in funding and staffing.

The delivery of CS programmes and engagement with partici-
pants can be improved by better harnessing existing technologies. 
Several survey respondents called for digital data collection, indicat-
ing that digital tools were underutilised. Digital methods can increase 
accuracy and timeliness of records, and allow for two-way informa-
tion exchange, such as to provide feedback and recognise partici-
pant contributions (Dedual et al., 2013; Taylor et al., 2022; Venturelli 
et  al.,  2017). Multiple respondents in our survey wanted to receive 
recognition for participating. Information about participation, such as 
recapture reports, summary statistics and leaderboards, can provide 
recognition and feedback about CS efforts. Training and resources for 
research activities, such as fish handling, tagging, and sampling tech-
niques, can be widely disseminated using online learning tools, and can 
enhance satisfaction of participants and raise awareness of CS pro-
grammes (Mann-Lang et al., 2022). As digital technologies that allow 
fishers to share their fishing experiences grow, so will the opportuni-
ties for CS programmes (Cooke et al., 2021). The type and resolution of 
data that we can feasibly collect about billfish through CS programmes 
has evolved in recent decades, which creates new opportunities for CS 
programmes. This includes improvements in video and photo quality, 
as well as innovations in how cameras are deployed, developments in 
electronic tagging equipment and improved accuracy and availability 
of instruments that measure real-time location and in-situ environ-
mental conditions (Bonney et al., 2021; Cooke et al., 2021).

Ensuring the consistency of information across a broad geo-
graphic area is a challenge for CS programmes involving migratory 
species, because the communication channels, demographics and 
peaks in fishing and animal activity can vary. CS programmes should 
engage with participants across multiple pathways for data reporting 
and communication, as different channels have different advantages 
and different user demographics (Mann-Lang et  al.,  2022; Taylor 
et al., 2022; Venturelli et al., 2017). Several tagging programmes pro-
vide regular communication through online newsletters (e.g. Hawaii 
Community Tagging Program, n.d. and ORI Cooperative Fish Tagging 
Project (ORI, n.d.)). Our study indicated that many of the respondents 
gained information from fishing clubs. Game fishing clubs in Australia 
provide information to their members through regular meetings, 
tournament events, via email and increasingly through social media. 
Peer-to-peer communication can be particularly effective and can 
take place at club or association meetings, through tackle shops or 
through ambassadors that have influence in fishing communities, such 
as fishing guides or media personalities (Dedual et al., 2013; Mann-
Lang et al., 2022).

4.4  |  Limitations

It was not possible to determine the degree to which our sample is 
representative of adult Australian game fishers who fish for billfish. 
This is, in part, due to the limited information about the size and de-
mographics of the population of game fishers in Australia (Ditton & 
Stoll, 2003; Ward et al., 2012). We can compare the respondents in 
this study to membership information from the GFAA, which has simi-
lar proportions of men and women but differences across states, for 
example, a higher proportion of respondents from QLD and Northern 
Territory (see Supporting Information—Appendix S5). However, this 
information does not include fishers who are not members of clubs 
nor charter operations that target billfish, and therefore these differ-
ences do not mean the study is not representative.

The high response rate from avid game fishers who are involved in 
research is likely a result of self-selection bias and non-response error 
common to online surveys (Bethlehem, 2010). However, these avid 
respondents are ideal candidates to explore motivations and concerns 
about participation because they are most likely to be recruited to 
new CS programmes. Many such respondents remain as participants 
of existing programmes, so it is helpful to understand their experi-
ences of CS to date. Importantly, perspectives from non-participants 
were also included since approximately one third of respondents had 
never participated in billfish research activities before. This study 
highlights the barriers and motivations for the recruitment of new 
participants into CS programmes, which is not commonly addressed 
in previous studies on CS motivations as these typically focus on ex-
isting participants.

Another limitation of this study is that the total population of 
Australian fishers who fish for billfish is unknown; therefore, deter-
mining an adequate sample size was not possible. In the absence of 
such data, we assumed a population of 10,000 game fishers to assess 
the overall power of the study and the impact of sample size on the 
reliability of results. Given a sample size of 153 respondents, the stan-
dard error was 0.04, and the corresponding margin of error was ±7.9% 
at the 95% confidence level for this study. The population estimate 
is based on the reported 7832 GFAA members for 2023/2024 and 
also allowed for a reasonable number of additional fishers not affili-
ated with a club. While this means the results should be interpreted 
with some caution, this exploratory study with an undefined target 
population provides sufficient data to progress the field and gain an 
understanding of what is important for game fishers participating in 
citizen science.

5  |  CONCLUSION AND 
RECOMMENDATIONS

The results of our study have provided useful insight into the drivers 
and barriers of game fishers' participation in CS, which can be used 
to support the recruitment and retention of recreational fishers in CS 
programmes. Overall, game fishers in Australia are highly motivated to 
participate in citizen science programmes on billfish, and there are few 
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barriers to engaging them in research activities. However, our results 
indicate that communication about CS programmes needs to improve 
to not only recruit more participants but also to fulfil their motiva-
tions and address their concerns about participation. The disconnect 
between the willingness to participate in CS programmes and insuffi-
cient awareness of these programmes is broadly applicable in other CS 
contexts, where the number of potential participants almost certainly 
exceeds current participants. Our findings are particularly relevant for 
CS programmes where participants are highly motivated because re-
cruitment and retention of participants from a small, specialised pool 
requires a different approach than for large-scale contributory CS 
programmes targeting the general public. Our survey highlighted the 
main motivations and concerns of game fishers as CS participants. We 
suggest that future research could explore the challenges in creating 
and managing CS programmes for billfish research and barriers to the 
integration of these CS data into fisheries science through the lenses of 
fisheries researchers, managers and CS programme leaders.

We present three key recommendations for CS programmes on 
billfish in Australia. Our recommendations are also pertinent to in-
creasing recruitment and retention of participants in CS programmes 
more broadly, particularly where these participants include fishers. 
These include the following: (i) increasing collaboration between gov-
ernment, research and fishing organisations; (ii) improving communi-
cation with and engagement of participants in CS programmes; and 
(iii) employing more current and emerging technologies to deliver CS 
programmes.

New technologies can increase the type, scale and resolution 
of CS data collected to fill knowledge gaps for billfish in Australia. 
Addressing these gaps should be shaped by the management needs 
of government agencies, the stakeholder interests of fishing associa-
tions and the expertise of scientific researchers. Regular and quality 
communication is needed both through collaboration across these 
sectors and by engaging directly with participants in CS programmes. 
Communication and engagement plans are useful tools for CS pro-
grammes that can engage with participants through multiple path-
ways, both digitally and in person. These plans should aim to cover 
off on the following areas: advertising opportunities to become in-
volved in CS activities; providing information and training about how 
to undertake CS activities; disseminating information about science 
and management; explaining how data are being used and with whom 
it will be shared; demonstrating the value of the CS programme to 
research and management; delivering feedback about the outcomes 
and results; recognising the contributions of participants; and collect-
ing feedback from participants. Strategic engagement is needed to in-
crease retention and recruitment of game fishers as citizen scientists 
into the future, without whom it would be difficult to carry out billfish 
research. As the opportunities for CS increase into the future, many 
eyes on the seas might allow us to make new and exciting discoveries 
about these seldom-sighted pelagic fish.
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