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Abstract

Catch-and-release (C&R) is becoming increasingly popular in recreational fisheries with

the potential to contribute towards conserving the oceans limited fish stocks. Several

studies have highlighted high rates of mortality and many sub-lethal effects which

ultimately have a negative impact on fish population viability. With poorly developed

handling practices, the fish that are released suffer the consequences of physical and

physiological stress and do not always survive, thus making the ethics of C&R fishing

questionable.

Many studies have contributed to our understanding of the factors that influence the fate of

fish released by anglers. Despite this, few interventions have been able to improve angler

C&R behaviour. Pro-environmental behavioural strategies however hold some potential for

improving angler C&R behaviour. To test their potential, we partnered with the South

African Rock and Surf Super Pro League (RASSPL Africa), the biggest exclusively C&R

competitive shore-based angling league in South Africa. The first two years (2013 and

2014) of the partnership were purely focused on building trust and relationships and

making observations on angler behaviour. In 2015, we collected baseline data on angler

behaviour and fish health during the RASSPL national fishing competition. This was

followed by comparable data collection at the following two national competitions in 2016

and 2017 after the introduction of a combination of pro- environmental behaviour

interventions, including rule changes, improving angler knowledge, behavioural modelling,

rewards, penalties and feedback to improve C&R behaviour.

There were significant improvements in angler behaviour, including a decline in total air

exposure from 101.93s ± 64.34 in 2015 to 77.37s ± 60.52 in 2017 (F(2,618) = 9.27, P <

0.01), and the time taken for an angler to place their fish into a bucket declined from
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105.86s ± 69.47 in 2015 to 23.05s ± 24.13 in 2017 (F(2,556) = 158.71, P < 0.01). There

were also improvements in the health of the fish, with a decline in the blood lactate

concentration and mean reflex action mortality predictor (RAMP’s) scores for the

dominant species, Diplodus capensis (lactate – 9.46 ± 3.80 mmol.l-1 in 2015 and 6.69 ±

2.99 mmol.l-1 in 2017, RAMP – 0.28 ± 0.22 in 2015 and 0.19 ± 0.17 in 2017), and

Haploblapharus fuscus (lactate – 4.25 ± 1.89 mmol.l-1 in 2015 and 1.76 ± 0.78 mmol.l-1in

2017, RAMP – 0.15 ± 0.18 in 2015 and 0 ± 0 in 2017).

In 2018, surveys were conducted to gain insight into angler demographics and external

(social, economic, cultural and institutional) and internal factors (knowledge and

awareness, motivations, attitudes and perceptions) associated with the RASSPL anglers.

Surveys were also designed to assist in identifying what components were key drivers

behind the angler’s behavioural changes. The demographic characteristics of RASSPL

anglers were not dissimilar from the general recreational angling public in South Africa,

suggesting that this kind of intervention may have potential at a broader scale. In terms of

the drivers of behavioural change, the surveys revealed that 68% of respondents strongly

agreed that the structural rule changes contributed to their improved behaviour. This was

followed by the educational presentations (66% of the respondents) and modelling /

demonstrative videos (59% of the respondents). The conservation prizes were considered

less effective, with only 27% of anglers strongly agreeing that this intervention improved

their C&R behaviour.

Overall this study has demonstrated that it is possible to improve the C&R behaviour of

anglers in a competitive setting, with the most effective component of the intervention

being the use of rule changes (structural approach). These findings suggest that pro-

environmental strategies hold potential for improving the C&R behaviour of anglers and

the health of released fishes. It is suggested that interventions to improve C&R behaviour
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should aim to develop long-term relationships, and implement a broad range of well

communicated strategies based on reliable data and sound rationality.

Key words: marine shore-based fisheries; community engagement; pro- environmental

behaviour; behavioural intervention
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Chapter 1: General Introduction

Anglers racing the sunrise and enduring the tiresome journey necessary to find the perfect

spot to catch the perfect fish. (Image credit: Samantha Mannheim)
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The ever-growing state of the human population applies escalating pressure on the

Earth’s natural environment. With excessive resource use and continued environmental

degradation, the planet’s biodiversity and ecosystems are under major threat (Steffen

et al., 2007; Schultz, 2011). The earth’s current geological age has been titled the

Anthropocene, meaning the period during which human activity has been the dominant

influence on climate and the environment (Smith & Zeder, 2013). As a consequence

the environmental problems we face are rooted in human behaviour (Gifford, 2014). In

recent years there has been a significant increase in public concern and awareness

with regard to the issue of the sustainability of the natural environment (Kennedy et al.,

2009; Carfora et al., 2017; Danylchuk et al., 2018). This high level of awareness and

concern however is not accompanied by a dramatic change in personal or societal

actions and lifestyle choices (Schultz, 2011). The only way to reduce these

anthropogenic pressures on the environment is by altering human behaviour directly

and one of the strategies proposed is via the adoption of pro-environmental behaviours

(Schultz, 2011).

Environmental psychology studies the relationship between people and their

environment, and describes pro-environmental behaviour as when an individual

consciously looks to reduce the negative impacts of their actions on the natural world

(Kollmuss & Agyeman, 2002; Gifford, 2014). Pro-environmental behaviour has been

the topic of much research over the past 40 years, with a number of different

frameworks being designed to analyze pro-environmental behaviour (Burgess et al.,

1998; Kollmuss & Agyeman, 2002).

The oldest and simplest model for analyzing pro-environmental behaviour is known as

the Knowledge – Attitude – Behaviour (KAB) model. This model came about in the

early 1970s and is based on a linear progression of environmental knowledge leading
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to a change in environmental attitudes by creating awareness and concern, and thus

leading to more pro- environmental behaviour (Kollmuss & Agyeman, 2002). This

model identified the main problem being a ‘deficit’ in information provided to the public

(Burgess et al., 1998). Unfortunately, this simplistic model did not see much success,

and increased awareness is rarely followed by active participation in pro-environmental

behaviour (Kennedy et al., 2009). This knowledge – attitude gap between

environmental values and environmentally supportive behaviours is of growing concern

globally and the discrepancy between stated and actual commitment has become the

focus of much research (Kollmuss & Agyeman, 2002; Kennedy et al., 2009; Gifford,

2014). These studies have highlighted a significant number of important variables that

could play a role in motivating behavioural choices.

Rajecki (1982) tried to explain this “knowledge – attitude – behaviour” (KAB) gap by

identifying four critical factors, direct versus indirect experiences, normative influences,

temporal discrepancy and attitude-behaviour measurements. With direct experiences

(e.g. witnessing environmental degradation) having a stronger influence than indirect

experiences (e.g. learning about environmental degradation), and normative influences

including social norms, cultural traditions, and family customs. Temporal discrepancy

and attitude-behaviour measurements have the potential to lead to flawed data and

results. All of the above mentioned factors further emphasise the complexity in

understanding human behaviour and by extension, pro-environmental behaviour

(Kollmuss & Agyeman, 2002).

The Theory of Reasoned Action (Fishbein & Ajzen, 1975), later modified into the

Theory of Planned Behaviour (Ajzen & Fishbein, 1980; Ajzen, 1991) has been one of

the most influential attitude-behaviour models to date. This model classes humans as

rational, meaning that people make systemic use of information provided to them and
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are not controlled by unconscious motives or desires. Attitudes are seen as having an

indirect effect on behavioural intentions, which in turn have the ability to change

behaviour. This model highlights three specific determinants of behaviour; firstly the

beliefs regarding the consequences of said behaviour; secondly the normative/social

beliefs regarding the opinions of others about said behaviour; and thirdly the perceived

behavioural control which specifies one’s perceived ability to bring about change by

performing said behaviour (Ajzen, 1991; Kollmuss & Agyeman, 2002; Carfora et al.,

2017). This was an attractive model due to its simplicity and clarity, but limitations were

evident in the underlying assumption that people act rationally.

In 1986 Hines, Hungerford and Tomera came up with the more sophisticated model of

responsible environmental behaviour via a meta-analysis of many pro-environmental

studies. They identified six variables associated with responsible pro-environmental

behaviour, 1) knowledge of the issue at hand and its causes, 2) knowledge of relevant

action strategies to lower the impact, 3) attitudes, 4) locus of control, 5) verbal

commitment to take action, and 6) personal sense of responsibility. This model too was

not as successful as intended, as relationships between knowledge and attitudes,

attitudes and intentions, and intentions and actual responsible behaviour were found to

be weak. It is suggested that even more factors need to be included, specifically

situational factors such as economic constraints, opportunities and social pressures

(Hines et al., 1986).

The next set of models looked at altruism, empathy and pro-social behaviour, which

essentially focus on voluntary, intentional behaviours that result in beneficial outcomes

for others (Eisenberg & Miller, 1987; Kollmuss & Agyeman, 2002). Often, altruism is

evident among people who have satisfied all of their own personal needs and have

more resources to care about larger issues (Borden & Francis, 1978). Maslow’s
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hierarchy (1971) states that the satisfaction of self- needs enables individuals to

transcend themselves and emit altruistic behaviours. Allen and Ferrand (1999)

conducted a study to test Geller’s ‘actively caring’ hypothesis which states that in order

to act pro-environmentally, individuals must focus beyond themselves and be

concerned about communities at large (Geller, 1995). The hypothesis states that this

altruistic state of actively caring occurs only once an individual’s needs, self-esteem,

belonging, personal control, self-efficacy and optimism have been satisfied (Geller,

1995; Allen & Ferrand, 1999). It is therefore accepted that altruism does not directly

lead to pro-environmental behaviour but rather supports it (Kollmuss & Agyeman, 2002).

Blake (1999) discusses the ‘value-attitude gap’ and pointed out that all pro-

environmental behaviour models are limited as they fail to take into account institutional,

individual and social constraints. Blake identified three barriers of action: individuality,

responsibility and practicality. Individual barriers are personal and generally have to do

with one’s attitude and temperament. These barriers are more influential among

individuals who do not have a strong concern about the environment. The responsibility

barrier is similar to the previously mentioned ‘locus of control’, which essentially means

that people will not act pro-environmentally if they feel they cannot influence the

situation and should not take responsibility for it. This is more common among

communities that display a lack of trust in institutions and are suspicious of the

prescribed necessary actions. The practicality barrier refers to the social and

institutional constraints that can prevent pro-environmental behaviour, regardless of the

intentions and attitudes of an individual. Examples would be lack of time, lack of money,

or lack of information (Blake, 1999; Kollmuss & Agyeman, 2002).

Kollmuss and Agyeman (2002) concluded that all models relating to pro-environmental

behaviour and bridging the attitude-action gap have some validity in specific
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circumstances, but the underlying complexity of what shapes environmental behaviour,

makes it impossible to visualize one single framework as it would be far too

complicated to understand, let alone utilize. This is due to the many conflicting and

competing factors that shape human decision making with regard to pro-environmental

behaviour (Kennedy et al., 2009; Guckian et al., 2018). Kollmuss and Agyemann (2002)

classify environmental knowledge, values and attitudes together with emotional

involvement into a complex called pro-environmental consciousness, which is

embedded in broader personal values and shaped by personality traits and other

internal and external factors (Figure 1.1).

Figure 1.1 Kollmuss and Agyeman’s model of pro-environmental behaviour (adapted from Kollmuss and

Agyeman 2002).
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A recent and practical framework for promoting behavioural change would be the

Geller (2002) “DO IT” framework which identified four steps, ‘D’ for defining certain

behaviours to work with, i.e. the targets of the environmental sustainability intervention.

The ‘O’ for observing and collecting baseline information (how regularly the target

behaviour occurs naturally). This section assists with fact finding and facilitates the

discovery of behaviours that need to be changed. The ‘I’ for intervene, meaning the

step where the interventions are designed and implemented, and ‘T’ for testing and

redefining the interventions from the feedback for continuous improvement (Gellar,

2002). Steg and Vlek (2009) discuss environmental psychology’s merits and potential

in terms of promoting environmental sustainability via behavioural change. They

modified the above mentioned steps into the following, 1) carefully selecting the

behaviour that needs to be changed, 2) examining which factors cause these

behaviours, 3) applying well-tuned interventions to change the relevant behaviours and

their antecedents, and 4) systematically evaluating the effects of the interventions on

the behaviours themselves, their antecedents, the environmental quality and human

quality of life.

Stern (2000) pointed out that the most effective behavioural change programs utilize a

combination of interventions because behaviour is caused by multiple variables that

sometimes interact with one another. Steg and Vlek (2009) emphasized two different

types of intervention strategy, specifically informational and structural. Informational

strategies look at changing aspects such as motivations, perceptions, knowledge and

personal norms, without changing the external context. Structural strategies are more

concerned with changing contextual factors or the circumstances that accompany the

specific behaviour being changed (Steg & Vlek, 2009; Whitemarsh & O’Neill, 2010).

Which of these strategies will be most effective in encouraging pro-environmental
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behaviour is dependent on the specific barriers that arise, thus placing a large amount

of importance on situational context (Stern, 2000; Bower et al., 2017). In more

developed countries structural interventions focused on law and rule implementation

are more likely to be effective than in lesser developed countries where monitoring,

control and surveillance are generally lacking (Sutinen, 1993; Guckian et al., 2018). In

developing countries it may be more effective to utilize social sanctioning due to the

poor governance structures (Chapman et al., 2018; Guckian et al., 2018). Ultimately a

good understanding of the context of people whose behaviour you want to change is

critical to identify the most appropriate pro- environmental behavioural interventions

(Black et al., 1985; Stern, 2000; Hunecke et al., 2001; Bower et al., 2017).

Proposed interventions for changing environmental behaviour include antecedent and

consequence strategies. The sequence of Antecedent →Behaviour →Consequence is

known as the three-term contingency model, and is the theoretical basis for many

interventions aiming to improve environmental behaviour (Geller, 2002; Bolderdijk et al.,

2012). Antecedent strategies take place before the behaviour of interest and include

education through the provision of information via presentations and modelling videos

(Bolderdijk et al., 2012). Consequence strategies operate on the premise that it is

human nature to repeat behaviours that have led to positive outcomes and to reduce

behaviours that have resulted in negative outcomes (Bolderdijk et al. 2012). These

interventions are implemented after the targeted behaviour and generally aim to either

reward or penalize certain behaviours.

Recreational fishing, specifically angling has become increasingly popular on a global

scale (Arlinghaus et al., 2007; Brownscombe et al., 2017; Butler et al., 2017).

Recreational fishing is defined as the capture or attempted capture of living aquatic

resources mainly for leisure or personal consumption, with angling refering to fishing
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with handlines, fishing rods and/or poles using baits and/or lures (ICES, 2013, Pawson

et al., 2008). Anglers are a diverse group of individuals made up of a combination of

men and women of all ages, stemming from a variety of different cultures and income

brackets (Lewin et al., 2006; Arlinghaus & Cooke, 2009). Providing global estimates of

recreational fishing participation has proven difficult due to the lack of representative

data from many regions in the world as well as the various different sampling methods

utilized (Arlinghaus & Cooke, 2009).There are well-developed recreational fisheries

established in developed nations such as Australia (McPhee et al., 2002; Smallwood et

al., 2011), the United States of America (Karpov et al., 1995; Coleman et al., 2004),

France (Herfaut et al., 2013) and Canada (Post et al., 2002), as well as in developing

countries like Brazil (Freire et al., 2016), Namibia (Kitchner et al., 2000), Argentina

(Llompart et al., 2012) and South Africa (Brouwer et al., 1997). This high prevalence is

because recreational angling takes place across a variety of habitats, ranging from

freshwater inland systems to marine shore-based environments, as well as deep sea

angling. In many coastal countries the marine shore-based fisheries are of cultural and

social importance because of their recreational value (Arlinghaus et al., 2007). Cooke

and Cowx (2004) extrapolated from Canadian values that approximately 11.5% of the

global population are expected to take part in recreational fishing on a regular basis.

Angling has grown in popularity across the world with a predicted 20% increase in

fishing efforts over the past few decades (Coleman et al., 2004). It is estimated that

only a minor 12% of the North American population have never participated in a

recreational fishing activity (Pelletier et al., 2007). In South Africa specifically it was

reported that only 10% of fishing activity in the marine shore-based environment fell

under the subsistence fishery bracket, meaning that approximately 90% of all fishing

along the South African coastline is recreational fishing (McGrath et al., 1997).
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Overfishing is one of the most concerning anthropogenic impacts on the sustainability

of wild fish populations as it has the potential to cause major structural and functional

changes to ecosystems (Jackson et al., 2001; Daskalov et al., 2007). The majority of

research on the global fish crisis focuses on the commercial fisheries as the main

culprit behind stock depletion, where the recreational fishing sector should also be

considered as it has a significant effect on many fish stocks (Arlinghaus et al., 2002;

Colman et al., 2004; Cooke & Cowx, 2004). Commercial and recreational fishing have

similar ecological and demographic effects on the specific populations that they exploit

and therefore should both be considered as contributors to the overexploited state of

the oceans (Coleman et al., 2004; Cooke & Cowx, 2004). In some parts of the world

the prevalence of recreational fishing has surpassed commercial fishing, making it vital

to consider this ever-growing body of anglers and their cumulative impact (Arlinghaus

et al., 2002; Cowx, 2002; Cooke & Cowx, 2004; Lewin et al., 2006; Arlinghaus et al.,

2007; Butler et al., 2017). A concerning factor about recreational fisheries is that they

are not self-regulating, meaning that anglers do not reduce their fishing efforts as

stocks decline (Post et al., 2002). Cooke and Cowx (2004) state that to facilitate the

development of strategies to increase sustainability of angling, it is necessary to

elevate recreational fishing to a global conservation concern.

One way of reducing the impact of recreational fisheries on wild fish populations is

through the adoption of catch-and- release (C&R) angling as both a mandatory

behaviour to comply with regulations (such as a minimum size or bag limit), as well as

voluntarily for conservation purposes.

With rapidly dwindling global fish populations, the prevalence of C&R is increasing in

recreational fisheries (Arlinghaus et al., 2009; Brownscombe et al., 2015; Lennox et al.,

2015) with studies estimating that at least 60% of all fish captured by recreational
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anglers are released (Cooke & Cowx, 2004; Cooke & Schramm, 2007). Catch-and-

release angling is an important strategy for managing recreational fisheries worldwide,

and has a long history with increased attention in recent years (Arlinghaus, 2007;

Arlinghaus et al., 2009; Brownscombe et al., 2015; Lennox et al., 2015; Chapman et al.,

2018). It is an appealing approach towards recreational fishing as it aims to conserve

exploited fish whilst maintaining angling use (Arlinghaus et al., 2007; Chapman et al.,

2018; Weltersbach et al., 2018). Throughout history C&R has looked to conserve fish

stocks with famous writer and fly-fisherman Lee Wulff (1939) writing that fish are too

valuable to be caught only once, and later with Quinn (1989) reporting that C&R had

the potential to “recycle” fish and thus improve fishing quality. The obvious

conservation potential in putting fish back into their environment to reproduce or be

caught another day by another angler, and the increasing number of publications

surrounding the unique field of C&R science support the notion that its future is

promising (Arlinghaus et al., 2007; Arlinghaus et al., 2009; Brownscombe et al., 2015;

Lennox et al., 2015; Chapman et al., 2018; Danylchuk et al., 2018).

While many fisheries managers assume that the release of a captured fish means that

the fish survives and is a viable member of the population, several studies have

highlighted high rates of mortality (Bartholomew & Bohnsack, 2005; Cooke & Suski,

2005; Gingerich et al., 2007; Ferter et al., 2017; Weltersbach et al., 2018) and many

sub-lethal effects (Cooke & Philipp, 2004; Alòs et al., 2016; Brownscombe et al., 2017;

Martins et al., 2018) associated with C&R, which ultimately have a negative impact on

population viability (Hessenauer et al., 2018). When C&R is practiced ineffectively it is

almost guaranteed that the fish will experience injury, stress or a combination.
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All aspects of C&R contribute to stress and injury and have the potential to disrupt fish

physiology and biochemistry (Martins et al., 2018; Weltersbach et al., 2018). From the

very start of a C&R event the fish face stressors with hooking being one of the primary

causes of angling-related injury and mortality (Brownscombe et al., 2017). Hook injuries

can be minor like small flesh wounds, or major if the respiratory system or any vital organs

are hooked. Hooking injuries can be minimized by the utilization of circle hooks which

generally only hook in the corner of the fish’s mouth, causing minimal injury (Prince et al.,

2002; Arkert et al., 2018). Next the fish experience the ‘fight time’ which is the period

between hooking and landing where they go through highly exhaustive physical exercise

trying to fight the angler (Raby et al., 2013). Landing of the fish poses further stressors as

fish may be landed on rocky or sandy terrain, or with harmful landing equipment (nets,

gaffs, cradles), which can damage the fish’s mucus membrane and lead to infections or

fungal growth on the skin (Arlinghaus et al., 2007). Tissue damage is inevitable (Cooke &

Sneddon 2007). The handling of the fish by the angler during landing, hook removal,

documentation and release also has a great influence on the health and survival of the fish

as any direct contact with the fish’s skin has the potential to cause detrimental harm

(Brownscombe et al., 2017). Anglers with bad handling habits often drag or drop their fish

in the sand or on the rocks, and hold the fish in the gills or by the tail. By sticking their

fingers in the gills the angler is causing much damage to a highly sensitive, highly

important area of the fish’s body. Unhooking the fish can also play a role in causing stress

as depending on where the fish was hooked it can take a significant amount of time to

remove hooks and they are capable of causing much damage. Fish are generally

unhooked out of the water which increases the air exposure they experience. Elevate air

exposure can be considered acute hypoxia for the fish is one of the main stressors

experienced by fish during C&R events (Cook et al., 2015). The final segment of the entire
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C&R process is the release which is a crucial transitional period. Fish that are released

are more likely to fall victim to predation as their ability to avoid and evade predators has

been impaired as a response to the angling event (Schreck et al., 1997; Cooke & Phillips,

2004; Brownscombe et al., 2017). The fish must then focus its efforts on recovering and

returning to homeostasis rather than investing energy into growth, reproduction and food

acquisition. Most fish are able to recover from the physiological changes their bodies go

through in somewhere between two to twenty-four hours. This time frame is wide as

recovery is species- and variable- dependent (Martins et al., 2018). However, fish that are

repeatedly caught and released may experience reduced growth rates due to the fact that

energy was redirected for physiological recovery. Variables that lead to mortality often also

lead to possible reproductive and growth defects and can have an effect at a population

level (Arlinghaus et al., 2007; Danylchuk et al., 2018; Hessenauer et al., 2018;

Weltersbach et al., 2018). After the C&R event, fish may experience alterations in

behavioural norms with regard to food acquisition, predator avoidance, reproduction,

movement and orientation (Arlinghaus et al., 2007). Mortality rates are high among these

fish post release, and death often only occurs sometime after the C&R event (Hessenauer

et al., 2018; Martins et al., 2018), leaving the angler unaware of the consequences for

their actions. It is impossible to catch and handle a fish without eliciting a stress response

or injury (Arlinghaus et al., 2007; Brownscombe et al., 2017).

It is well known that C&R (both voluntary and mandatory) aims to conserve fish stocks,

however, its efficacy is dependent on the survival and population viability of the released

fishes (Danylchuk et al., 2018; Martins et al., 2018; Twardek et al., 2018). The poorly-

developed handling practices that are normally associated with high mortality make the

ethics of C&R angling questionable (Arlinghaus et al., 2007; Cooke & Sneddon 2007;

Cook et al., 2015). The current rise in support for animal rights has placed extra criticism
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on C&R and many believe that C&R and other sport fishing should be banned as they look

to intentionally cause the fish suffering (De Leeuw, 1996; Arlinghaus et al., 2007). In

Germany, the Animal Protection Act has resulted in a social norm to kill all fish that are

caught if they are not protected by size limits or protective seasons. C&R can be seen as

‘playing’ with the fish and is heavily frowned upon with punishments of public prosecution

and imprisonment for up to three years (Arlinghaus et al., 2007). In places like this it is

typically only acceptable to fish for food as that is the only reason one should be inflicting

pain and suffering.

Due to the increased interest in reducing lethal and sublethal effects of C&R, recent

research has focused on the development of knowledge for improving C&R practices to

maximize the health and survival of released fishes (Brownscombe et al., 2017; Cooke et

al., 2017; Gagne et al., 2017; Danylchuk et al., 2018; Guckian et al., 2018; Weltersbach et

al., 2018). This research has found that effective C&R practices focus on altering angler

behaviours such as reducing fish fighting times, limiting handling times and reducing air

exposure times (Davis, 2010; Raby et al., 2012; Cooke et al., 2013; Cook et al., 2015;

Danylchuk et al., 2017; Danylchuk et al., 2018; Twardek et al., 2018). Because it is

impossible to not inflict some sort of stress on the fish, anglers should be focusing on

decreasing the negative effects that they have control over (Arlinghaus et al., 2007). While

this information has been suggested to the public in best practice guidelines for anglers

(Cooke & Suski, 2005; Brownscombe et al., 2015; Brownscombe et al., 2017; Sims and

Danylchuk, 2017; Guckian et al., 2018; Weltersbach et al., 2016; Weltersbach et al., 2018),

under the assumption that improved knowledge would lead to changes in behaviour, there

is limited evidence to suggest that this has happened (Cooke et al., 2017). This is not

entirely surprising, as pro-environmental behaviouralists have long recognized that

improved education does not necessarily lead to better attitudes and pro-environmental
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behaviour (Kollmuss and Agyeman, 2002).

There is minimal C&R research on the integrative orientation incorporating the social with

the biological sciences (Chapman et al., 2018; Danylchuk et al., 2018; Guckian et al.,

2018; Weltersbach et al., 2018). From a biological perspective it is important to

understand the lethal and sub-lethal effects of C&R, and from a social perspective it is vital

to understand the drivers behind behavioural changes (Arlinghaus et al., 2007).

Understanding the institutional and social dynamics associated with C&R behaviour is

crucial for improving the implementation of C&R management policies. While Evans (2005)

argues that C&R is strongly based on respect for the integrity of the environment and the

populations within that environment, others consider C&R as pure animal torture for no

good reason (Volpato, 2009). Catch-and-release in one form or another is a day-to-day

practice in contemporary recreational fisheries. The implementation of effective C&R

encourages biological, economic and social sustainability of recreational fishing.

The aim of this thesis is to implement Geller’s strategy for pro-environmental behaviour

and attempt to identify the most effective interventions for recreational anglers using a

case study from a competitive angling body. To do this, this thesis is divided into five

chapters (Figure 1.2). The first provides a general introduction on changing pro-

environmental behaviour and C&R angling globally, the second chapter documents the

context of the case study (i.e. The Rock and Surf Super Pro League (RASSPL) angling

body and the relationship between science and angler), the third documents the

interventions implemented and their outcomes. The fourth chapter attempts to gain an

understanding of the drivers behind the behavioural changes seen in the previous chapter,

and the final chapter provides a synthesis of the findings and recommends future research

directions.
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Figure 1.2 Flowchart displaying the direction of this thesis.
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Chapter 2: The RASSPL and SAFER lab, History and Context

The Research Team at the RASSPL Nationals 2016 Prizegiving. (Image credit: RASSPL)
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This thesis examines a collaborative community engagement project between the largest,

competitive, C&R angling league in South Africa, the Rock and Surf Super Pro League

(RASSPL) and the Southern African Fisheries Ecology Research Lab (SAFER Lab) that

aims to improve angler C&R behaviour. This chapter attempts to provide context of the

collaborative partnership and the development of the “engaged research” relationship

between the two organizations. To do this, each organization is described and the history

of the collaborative project is outlined.

2.1 Rock and Surf Super Pro League (RASSPL)

The Rock and Surf Super Pro League (RASSPL) was established in 2011 and comprises

over 1000 active members in South Africa and Namibia. The RASSPL has also recently

expanded to include a league in England and Angola.

The RASSPL began with the hopes of providing an alternative and more conservation-

oriented option for marine shore-based competitive anglers, who partake in the South

African Surf Angling Association (SASAA) leagues. While the SASAA league competitions

reward those who have captured fish with the most weight and the anglers are not

required to release their fish, the RASSPL leagues rewards anglers that capture the most

species and require all fish to be released. The RASSPL in South African comprises eight

franchises distributed along the coastline. Each franchise hosts eight competitions in their

coastal area per year and there are 56 competitions in a year. The top twenty-four senior

male anglers, top three female and top three junior anglers from each franchise are

eligible to attend the national competition that is hosted over three days by a different

franchise each year.

2.1.1 Competition format

During the competition, fish above the minimum size limit of 500g for teleosts and 1000g
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for elasmobranchs are eligible for points. Once captured, anglers are required to

immediately place the fish into a plastic C&R bucket (38×28×27 cm) filled with fresh

seawater. Fish are then photographed (in the bucket), unhooked, measured and

photographed on a measuring mat. The length of the fish is recorded on the angler’s card

and a witness is required to sign as confirmation of the catch. A third photograph, with the

angler holding the fish with his back facing the sea is required for teleosts above 1000g

and elasmobranchs over 2000g before the fish are returned to the sea. This is done as

they may qualify for a prize.

At the end of the competition day, the cards are submitted. The points system is fairly

complex. Bonus points are allocated for the first individual of each species. The number of

bonus points for each species depends on its rarity (or difficulty of capture). An additional

200 bonus points are awarded to an angler who catches six species. A further 200 points

are awarded to those who catch 10 species and 100 points are awarded for each

additional species (11 and up). The weight of each fish is estimated using length-weight

conversion equations. Four points are allocated per kilogram for teleosts and two points

per kilogram for elasmobranchs. Critically, this scoring system rewards the capture of

diversity, removes the main focus from catching large and often susceptible species (such

as elasmobranchs) and spreads the targeted effort when compared with the SASSA

competitions.

2.2 Southern African Fisheries Ecology Research Lab (SAFER Lab)

The SAFER lab is based at the Department of Ichthyology and Fisheries Science (DIFS),

Rhodes University. The lab comprises two postdoctoral fellows and 18 postgraduate

students and is led by Professor Warren Potts and Dr. Amber-Robyn Childs. The lab

(www.safisheriesecologyresearchlab.com) has a strong socio-ecological focus and has
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been involved in recreational fisheries research for over a decade. Many members of the

lab are avid recreational anglers and this has provided an opportunity to create a truly

collaborative partnership with the RASSPL.

Other important members include Mr. Matthew Parkinson, who is a PhD student at the

DIFS. Matthew is responsible for the design and maintenance of the monitoring and

scoring database. He has also been involved in the RASSPL Africa league for the last six

years. Besides the monitoring database, Matthew is also responsible for the collation of

the photographs and assists with the field data collection during the national competitive

events.

Mr. David Drennan is the technical officer at the DIFS. He has been integrally involved in

RASSPL Africa administration since its inception and is currently the RASSPL Africa

records officer. He is involved in a technical capacity for all of the RASSPL-Africa field

research.

Postgraduate students play a major role in this research project, with the entire DIFS

honours class participating in the research during the RASSPL nationals each year (2015-

2018). Other postgraduate students, including both MSc and PhD students have

contributed significantly over the years with PhD student Mr. Alex Winkler acting as the

research team leader in 2017 and delivering the necessary presentations to the RASSPL

body.

The South African Institute for Aquatic Biodiversity (SAIAB) works intricately with the DIFS

and Rhodes University, and therefore has also contributed in terms of field sampling and

tracker implantation. Other partners include the South African Shark Conservancy

(www.sharkconservancy.org), which is based in Hermanus, Western Cape, South Africa.

This group has been involved in the field sampling. They have a particular interest in the
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health and survival of sharks captured during the competition.

2.3 History of relationship

The SAFER lab began interactions with RASSPL in the beginning of 2012 when Professor

Warren Potts defended the league in a published newspaper article after it received

negative press report highlighting the possibility of a single fish may be killed for the

winning prize during a RASSPL Nationals event. In the article, Professor Potts supported

the goals of the league in the media, and provided relevant context comparing the

RASSPL to other angling events where all fish captured were killed. In June 2012 the

research group led by Professor Potts was invited by the league owner to join them at a

few of their competitions. This resulted in five of the SAFER lab members joining their

local RASSPL as competitors. The researchers saw this as an ideal opportunity to

immerse themselves into the league culture and begin gaining the trust of the

recreational anglers. The following year (2013) these research team members participated

(as anglers) in the National tournament, with two of the members being selected as

national representatives. After this event, the research team met with the league owner to

discuss the development of the RASSPL and possible ways forward. By the end of 2013,

the research team was asked to assist with the development of a database to simplify the

complicated league scoring system. This was seen by the research group as an

opportunity to begin collecting catch and effort data from the competitions. This new

scoring system was successfully implemented at the 2014 National competition and lead

to the research team being invited to join the RASSPL executive committee as a scientific

advisory team. After discussions with the national executive committee, it was decided

that the primary aim of the scientific advisory team would be to use the competition results

to develop a national monitoring system for South African coastal fishes, and to improve

the league’s environmental footprint, by improving its C&R handling practices and the
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health and survival of released fishes.

2.3.1 Baseline Assessment

While the scientific team was tempted to immediately implement largescale changes to the

rules of the league, it was felt that rules should only be modified if there is supporting

scientific evidence to justify the change. Thus, the decision was made to first collect

baseline data on the behaviour of anglers and the response of fishes to the C&R event in

RASSPL competitions. This information was also necessary to provide a baseline that

allowed the group to evaluate the effects of any future interventions on angler behaviour

and fish health and survival. The baseline data was collected during the RASSPL national

competition that was held between the Gulu River mouth and the Biega River mouth near

East London, South Africa from 30 April to 2 May 2015.

The baseline study formed part of a DIFS student’s honours project (Edward Butler),

which has subsequently been published in the journal Fisheries Research (see Butler et

al., 2017). The aim of this study was to develop and utilise a rapid assessment technique

to gather baseline information on the health and survival of fishes caught during the

RASSPL nationals in 2015. The rapid assessment techniques used included the

assessment of blood glucose and lactate concentrations, a “reflex action mortality

predictor” (RAMP) assessment (Davis, 2010) and a medium-term mortality experiment

using fishes caught on conventional shore-based angling gear.

2.3.1.1 Materials and methods of baseline (2015) assessment

Data collection was conducted over three days during the 2015 RASSPL Africa National

tournament. Collection of data was performed by several pairs of researchers, with each

member undertaking separate, pre-defined roles. Each group performed one of three main

tasks: blood chemistry, RAMP and survival (day 3 only).



23

The RASSPL Africa rules require competing anglers to follow a three-step procedure for

each fish that is landed (as seen in above section on RASSPL format). After the last step,

the rules require that the fish be placed into the standardized bucket and returned to the

sea. This process happened independently of the research team, with data collectors

playing an observational role to this point. For the experiment anglers were asked to hand

over the fish to the researchers at the water’s edge, instead of releasing them as they

normally wouldhave (with the fish in a C&R bucket full of water).

Research teams started recording information as soon as they noticed an angler hooking

a fish. Data collectors used stopwatches to record the time taken for the angler with a

captured fish to complete different tasks. The “fight time” was recorded once the fish was

landed. Researchers then estimated the approximate distance from the angler to their

RASSPL bucket and timed how long it took for the angler to place the fish into the

bucket. Other observational information like the species captured, time of day, hook

placement (corner of the mouth, upper lip, lower lip, throat or foul-hooked somewhere on

the head or body of the fish), ease of hook removal (“easy” < 20 s or “difficult” > 20 s for

the angler to remove the hook) was recorded during the C&R event. The amount of

bleeding caused by hook injury was categorized between 0 and 3; (0 = no bleeding, 1 =

minimal bleeding, insufficient to stain the water in the bucket, 2 = bleeding sufficient to

lightly stain the water and 3 = profuse bleeding, staining the water a deep red/brown

colour). The length of each fish (teleosts: fork length (FL), smaller shark species: total

length (TL), larger shark species: precaudal length (PCL)) was measured by the angler

and recorded by the data collectors. The “air exposure” time (s) was recorded as the total

amount of time a fish was outside of the water. This included all possible air exposure

times, so from landing the fish until it was placed in the bucket, the time spent doing

measurements on the canvas mat and the time taken to take the photograph with the
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angler holding the fish. The research teams then performed the specific tasks assigned to

their group of either, blood chemistry analysis, RAMP assessment or putting the fish into

ponds for survival monitoring.

Blood chemistry analysis was conducted immediately after receiving the fish from the

angler, by inverting the fish in a foam-padded trough and taking a small amount of blood

(< 2 ml) from the caudal vasculature of the fish using a 22G needle and syringe. Point of

contact devices that have been previously validated for use on fishes (Cooke et al., 2008)

were used to measure blood lactate (mmol.l-1, Lactate-Pro 2, Arkray Inc., Kyoto, Japan)

and blood glucose (mmol.l-1 Accu-Chek Active, Roche Diagnostics, Basel, Switzerland).

Four reflex action mortality predictors (RAMPs) were executed per fish once they had

been handed over by the angler. Fish were immediately placed into a rectangular holding

bucket full of seawater so that RAMP assessment could begin. Assessing “Head complex”

involved checking whether the fish’s opercula beats were regular (regular = 0, irregular or

none = 1). “Tail grab” assessment involved gently grabbing the fish’s tail and recording its

response (reactive swimming action = 0, no response = 1). Assessing “Equilibrium”

consisted of gently inverting the fish and noting whether or not it was able to correct itself

within three seconds (positive response = 0, slow/no response =1). Measuring the final

predictor “Body flex” involved lifting the fish above the water and holding it on its side. Fish

that reacted by flexing their torso within three seconds were given a score of 0, and fish

that did not were given a score of 1. The overall RAMP score was then calculated by

averaging the four predictor scores per fish so as to give a score of somewhere between 0

and 1, with 1 indicating a high level of reflex impairment. As with other studies RAMP

values were treated as objective measurements (e.g. Bower et al., 2016).

Three survival ponds were set up using a flow through system and water from a nearby
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tidal pool. The water was fed into each of the ponds at a flow rate of 3 450 l/h (> 1

replacement per hour) by a BVP5000 submersible water pump (Leader Pumps, Italy),

which was powered by a 6kVA petrol generator. Each pond had a thermometer in it so that

temperature could be measured every three hours. Fish were transported in holding tanks

containing seawater to the survival ponds by two vehicles on the third competition day. All

fish were tagged with a t-bar anchor tag (Hallprint TBA) before being placed into the

ponds, so as to make identification at the end of the experiment easier. Elasmobranchs

were placed in one pond, and teleosts were split between the other two. Information on

the time of introduction into the pond and the tag number were recorded for all fish, and

mortality was assessed and recorded every three hours when temperature was recorded.

A RAMP analysis was performed on each fish the following morning. Fish were then

retrieved from the ponds using a landing net and released back into the sea.

2.3.1.2 Results of baseline (2015) assessment (as presented in Butler et al., 2017)

A total of 247 fish were sampled, belonging to 23 different species and seven different

families. The average fight time was 67.7 s ± 59.6 and anglers landed their fish on

average 34.7 m ± 34.6 away from their RASSPL bucket. The average time to get the fish

into the bucket was 38.2 s ± 36.8, and the average air exposure time was 101.9 s ± 64.3.

Air exposure was found to be higher for elasmobranchs (mean: 114 s ± 73.1) than teleosts

(mean: 94.3 s ± 37.1). Bleeding was observed in 61 (26.9 %) of the fish, with majority

(67.2%) showing limited bleeding and only 5 (8.1 %) were bleeding profusely. The

average blood glucose concentration was 2.18 mmol.l-1 (± 0.80) for teleosts and 3.75

mmol.l-1 (± 1.93) for elasmobranchs, while the average blood lactate concentration for

teleosts and elasmobranchs was 6.96 mmol.l-1(± 3.66) and 4.79 mmol.l- 1(± 1.85),

respectively. The RAMP score for teleost and elasmobranch fishes was 0.30 ± 0.23 and
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0.12 ± 0.20 respectively. “Body flex” appeared to be the most sensitive of the RAMP

indicators. Statistical analysis via a linear mixed effects model (LMM) identified fight time

(P < 0.01) as a significant predictor of blood glucose and air exposure as a significant

predictor of blood lactate (P < 0.01) in teleosts. Air exposure was found to be a significant

predictor of blood glucose (P < 0.05) while air exposure (P = 0.03) and fight time (P = 0.04)

were the best predictors of blood lactate in elasmobranchs. A total of 83.9% of the teleosts

suffered some form of reflex impairment compared with 31.4 % of the elasmobranchs. A

cumulative link mixed model (CLMM) identified fight time (P < 0.01) and hook removal (P =

0.02) as the best predictors of reflex impairment in teleosts, while fight time (P < 0.01)

was the best predictor of reflex impairment in elasmobranchs. During the survival

experiment mortality only occurred in the Ariidae family with a mortality rate of 38.5%, and

the RAMP scores of the surviving fishes indicated complete recovery from the impacts of

the C&R event.

2.3.1.3 Findings of baseline (2015) assessment

After the baseline data was collected the scientific advisory team examined the data and

although we found that the C&R practices resulted in low immediate mortality for most

species, there was evidence of short-term physiological and motor impairment. Since the

inshore coastal region is predator rich, this impairment is likely to result in reduced survival

of these fishes and it was decided that an intervention to improve angler C&R behaviour

and fish health was required. Based on these findings and our experience in the fishery,

several angler behaviours and rules that contributed to long air exposure times and were

thought to negatively impact the health of captured fishes were identified. These included:

1) the time it took anglers to transfer fish from the shoreline to their C&R bucket; 2) the

extended time that anglers took to measure and photograph the fish on the mat and for

the “trophy” photo; 3) the transport of fish back to the sea for release without the use of
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the C&R bucket and 4) the rule that required the length of the fish to be written on the card

for the photograph on the mat. The implementation of this rule increased the air exposure

as the fish either had to remain out of the water while the angler wrote down its length, or

the fish had to be taken from the C&R bucket and measured for a second time.

The scientific advisory team decided that a broad-scale intervention to improve the above-

mentioned concerns would be necessary to improve the environmental impact of the

RASSPL and this intervention is described in Chapter 3.
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Chapter 3: Evaluating a pro-environmental behavioural
strategy for improving catch-and-release behaviour

Early morning sunrises enjoyed by anglers and researchers alike, at the 2017 RASSPL Nationals. (Photo
credit: Angus Van Wyk)
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3.1 Introduction

Voluntary catch-and-release (C&R) angling is increasingly being adopted by recreational

anglers worldwide as a conservation mechanism with hopes of reducing the impact of

anglers on the decreasing global fish populations (Arlinghaus, 2007; Arlinghaus et al.,

2009; Brownscombe et al., 2015; Lennox et al., 2015; Chapman et al., 2018; Weltersbach

et al., 2018). Studies estimate that more than half of all fish captured by recreational

anglers are released (see Chapter 1), emphasizing the importance of C&R angling

worldwide. The appeal of C&R fishing is that the released fish survive and rejoin the

population as viable individuals. This however is not the case with many studies

emphasizing that released fishes are not guaranteed survival due to the many adverse

effects caused by negligent C&R practices (Cooke & Philipp, 2004; Bartholomew &

Bohnsack, 2005; Cooke & Suski, 2005; Gingerich et al., 2007; Alòs et al., 2016;

Brownscombe et al., 2017; Ferter et al., 2017; Hessenauer et al., 2018; Martins et al.,

2018; Weltersbach et al., 2018).

While the survival of a fish after a C&R event is influenced by a number of factors

(including environmental conditions, fish species characteristics and the presence of

predators), several factors can be influenced by improving angler behaviours with regard

to fish handling practices (Arlinghaus et al., 2007; Raby et al., 2013; Cook et al., 2015;

Brownscombe et al., 2017; Arkert et al. 2018; Guckian et al., 2018). Altering angler

behaviour is vital as these are generally the only factors that can be directly controlled.

Researchers have identifying effective C&R practices as reducing fish fighting times,

limiting handling and reducing air exposure (Davis, 2010; Raby et al., 2012; Cooke et al.,

2013; Cook et al., 2015; Danylchuk et al., 2017; Danylchuk et al., 2018 Twardek et al.,

2018).
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This information has been disseminated in the form of best practice guidelines (Cooke and

Suski, 2005; Brownscombe et al., 2015; Brownscombe et al., 2017; Sims and Danylchuk,

2017; Guckian et al., 2018; Weltersbach et al., 2018), however there are limited examples

demonstrating improvements in angler C&R behaviour in response to interventions (Delle

Palme et al., 2016; Cooke et al., 2017). The lack of evidence supporting improvement in

angler C&R behaviour in response to intervention (besides Delle Palme et al., 2016) may

be due to the traditional interventions having focused on the outdated KAB models, which

are not considered to be particularly effective for improving environmental behaviour

(Burgess et al., 1998; Courtney-Hall & Rogers, 2002; Kollmuss & Agyeman, 2002;

Kennedy et al.,2009).

The constant increase in the human population and the negative effects on the

environment that accompany it have resulted in the development of a multitude of pro-

environmental strategies that aim to reduce these anthropogenic pressures by altering

human behaviour (see Chapter 1). The Gellar (2002) “DO IT” strategy (adapted by Steg &

Vlek, 2009) provides an appropriate framework to implement a pro-environmental

behavioural intervention on the C&R behaviour of recreational anglers. This four-step

strategy included: (1) the careful selection of the behaviours to be changed, (2) the

examination of what factors cause these behaviours and their antecedents, (3) the

application of interventions to change relevant behaviours and (4) the systematic

evaluation of the effects of these interventions on the behaviour. Gardner and Stern (2002)

proposed that a combination of interventions is most likely to be effective in changing

environmental behaviour, and Steg and Vlek (2009) suggested the range of interventions

should both address the poor behaviours and their antecedents to be effective and that

the implementation should occur before and after the behaviour.

At present in a C&R science context, few studies have implemented interventions that
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have measurable outcomes, with majority of research being focused on providing

education via best practice guidelines (Cooke & Suski, 2005; Brownscombe et al., 2015;

Brownscombe et al., 2017; Sims & Danylchuk, 2017; Guckian et al., 2018; Weltersbach et

al., 2018). Delle Palme et al. (2016) provides the only formal assessment of effective C&R

outreach activities that not only focus on angler knowledge but also include measurable

consequences of the intended behavioural change on the released fish. They focused on

implementing three different educational interventions and then compared the biological

evidence so as to measure the efficacy of the interventions. The results from this study

were promising as they identified that fishing workshops can transfer information on C&R

practices that lead to improved fish conditions, however this study only assessed short

term knowledge retention and application. There is also no evidence of any interventions

having included consequence components, which could be extremely valuable as it is

human nature to repeat behaviours that result in positive outcomes and reduce behaviours

that have led to negative consequences (Bolderdjik et al., 2012).

The RASSPL provided an excellent case study to test the efficacy of the Geller (2002)

strategy. Butler et al. (2017) collected baseline information on the C&R behaviour of this

group of anglers (see Chapter 2). They found that the mean air exposure time of the fish

was high (94.3 ± 57.1s for teleosts and 114.0 ± 73.1s for elasmobranchs) and that several

components of the C&R event, including the time taken for anglers to get their fish into the

C&R bucket and the time taken for measurement and photographs were high and could

be considered for the implementation of appropriate interventions.

The aim of this chapter was to evaluate the efficacy of the Gellar (2002) four-step

framework in a C&R context by utilizing the RASSPL to alter angler behaviour in a pro-

environmental manner. To do this, the research team developed and implemented several

interventions to improve the poor C&R behaviours and then measured the impacts of the
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interventions in subsequent national competitions over the next two years (2016 and 2017).

3.2 Materials and methods

3.2.1 Interventions

A combination of antecedent and consequence strategies was used to address the high

air exposure time of fishes released during the RASSPL. The antecedent interventions

included informational strategies, such as presentations and behavioural modelling, and

structural strategies, such as rule-changes. Behavioural modelling refers to the physical

demonstration of the correct manner to fulfil the specific behaviour in question. Gifford

(2014) describes modelling as “when a key player enacts the desired behaviour so as to

influence proximate others to follow suit”. The consequence strategies included rewards,

penalties, and feedback.

Two presentations were designed to improve angler knowledge. The first, entitled “The

science of C&R angling” provided information on why recreational angling has the

potential to be destructive, highlighted why C&R was an important practice for improving

the state of fish stocks and provided a summary of some of the most relevant research on

the topic. This presentation was disseminated eight times from a local franchise to national

level between May 2015 and April 2016. The second presentation, entitled “RASSPL and

science: working together for a sustainable fishery”, reinforced scientific knowledge on

C&R, but also placed it into a RASSPL context by using the information collected during

the baseline experiment in 2015 (Butler et al., 2017). It also emphasized the potential role

of RASSPL anglers in educating their peers on best practices for C&R. This presentation

was disseminated on four occasions at local, regional and international fora between May

2016 and April 2017.

The behavioural modelling comprised two videos that demonstrated best-practice for C&R



33

with the RASSPL rule framework. A video of a national RASSPL representative illustrating

the best practices from capture to release was distributed via the RASSPL website

(www.rasspl.com) and Facebook page (https://www.facebook.com/Rock-And-Surf-Super-

Pro-League-162436383790950/), and presented to anglers during local and national

competitions in 2015. A second video that incorporated the new rule changes was

distributed in a similar fashion and on each franchise’s WhatsApp groups in 2016.

Several rule changes were recommended by the research team and incorporated into the

RASSPL competitions. These rules were first mentioned in the annual scientific report

which was distributed to the national committee in June and accepted for promulgation in

July 2015. These included a rule that restricted anglers from sharing a C&R bucket and a

rule that restricted the allowable maximum distance (50 m) between an angler and their

water-filled C&R bucket. In addition, several non-enforceable guidelines were suggested.

These included encouragement for anglers to assist one another with the C&R process to

ensure fish were released as soon as possible, a suggestion that anglers must be

prepared, with the mat, camera, score card and longnose pliers before the C&R event,

that their fellow anglers were aware of how to operate the digital camera that they were

using and that they should release fish, where possible, into large rock-pools with access

to the sea (on a higher tide), so that they could recover, before exposure to predators.

Consequence strategies included prizes for best handling practices during the national

tournament (assessed as the individuals with the lowest mean air exposure times when

more than three C&R events were observed by the research team). A floating

“conservation” trophy was introduced to the local franchise team with the lowest mean air

exposure time and least “poor handling practices” for their C&R events during the national

competition. This was awarded during the prize-giving held on the last day of the

competition. In terms of penalties, fish were disqualified if an angler hooked them further

https://www.facebook.com/Rock-And-Surf-Super-Pro-League-162436383790950/
https://www.facebook.com/Rock-And-Surf-Super-Pro-League-162436383790950/
https://www.facebook.com/Rock-And-Surf-Super-Pro-League-162436383790950/
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than 50 m from their C&R bucket, or if the C&R bucket was empty when the fish was

landed.

Another consequence strategy was feedback, which comprised annual science reports

which were distributed to the national committee and then to all RASSPL anglers. In

addition, data collected during the national competitions were summarized and presented

to anglers during the prize-giving of the national competitions. This included basic

information such as the number of species and individuals captured, and aspects of

angler behaviour (e.g. average fight time, distance of the angler from the bucket and the

mean air exposure times for elasmobranchs and teleost species). During the 2016 and

2017 national competitions, this information was compared with the previous years to

illustrate the progress that was made.

3.2.2 Evaluation of the intervention

To measure the efficacy of the strategy, angler C&R behaviour and the health and survival

of fishes were monitored during three RASSPL national competitions held near East

London (EL) in the Eastern Cape (2015), Struisbaai (ST) in the Western Cape (2016) and

Mossel Bay (MO) in the Western Cape (2017) (Figure 3.1). All three sites are situated in

the warm-temperate bioregion along the South coast of South Africa. The habitats in each

site were similar with an approximately 40 km long fishing zone and were comprised of

areas with sandy, rocky and mixed shorelines. Sea temperature was recorded several

times daily during eachcompetition.
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Figure 3.1 The different biogeographic zones of the South African coastline highlighting
the three different venues of the Rock and Surf Super Pro League (RASSPL) National
competitions between 2015 and 2017 (East London, Mossel Bay and Struisbaai).

Data collection was performed using methods described by Butler et al. (2017) (see

Chapter 2). Research teams, consisting of between two and three individuals, started

recording information from the moment they noticed an angler hooking a fish. A stopwatch

was used to record fight time, time taken to place the fish in the C&R bucket, total air

exposure and total time of the C&R event. The distance from where the angler hooked the

fish to their C&R bucket was estimated.

From a biological perspective, the time of day, species, hook placement (corner of the

mouth, upper lip, lower lip, throat or foul-hooked somewhere on the head or body of the

fish) and ease of hook removal (“easy” < 20 s or “difficult” > 20 s for the angler to remove
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the hook) were noted. The level of bleeding caused by hooking or other injuries was

categorized between 0 and 3. The length of each fish was measured by the angler and

noted by the researchers. To assess the stress levels incurred by the fish during the C&R

event, teams either conducted reflex action mortality predictor (RAMP) assessments

(Davis, 2010), or extracted blood to measure the secondary stress responses in the same

manner as described by Butler et al. (2017), (see Chapter 2). The RAMP values were

treated as objective measurements, as has been done in previous studies (Bower et al.,

2016).

3.2.3.Statistical Analysis

Angler behaviour and fish health data were analyzed separately. Angler behaviour data

included “distance from bucket”, “time into bucket” and “total air exposure” for all fish

observed during the three competitions. As there is considerable interspecies variability in

the response of fishes to C&R (Cooke & Suski, 2005; Jerome et al., 2017), fish health was

only compared for species where reasonable numbers were captured during each

competition. Thus, mean blood lactate level, blood glucose level and RAMP were only

compared between the three competitions for the teleost Diplodus sargus capensis

(Sparidae), and elasmobranchs, Haploblepharus spp. (Scyliorhinidae) and Rhinobatos

annulatus (Rhinobatidae), (Figure 3.2). Data that met normality and homogeneity of

variance assumptions were compared using ANOVAs, followed by Tukey HSD post-hoc

tests. Non-normal data were analysed using the non-parametric Kruskal-Wallis rank sum

test and the Dunn (1964) post-hoc test. All statistical analyses were conducted in R

version 3.4.1 (R Development Core Team).
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Figure 3.2 Illustrations of the three species most commonly caught at the Rock and Surf
Super Pro League (RASSPL) National competitions between 2015 and 2017, and
therefore examined in the fish health section, namely a) Diplodus capensis, b)
Haploblepharus spp and c) Rhinobatos annulatus (illustrations courtesy of South African
Institute for Aquatic Biodiversity).

3.3 Results

3.3.1 General

A total of 160, 119 and 115 anglers competed in the 2015, 2016 and 2017 competitions,

respectively, with a total of 269 individuals across all three competitions. Of these 269,

12% participated in all three competitions, 22% participated in two and 66% participated in

only one of the competitions. Only 12% of these participants were female anglers (31 out

of 269), with numbers ranging from 18 in 2015 to 12 in 2017.



38

In total, the C&R event was observed for 659 fish belonging to 40 different species (20

families). These included 242 in 2015 (45 "blood chemistry", 113 "RAMP", 84

independent samples including survival), 208 in 2016 (48 "blood chemistry", 92

"RAMP", 68 independent samples including survival) and 209 in 2017 (80 "blood

chemistry", 68 "RAMP", 61 independent samples) (Appendix A, B, C). A significant

difference was observed between the mean sea water temperatures at the different sites

(EL = 17.94 ± 0.69, ST = 16.23 ± 0.49, MO 16.40 ± 0.57, Kruskal-Wallis ANOVA: H2, 70 =

41.45, p < 0.01). Post hoc analysis identified that all three years were significantly different

from one another.

3.3.2 Angler Behaviour

There was a significant difference in average total air exposure among all three years

(Kruskal- Wallis ANOVA: H(2, 618) = 29.48, P < 0.01), with a significant decline from 2015

(101.93 s ± 64.34) to 2016 (87.57 s ± 49.37) and 2017 (77.37 s ± 60.52) (P < 0.01) (Figure

3.3a). The mean distance between the angler and their C&R bucket was greatest in 2015

(34.65 m ± 34.57), followed by 2017 (29.4 m ± 31.01) and 2016 (17.11 m ± 17.25) (Figure

3.3b) and was significantly different among years (Kruskal-Wallis ANOVA: H(2, 582) =

56.92), P < 0.01). Dunn post hoc analysis identified that all three years were significantly

different from one another. The mean time taken from the landing of a fish to its placement

in the C&R bucket declined from 47.80 s ± 64.30 in 2015 to 32.32 s ± 27.52 in 2016 and

23.05 s ± 24.13 in 2017. There was a significant difference among each year (Kruskal-

Wallis ANOVA: H(2, 559) = 289.01, P < 0.01) (Figure 3.3c). Dunn post hoc analysis

identified that all three years were significantly different from one another (P < 0.05).
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Figure 3.3 Comparison of the mean air exposure (a), distance from bucket (b) and time into bucket
(c) for all species caught during the Rock and Surf Super Pro League (RASSPL) annual
national competitions between 2015 and 2017.

3.3.3 Fish health

There were significant differences in the mean blood glucose level for all fish among the three

years (Kruskal-Wallis ANOVA: H(2, 162) = 10.42, P < 0.01), changing from 2.94 mmol.l-1± 1.65 in

2015 to 2.08 mmol.l-1± 0.69 in 2016, but then increased to 3.03 mmol.l-1± 1.71 in 2017 (Appendices

A, B, C). Significant differences were observed between 2015 and 2016 (P = 0.01), as well as

between 2016 and 2017 (P < 0.01). The mean blood lactate level decreased significantly over the

years, from 6.10 mmol.l-l ± 3.23 in 2015 to 5.19 mmol.l-l ± 2.42 in 2016, and 4.72 mmol.l-l± 3.69 in

2017 (Kruskal-Wallis ANOVA: H(2, 153) = 7.53, P = 0.02), with significant differences observed

between 2015 and 2017 (P = 0.03). While there were no significant differences observed between
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the mean ordinal RAMP scores among years (Kruskal-Wallis ANOVA: H(2, 271) = 3.19, P = 0.20),

mean RAMP scores were highest in 2015 (0.25 ± 0.23), followed by 2016 (0.20 ± 0.22), and 2017

(0.23 ± 0.25).

3.3.3.1 Diplodus capensis

There was no significant difference in the mean length of Diplodus capensis among years (2015

= 268.85 mm ± 36.45, 2016 = 262.04 mm ± 25.73, 2017 = 259.41 mm ± 31.52) (ANOVA: F(2, 84) =

0.682, P = 0.51). There was a significant change (Kruskal-Wallis ANOVA: H(2, 85) = 9.63, P < 0.01) in

mean air exposure for this species, with 2017 (52.06 s ± 33.31) significantly lower than 2015 (88.22 s ±

50.45) (P < 0.01) (Figure 3.4a). There was a significant difference (ANOVA: F(2,21) = 4.66, P = 0.02) in

mean blood glucose levels of Diplodus capensis among years, with the difference being between the

years 2016 (2.06 mmol.l-1 ± 0.86) and 2017 (2.94 mmol.l-1 ± 0.37) (P = 0.02) (Figure 3.4b). Although the

blood lactate levels declined from 9.46 mmol.l-1 ± 3.80 in 2015 to 7.17 mmol.l-1 ± 3.39 in 2016 and 6.69

mmol.l-1 ± 2.99 in 2017 (Figure 3.4c) they were not significantly different (ANOVA: F(2, 19) = 1.53, P =

0.24). Mean RAMP values remained fairly stable (2015 = 0.28 ± 0.22, 2016 = 0.23 ± 0.16, 2017 = 0.19

± 0.17) and were not significantly different (Kruskal-Wallis ANOVA: H(2, 43) = 1.51, P = 0.47) among the

years (Figure 3.4d).
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Figure 3.4 Comparison of the mean air exposure (a), blood glucose level (b), blood
lactate level (c) and Reflex Action Mortality Predictors (RAMP) (d), for Diplodus capensis
during the Rock and Surf Super Pro League (RASSPL) annual national competitions
between 2015 and 2017.

3.3.3.2 Haploblepharus spp

There was no significant difference in the mean length of individuals belonging to the

Haploblepharus species complex (Haploblepharus edwardsii and Haploblepharus fuscus)

among years (2015 = 523.16 mm ± 91.21, 2016 = 437.68 mm ± 186.56, 2017 = 581.43

mm ± 45.98) (Kruskal-Wallis ANOVA: H(2, 59) = 5.51, P = 0.06). There was a significant

difference between the mean air exposure times for Haploblepharus spp over the three-

year period (Kruskal-Wallis ANOVA: H(2, 68) = 10, P < 0.01) with lower values in 2016

(58.22 ± 33.07) than in 2015 (99.56 ± 54.99), (P < 0.01) (Figure 3.5a). Blood glucose

concentrations (Figure 3.5b) remained fairly stable (2015 = 3.4 mmol.l-1 ± 1.13, 2016 =

2.68 mmol.l-1 ± 0.73, 2017 = 3.16 mmol.l-1 ± 0.33), and were not significantly different
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among years (ANOVA: F(2, 24) = 1.32, P = 0.29). There was a significant difference

(Kruskal-Wallis ANOVA: H(2, 23) = 11.47, P < 0.01) among mean blood lactate

concentrations (Figure 3.5c) for Haploblepharus spp, with 2017 (1.76 mmol.l-1 ± 0.78)

being significantly lower than 2015 (4.25 mmol.l-1 ± 1.89) and 2016 (4.34 mmol.l-1 ± 2.18)

(P < 0.01). The RAMP values for this species complex remained fairly constant over the

years, from 0.15 ± 0.18 in 2015 to 0.14 ± 0.20 in 2016, and < 0.01 ± < 0.01 in 2017, with

no significant differences among years (Kruskal-Wallis ANOVA: H(2, 30) = 1.44, P = 0.49)

(Figure 3.5d).

Figure 3.5 Comparison of the mean air exposure (a), blood glucose level (b), blood
lactate level (c) and Reflex Action Mortality Predictors (RAMP) (d), for the Haploblepharus
species complex during the Rock and Surf Super Pro League (RASSPL) annual national
competitions between 2015 and 2017.
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3.3.3.3 Rhinobatos annulatus

Rhinobatos annulatus were significantly smaller in 2015 (600.77mm± 134.56), than in

2016 (781.59 mm ± 100.86) and 2017 (758.72 mm ± 222.35) (ANOVA: F(2, 75) = 4.56, P =

0.01; Tukey HSD). There was a significant difference in the mean air exposure between

years (Kruskal- Wallis ANOVA: H(2, 80) = 7.23, P = 0.03) (Figure 3.6a), with the difference

being between 2016 (112.24 s ± 51.1) and 2017 (78.22 s ± 37.74) (P = 0.01). Blood

chemistry parameters were only collected in sufficient numbers for blood glucose level

comparisons between 2015 (2.4 mmol.l-1 ± 0.57) and 2017 (1.91 mmol.l-1 ± 0.55), and

blood lactate level comparisons between 2016 (3.6 mmol.l-1) and 2017 (2.55 mmol.l-1 ±

1.83). There were no significant differences present between lactate concentrations

(Figure 3.6c) (ANOVA: F(1, 12) =0.21, P = 0.66) or between glucose concentrations (Figure

3.6b) (Kruskal-Wallis ANOVA: H(1, 15) =1.65, P = 0.20). RAMP values (Figure 3.6d) were

significantly different (Kruskal-Wallis ANOVA: H(2, 35) = 8.13, P =0.02) between 2015 (0.33

± 0.24) and 2016 (0.09 ± 0.15) (P < 0.01).



44

Figure 3.6 Comparison of the mean air exposure (a), blood glucose level (b), blood
lactate level (c) and Reflex Action Mortality Predictors (RAMP) (d), for Rhinobatos
annulatus during the Rock and Surf Super Pro League (RASSPL) annual national
competitions between 2015 and 2017.
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Table 3.1 Comparison of fish health parameters (means ± SD) and statistical significance
(P values) for the three most dominant species (Diplodus capensis, Haploblepharus
species complex and Rhinobatos annulatus) caught in the Rock and Surf Super Pro
League (RASSPL) annual national competitions between 2015 and 2017.

3.4 Discussion

The results of this study have demonstrated that long-term strategic interventions can

promote improvements in angler C&R behaviour. When compared with the baseline year

(2015), there were significant improvements with regards to the air exposure of fish and

angler handling practices in general and that these could be linked to strategies in the

intervention. There was concurrent evidence of improvements in fish health, with some of

the indicators (e.g. blood lactate levels for Haploblepharus spp, RAMP scores for

Rhinobatos annulatus) showing significant improvements between the baseline and later

years. These findings suggest that interventions may lead to considerable improvements

in the survival of released fishes in the predator rich, coastal environment.
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Until now the one dimensional (mostly educational) approach that has been taken by

scientists and managers to improve C&R behaviour has been met with limited success

(Cooke et al., 2017). However, this study demonstrated that the Gellar (2002) pro-

environmental behaviour framework provided an appropriate method for implementing

behavioural changes in a C&R context. While this method may be appropriate, it should

be noted that the research team had extensive knowledge of the RASSPL league and the

angler ethics and culture before its implementation and were able to accurately identify the

behaviours that impacted fish health and select appropriate interventions for improving

those behaviours. This will not always be the case, and it is suggested that scientists or

managers either partner with, or embark on an extensive consultation process with

anglers that are experienced in a given fishery to ensure a thorough understanding of the

contextual factors surrounding their C&R behaviour.

Besides the implementation of the Geller (2002) framework, it is likely that the use of a

diverse range of antecedent (informational, structural) and consequence (rewards,

feedback) strategies were necessary to encourage behavioural change. Steg and Vlek

(2009) proposed that strategies should be identified based on the behavioural determinant.

In the case of this study, the RASSPL rules, which required specific photographs

(including length information of the fish on the angler’s score card), were both a

behavioural determinant and a contextual barrier to behavioural change. This could only

be remedied using a structural change, which was brought about through an amendment

to the rule system. In another example, the seemingly lax attitude of anglers when moving

the captured fish to the C&R bucket during the baseline study (2015) was attributed to a

lack of knowledge of the impacts of air exposure on fishes. We attempted to remedy this

using an educational intervention. Thus, scientists or managers that aim to change C&R

behaviour should ensure that the strategy that is chosen is based on the determinant of
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the behaviour selected for change.

Stern (2000) proposed the use of a combination of interventions to improve environmental

behaviour. Indeed, the value of the diverse interventions implemented in this study was

evident from their apparent synergistic interactions. This was demonstrated when one

examines the changes in the distance from the angler to his/her C&R bucket (Figure 3.2b)

and the time taken for the angler to place the fish into the C&R bucket over the years

(Figure 3.2c). It was clear that the structural rule change played a major role in reducing

the distance between the angler and the time that it took to place the fish into the C&R

bucket in 2016. However, by 2017, the continued decrease in the time taken to get the fish

into the C&R bucket could no longer be attributed to the rule change (as the mean

distance from the bucket was actually further than 2016). Education has proven to

promote pro-environmental behaviour (Lehman & Gellar, 2004; Steg & Vlek, 2009;

Hessami & Yousefi, 2013) and it is most likely that the increased awareness of the

importance of limiting the air exposure of fishes could explain the reduced time to place

the fish into the C&R bucket in 2017. Ultimately, interventions that include multiple

strategies, each targeted to remove specific barriers will most likely be more effective

when attempting to improve angler C&R behaviour.

Despite observations of improved angler C&R behaviour using the Geller (2002) strategy,

the importance of gaining the trust of the RASSPL anglers before this intervention cannot

be overemphasized. In general, the relationship between scientists and fishers in South

Africa and many parts of the world is rather distrustful (Dedual et al., 2013). Recreational

anglers, in particular, blame scientists for increased restrictions in the regulatory

frameworks, suggest that scientists are out of touch with reality and feel that they are

arrogant (Bower et al., 2017; Danylchuk et al., 2017). It is likely that the initial measured

approach was a key to this successful intervention as it allowed the researchers an
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opportunity to build trust, offer a service (the development of the database) and

understand the culture and values of the RASSPL anglers. As competitors in the league,

the research team was also able to understand contextual factors which shape how

anglers think and behave during competitions. Ultimately, this helped the research team

devise appropriate rules and recommendations for change that in the RASSPL context

and were thus readily accepted by anglers.

Although these results do suggest that anglers improved their C&R behaviour as a result

of these interventions, it is possible that this was an artefact of altered behaviour in the

presence of the research teams. In this case, the differences between the baseline and

other competitions could potentially be attributed to improvements in angler knowledge,

which then translated to “improved” angler behaviour in the presence of a research team.

Although it is possible that the findings were not a true reflection of angler behaviour, they

do however suggest that the educational component of the interventions was operating as

these improvements would only be possible with better angler knowledge.

Although the results demonstrated that it is possible to improve angler C&R behaviour, it is

imperative that these changes should positively impact the health of released fishes to

justify the considerable time and effort required for such an intervention. Comparisons on

fish health were possible for R. annulatus, Haploblepharus spp and D. capensis (Figure

3.2). The significant decline in the mean RAMP score of R. annulatus between 2015 and

2016 (Figure 3.5d) suggested that there were lower levels of stress and motor impairment

(Davis, 2010; Raby et al., 2012) and thus most likely reduced detection by predators and

improved the escape response of this species (Jerome et al., 2017). There was also a

clear, albeit, insignificant decline in the blood lactate level for D. capensis over the years

(Figure 3.3c) and a significant decline in the blood lactate level for the Haploblepharus

complex in 2017 (Figure 3.4c). These findings are unsurprising as several studies have
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found a relationship between blood lactate levels and air exposure in fishes (Arends et al.,

1999; Butler et al., 2017). There is limited information on the consequences of high blood

lactate levels on predation (Raby et al., 2014). Dallas et al. (2010) failed to identify a

response of the predatory lemon shark to a pulse of lactate, suggesting that this stressor

may not attract predators. However, increased blood lactate levels provides evidence of a

build-up of lactic acid in fish muscles (Arlinghaus et al., 2007) and may therefore provide

an indication that predator avoidance will be impaired. Arlinghaus et al. (2009) suggested

that physical recovery should occur within one hour. However, since the coastal zone is

rich in large predators, it is likely that released individuals may encounter a predator within

that time. Therefore, reductions in blood lactate levels will most likely translate to reduced

incidences of post-release predation and improved survival after a C&R event.

The findings of this study have shown that it is possible to change the behaviour of

competitive recreational fishers. However, the potential greater benefits of this intervention

should also be explored. Competitive anglers generally have a high social status among

recreational anglers. The general angler populous often look upon these well respected

anglers to set trends, including the development of new fishing techniques, testing of the

latest fishing tackle, and general behaviour. Therefore, it is hoped that interventions that

improve the C&R behaviour of competitive anglers may provide an avenue to modify the

behaviour of all anglers through social movements of self-reform.

Finally, while this chapter has shown that it is possible to change angler behaviour through

the implementation of multiple interventions, these extensive interventions are time-

consuming and cost prohibitive. Therefore, to develop our knowledge on the types of

interventions that may be more successful for recreational anglers, it is critical to gain

insight into the key motivators of the behavioural change in this case study. This is the

focus of Chapter 4 of this thesis.
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Chapter 4: Understanding the factors driving pro-
environmental behaviour in a catch-and-release angling
context

RASSPL anglers scattered across the rocks during the 2018 RASSPL Nationals Tournament. (Image credit:

Samantha Mannheim)
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4.1 Introduction

In Chapter 3 there was evidence for improved C&R behaviour by RASSPL anglers. This

suggested that the overall pro-environmental behavioural approach, which comprised

several interventions including awareness and knowledge transfer using presentations

and behavioural modelling; structural strategies, such as rule-changes and the penalties

associated with the rules; individual prizes and a team trophy for best fish handling

practices; and feedback, which included annual science reports and presentations after

national competitions, could be successful in improving angler behaviour. However, with

multiple highly intensive and time- consuming interventions, the likelihood of implementing

similar extensive programs on other recreational fisheries, with limited funding and

manpower is low. This limits the reproducibility of these kinds of pro-environmental

approach interventions. Therefore, the identification of key interventions that drive

improved environmental behaviour is critical to streamline this process and improve our

understanding of what kind of pro-environmental interventions are appropriate for

recreational anglers. However, understanding the drivers behind pro-environmental

behaviour has proven to be a highly complex field because of the many different factors

that influence behaviour and decision-making (as seen in Chapter 1).

Kollmuss and Agyeman (2002) categorized the factors that influence behaviour into

demographics, external factors and internal factors. External factors refer to social,

economic, cultural and institutional aspects, and internal factors refer to motivations,

knowledge and awareness, values, attitudes, emotions, locus of control, responsibilities

and priorities. Understanding how each of these factors may influence environmental

behaviour is important as these may explain why specific interventions have been more

successful thanothers.
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The demographic context of a community is important as previous studies have found that

age (Stern et al. 1995; Tindall et al., 2003), gender (Dietz et al., 1998; Zelezny et al., 2000;

Vaske et al., 2001), level of education and income (Cordell et al., 2002; Xiao & Hong,

2007), and ethnicity (Johnson et al., 2004; Floyd, 2007) can influence pro-environmental

attitudes and behaviour. For example, Chen et al. (2013) found that highly educated,

young, single, female respondents displayed more pro-environmental behaviours than

their counterparts. This corresponds with most research on demographics which indicates

that the best response to pro-environmental behavioural interventions is normally

associated with younger, female individuals with higher levels of education (Dunlap et al.,

2000; Kollmuss & Agyeman, 2002; Peterson et al., 2008). In contrast, older individuals

often give in to the influence of habits (Shove, 2010), with Carfora et al. (2017) concluding

that past behaviours are the strongest predictor of future behaviours. Fliegenschnee and

Schelakovsky (1998) suggested that practice is vital when trying to establish a new

behaviour (as seen in Kollmuss & Agyeman, 2002). Thus, old behavioural patterns can

pose as the largest barriers when trying to change behaviour (Stern 2000; Kollmuss &

Agyeman, 2002) and thus examining the perceptions of anglers in different age classes

may be important to predict future behaviours.

Of the external factors, economics plays a vital role in determining the efficacy of pro-

environmental behaviours as they have a strong influence on people’s decisions

(Kollmuss & Agyeman, 2002). An individual will always weigh up the economic costs and

benefits of adopting a new behaviour before committing to it. Earlier studies suggest that

there is a positive relationship between income and pro-environmental attitudes and

behaviour because wealthier people have more freedom to focus on environmental issues

as their material needs are satisfied (Van Liere & Dunlap, 1980; Scott & Willits, 1994).

However, in recent years, studies have identified higher pro-environmental attitudes
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among citizens of developing countries, highlighting that citizens of poorer countries are

more willing to make economic sacrifices for the benefit of the environment as they are

more exposed to environmental harm and therefore more willing to make the necessary

sacrifices for environmental security (Whittaker et al., 2005; Vikan et al., 2007; Dunlap &

York, 2008; Chen et al., 2013). These contrasting findings emphasize the intertwined

nature of the many factors (economic, social, infrastructural, institutional) that influence

behaviour, as well as support the notion that situational aspects are critical when trying to

identify drivers behind behaviour, and therefore it is essential to understand the context of

the community for which the intervention is intended (Black et al., 1985; Hunecke et al.,

2001).

The majority of pro-environmental behaviours require the development of appropriate

institutional structures (Kollmuss & Agyeman, 2002). Schofer and Hironaka (2005)

investigated the circumstances under which institutions can be successful in achieving

pro-environmental goals, and found institutional success in decreasing environmental

degradation. Their findings outlined three criteria for this success; interventions need to be

highly structured; they need to penetrate multiple levels of the social system and they are

persistent over time (Schofer & Hironaka, 2005). In the context of C&R, these structural

factors may include policies that are often developed and implemented as rules and

regulations by governing agencies. An example of this is a rule on the exclusive use of a

specific hook type. Sauls and Ayala (2012) found altering fisheries regulations to exclusive

use of circle hooks as effective in reducing potentially lethal hooking injuries in Florida reef

fishes. However, they could also be voluntary rules, developed and implemented by

anglers through peer pressure (Chapman et al., 2018; Danylchuk et al., 2018; Guckian et

al., 2018). Chapman et al. (2018) and Guckian et al. (2018) both highlighted the

underappreciated role played by anglers in promoting best practices through interpersonal
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social sanctioning, and Nguyen et al. (2012) identified angler-to-angler interactions as the

main channel of communication on responsible practices. When looking at competitive

angling bodies there are usually a range of rules and regulations specific to their

angling context. The RASSPL league is no different with a variety of steps for each fish

that is landed (as seen in Chapter 2). Once a fish (above minimum size limit) is captured,

anglers immediately place them into a full C&R bucket to be unhooked, photographed and

measured. Anglers record relevant information on score cards and have a witness sign as

confirmation of the catch. After the last step, the rules require that the fish be placed into

the standardized bucket and returned to the sea.

While traditional, government management regulations are generally effective in the

developed world (Arias & Sutton, 2013), they often have limited effectiveness in

developing countries where monitoring and surveillance is limited and knowledge of

regulations is poor (Kramer et al., 2017). It is also common for these government bodies to

create rules and regulations without including public involvement and feedback forums

(Kennedy et al., 2009). Unfortunately, these regulations may not always result in the

intended outcomes. Indeed, Kramer et al. (2017) found poor support for government

regulations that where developed without stakeholder consultation.

In contrast, the development of rules and regulations by anglers themselves, in particular,

competitive anglers, may lead to higher levels of compliance (Cooke et al., 2013).

Therefore, understanding the structural context of the target community and how they

perceive those structures is critical for interpreting research that aims to identify pro-

environmental drivers.

Social norms have an important role in shaping the environmental behaviour in general

(Thomas & Sharp, 2013; Keizer & Schultz, 2018) and more specifically recreational angler

behaviour (Bova et al., 2017; Chapman et al., 2018; Danylchuk et al., 2018; Guckian et al.,
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2018). Social norms are the rules or standards understood by a group that guide and

constrain behaviour without the force of laws (Keizer & Schultz, 2018). Thomas and Sharp

(2013) highlight the power of ‘social pressure’ on influencing recycling behaviour and the

resultant normalization of recycling thereafter in the United Kindgom. A fisheries-specific

example would be recreational anglers playing a role in promoting compliance via

interpersonal sanctioning and self-policing (Chapman et al., 2018; Guckian et al., 2018).

Mackay et al. (2018) encouraged the use of behavioural nudges to fill the gap in fisheries

management and improve compliance. Nudges were defined as subtle changes and

indirect suggestions to make certain decisions. Danylchuk et al. (2018) suggested that

bottom up social norms activities may be the way in which meaningful and long-term

improvements in behaviour can be achieved.

Knowledge and awareness are important internal factors that may influence behaviour

(Kollmuss & Agyeman, 2002; Kennedy et al., 2009; Cooke et al., 2013). Kennedy et al.

(2009) reported that a lack of knowledge or information on pro-environmental behaviour

was a significant issue among individuals, and that well-timed and strategically positioned

information that addressed a broad range of audiences could be a powerful mechanism

for enabling pro- environmental behaviour. Although knowledge and awareness drives on

their own have seldom altered environmental behaviour (Burgess et al., 1998; Stern, 2000;

Kollmuss & Agyeman, 2002; Schultz, 2011; Gifford, 2014; Cooke et al., 2017), gauging the

levels of knowledge and awareness of anglers is most likely a critical contextual factor

when interpreting research on pro-environmental drivers.

Motivation is another important internal factor that not only encourages behaviours, but is

seen as the driver behind certain behaviours, or the reason for action (Kollmuss &

Agyeman, 2002; Schultz, 2011). It can be conscious or unconscious and can take the form
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of self -interest, social responsibility and self-transcendent values (Schultz, 2011).

Researchers distinguish between primary motives, which focus on the bigger picture like

living an environmentally friendly lifestyle, and selective motives, which focus on one

specific action (Kollmuss & Agyeman, 2002). Often primary motives are abandoned due to

the presence of more immediate selective motives that evolve around one’s personal

needs. Thus, in a competitive angling setting, immediate selective motives, such as

landing a winning fish, may trump the primary motives of care for fish stocks as the angler

for example, drags a fish over rocks while landing it. Thus, evaluating the secondary

motives of anglers is critical to provide context when identifying drivers of improved

behaviour. Incentives and consequences are another form of motivation, with incentives

driving individuals to act in a certain way because of what they get out of this desired

behaviour, and consequences motivating individuals to act in a certain manner so as to

avoid the negative aspects associated with non-compliance (Milner-Gullard, 2012).

Schultz (2011) emphasized the need for education and awareness campaigns to be

accompanied by some sort of motivational element, stating that when information is

coupled with motivation, change can be induced. Indeed, Milner-Gullard (2012) concluded

that it is important to understand the drivers motivating a particular behaviour in order to

intervene effectively so as to combat biodiversity loss.

Environmental beliefs and perceptions are propositions accepted to be empirically true

and therefore used to prioritize conditions and behaviours (Kennedy et al., 2009). People’s

perceptions and beliefs with regards to the environment and environmental risks are of

great importance when it comes to understanding behaviour as they are highly influential

in guiding behavioural choices (Smith & Jehlička, 2012; Danylchuk et al., 2017).

Perceptions of environmental risks can be defined as the degree to which people see

various environmental issues as threatening to their way of life. These perceptions of
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threats are important as they play a relatively strong role in shaping environmental

behaviours (Smith & Jehlička, 2012). Beliefs and perceptions are often situation-specific

and can be subject to change depending on information we learn and context or how one

perceives their surroundings (Kennedy et al. 2009). It is a common belief that the adoption

of pro-environmental behaviour is demanding in terms of time, cognitive effort, economic

and psychological resources (Coelho et al., 2017). These perceived costs are influential

as they can deter the adoption of these more environmentally friendly behaviours

(Kennedy et al., 2009). Locus of control is an individual’s perception of their capability to

make a difference and is vital in motivating the adoption of pro- environmental behaviour,

as if an individual does not believe their actions have an effect on the situation they are

less likely to act in a pro-environmental way (Kennedy et al., 2009; Coelho et al., 2017).

The improvement of an individual’s locus of control can lead to a sense of responsibility for

the state of the environment that they live in and thus improve their behaviour. Therefore,

it is essential to gain insight on perceptions and beliefs of the target audiences to promote

the adoption of pro-environmental behaviours, so that it becomes possible to attempt to

alter these perceptions by addressing their concerns (Kennedy et al., 2009).

In summary, to interpret responsible environmentally-orientated behaviour, one needs to

have an in-depth understanding of the socio-demographics and the context of the target

audience (Black et al., 1985; Hunecke et al., 2001). It is also necessary to gain an

understanding of the structural context of the community, the knowledge, attitudes and

perceptions and attempt to alter these perceptions in a positive manner (Kollmuss &

Agyeman, 2002). Knowledge of the situation and of potential action strategies should be

provided in a well-planned manner so as for optimal information absorption (Kennedy et

al., 2009).

This chapter aims to gain insight into the factors that were the most influential in altering
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angler’s perceptions of C&R behaviour and to use the context of the RASSPL angling

community to begin building our understanding of the contextual factors that may

influence the efficacy of pro-environmental behavioural interventions with recreational

anglers. To do this, a survey that examined the demographics, attitudes, knowledge,

motivations, angler perceptions and awareness of RASSPL anglers and their perceptions

of the efficacy of our various interventions was designed and disseminated.

4.2 Materials and methods

Permission to contact RASSPL anglers was granted by the RASSPL chairman (see letter

in Appendix D) and ethical approval was attained from the Rhodes University Science

Faculty (ethical clearance code SCI2018/036, Appendix E). Data collection was conducted

via once-off online and in-situ surveys between July and September 2018 and was aimed

at anglers that had participated in the RASSPL national events (Appendix F). Angler

participation was incentivized by offering a lucky draw prize to all participants. Participants

were provided with a brief breakdown of the purpose of the survey, as well as the option to

not partake in the survey if they did not wish to.

The survey aimed to gather information on angler demographics, knowledge and

awareness, as well as on angler attitudes and perceptions. The survey made use of

yes/no questions, Likert scale questions (1-5) and open-ended questions (Appendix F).

Surveys contained questions on demographic information (including age, gender,

education, employment status, income and ethnicity), RASSPL fishing history, internal

factors (knowledge and awareness, motivations, attitudes and perceptions), and external

factors (social norms, economic, cultural or institutional) (see Appendix F for detailed

questions). The survey was designed to be as inoffensive and un-incriminating as possible



59

so as to promote angler honesty.

4.3 Results

A total of 69 anglers completed the surveys which provided data on RASSPL angler

demographics and information on their angling histories, external factors and internal

factors.

Table 4.1 The RASSPL angler survey findings displaying summarized information on angler
demographics, perceptions, attitudes and knowledge, with mean values or percentages of
respondents who strongly agreed.

Demographics Q3. RASSPL Franchise Survey
Participation

Q19. Presence of Research
Team Positive

52%

Q63. Age
Border Blacktips 14% Q6. Importance of C&R Angling 82%

Mean 41years Kowie Crackers 14% Q7. Likelihood of survival of
released fish

Range 18 - 63years EP Raggies 2% Mean 87%

Q64. Gender Namibia 6% Range 30-100%

Male 90% SC Great Whites 13% Q8. Improvement since joining
RASSPL 67%

Female 10% WC Blue rays 9% Q58. Fishing partner 99%
Q65. Ethnicity WP Bronzies 38% Q59. Partner air exposure 54%

White 84% UK 4% Q60. Partner distance from
bucket 49%

Coloured 13% Q11. Number of
Q61. Partner full bucket 58%

Black 2% RASSPL National competitions Q62. Partner influence you 37%

Asian 2% Mean 3

Percentage of anglers who
strongly agreed with the
following potential motivations
for fishing in the RASSPL
competitions

Q66. Highest Level Education Range 0 – 8 Q14. 100% C&R 74%

Pre-matric 12%
Q9. Number of RASSPL franchise
competitions per year Q15. Competition 69%

Matric 30% Mean 8 Q16. Prizes 22%

Diploma 42% Range 1 - 16 Q17. Challenge of specific format 75%

Tertiary 14%
Q10. Days spent fishing per year
(excluding RASSPL)



60

Q67. Employment Status Mean 59days
Percentage of respondents
who strongly agreed that the
following factors contributed
to the fate of a fish after C&R

Employed 93% Range 4-250 days Q31.Where it is hooked 75%

Unemployed 3% Q12. Compete in other
competitions 57% Q32. Fight time 46%

Retired 3% Q4. Attended educational
presentations 67% Q33. Air exposure 91%

Student 1% Q5. Attended video
demonstration

84% Q34. Handling 81%

Q68. Annual Income (before tax)
Percentage of respondents who
strongly agreed that each
intervention was effective

Q35.Weather 10%

no income 7% Q45. Conservation prizes 27% Q36. Release 68%

self-employed 1% Q46. Rule changes 68% Q37.Water temperature 15%

R1 - R9,600 1%

Q47. Informative
presentations and
educational posters 66% Percentage of respondents

who strongly agreed with the
legitimacy of the different rules

R9,601 - R38,400 15%
Q48. Videos demonstrating
best handling practices 59% Q38. Under minimum size limit 61%

R38,401 - R76,100 9% Q21. Perceived status of
RASSPL target species

Q39. Empty C&R bucket 40%

R76,101 - R153,600 9% Decreasing 19%
Q40. More than 50 m away from
the C&R bucket 34%

R153,601 - R307,200 18% Staying the same 48% Q41. Another fish is in their C&R
bucket 31%

R307,201 - R614,400 22% Increasing 14% Q42. Not placed into the C&R
bucket

63%

R614,401 - R1,228,800 13%
Perceived threats to the RASSPL
target species Percentage of respondents who strongly

agreed with the following rule changes:

R1,228,801 or more 3% Q22. Trawl Fishery 66% Q49. Smooth gully rule 28%

Q23. General rock and surf
anglers

21% Q50. C&R bucket rule 85%

Q24. Competitive rock and
surf anglers 7% Q51. 50m from the bucket rule 66%

Q25. Commercial
linefishers 54%

Q52. Full bucket before casting
rule 79%

Q26. Recreational ski
boaters

24% Q53. Prohibition of 2nd rod
handling rule

54%

Q27. Spearfishers 12%

Q28. Pollution 60%
Q56. Percent of respondents who
utilize RASSPL handling outside of
the competition

63%

Q29. Climate change 39% Q57. Percent of respondents who
attempt to spread good RASSPL
handling techniques

60%
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4.3.1 Demographics

The respondents ranged in age from 18 to 63, with an average of 41 years (Table 4.1).

The majority of survey respondents were male (90%) and white (84%). The most common

level of education was a diploma (42%), followed by matric (30%) and then bachelor’s

degrees (14%). Almost all anglers that took part in the surveys were employed (93%), with

a small portion of pensioners (3%) and students (1%). Annual income (before tax) varied,

with most indicating that they earned between R307 201 and R614 400 (22%), followed by

R153 601 and R307 200 (18%), R9 601 and R38 400 (15%) and R614 401 and R1 228

800 (13%), (Table 4.1).

4.3.2 Respondents’ history with RASSPL

On average, survey respondents indicated that they had participated in three (range: 0 – 8)

RASSPL national competitions and eight RASSPL franchise competitions annually,

although some competed in as many as 16 competitions (Table 4.1). The average number

of days spent fishing (excluding RASSPL) each year was 59days (range 4 - 250).

Approximately 57% of anglers also participated in other rock and surf angling competitions

(Table 4.1).

4.3.3 Fishing Partner

Almost all (99%) anglers regularly fished with the same angling partner (Table 4.1). The

majority (54%) of anglers rated their fishing partner’s practices in terms of fish air

exposure as very good, 29% as good, 14% as neutral and 3% as poor. Similarly, the

majority of anglers (49%) rated their partner’s adherence of the “distance from bucket” rule

as very good, 26% as good, 15% as neutral, 4% as poor and 6% as very poor. The

majority of anglers (58%) also felt that their partner’s adherence to the rule which required

anglers to fill their buckets before casting was very good, while 25% felt that it was good,

12% felt that it was neutral, 1% poor and 4% very poor. Just over one third (37%) of the



62

respondents felt that their partners had a very strong influence on their C&R practices,

28% felt that their partner had no influence on their C&R practice, while 24% felt that their

partner had a strong influence (Table 4.1).

4.3.4 Importance of C&R

Most respondents (82%) felt that C&R fishing was extremely important for the

sustainability of recreational fishing (Table 4.1). However, there was variation (30 – 100%,

mean 87%) in the perception on the percentage of fish that survived a C&R event (Table

4.1). Anglers also indicated that they believe that the fish they release now, after RASSPL

angler education, are 85% more likely to survive than when they first started fishing.

4.3.5 Motivation to participate in RASSPL

The majority of respondents strongly agreed that they participated in the RASSPL

because of its “100% C&R” rule (74%), for the competitive nature of the league (69%) and

for the specific format (75%) of the league (Figure 4.1a, Table 4.1). In contrast, only 22%

strongly agreed that the prizes offered motivation for them to fish in RASSPL competitions,

while 41% of the respondents were neutral (Figure 4.1a, Table 4.1).

4.3.6 Perceptions of targeted species fish stocks

The majority (48%) of respondents felt that the populations of the targeted species in the

RASSPL competitions had remained the same, with only 19% indicating that the

populations were decreasing (Figure 4.1b, Table 4.1).

4.3.7 Perceptions of threats to targeted species fish stocks

Overall, the commercial fisheries were considered to be a greater threat to the RASSPL

target species than recreational fisheries (Figure 4.1c, Table 4.1). The majority of

respondents strongly agreed that the trawl fishery (66%) and commercial line fishery (54%)

were a threat to the RASSPL target species. In contrast only 21%, 24%, 12% and 7% of
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the respondents strongly agreed that the general rock and surf angling public, recreational

skiboat fishery, the spearfishery and competitive rock and surf anglers were a threat to the

RASSPL target species, respectively (Figure 4.1c, Table 4.1). Respondents also strongly

agreed that other factors such as pollution (60%) and climate change (39%) were also a

threat to the RASSPL target species(Figure 4.1c, Table 4.1).

4.3.8 Knowledge of factors affecting the fate of the fish

The majority of respondents displayed good knowledge on the factors affecting the fate of

the fish, 91% felt air exposure was a very important and 81% felt how the fish was handled

is an important factor (Figure 4.1d, Table 4.1). Other important factors were where the fish

is hooked (75%), and how the fish is released (68%). Respondents placed less

importance on the other factors with only 46%, 14% and 10% of respondents indicating

that fight time, water temperature and weather are important factors (Figure 4.1d, Table

4.1).
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Figure 4.1 Stacked bar-plots displaying the survey responses of anglers to questions regarding a)
motivations to participate in the RASSPL, b) perceptions of targeted fish stocks, c) perceptions of threats
to targeted fish stocks, d) knowledge on factors affecting the fate of fish, e) attitudes toward specific
RASSPL rules and f) perceptions of rule legitimacy. Responses are in Likert form ranging from 5 (strongly
agree) to 1 (strongly disagree), unless otherwise stipulated.
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4.3.9 Attitudes towards the legitimacy of rules

Anglers had mixed attitudes towards the RASSPL rules and the likelihood of

disqualification if infractions occurred. Most respondents believed that it was very likely

that an angler would be disqualified if an undersized fish was recorded on their score card

(61%), or if the fish was not placed in the C&R bucket (63%), (Figure 4.1e, Table 4.1). In

contrast only a few respondents believed it was likely that anglers would be disqualified if

their C&R bucket was empty when a fish was landed (40%), if they had landed the fish

more than 50m from their C&R bucket (34%), or if a fish was captured while another fish

was already in the C&R bucket (31%), (Figure 4.1e, Table 4.1).

4.3.10 Attitudes towards rule changes

Respondents generally agreed with the rule changes that were recommended by the

scientific research team (Figure 4.1f, Table 4.1). The majority strongly agreed with the rule

that required the use of a C&R bucket (85%), that the C&R bucket should be filled before

casting (79%) and that the angler should not angle further than 50m away from their C&R

bucket (66%). Although, 54% of anglers strongly agreed with the rule that prohibits an

angler from handling their second rod if they already had a fish in the C&R bucket, 15%

strongly disagreed with this. Respondents also displayed mixed feelings about the smooth

gully rule (this rule groups spotted gully sharks (Triakis megalopterus) and smooth hound

sharks (Mustelus mustelus) under a certain size as one species, to reduce the problems

with misidentification), with 28% of anglers having strongly agreed with this rule and 25%

strongly disagreed (Figure 4.1f, Table 4.1). Respondents also did not agree with the 100%

no take rule, and rather believed it should be acceptable to take a fish if after all efforts to

release it, it had died anyway (61%).

4.3.11 Intervention Efficacy

Of the surveyed anglers, 67% recalled being exposed to the educational presentations,
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and 84% recalled seeing the educational videos that demonstrated best-practice

guidelines. Of the various interventions, the majority of respondents strongly agreed that

the rule changes (68%), educational presentations (66%) and video modelling (59%)

interventions improved angler C&R behaviour (Figure 4.2, Table 4.1). Interestingly only

27% strongly agreed and 24% strongly disagreed that the conservation prizes

interventions improved angler C&R behaviour.

Figure 4.2 Angler’s perceptions on the efficacy of the pro-environmental behavioural
interventions implemented to improve C&R practices of anglers belonging to the
RASSPL, ranging from strongly agree to strongly disagree.
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4.3.12 Perceived Self-improvement

When anglers were asked how much they believed their handling practices had improved

since joining RASSPL, the majority (69%) responded with extreme improvement, with only

3% of respondents indicating that they believed their handling practices were the same

before joining RASSPL as they are currently.

4.3.13 Research Team

The majority of respondents (52%) indicated that the presence of the research team had

affected their RASSPL experience extremely positively, and only 22% indicated that the

research team had no effect on their RASSPL experience (Table 4.1).

4.3.14 Spreading good handling

Majority of anglers (63%) stated that they frequently utilised RASSPL fish handling

techniques outside of RASSPL competitions, with 60% of respondents indicating that they

frequently educated or tried to educate other anglers on good RASSPL handling

techniques outside of the competition (Table 4.1).

4.4 Discussion

There was strong agreement by the majority of respondents (85%) that the intervention

had resulted in self-improvement and that their released fishes were more likely to survive

than before. In addition, the majority of respondents (62%) reported that they regularly

utilized RASSPL handling techniques outside of the RASSPL league as well as attempted

to educate other recreational anglers on these good handling practices (61%). As

competitive anglers generally have a higher social standing among other recreational

anglers, it is likely that these practices may too be emulated by the general angling public.

Indeed, Danylchuk et al. (2017) encouraged the use of ‘C&R ambassadors’ to promote the
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cause and provide effective knowledge and awareness, because anglers are likely to

follow behavioural attributes of high- profile participants. Thus, the results of this study

appear to not only confirm the findings of Chapter 3, which indicated improvements in

angler C&R behaviour, but also suggest that these behavioural improvements may extend

beyond the confines of the RASSPL competitions.

The perceptions of the RASSPL anglers suggested that the structural changes to the rules

was the most important intervention that influenced the improved C&R behaviour (Figure

4.2). This was followed by video modelling and presentations (Figure 4.2). Interestingly,

incentives, in the form of conservation prizes and awards, were perceived to be the least

important component influencing angler C&R behaviour (Figure 4.2).

Structural changes have proven useful in altering pro-environmental behaviour in general

(Schofer & Hironaka, 2005), and in a fisheries context (Sauls & Ayala, 2012; Arias &

Sutton, 2013). The findings of this study agree with this notion and suggest that

appropriate structural changes may be the most effective method of improving angler

behaviour in a competitive context. Steg and Vlek (2009) suggested that pro-

environmental behaviour is influenced by weighing costs and benefits. In an angling

competition, where the angler’s primary goal is winning, even the slightest chance of the

disqualification of one fish is too much of a negative consequence and anglers are likely to

quickly alter their behaviour. Bolderdijk et al. (2012) emphasized the use of consequences

and suggested that it is human nature to repeat behaviours with favourable outcomes and

reduce behaviours that result in negative outcomes. Thus, rule changes (provided they are

considered to be legitimate) provide an opportunity to rapidly induce long-term change in

the behaviour of competitive anglers.

Knowledge dissemination is often the only strategy used to alter C&R and other

environmental behaviours and has generally been met with limited success (Burgess et al.,
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1998; Stern, 2000; Kollmuss & Agyeman, 2002; Schultz, 2011; Gifford, 2014; Cooke et al.,

2017). However, Dell Palme et al. (2016) showed that the right form of hands-on

educational intervention, coupled with behavioural modelling can improve angler C&R

behaviour in the short-term. Indeed, in this study, most respondents indicated that the

informational presentations and video modelling components were efficient intervention

strategies that contributed to their improved C&R behaviour (Figure 4.2).

For long-term changes in environmental behaviour however, it is likely that educational

drives should be combined with other interventions, such as structural changes, in order to

increase the efficacy of knowledge dissemination (Gardner & Stern, 2002; Larson et al.,

2015). This appeared to be the case in this study. For example, the 2017 distance from

bucket and time into bucket results from Chapter 3 demonstrated the value of combining

components, where anglers continued to decrease the time taken for them to get their fish

into the C&R bucket even though the corresponding distance from the bucket had not

decreased (Figure 3.2). This suggests that anglers began understanding the importance

of limiting air exposure, and is evidence of the synergistic interactions between different

strategies. Indeed, Stern (1999 and 2000) suggested that behavioural interventions will be

more effective when strategies are combined.

Incentives, which included individual and franchise conservation prizes for the lowest air

exposure times, were considered to be the least efficient at improving C&R behaviour

(Figure 4.2). It was also evident when looking at what motivated anglers to participate in

RASSPL that the prizes were least effective (Figure 4.1a). This was surprising as several

authors have recommended incentives as a central component for pro-environmental

behavioural interventions (Gellar, 2002; Thøgersen, 2005; Steg & Vlek, 2009). Indeed,

Bolderijk et al. (2012) emphasize the importance of positive consequences in motivating

the adoption of pro- environmental behaviour and state that rewards are generally more
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effective and preferred over penalties as they instill positive attitudes around the desired

behaviour.

There may be several reasons for the poor perceptions of the influence of incentives in

this study. Firstly, the likelihood of winning a conservation prize was dependent on a

member of the research team being present and recording the angler’s catch information.

Since the research team was not always present to observe every C&R event, this may

have undermined the perceived legitimacy of these prizes. The second possible reason for

the perceptions of the reduced efficacy of the conservation prizes may be that the

incentives that were used may have provided the wrong kind of positive consequences.

For example, it is likely that these competitive anglers may have responded better if the

incentive been related to the likelihood of winning the competition. In other words, if

anglers received additional points for low air exposure times, they may have been more

motivated to reduce fish air exposure. It is also possible that the reduced efficacy of

incentives could have been attributed to the “low” value due to the fact that the prizes on

offer were not valuable enough to motivate better behaviour from anglers, or simply that

the anglers were unaware of the conservation prizes on offer for reduced air exposure as

it was not implicitly specified before the competition started. Indeed, Bolderdjik et al. (2012)

highlighted the importance of the antecedent component of the incentive, stating that the

beneficial impact of the incentive is highly dependent on how it is announced and

delivered.

Ultimately, for competitive angling it is likely that incentives that improve an angler’s

chances of winning are critical. The antecedent, which in this case could be raising

awareness of the incentive, should also be an integral part of this component.

When combinations of components are used for pro-environmental behavioural

interventions, it is critical that these are aligned. For example, in this study, the modelling



71

videos specifically demonstrated how to undertake the C&R procedure with the new rules

(structural changes), while the educational component specifically focused on elements of

the C&R event (primarily air exposure) that was subject to the greatest structural

manipulation (rule changes) and the incentives specifically rewarded those who subjected

their catch to the least air exposure. Conflicting messages, such as for example,

emphasizing the importance of hooking injury above air exposure in determining the fate

of a released fish, in the educational presentations and then changing rules to limit air

exposure and not hooking injury will most likely reduce the success of the intervention.

Kennedy et al. (2009) also emphasized the need for a well-thought- out educational

component in environmental behaviour interventions and based on this research, it

appears that alignment should be a central component of this process.

This study has demonstrated that pro-environmental behavioural interventions can be

effective for changing the behaviour of RASSPL anglers. However, it is less clear whether

this type of intervention may be effective for changing the behaviour of recreational f

ishers in general. Steg and Vlek (2009) and Stern (2000) emphasized the importance of

understanding the context of the community on which the intervention is implemented.

Thus, the efficacy of the different components and the intervention as a whole is most

likely specific to this context. Nevertheless, a socio-demographic characterization of the

RASSPL community is necessary to understand for which other recreational angling

communities this kind of pro-environmental behavioural intervention may be appropriate.

As recreational angling communities are known to be extremely diverse in demographics,

motivation, culture, religion, education and other internal and external factors (Wilde et al.,

1998; Kearney, 2001; Sutton, 2006; Johnston et al., 2010; Greiner et al., 2013; Bova et al.,

2017), it may be useful to identify communities with similar socio-demographic

characteristics so that this type of intervention could be tested.
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When looking at the fishing experience of RASSPL anglers it was evident that the

respondents were a diverse group in terms of angling experience and participation,

ranging from beginners to highly experienced anglers (Table 4.1). When examining the

demographic results for this study it was evident that the RASSPL is dominated by mainly

white males with an average age of 41 years old. Level of education and income varied

among respondents indicating minor diversity however the low representation of females

and other ethnic groups results in a homogenous RASSPL angler population. More recent

surveys of South African recreational anglers displayed similar results with regard to

demographics. Bova et al. (2017) surveyed recreational anglers along the Eastern Cape

coastline so as to assess the suitability of a social norms approach for improving

compliance behaviour and found the average angler was a 42-year-old, white, Christian,

employed male with a secondary education. Another South African study by Kramer et al.

(2017) that looked to analyze demographic and psychographic angler attributes along the

KwaZulu-Natal coastline, displayed similar results in that the participants were majority

White or Indian males between the ages of 31 and 45 years old. However, overall, it

appears that this fairly homogenous demographic structure of predominantly middle-aged

white males is typical for a South African shore-based recreational fishery. This pattern of

male domination in recreational fisheries is not only evident in South Africa but worldwide

(Wilde et al., 1998; Arlinghaus et al., 2008; Bull, 2009). Given the similar demographic

profile between the RASSPL and general angling population, it is possible that this type of

intervention may be more broadly appropriate.

The knowledge and attitudes of anglers is an important contextual factor that may

determine the efficacy of a pro-environmental behavioural intervention. The respondents

in this study felt that the commercial trawl and line fisheries were the largest threats to fish

stocks targeted by RASSPL anglers (Figure 4.1c). Although this response was surprising
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as commercial fisheries target offshore zones and different target species to RASSPL

anglers, it is fairly common for recreational anglers to blame the commercial sector

(Arlinghaus et al., 2002; Coleman et al., 2004; Cooke & Cowx, 2004; Arlinghaus et al.,

2007). Trawlers in particular, often receive majority of the blame because of the large

catches associated with these industrialized commercial fishing vessels. In Kwa-Zulu

Natal (South Africa), the recreational shore-based angling public also identified similar

reasons for stock declines (Kramer et al., 2017). Regardless of location, recreational

anglers are known for shifting the blame for the decline in fish stocks to other fisheries as

they refuse to take responsibility themselves, and cannot understand the cumulative

impact thousands of recreational anglers can have over many years of angling (Arlinghaus

et al., 2002; Arlinghaus et al., 2007; Cooke et al., 2014).

Overall, it appears that the socio-demographic characteristics of RASSPL anglers were

similar to South Africa’s recreational angling population. This may suggest that structural

changes were clearly effective in a competitive angling context, and may have potential for

improving the C&R behaviour of the general recreational angling population. Certainly, in

countries, where recreational fisheries are well managed, stakeholder consultation is

imbedded in the regulation development process and compliance with the regulations is

high, it is likely that regulatory changes (e.g. to the exclusive use of circle hooks or the

mandatory use of a C&R bucket) that favour improved C&R methods or behaviours may

be successful. However, in countries where recreational fisheries are less well-managed

and compliance is low (e.g. South Africa, Bova et al., 2017) the efficacy of structural

changes may be lower.

There may be a number of other factors that may have contributed to the success of this

pro- environmental behavioural intervention. The first may be the favourable attitudes of

the RASSPL community towards the researchers (see Table 4.1). This indicates that the
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anglers have experienced the value in having scientists involved when it comes to

sustainable C&R fishing. This result is very positive as in much of the literature the

relationship between anglers and science is rather acrimonious, particularly among

recreational anglers who blame scientists for increased restrictions regarding regulatory

frameworks (Arlinghaus, 2007; Arlinghaus et al., 2007; Bower et al., 2017). Anglers are

often skeptical of collaborating with scientists as they feel they are arrogant and out of

touch with reality (Bower et al., 2017; Danylchuk et al., 2017) and thus researchers should

aim to look at the development of long-term projects that build trust to ensure positive

results.

The RASSPL anglers also displayed a positive attitude towards majority of the rule

changes that were recommended by the scientific team (Figure 4.1). This was expected

as these regulations were not only developed in consultation with the anglers, but anglers

were also involved in the collection of the data that informed these regulations. One rule,

which prohibits an angler from touching their second rod when they have a fish in the

bucket, was not as well supported. This could be attributed to the lack of consensus

(amongst the scientific team and anglers alike) whether it is better to allow a fish to remain

in the bucket for some time or to allow another fish additional opportunity to swallow the

bait and face an increased likelihood of a severe hooking injury.

The majority of respondents (53%) believed that the status of the populations of the target

species had remained the same over the years (Figure 4.1b). This was an interesting

outcome as worldwide there is concern of decreasing fish stocks in all fisheries (Jackson

et al., 2001; Arlinghaus et al., 2007; Daskalov et al., 2007). Brouwer et al. (1997)

interviewed South African inshore anglers and reported a definite decrease in catches.

Kramer et al. (2017) also found that majority of surveyed anglers believed their catches

had declined over the years. However, since RASSPL anglers target a far broader range



75

of species, and often those that are not targeted by other competitive or non-competitive

recreational anglers, this result is perhaps less surprising.

Angler perceptions on the importance of C&R angling were overwhelmingly positive (Table

4.1). Interestingly these perceptions were almost contradictory to their perceptions about

the recreational sector, which they suggested has little impact on fish resources when

compared to other sectors, such as the commercial trawl or commercial linefishery (Figure

4.1c). This is similar world over, where recreational anglers fail to recognize the impact of

recreational fishing (Arlinghaus et al., 2007; Kramer et al., 2017). There is evidence of

‘halo effect’ as the RASSPL angler’s responses show that most of the options that would

fall under recreational angling have been rated low, with the option of competitive rock and

surf anglers receiving the lowest percentages of all options (7%). Kramer et al. (2017)

suggested that this shift in blame is a worldwide occurrence among recreational anglers

because they refuse to take responsibility for their own impact on the constantly

decreasing fish stocks. Other studies have also found the recreational angling community

is unaware or unable to understand the cumulative impact of many thousands of

recreational anglers over many years of fishing (Arlinghaus et al., 2002; Cooke et al.,

2014). In order to combat this misunderstanding among anglers, future studies should aim

to provide increased awareness of their effects on the oceanic ecosystem. The larger

commercial fisheries sector regularly receives the blame for the world fisheries crisis

(Arlinghaus et al., 2007), but the recreational fisheries have started to be recognized as

the number of recreational anglers increases (Cooke & Cowx, 2004; Coleman et al., 2004).

Anglers displayed good knowledge on the factors affecting the fate of the fish (Figure

4.1d), indicating that the RASSPL anglers were well educated on what aspects of the

process have an effect on the survival of the fish. This shows how the long-term

relationship with the SAFER lab has been effective in terms of education and awareness
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on fish handling. Stern (2000) emphasized the importance of combining incentives and

relevant information, stating that behavioural interventions are more effective when

multiple components are utilized in conjunction with one another. Therefore, knowledge

dissemination is vital but it must be done via the provision of understandable information,

as the environmentally responsible decision is not always intuitive and people may not be

aware of exactly how to act in an environmentally responsible manner (Kennedy et al.,

2009).

When looking at the legitimacy of and attitudes towards the rules, the majority of

respondents strongly agreed that disqualification would occur if the fish was undersized or

if a C&R bucket was not used but the responses to the other rules, although still mostly in

agreement, were more varied (Figure 4.1f). This indicates that anglers do not feel that all

of the rules have the same consequences as some are more easily monitored than others.

Monitoring whether buckets are full at the time the fish is caught, and if buckets are more

than 50m away is quite difficult without a sizable monitoring group. As a result, these rules

are seen as a sort of guideline and disqualification is therefore not very likely. This further

supports the notion that structural rule changes can only be truly effective if efficient

monitoring is possible (Arias & Sutton, 2013).

As with all studies conducted via surveys, there are a variety of potential biases

associated with this research, leaving much room for improvement in the future. Typically,

there are response biases associated with survey data of this nature where respondents

may give the response that they believe to be most acceptable in the situation even if they

do not truly feel that way. This is known as a social desirability bias and can mean that

responses are not entirely truthful (Baumgartner & Steenkamp, 2001; Bova et al., 2017;

Kramer et al., 2017). Future work should attempt to at least account or mitigate for this

bias, possibly using innovative interview techniques, such as the use of a ballot box (Bova
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et al., 2017).

In conclusion, this chapter further supports the suggestion that angler behaviour can be

improved via a pro-environmental intervention. It is evident that anglers were able to

recognize that they had improved over time and overall the structural changes seemed to

be the most effective and have potential in other recreational fisheries, particularly those

with good governance and compliance. For a pro-environmental behaviour intervention to

be successful there should be alignment between the different components and incentives

and consequences should be well considered and be appropriate for the specific context

of the situation.
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Chapter 5: General Discussion

Recreational C&R anglers competing in the 2018 RASSPL Nationals. (Image credit: Samantha Mannheim)
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Throughout this thesis we have seen that angler behaviour can have various impacts on

the environment and in the case of a C&R event, the angler has control over a number of

factors that can improve the environmental consequences (Arlinghaus et al., 2007;

Danylchuk et al., 2018). Attempting to alter angler behaviour is important as it is generally

the one factor that can be directly controlled. Anglers have control over whether they will

release or retain a fish, their compliance with regulations and environmental laws (Bova et

al., 2017; Kramer et al., 2017), their C&R behaviour (Davis, 2010; Arlinghaus et al., 2009;

Brownscombe et al., 2015; Lennox et al., 2015; Danylchuk et al., 2017; Danylchuk et al.,

2018; Twardek et al., 2018) and their environmental behaviour in its more general sense

(pollution/litter/habitat destruction) (Maitland & Turner, 1987; O’Toole et al., 2009;

Czarkowski et al., 2016). The environmental behaviour around these components are

driven by angler context (Black et al., 1985; Hunecke et al., 2001) and include external

(social/economic/cultural and institutional) and internal factors (knowledge and awareness,

motivations, attitudes and perceptions) (Kollmuss & Agyeman, 2002).

In this case study it was clear that the C&R behaviour of anglers can be improved using a

systematic, long-term and diverse intervention. While this thesis focused on shifting C&R

behaviour, the strategies are similarly suited to other angler environmental behaviours,

such as compliance with regulations and the destruction of habitat, pollution and littering.

The general approach is summarized into a conceptual framework illustrating the process

of shifting angler environmental behaviour (Figure 5.1).
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Figure 5.1 Conceptual framework of how to alter and evaluate angler environmental behaviour
so as to inform adaptive intervention/modification.

An intervention should start with the recognition of a problem and then you need to take

steps to understand the problem (Geller, 2002; Steg & Vlek, 2009). In this study

understanding the problem was approached in a unique way, in that we tried to take the

long road in the hope that we could build trust (which is a key component of attempting a

behavioural intervention) within the community. Not all people interested in changing

angler behaviour will have that amount of time to invest in an intervention.

The first step, if you do not have the time to assimilate yourself into the league is to do a

baseline behavioural (see Chapter 2, Butler et al., 2017) and social (Kramer et al., 2017)

assessment. A behavioural baseline assessment should collect data on the behaviour of

anglers as well as on the results of these behaviours (in the case of C&R fishing that

would be the health and response of the fishes after the C&R event). Baseline
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assessments are important as they can provide information on what needs to be modified,

and they facilitated the evaluation of the effects of any future interventions on angler

behaviour and fish health and survival.

Unfortunately, there was no baseline social assessment as surveys were only completed

after the intervention was implemented, and ideally, these surveys should have been

completed before and after intervention implementation for comparison. In this study, the

social survey was only conducted after the third national event. While this study would

have most likely benefitted from an earlier social survey, the “deep” two-year engagement

with the RASSPL during the initial two years most likely provided sufficient context for a

successful intervention.

On completion of a baseline assessment, the Geller (2002) framework (adapted by Steg &

Vlek, 2009) suggests that one should use the baseline assessment to identify the

behaviours that you want to change and use the social survey data to help identify which

factors cause these behaviours. Once this is done, the next step is to design appropriate

and multiple components for an intervention (Stern, 2000; Gardner & Stern, 2002). This

should ideally be informed by the data that was collected to change the relevant

behaviours and their antecedents (Steg & Vlek, 2009) (Figure 5.1). While this can be done

by the research team, if they are comfortable with the context of the situation, the

incorporation of appropriate members from the stakeholder group may be necessary to

ensure that the interventions are appropriate.

With regard to this study, an example of an effect component in our intervention would be

the rule change that included the use of a RASSPL bucket for keeping the fish between

photographs and measurement. This rule was only implemented after the baseline air

exposure information was collected. These baseline results were not only reported on (in

presentations and annual reports), they were combined with information on the impact of
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high air exposure times on fish survival. This then helped motivate the rule change and

generally the anglers felt that the change was legitimate (Figure 4.1f). It is also important

that the actions and the messages in the different components of the intervention align to

improve the intervention’s efficacy. In this case, the messages of the impact of air

exposure time were clearly heard by the anglers, as they reported this to be the greatest

cause of mortality in fishes that were subjected to C&R (Table 4.1).

The final step of the Geller (2002) framework is to 4) systematically evaluate the effects of

the intervention on the behaviours themselves, their antecedents, the environmental

quality and human quality of life (Figure 5.1). A decision on the appropriate time to assess

the efficacy of the intervention is necessary. You may expect a relatively quick response in

some interventions, for example, in the case of a structure change, such as an

amendment to the rules. In these cases, an evaluation of the efficacy can be done

relatively soon. However, in situations where the primary intervention focusses on things

like social norms, these changes may be slower and longer periods between evaluations

may be necessary (e.g. Kramer et al., 2017). Contextual factors may be important here.

For example, the best opportunities for the assessment of behavioural change in the

RASSPL context were during the annual national competitions. However, depending on

the type of intervention, less frequent evaluations may be more appropriate. Besides

monitoring the behaviour of the anglers, it is also necessary that these evaluations cover

the contextual information, surveys that look at knowledge, awareness attitudes,

motivations and social norms should be a component of the evaluation process angler

opinion of effective components is critical), as these may change due to other influences

over time.

Once the information from the evaluation has been collected, you should compare the

baseline and new (behavioural and social) data, in the hope of evaluating the efficacy of
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the different components and your intervention as a whole. The evaluation is a critical

component of the process as it helps one set the new baseline (Figure 5.1). Then you use

a feedback loop to set a “new baseline”, modify your approach and components based on

what you have found and repeat the process. Through this process you will hopefully

eventually get to that ‘improved state’ of angler behaviour (Figure 5.1).

Understanding what the ‘improved state’ is can prove challenging, and does not

necessarily need to be fixed. For example, initially during the RASSPL interventions, we

felt that getting average air exposure below 60 sec was an appropriate ‘desired state’. This

was primarily because the baseline data that was collected showed that there were, on

average, negative physical and physiological impacts when fish were exposed to air for

more than 60 seconds. However, this goal was not only surpassed (for example, the mean

air exposure time in the 2019 national event was 40 sec), but there has been a realisation

that it can be further reduced. Therefore, ideally one should plan to set realistic,

achievable goals and then modify them as appropriate (ideally including stakeholders into

the process). In the case of RASSPL anglers who are by nature competitive, a recent

strategy has been to use realistic targets to unlock their competitive nature and provide

anglers with additional motivation to improve their C&R behaviour. The anglers have

responded positively and are fully engaged and taking up the challenge, thus promoting

the use of psychology to facilitate improved behaviour. To this end, one incentive, in

particular, the conservation trophy, which is awarded to the team with the lowest average

air exposure and lowest number of poor C&R behaviours, has become an important

component of the national competition.

Ultimately, this example, which uses the competitive nature of these anglers to improve

their C&R behaviour, speaks to the importance of understanding one’s target angler group.

Understanding the motivations and characteristics of your group opens up the potential for
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using environmental psychology techniques, which have been underappreciated and

poorly researched in the context of recreational fisheries.

This study unfortunately only incorporated the behaviour of one recreational angling

community. While it is possible that this intervention may not be representative of these

kinds of interventions in other communities, it is hoped that the process described is

sufficiently adaptable to be broadly applicable to other communities. To further develop

this type of pro-environmental approach, it is critical that this type of intervention be tested

on different angling communities and behaviours (for example non-compliance). Presently

a similar approach has been implemented on the C&R behaviour of a less conservation-

conscious deep sea angling club and on angler compliance in the South African marine

shore-based recreational fishery.

Another potential caveat of this study was the potential impact of the presence of

scientists during the data collection. In this case, a pilot study using covert observation

that angler C&R behaviour has suggested that angler behaviour with and without

scientists present may be different. While the longer air exposure times in the covert

observations, when compared with the scientist observations are a concern and may

speak to the moral and ethical characteristics of the RASSPL anglers, this needs to be

explored further.

Finally, I would like to further emphasize the value in building trust between researchers

and the angling community. This study supports the Cooke et al. (2017) hypothesis that

calls for inserting the angler into the C&R science for optimal behavioural changes, as the

time that was dedicated to developing a positive relationship between the two parties

appeared to be a valuable component of this process and may very well be a critical

determinant in the success of any pro-environmental intervention.
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