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Abstract: As recreational fishers act relatively autonomously, management relies heavily on
voluntary compliance. Therefore, understanding fishers’ views on management options can be
beneficial. This study used a two-phase approach of face-to-face interviews and subsequent online
questionnaires to evaluate recreational fishers’ salient views on issues affecting the Blue Swimmer
Crab (Portunus armatus) and Black Bream (Acanthopagrus butcheri) fisheries in Western Australia as
well as current and potential management arrangements, including stock enhancement. The
strength and heterogeneity of views were also determined. Minimum size limits were mainly
considered acceptable or very acceptable, with restricting recreational fishing and spatial closures
the least supported management options for both species, in addition to maximum size limits for
crabs. These views were not always consistent across fishing locations for each species and among

types of crab fishers, indicating heterogeneity in views. Stocking was the most acceptable of the
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management measures not already utilised for crabs and among the most popular for bream
fisheries. Recreational fishers of both species believed stock enhancement could have strong positive

) o outcomes for the abundance of their target species and increase their subsequent catches. They also
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1. Introduction

Fisheries provide nutrition, livelihood, and recreation, but due to increasing human
population growth and demand for seafood, together with deleterious anthropogenic
influences, such as habitat degradation and eutrophication, management of fish stocks is
distributed under the terms and  commonly required to maintain these benefits [1,2]. Fishery management tools generally
conditions of the Creative Commons  COmprise three categories: (i) input controls, e.g., limited entry (licensing), time
Attribution  (CC BY) license  Testrictions, and gear restrictions; (ii) output controls, e.g., quotas and catch shares; and
(https://creativecommons.org/license (iii) technical measures, e.g., size limits, time-area closures, and marine protected areas
s/by/4.0/). [3,4]. Such controls seek to limit both the amount of fishing effort and fish harvested and

and prevent the capture of trophy-size individuals.
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the location where those resources are removed. However, while fishery regulations can
benefit the ecology and biology of target species, regulations can also result in significant
negative economic and social impacts on fishers and associated communities [5].
Furthermore, regulation relies on effective monitoring of recreational fishers, which can
be challenging as fishers act relatively autonomously, often with limited active
management or monitoring, and potentially across large geographical areas [6]. Although
novel monitoring techniques are being developed, such as cameras and drones (e.g., [7,8]),
management often relies heavily on voluntary compliance with regulations [6]. Thus,
engaging with fishers is vital when designing and implementing new regulations and
policies, and can result in reduced conflict and increased compliance [9,10].

Aquaculture-based enhancement is a fisheries management option offering a
different approach [11]. Rather than restricting access to a fishery, aquaculture-based
enhancement focusses on releasing hatchery-reared fish or crustaceans into a natural
system to increase stocks reduced by fishing activities and can enable fishing to continue
without restricting effort. The three types of release programs have been identified based
on the status of the stocks: (i) stock enhancement, i.e., the release of hatchery-reared
juveniles to improve an already sustainable population; (ii) restocking, i.e., releases of
hatchery-reared juveniles to increase severely depleted stocks; and (iii) sea ranching, i.e.,
releases of hatchery-reared juveniles into a put, grow, and take system [11]. Aquaculture-
based enhancement is, however, not a ‘magic bullet’, and there may be some trade-offs
relevant to fishers. These can include a reduction in the abundance of wild individuals
through competition, reduced growth-rates and increased numbers of smaller individuals
as a result of density dependence, as well as increases in fishing effort due to perceptions
of more fish to catch and consequently increased pressures on the stocks [12,13]. Despite
these potential negative impacts, some studies indicate that stock enhancement and
restocking are commonly supported by recreational fishers [14,15].

Estuaries are highly productive ecosystems that generate considerable ecosystem
services and are heavily used by humans for a range of purposes, including recreational
fishing [16,17]. In a fisheries context, this includes the production of finfish and
crustaceans, which can be used for economic or social gain [18]. For example, species that
use estuaries for all or part of their life-cycle account for up to 90% of all recreational
angling catch in some regions of Australia [19]. Although estuaries in microtidal, south-
western Australia are important environments for fisheries species [17], these systems are
particularly susceptible to anthropogenic degradation [20]. For example, their limited
flushing capacity and highly seasonal rainfall leads to the occurrence of hypoxia and algal
blooms and, in some systems, extreme hypersalinity [21-23]. These perturbations can
have lethal effects on fish and crustaceans, resulting in mass mortality events [24].
Although not as obvious to the public, a range of sublethal effects have been observed in
estuaries. Decreased riverine input has expanded hypoxic areas, reducing benthic
invertebrate populations and resulting in habitat compression and fish and invertebrates
moving away from deeper, hypoxic waters into more well-oxygenated shallower areas.
This can result in a slower growth rate and, consequently, longer time taken to reach the
minimum legal length for retention [25,26].

Recreational fishing is particularly popular in Western Australia, with an estimated
30% of the state’s population participating in fishing annually [27]. This is substantially
greater than the average for Australia (16.8%) [28] and a range of industrialised countries
(10.5%) [29]. Among the most-prized recreational species in Western Australia are the Blue
Swimmer Crab (Portunus armatus) and the Black Bream (Acanthopagrus butcheri), which
are abundant and fished extensively. For example, an estimated 900,000 Blue Swimmer
Crabs were caught by recreational boat fishers alone in Western Australia in 2013/14 and
670,000 in 2017/18, ranking 1st and 2nd in terms of number of individuals caught among
all species, respectively [30,31]. Recreational crab fishers are strongly consumption-
orientated, with over 90% eating their retained catch [32]. In contrast, Black Bream is a
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trophy fishery where the majority of recreational fishers practice catch-and-release
fishing, and some partake in competitions [32].

Understanding stakeholders” views on management options can be beneficial and
boost community support for those measures and, as a result, increase compliance, which
is particularly valuable for recreational fishers, who act relatively autonomously, and
thus, their management often relies heavily on encouraging voluntary compliance. A
previous study found that recreational fishers targeting Blue Swimmer Crab and Black
Bream in a range of estuaries and a marine embayment in Western Australia elicited
different motivations for fishing, but these were consistent among users of those fisheries
and the locations where those species were caught [32]. The current study builds on that
work by investigating recreational fishers” views on the current status of Blue Swimmer
Crab and Black Bream fisheries in the same systems. It also examines the social
acceptability of a range of current and potential recreational fishery management
practices, including stock enhancement in these systems. As fishers’ views can be
heterogeneous, the level of consistency of views on fishing for each species was assessed
separately among users of each estuary and fishers with similar fishing characteristics
[32].

2. Materials and Methods
2.1. Study Area and Fisheries

The Blue Swimmer Crab is one of the most targeted recreational species in Western
Australia and supports several small-scale commercial fisheries [31,33]. Populations of
this species in south-western Australian estuaries are currently regarded as ‘adequate’
[34]; however, recreational fishers have reported a decline in their size in one estuary (the
Peel-Harvey) over time [35] and stocks in the marine embayment Cockburn Sound
collapsed over a decade ago and have failed to recover [34,36]. An aquaculture-based
enhancement program was suggested as a possible solution to restore the Blue Swimmer
Crab population in Cockburn Sound, but to date, only experimental scale releases have
occurred [37].

Recreational Blue Swimmer Crab fishing mainly occurs in four systems on the west
coast of Western Australia, ie., the temperate Swan-Canning, Peel-Harvey, and
Leschenault estuaries and the sub-tropical embayment of Shark Bay (Figure 1). The Swan-
Canning Estuary is surrounded by the state capital city of Perth and is highly urbanized.
Crabs are caught by a single commercial fisher who deploys gill nets in the lower reaches
of this estuary [38]. The Peel-Harvey Estuary is located ~80 km? south of Perth. This
estuary is utilized by both commercial and recreational fishers whose activities have been
certified by the Marine Stewardship Council as sustainable [39], albeit the recreational
fishery has one of the highest levels of non-compliance in Western Australia [40].
Leschenault Estuary used to support a commercial crab fishery, but it closed in 2001
following community concerns over perceived declining catches. The recreational fishery
still operates.
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Figure 1. Main estuaries where recreational Blue Swimmer Crab and Black Bream fishing occurs in
south-western Australia. Inset show the location of this area in Western Australia and also the
location of Shark Bay. Black circles denote cities and towns shown in italics.

Shark Bay is a world heritage-listed embayment and a popular tourist destination
[41]. Commercial fishers target Blue Swimmer Crabs directly using traps, and they are
also obtained as by-catch in prawn and scallop trawl fisheries [34]. This was the most
productive commercial Blue Swimmer Crab fishery in Western Australia (AUD 4 million)
before a marine heatwave in the austral summer of 2010/11 led to a pronounced decline
in stocks [42]. The fishery was closed for a period of 18 months in 2012 and 2013 to promote
stock recovery and then reopened [34].

Recreational fishers target Blue Swimmer Crabs from a boat and/or the shore
(including jetties) using baited traps, scoop nets, wire hooks, and their hands. Retained
crabs must be 2127 mm carapace width (CW), and a daily personal bag of 10 crabs and a
boat limit of up to 20 crabs, depending on the number of licensed fishers, applies. Berried
females (i.e. those carrying eggs) are not able to be retained, and a temporal closure occurs
during the main spawning period [33]. Only boat-based recreational fishers require a
license. Compliance is enforced by the State Government Department of Primary
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Industries and Regional Development, which conducts patrols of waterways [43], and
illegal fishing can be reported to a 24 h phoneline “Fishwatch”.

Black Bream are a long-lived sparid that typically resides in the upper riverine
reaches of estuaries, particularly amongst woody debris [44]. The species is targeted by
recreational fishers throughout southern Australia [45]. A restocking program was
initiated as a response to consistently low catches in the Blackwood River Estuary, with
the hatchery-reared fish making substantial contributions to egg production (50%) in
some years [46,47].

Recreational Black Bream fishing occurs in the Swan-Canning and Peel-Harvey
estuaries on the lower-west coast [38,48] and in a suite of systems on the south coast of
Western Australia, most notably the Blackwood River Estuary, Walpole-Nornalup
Estuary and Wilson Inlet (Figure 1). The Blackwood River Estuary is fished by a single
commercial license holder using gill nets, and annual recreational Black Bream fishing
tournaments occur [49]. The waters of the Walpole-Nornalup Estuary are listed as a
Marine Park, and no commerecial fishing is permitted [50]. In contrast, up to 14 commercial
fishers use gill nets to target a range of finfish species, including Black Bream in Wilson
Inlet [34].

Recreational Black Bream fishing is conducted using rod and line with both bait and
lures from the shore, boats, and kayaks. The minimum total length for retention is 250 mm
total length, with a bag limit of six fish per day [51]. An additional regulation applies in
the Swan—Canning Estuary, with only two of those fish allowed to be >400 mm.

2.2. Surveys of Recreational Fishers

This study used two sequential data collection methods, i.e., (Phase 1) face-to-face
semi-structured interviews and (Phase 2) an online questionnaire. The semi-structured
interviews were conducted with 94 Blue Swimmer Crab fishers at 18 sites and with 137
Black Bream fishers at 34 sites. Interviews comprised a series of open-ended questions to
gather data that informed a subsequent closed-question online survey. Full details of the
rationale of this and the methodology employed are given in [32], and thus, only
undescribed components are provided below.

Questions in the online survey were designed to determine the ‘possible issues that
could affect the Blue Swimmer Crab/Black Bream fishery in the estuary where you fish’,
and respondents selected if they agreed, disagreed, or were unsure with issues provided
during the face-to-face survey and about the ‘current state of the fishery compared to
when you first started fishing” and whether a range of effects (e.g., the size of their target
species) had increased, decreased or remained the same. The next questions addressed the
respondents’ thoughts on the current state of fishery management (i.e., agree, disagree, or
unsure), the acceptability of various management measures (i.e., very acceptable,
acceptable, neutral, unacceptable, very unacceptable), and whether a range of existing
management measures (e.g., bag limits) should be increased, decreased, remain the same
or unsure. The salient beliefs relating to stock enhancement identified from the face-to-
face interviews were presented to respondents as a rating scale and organised into rating
pairs [52]. The first scale gave an indication of the strength of belief in the statement, while
the second scale indicated the evaluation of the belief. These were followed by a question
that was focused on the overall attitude towards the implementation of stock
enhancement. Finally, for those fishers using the Blue Swimmer Crab fishery, where the
majority of crabs are consumed [32], respondents were asked what they would do if they
caught a hatchery-reared crab, e.g., would they eat it, release it, or keep it for a
friend/family member. A total of 571 recreational Blue Swimmer Crab and 151 recreational
Black Bream fishers completed part of the survey.

2.3. Data Analyses

Dual belief and evaluation coding schemes were recoded to follow Francis et al. [53].
Thus, while the belief strength was measured on 7-point scale from 0 (‘very unlikely’) to
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+6 (‘very likely’), the accompanying belief evaluation was placed on a scale of -3 (very
bad) to +3 (very good). The measures associated with each question were subsequently
multiplied together to form a cross-product for each belief, which ranged from -18 (very
likely and very bad) to +18 (very likely and very good). The cross-product represents the
belief-based attitude, which provides an indication of how strong the belief is and whether
the belief is associated with a positive or negative attitude.

The number of respondents (i.e., ‘n") to each question and for each target species were
used to calculate the percentage of respondents that selected each option and used to
construct a Bray—Curtis resemblance matrix. This was then subjected to the CLUSTER-
SIMPROF routine to determine if the views of respondents utilising the various fishing
locations (Figure 1) and fisher groups (Table 1) differed from one another. Full details of
the derivation of the fisher groups are given in [32]. A similar approach was used to
analyse belief strength, belief evaluation, and belief-based attitude. However, as these
response data were numbers rather than percentage composition, a Euclidean distance
(instead of Bray—Curtis) was used as the resemblance coefficient. The social acceptability
of each of the potential management options was compared by first converting the ranking
to a number (i.e., very unacceptable = 1 through to very acceptable = 5). The rating of each
management option was compared using an independent-sample Kruskal-Wallis test for
each target species separately, using SPSS v24 (IBM, New York, USA). If a significant
difference was detected (p < 0.05), pairwise Dunn’s post-hoc tests were used to determine
which subsets of data differed significantly.

Table 1. Description of the typical characteristics exhibited by members of each group of (a) Blue
Swimmer Crab and (b) Black Bream fishers identified by Tweedley et al. [32].

Fisher Group Name Description
(a) Blue Swimmer Crab
a Very frequent fishers Fishers that fish >150 times per year and of intermediate/expert skill level
b Experienced boat-based  Fishers that have fished for >40 years, primarily from a boat using drop
fishers nets
c Inexperienced boat-based  Fishers that have fished for ~10 years, primarily from a boat using drop
fishers nets
J Relatively experienced, Expert fishers that have fished for ~25 years, primarily from the shore,
expert shore-based fishers using a range of methods
. Inexperienced shore-based  Fishers that have fished for ~7 years, primarily from a shore using drop

drop net fishers nets

f

Inexperienced, shore-based Novice fishers that have fished for <10 years, primarily from a shore, using

novice fishers a range of methods
g Bi-monthly, hand fishers Fishers that fish every two months and catch their crabs by hand
(b) Black Bream
a Very frequent fishers Fishers that fish >150 times per year and of intermediate skill level
b Very frequent, expert lure Fishers that fish >150 times per year are of expert skill level; they use
fishers expensive fishing gear and lures and fish in competitions
c Experienced fishers Fishers that have fished for ~40 years, primarily from a kayak/boat and of

intermediate/expert skill, some of whom fish in competitions

Inexperienced intermediate- Intermediate skills fishers that have fished for <10 years, primarily from a

skilled fishers kayak using relatively cheap gear, and who do not enter competitions

Inexperienced but keen = Intermediate/expert fishers who have fished for <10 years, use expensive
fishers gear, and fish in competitions
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3. Results
3.1. Demographics

Full demographic details are given in Supplementary Tables S1 and S2. In brief, the
recreational Blue Swimmer Crab fishers who completed the online survey were
predominantly male (83.9%), between 35 to 44 years old (27.2%), and had fished for more
than 10 years (60.4%). Recreational Black Bream survey participants were also
overwhelmingly male (93.4%); most were in the 25-34 (24.5%) and 35-44 years old
categories (27.4%) and had fished for between 11 and 20 years (28%).

3.2. Perceived Fishery Issues and Effects on Catches

When asked to comment on the potential issues affecting Blue Swimmer Crab
fisheries across Western Australia, only 2% of recreational fishers stated there were no
issues, with 88% disagreeing with this statement, saying that these fisheries experienced
problems (Figure 2a). Of the ten salient issues identified in the face-to-face interviews,
between 23 and 75% of respondents in the online survey agreed that all 10 were present.
The top five issues related to fishing, i.e., (i) taking of undersized crabs (75% agree), (ii)
overfishing (68%), (iii) catches exceeding the bag limit (68%), (iv) recreational fishing
(62%), and (v) commercial fishing (59%; Figure 2a). Non-fishing issues, i.e., pollution and
climate change, were selected by comparatively few fishers (both 23%). Except for the
retention of undersize crab by recreational fishers, which was selected by more fishers
utilising the Peel-Harvey (80%) than the Swan—Canning (67%), the views of fishers were
relatively consistent between these two adjacent systems (Supplementary Table S3). The
views of individuals fishing in Leschenault differed in some cases from those using other
estuaries, with proportionally fewer people agreeing that overfishing, commercial fishing,
and a lack of education were affecting the fishery but conversely that the taking of
undersized crabs and pollution were more important issues.
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Figure 2. Percentage of recreational (a) Blue Swimmer Crab (1 = 434) and (b) Black Bream (n = 115)
fishers that agreed, disagreed, or were unsure about the effects of potential issues on their chosen
fishery. Issues ranked by the percentage of respondents who agreed with the issue.

Like Blue Swimmer Crab fishers, only 3% of recreational Black Bream fishers
considered there were no issues affecting the fishery, compared with between 19 and 70%
of fishers who agreed with the other issues (Figure 2b). The issues that most fishers agreed
to were: (i) the taking of undersized fish (70% agree), (ii) lack of education (67%), (iii)
overfishing (66%), and (iv) exceeding the bag limit (57%). Climate change was the least
supported issue, with only 19% of Black Bream fishers considering this an issue. The above
issues were consistent across estuaries, except for the taking of undersized fish and
exceeding the bag limits, which were more prevalent in fishers in the Peel-Harvey and
Swan-Canning than in the Blackwood. The reverse was true for their views on climate
change (Supplementary Table 54).

Compared to when they started fishing, most recreational fishers stated that the sizes
of Blue Swimmer Crabs had declined over time (56% overall), with these trends being
stronger in the Leschenault (70%) and Shark Bay (100%) than in the Peel-Harvey and
Swan—Canning (57 and 53%, respectively; Figure 3a). The abundance of Blue Swimmer
Crabs was said to have declined overall and in each system (69-83%), with around one-
third of respondents stating that this decline was also true for the abundance of other
species caught. It should be noted, however, that 50-67% of fishers said this has not
changed (Supplementary Table S5). Fishers also stated that both the number of people
fishing (81%) and the time spent fishing to catch crabs increased (59%); however, most felt
that the number of sites (56%), depth of those sites (75%), and the distance they needed to
visit to catch crabs (58%) remained similar.
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fishers that considered that measures of their catches and fishing trips had changed. Note Black
Bream fishers were not asked questions about fishing depth and time spent fishing (n/a).
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In general, recreational fishers stated that both the size and abundance of Black
Bream had declined (60 and 56%, respectively; Figure 3b); however, this varied among
estuaries. The greatest perceived decline in size was recorded by fishers in the Blackwood
(81%) and Swan—Canning (86%), least in the Wilson (0%), and intermediate in the Peel-
Harvey (37%; Supplementary Table S6). The perceived decrease in Black Bream
abundance was also greatest in the Blackwood (81%) and least in the Wilson (0%). The
proportion of fishers perceiving a decline was greater in the Peel-Harvey (79%) than
Swan—Canning (56%).

3.3. Views of Current Management and Management Tools

When asked about Blue Swimmer Crab fishery management across Western
Australia, 27% of fishers agreed that they were well managed, and 39% disagreed (Figure
4). Fishers using the Swan—Canning were more likely than fishers in other systems to agree
that this fishing location was well managed (36% agree and 34% disagree). Fishers in the
Leschenault generally disagreed that this location was well managed (0% agree and 50%
disagree; Supplementary Table S7). The majority of fishers, overall (69%) and in each
location (66-85%), thought that better management of crab stocks was needed, with fishers
in the Leschenault and Shark Bay appearing to be the most concerned. Around 50% of all
respondents were unsatisfied with both the abundance and size of the Blue Swimmer
Crabs (Figure 4), with this proportion increasing significantly in Shark Bay
(Supplementary Table S7).
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Figure 4. Percentage of recreational Blue Swimmer Crab (n = 421) and Black Bream (n = 115) fishers
that agreed, disagreed, or were unsure about aspects of the management of their fisheries.

Recreational Black Bream fishers were more likely to disagree (46%) than agree (14%)
that the fishery was well-managed (Figure 4). Most (69%) considered that stocks needed
to be better managed, and they were unsatisfied with the number (61%) and size (63%) of
Black Bream caught (Figure 4). The views of Black Bream fishers were fairly consistent
across fishing locations, except that in all cases, fewer fishers that used ‘other’ estuaries
were unhappy. Fewer fishers were unhappy with the management of the fishery in the
Swan-Canning (38% disagreed with the statement that it was well managed) than the
other systems (62% in Blackwood and 79% in Peel-Harvey) (Supplementary Table S8).

When asked about the acceptability of a range of current and potential fishery
management options to regulate recreational catches of Blue Swimmer Crabs, those
currently in place (except for gear restrictions) were deemed, on average, very acceptable,
whereas options that have not been implemented were less popular, except for stocking
(Figure 5a). On a scale of 1 (very unacceptable) to 5 (very acceptable), the means for the
acceptability of the nine management options ranged from 4.72 (minimum size limits) to
2.75 (maximum size limits; Figure 5a). A Kruskal-Wallis test demonstrated that there was
a significant difference among the options (H =781.9, p <0.001), with subsequent pairwise
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tests identifying four groups of options that differed in their acceptability (Figure 5a). The
highest mean score for acceptability was 4.72 for minimum size limits, which was
significantly greater than those for all other options, with 84% of respondents considering
this option very acceptable. The group of the next most acceptable options (mean scores =
4.32-4.46) contained a suite of existing options, i.e., temporal closure, monitoring fishers,
education, bag limits, and one possible option, i.e., stocking. These were deemed ‘very
acceptable’ by between 58 and 66% of fishers, which rose to 81-90%, including those who
also found them ‘acceptable’. Generally, only ~5% of respondents considered these as
either ‘unacceptable’ or ‘very unacceptable’. Gear restrictions and spatial closures,
however, were less popular (3.81 and 3.66, respectively), with only ~35% of fishers
considering them ‘very acceptable’. The least acceptable option, with a mean score of only
2.75, was maximum size limits. Only 24% of fishers considered this either ‘very acceptable’
or ‘acceptable’ compared to 45% who selected unacceptable or very unacceptable (Figure
5a).
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Figure 5. Mean ratings (+95% confidence limits) and percentage of fishers that chose a management
acceptability rating for each of the management options that currently are or could potentially be
used to manage (a) Blue Swimmer Crab (n=411) and (b) Black Bream (n =113) fisheries, respectively.
Management options are ordered by mean rating (i.e., acceptability). Letters in italics above columns
indicate significant differences between management options as determined by pairwise Kruskal—
Wallis tests.

The views on managing crab fisheries differed among fisher groups and locations,
except for stock enhancement (Supplementary Table S9). Between 50 and 67% of
respondents selected stocking as very acceptable, being least for fishers utilising Shark
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Bay and greatest for fishers in group g (bi-monthly hand fishers). Fishers crabbing in the
Peel-Harvey and Swan—-Canning had similar views on the acceptability of all measures,
and these differed from those of fishers in Leschenault for five of the nine measures and
those in Shark Bay for eight of the nine. In general, a smaller proportion of fishers in
Leschenault found the measures to be very acceptable, although often more selected
‘acceptable’. The trend for a lower proportion of fishers finding measures very acceptable
was even more marked for those utilising Shark Bay (0% for maximum size limits to 50%
for minimum size limits). Views towards management measures varied less among
respondents in the various fisher groups, with any differences mainly due to a greater
proportion of fishers in groups a (very frequent fishers) and g (bi-monthly hand fishers)
finding measures very acceptable, proportionally more than in the other groups
(Supplementary Table S9).

The acceptability of a range of current and potential fishery management options to
regulate the catch of Black Bream ranged from a mean of 4.58 (i.e., the high proportion of
very acceptable responses for minimum size limits and stocking) to 2.17 (i.e., the high
proportion of unacceptable and very unacceptable, restricting access to recreational
fishers; Figure 5b) and differed significantly among management options (Kruskal-Wallis
H =420.2, p <0.001). Pairwise tests identified five groups of options that differed in their
acceptability, although some, e.g., fisher education, were selected in multiple groups
(Figure 5b). The options deemed most acceptable were minimum size limits and stocking,
with >90% of respondents finding these very acceptable or acceptable (Figure 5b). Fisher
education, maximum size limits, restricting commercial fishing, monitoring fishers, and
bag limits were all relatively similar in their acceptability, with mean values ranging
between 4.46 and 4.08 (Supplementary Table 510). On average, fishers had neutral views
towards spatial closures (2.86) and temporal closures (2.70), with few fishers finding these
options either very acceptable or acceptable (total 30-36%; Figure 5). The least acceptable
measure, with a mean score of only 2.17, was restricting recreational fishing, where only
20% of fishers considered this either very acceptable or acceptable.

As with Blue Swimmer Crabs, recreational Black Bream fishers considered stock
enhancement acceptable across all estuaries, with this also being true for fisher education,
maximum size limit, spatial closure, and restricting recreational fishing (Supplementary
Table S10). Among the measures whose acceptability differed among estuaries, minimum
size limits were most acceptable in the Blackwood (92% very acceptable), followed by the
Swan—Canning (79%) and then the Peel-Harvey and ‘other’ estuaries (71 and 72%
respectively). Both restricting commercial fishing and fisher monitoring were more
acceptable to fishers utilising the Peel-Harvey than the other estuaries, but the reverse
was true for bag limits.

When asked whether any of the existing management measures for Blue Swimmer
Crab fishers should change, the majority of recreational fishers across all locations and
representing different fisher groups, considered that the minimum size limit, bag limit
and boat limit should remain the same, but that fisher surveillance and education should
be increased (Figure 6a; Supplementary Table S11). Marked differences in opinions about
temporal closures were found among respondents utilising different locations, with 260%
of those in the Peel-Harvey and Shark Bay saying the temporal closures should be
extended compared to 42 and 45% in the Swan-Canning and Leschenault.
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Figure 6. Percentage of recreational (a) Blue Swimmer Crab (1 = 394) and (b) Black Bream (n = 111)
fishers that chose an option about whether management option should change or remain the same.
Note Black Bream fishers were not asked questions about temporal closures (n/a).

When the same questions were asked of recreational Black Bream fishers, most fishers
wanted the minimum size limit to remain the same, particularly those very frequent
fishers (group a), although a substantial proportion wanted it to increase. Support was
elicited for an increase in fisher education (75-100% of fishers in all locations) and the level
of fisher surveillance to increase (Figure 6b; Supplementary Table S12). Fishers’ views
towards bag and boat limits were split between those supporting a decrease and those
wanting the limits to remain the same. Views towards changes in existing measures were
similar among all locations except for increasing fisher education, which was supported
by 75% of fishers utilising the Blackwood compared to between 86 and 100% of fishers in
the other estuaries.

3.4. Beliefs and Attitudes to Stock Enhancement

The mean strength for each of the six behavioural beliefs identified in the face-to-face
interviews and rated by recreational crab fishers on the online survey, i.e., the likelihood
of each belief to occur if stock enhancement of Blue Swimmer Crabs is implemented,
ranged from +4.78 to 2.20 (on a scale of 0 to 6; Supplementary Table S13) and differed
significantly (H = 498.5; p < 0.001). Pairwise tests demonstrated that the beliefs fell into
three groups (all p < 0.05; Figure 7a): (a) outcomes that were considered likely, i.e., that
stock enhancement would result in an ‘increase in the number of crabs’, result in ‘more
crabs to catch’ and also “more fishers fishing’ for the Blue Swimmer Crabs (4.78-4.54), (b)
outcomes where fishers were unsure (i.e., neutral) of what would happeni.e., an “increase
in fishing pressure’ (3.05) and ‘impact on the environment’ (2.87), and (c) those that were
slightly unlikely following stock enhancement, i.e., ‘no change in the abundance of crabs’
(2.20). The views of fishers (overall) were consistent with those for each fishery and each
fisher group, except those utilising Shark Bay, where the views in belief group b (increase
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in fishing pressure and environmental impact) and ¢ (no change in crab abundance) were
considered more unlikely (Supplementary Table S13).
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Figure 7. Mean ratings (+95% confidence limits) for each stock enhancement belief across (a) belief
strength, (b) belief evaluation, and (c) cross-products for stock enhancement of Blue Swimmer Crabs
(n = 352). Letters in italics above or below columns indicate significant differences determined by
pairwise Kruskal-Wallis tests.

The mean evaluation for each behavioural belief, i.e., whether the outcome from any
stock enhancement program would be good or bad, ranged from +2.14 to -1.50 (on a scale
of -3 to +3) and differed significantly among beliefs (H = 985.5; p <0.001; Figure 7b). Three
different groups of beliefs were identified (p < 0.01; Supplementary Table S13); group a
contained two of the outcomes associated with a positive judgement, i.e., ‘increased
number of crabs’ and ‘more crabs to catch’ (2.14 and 2.17, respectively), group c beliefs
were associated with a negative effect, i.e., ‘increase in fishing pressure’ (-1.50), ‘no change
in crab abundance’ (-1.31), and ‘impact on the environment’ (-1.30), while group b
contained the neutral/somewhat bad view (-0.55) regarding the potential for ‘more fishers
fishing’. The views of fishers were consistent among the various locations but differed
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between fisher groups (Supplementary Table S13). Generally, the views of fishers in
groups b, ¢, d and f were consistent with the overall Blue Swimmer Crab fishing
community. However, those in group a (very frequent fishers) considered ‘no change in
crab abundance’ to be a worse outcome than fishers in other groups. Fishers in group e
(inexperienced shore-based drop net fishers) were more optimistic that no change in crabs
following stock enhancement is not as bad as other groups and were less worried that it
would ‘impact on the environment’.

The mean cross-product, i.e., the belief strength x belief evaluation (belief-based
attitude), for the six behavioural beliefs of Blue Swimmer Crab fishers to stock
enhancement, ranged from +10.45 to —-3.41 (on a scale of +18 to -18) and were found to
differ significantly (H =884.2; p <0.001; Figure 7c). As with the belief evaluation, the cross-
product for only an ‘increase in crab number’ (+11.45) and ‘more crabs to catch” (+10.39)
were positive and significantly greater than all other beliefs (p < 0.001;). The beliefs that
there will be “more fishers fishing’, ‘no change in crab abundance’, and an ‘impact on the
environment’, were all negative going from bad but unlikely (-1.18 and -1.28), to likely
and somewhat bad (-2.10). The lowest cross-product was for ‘increased fishing pressure
(-3.41).

The cross-products of the six beliefs differed significantly among locations and fisher
groups (Supplementary Table S13). Fishers in the Leschenault and Shark Bay had a more
positive view of more ‘more fishers fishing” and ‘impact the environment’ compared to
fishers in the Peel-Harvey and Swan-Canning. Among fisher groups, those in b, ¢, 4, and
f were similar to the overall population of fishers, with those in a and particularly g being
more concerned about the impact of ‘increased fishing pressure” and group g was also
more concerned about ‘more fishers fishing’. Fishers in group e (inexperienced shore-
based drop net fishers) had positive belief-based attitudes.

The mean strength for each of the five behavioural beliefs identified by recreational
Black Bream fishers that could occur if stock enhancement is implemented ranged from
+5.34 (increasing number and more bream to catch) to 1.08 (too many bream) and differed
significantly (H = 285.2; p < 0.001). Pairwise tests demonstrated that the beliefs fell into
three groups (all p <0.05; Figure 8a). These were (group a) outcomes that were considered
very likely, i.e., “increase in the number of bream” and ‘more bream to catch’ (both ~5.3);
(group b) outcomes, which fishers thought were somewhat unlikely would happeni.e., an
‘increase in fishing pressure’ (2.02) and (group c) those considered unlikely following
stock enhancement, i.e., ‘less bream surviving’ and ‘too many bream’ (~1.1). These views
represented all fishers were consistent across all locations and fisher groups, except those
utilising Wilson, where almost all beliefs were considered ‘somewhat likely” to ‘likely’ to
occur (Supplementary Table S14).
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Figure 8. Mean ratings (+95% confidence limits) for each stock enhancement belief across (a) belief
strength, (b) belief evaluation, and (c) cross-products for stock enhancement of Black Bream (n =
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pairwise Kruskal-Wallis tests.

The mean evaluation for each behavioural belief ranged from +2.58 to —2.41 and
differed significantly (H = 317.9; p < 0.001), with pairwise testing identifying four groups
of beliefs (Figure 8b). Three of the beliefs were associated with a positive judgement, with
‘increased number of bream’ and ‘more bream to catch’ (2.57 and 2.58, respectively)
having significantly higher values than all other beliefs (KW p < 0.001; Supplementary
Table S14). The other positive belief was that there would be ‘too many bream’ (1.44). An
‘increase in fishing pressure’ (-1.98) and ‘less bream surviving’ (-2.41) were considered to
be the worst beliefs associated with stock enhancement and were significantly lower than
all other beliefs (all p < 0.05; Figure 8b). The views of fishers were consistent among the
various fisher groups but differed between locations. The fishers” evaluation of the beliefs
were generally fairly consistent except for ‘too many bream’, with those utilising the
Blackwood, Peel-Harvey, Swan—Canning considering this to be somewhat good —good
(+2.56 and +2.27, respectively), those in the Wilson (0.00) and ‘other’” (+0.59) had a more
neutral view (Supplementary Table S14).
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The mean cross-product for the six behavioural beliefs of Black Bream fishers to stock
enhancement ranged from +13.54 to -2.84 and differed significantly (H = 321.7; p < 0.001;
Figure 8c). As with the belief evaluation, both ‘increase in bream numbers’ (+13.45) and
‘more bream to catch’ (+13.28) were strongly positive (i.e., good and likely) and differed
from all other beliefs (p < 0.001; Supplementary Table S14). The beliefs that there will be
‘less bream surviving’ and ‘increasing fishing pressure’ were both slightly negative (i.e.,
-1.77 and -2.84, respectively), meaning they were considered bad but unlikely. Overall,
beliefs about their being ‘too many bream’ were neutral (+0.54).

The cross-products of the behavioural beliefs for the fishers of both species revealed
similar trends (Figures 7c and 8c), i.e., that stock enhancement would lead to increased
numbers of both target species and more individuals to catch, with these being slightly
more positive amongst Black Bream fishers (i.e., ~13.5 vs. ~10.5). Moreover, in both species,
beliefs relating to the potentially deleterious effects of stock enhancement, i.e., ‘increased
fishing pressure’ (both species), ‘environmental impacts’ (Blue Swimmer Crab only), and
‘less bream surviving’ were all regarded as unlikely and only somewhat bad (range = 0.54
to -3.4).

More than 85% of respondents agreed with the statement that stock enhancement of
Blue Swimmer Crabs would be a good undertaking, with 45% stating that it would be
very good. In contrast, only 4% of fishers thought that it would be a very bad thing to do
(Figure 9). The views of these fishers were similar among both locations (H = 4.06; p =
0.254) and fisher groups (H = 9.35; p = 0.156). An even higher percentage of Black Bream
fishers considered stock enhancement as a good thing, i.e., 93%, with 63% stating it would
be very good. Although these views were consistent among locations (H = 2.15; p = 0.543),
they differed significantly among fishers in groups d (inexperienced and intermediate skill
fishers) and e (inexperienced but keen fishers), i.e., those with large enough numbers of
respondents to provide a rigorous test (H = 7.23; p = 0.007). Both groups were strongly
supportive of enhancement; however, a small minority of fishers in group d had negative
opinions of this management measure (i.e., 3.7% very bad and 3.7% somewhat bad). In
contrast, no respondents from fisher group e selected one of the negative options and, in
fact, 82% selected very good and 15% good (Figure 9).
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Figure 9. Mean ratings (+95% confidence limits) and percentage of recreational fishers that selected
each attitude category for the question ‘Overall, I think using stock enhancement as a management
option is” for all Blue Swimmer Crab (n = 323) and Black Bream (n = 98) fishers and those bream
fishers in groups d (inexperienced intermediate skilled fishers) and e (inexperienced but keen
fishers).

3.5. Implications for Stock Enhancement

If stock enhancement was to occur, 88% of recreational Blue Swimmer Crab fishers
and 96% of recreational Black Bream fishers stated they would continue to fish for their
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target species (Supplementary Table S15). These views were consistent across all crab
fishing locations (87-89%; p > 0.05) and fisher groups (82-100%; p > 0.05) except for those
fishers utilising Shark Bay and those in group ¢ (bi-monthly hand fishers), where the
proportion of fishers who agreed with the statement was less and those that were unsure
increased. The views of Black Bream fishers regarding whether they would fish after stock
enhancement were homogenous across locations and fisher groups (p > 0.05;
Supplementary Table S15).

As the main motivation for recreational fishing for Blue Swimmer Crabs is food [32],
fishers were asked a series of questions about what they would do if they caught a
hatchery-reared crab. The vast majority (84%) agreed with the statement that they ‘would
eat it as if it was wild crab’, with only 3% disagreeing (Figure 10). A similar trend was
exhibited by fishers in all locations (81 to 95%) and between all fisher groups (80 to 88%)
except a (very frequent fishers) and g (bi-monthly, hand fishers), where a greater
proportion of fishers disagreed (20% and 17%, respectively vs. 0-6% for the other groups),
although this did not reduce the proportion of those fishers that agreed (Supplementary
Table S16). Fishers were generally unsure whether they would prefer aquaculture to wild
crabs, with responses spread uniformly amongst the three options but with most (41%) in
the ‘don’t know’ category. Most fishers stated that they disagreed with the following
statements: ‘I would not eat it myself but would keep it for family/friends’ and ‘I would
release after capture, I don’t like aquacultured crabs’ (75 and 64%, respectively), further
reinforcing their earlier statement about eating stocked crabs as if they were “wild” crabs.
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Figure 10. Percentage of Blue Swimmer Crab fishers (1 = 367) that chose options related to what they
would do if they caught a hatchery-reared crab.

4. Discussion

Estuaries and their component fisheries are subject to a multitude of pressures, some
of which are competing and often require a suite of management measures to maintain or
improve sustainability. Engaging fishers and understanding their thoughts on
management options can be beneficial and boost community support for those measures
and, as a result, increase compliance [9,10,54]. This is particularly valuable for recreational
fishers who act relatively autonomously, and thus, their management often relies heavily
on encouraging voluntary compliance. This study evaluated the salient views of
recreational fishers on issues affecting the Blue Swimmer Crab (Portunus armatus) and
Black Bream (Acanthopagrus butcheri) fisheries in Western Australia, current and potential
management arrangements for these two species, and how they perceive stock
enhancement as a management option.
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4.1. Perceived Fishery Issues

The vast majority of recreational crab fishers considered their fisheries to be
experiencing problems and elicited ten issues, of which the top five were all catch-related,
i.e, taking undersize crabs, overfishing, exceeding the bag limit, and too much
commercial and recreational fishing. Similar results were obtained from recreational
bream fishers, with the taking of undersized fish, lack of fisher education, overfishing, and
exceeding the bag limit as the main issues. The focus of fishers on catch-related issues is
not surprising given that the main motivations of crab and bream fishing are catch-
orientated, albeit for consumptive and trophy reasons, respectively [32].

Inter-estuarine differences among recreational crab fishers were mainly due to (i) the
retention of undersize crabs being raised by more fishers in the Peel-Harvey than the
Swan—Canning and (ii) fewer fishers in Leschenault selecting commercial fishing as an
issue. It should be noted that in the context of the Peel-Harvey crab fishery has the highest-
recorded levels of non-compliance of any fishery in Western Australia, with 20% of all
reported enforcement issues along the Western Australian coast being from this estuary
[40] and stories of infringements are often reported in print, broadcast and social media.
This highlights the issue of non-compliance and raises awareness among fishers and could
thus have influenced their views. Commercial crab fishing was occurring in the Swan-
Canning and Peel-Harvey estuaries at the time of the surveys, but operations ceased in
Leschenault in 2001 [55], explaining the reduced proportion of concerns about this issue
in that estuary. For most of the elicited issues, a similar proportion of recreational fishers
for both species agreed. However, a greater proportion of crab than bream fishers
mentioned exceeding the bag limit, which could reflect the consumption-oriented nature
of crab fishing and the fact that most bream fishers release their catches [32].

Non-catch issues such as pollution and climate change were identified by only a
small proportion of recreational crab and bream fishers. Although many estuaries globally
are focal points for industrial activities [56,57], aside from port facilities at the mouths of
the Swan—-Canning and Leschenault, there is limited evidence of heavy industrialisation
of estuaries in the region [58], and there are no regular signs of contamination, e.g.,
chemical/oil spills. Furthermore, although many estuaries in south-western Australia
suffer from eutrophication [58] until visible micro-and macroalgal blooms and fish kills
occur (e.g., [24,59]), the local community may not be aware that such environmental issues
exist (e.g., [60]). It is noteworthy that a larger proportion of bream than crab fishers raised
pollution as an issue, as typically, algal blooms and fish kills occur in the more upstream
reaches of estuaries where Black Bream resides [21,44]. Thus, bream fishers may witness
such perturbations more frequently than those fishers targeting crabs in more
downstream areas.

A survey by Ryan et al. [61] on recreational fishers in Western Australia demonstrated
that most accepted that climate change was occurring, albeit this proportion was less than
that for the broader Australian population [62], and 60% had noticed changes in the
species caught, for example, finding tropical species in temperate waters (e.g., [63]). To
account for the discrepancy in acceptance of climate change between the above two
studies, it was suggested that the reduced acceptance of climate change observed among
fishers might be due to the potential attribution of changes to a range of factors, e.g.,
natural variability in abundance, fishing effort, water quality, and habitats and so it is
difficult to disentangle the effect of climate change [61]. Moreover, although there is
evidence to suggest that the growth rates of Black Bream are slowing due to climate
change [25,26], this information is not well-known in the fishing community. Thus, while
the presence of fish outside their normal spatial distribution is relatively easy to detect
and attribute to climate change, other effects are less obvious, such as reduced dissolved
oxygen levels or changes in prey availability [64,65].
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4.2. Views of Current Catches and Management

The majority of recreational fishers for both species stated that, in their opinion, both
the abundance of crabs and bream and their sizes had decreased and that the number of
fishers targeting them had increased. The views of crab fishers in the online survey are
consistent with those from separate face-to-face surveys in the Swan—Canning and Peel-
Harvey estuaries, with the declines in the size of crabs in the Swan-Canning also
supported by scientific monitoring data and those relating to size and abundance in
historical newspaper records [35]. The reported reduction in size and abundance of Black
Bream is also mirrored by declines in growth and body condition of individuals and a
movement from deeper, offshore waters into shallower, nearshore waters due to
decreased freshwater flow and an increase in the extent of hypoxia [25,26]. The increase
in the number of fishers reported by respondents in the current study reflects the
increasing population of Western Australia, which has resulted in the estimated number
of recreational fishers more than doubling from 315,000 in 1989/90 to 711,000 25 years later
[31] and the iconic nature of these fisheries.

In general, recreational crab fishers perceived crab fisheries as needing better
management, with the Swan—Canning Estuary rated as the best managed and Shark Bay
as among the worst (i.e., 34% and only 17% of respondents stating the fishery was well-
managed, respectively). As crab fishers’ motivations are strongly consumption-orientated,
with fishers wanting to ‘catch enough crabs to eat’ and ‘catch big crabs’ [32], it is likely
their views are influenced by their catch success. It is thus relevant that fishers perceive
crabs from the Swan-Canning as being larger than those from the Peel-Harvey, a view
supported by scientific data [35]. Furthermore, high numbers of non-compliant
recreational fishers have been apprehended over time in the Peel-Harvey [40], which
could influence the views on management for this system compared to the Swan-
Canning. In Shark Bay, the relatively negative views on management could have been
influenced by the closure of the crab fishery for 18 months in 2012 and 2013 in response to
low crab abundance due to a marine heat wave [42].

Recreational bream fishers considered their fisheries to be more poorly managed than
crab fishers. This could be linked to the obvious signs of degradation present in the
upstream areas of estuaries in the region [21,22]. Additionally, as fishers regard Black
Bream as a trophy species [32], declines in growth mean there are fewer larger fish [66],
which may have impacted their fishing experience and, thus, perceptions of management.
The estuaries where people were most satisfied were in the ‘other’ category, which
includes systems such as the Beaufort and Stokes inlets that are located in regional areas
and so are less heavily fished [31,45]. Note that this survey was conducted before a major
fish kill (including large numbers of Black Bream) occurred in Beaufort Inlet [24].

While fisher’s views on management between species and among fishing locations
seem to be related to real-world events, some biases may be present. For example,
although Australian fisheries have a reputation of typically being well-managed [67] and
the Peel-Harvey Blue Swimmer Crab fishery has Marine Stewardship Council
certification [39], recreational fishers may have a tendency to engage with information that
states that fisheries are not well managed/could be better managed (i.e., confirmation
bias). Additionally, some fishers may hope that their response to a survey will result in a
desired outcome, e.g., reduced commercial catch allocation, and therefore, provide
answers that may be biased (i.e., response bias).

4.3. Opinions on Management Tools

Existing management measures were the most popular for crab fishers, i.e., minimum
size limit, followed by temporal closure, fisher monitoring, fish education, and bag limits.
Of the potential management options not currently in use, stock enhancement received
the most support (94% = good). These results are consistent with Garlock and Lorenzen
[15], who found that marine fishers in Florida showed more support for various restrictive
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strategies, such as bag limits and minimum size limits, compared to stocking. Similarly,
Rubio et al. [68] found that minimum size limits, along with habitat-related management
strategies, were the most preferred interventions for coastal recreational fisheries in the
USA. This trend may be explained by the familiarity that fishers have with the existing
management policies, with fishers potentially preferring those regulations that they
currently comply with and understand [69]. For example, when fishers were offered a list
of alternative fishery regulations, they commonly selected those that were most similar to
existing ones [70,71]. Fishers are familiar with minimum size limits as these are commonly
used to manage recreational fisheries [72], easy to interpret, and they comprehend the
logic behind them (i.e., protecting fish until they mature) and communicate widely
through fishing apps and websites and also interpretative signs at fishing locations. Given
the well-publicised level of non-compliance in recreational fisheries, particularly in the
Peel-Harvey [40,73], it is not surprising that fisher surveillance and education were
strongly supported.

Although bag limits are among the most widely used management tools in
recreational fisheries [72], this option ranked low among options evaluated by recreational
crab fishers. This likely reflects the consumption-orientated motivation of crab fishers. For
example, despite respondents stating that reaching their bag limit of 10 crabs was not
among the strongest motivations, 37% admitted having retained more crabs than legally
allowed [32]. A previous survey on non-compliance found that 22% of respondents self-
reported that their average catch exceeded the bag limit of 10 crabs [43].

The least supported management options were spatial closures and maximum size
limits. Previous studies of recreational fishers in Western Australia have shown that
attitudes towards no-take zones vary with fishers” motivations and their specialization
[74]. Closed areas have been previously introduced in popular fishing locations for Blue
Swimmer Crabs. For example, recreational crabbing was permitted in the nearby marine
embayment of Cockburn Sound until 2006, when it was closed and remains closed today,
except for a 10-month re-opening in 2009-2010 [36]. Thus, fishers may be worried that if a
recreational crab fishery in a location is closed, it will remain closed, thus restricting fisher
access. Maximum size limits were the least popular management measure, reflecting the
strong primary motivation fishers have for ‘catching big crabs’ [32].

Similar results were obtained from Black Bream fishers, with existing management
options (e.g., minimum size limits, education, restricting commercial fishing, fisher
monitoring, and bag limits) being the most accepted. Stocking and maximum size limits
were the options that rated well but have not been widely employed. The support for
stocking reflects the generic support for this option and that it has been used successfully
before in the Blackwood River (see below). The support for a maximum size limit is likely
related to the trophy nature of the fishery [32]. Given that the highest rated motivation for
Black Bream fishing was to ‘catch a big bream (> 30 cm)’, the catch and release nature of
the fishery, and that the growth rates of this species have declined [25,75] (making larger
fish rarer) it seems logical this management option would be well-supported to maintain
stocks of larger individuals, despite it not being widely employed in Western Australia
[51]. Management options that would limit the opportunity for fishers to catch Black
Bream were the least acceptable, i.e., spatial and temporal closures and restricting
recreational fishing, a finding also reported for freshwater recreational fisheries in
Germany [76]. Spatial and temporal closures were substantially less popular amongst
recreational bream than crab fishers. It is relevant that recreational fishing was listed as
the eighth biggest issue of the nine identified by bream fishers, with 43% of fishers
agreeing and 30% disagreeing); in contrast, it was listed as fourth of ten by crab fishers
(62% agree and only 11% disagree). Moreover, most bream fishers reported catch-and-
release fishing, whereas crab fishers consumed their legal-sized catch. Based on these
results, recreational bream fishers likely feel their fishing has less of an impact on fish
stocks, and so management measures that restrict access are not considered acceptable.
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Combining their views on the fishery status and the acceptability of various existing
and potential management measures, recreational fishers think management needs
improving and have identified that the current fishery regulations are relatively socially
acceptable. In other words, they support the way the fishery is managed but think it needs
to be better managed. Crab fishers advocated for catch-related measures, i.e., size limit
and bag and boat limit, to remain the same and fisher education and surveillance to
increase. This would allow the stock to be protected by reducing non-compliance without
impeding catches reflecting the consumption-orientated nature of the fishery. Among the
three estuaries, increases in fisher surveillance were most strongly supported in the Peel-
Harvey Estuary, where non-compliance is greatest [40]. Differences in the level of support
for temporal closures were detected, with fishers from the Peel-Harvey more supportive
than those in the Swan—-Canning and Leschenault. At the time of the survey, a temporal
closure was only in place for the Peel-Harvey, and thus, the stronger support may reflect
fishers’ familiarity with this regulation [70,71].

Except for fisher education (increase) and surveillance (increase), recreational bream
fishers were generally split in their opinions on the acceptability of management
measures. For example, 58 and 49% overall wanted bag and boat limits to decrease,
compared to 36 and 40% who thought they should remain the same. While these views
are relatively consistent across estuaries, they differ markedly among fisher groups. This
showcases the heterogeneous views of fishery users [6,77], with avid and skilled fishers
who fish in competitions wanting these measures to be increased.

4.4. Stocking as a Management Option

Stocking was rated as among the most acceptable of the management options
provided and was clearly the most acceptable of those options not currently in use for
crabs, a short-lived invertebrate species targeted as a food source, and for bream, a longer-
lived finfish species targeted for sport. Thus, despite the differing biological characteristics
and motivations for fishing, stocking was a popular management option. Moreover, in
comparison to some of the other management options where the level of support differed
among systems or among fisher groups (i.e., heterogenous views), the views of fishers on
stocking were homogenous. While limited studies of fisher support for stocking have been
made in Australia [78], studies in Europe and North America suggest that there is
considerable support for such a program [15,79]. Belief elicitation in the current study
identified that, regardless of the species (crabs or bream), fishers thought stocking would
result in increasing numbers of their target species and, in turn, there would be more to
catch. Beliefs that releasing fish leads to improved catches have also been reported for
salmonids in Lake Huron [80]. It is likely that fishers prefer this management option over
measures that reduce access to fishing (e.g., spatial closures, licenses) and catches.
Stocking for Blue Swimmer Crabs has only been trialed at an experimental stage (release
of ~3700 individuals) [37,81] in Western Australia, while that for Black Bream has occurred
on a relatively large scale (~150,000 individuals) in the Blackwood Estuary [82]. Thus,
fishers' views on stocking Black Bream are likely deep-rooted [83] and/or based on their
familiarity with local programs, e.g., for trout in freshwaters [84] and the recently initiated
Snapper Guardians program in Cockburn Sound.

Unlike other studies [15,85], a moderate proportion of fishers identified some
negative outcomes that may result from a stocking program. These included increased
fishing effort [86,87], impacts on genetic diversity and abundance [88], predation and
competition between stocked and wild stock, and reducing wild populations [12]. The
belief elicitation demonstrated, however, that fishers considered these negative impacts
as only fairly likely, at best, and slightly bad. These views could reflect the strong desire
for catch-related outcomes from their fishing (i.e., more crabs for consumption or larger
bream (trophy-orientated)), and so fishers may downplay the negative impacts associated
with this management strategy due to their interest in catching greater numbers of their
target species and the belief that stock enhancement will enable this. This is probably due
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to a cognitive bias that results in a tendency to ignore the possibility of negative effects
and produces over-optimism, encouraged by the motivations of the fishers [78].

There is no evidence from our surveys to suggest that any stocking program would
deter recreational fishers from fishing. Moreover, the majority of crab fishers would eat a
hatchery-reared crab as if it was wild-spawned, and only 3% would release a hatchery-
reared crab if it was legal-size. This is relevant as any stocking program would have
associated costs, which could, if needed, be recouped from a license fee or through
increased recreational expenditure [89]. A study from British Columbia suggested that
stocking leads to an increase in participation and license sales [90]. At a local level,
anecdotal evidence from the stock enhancement of the Western School Prawn
(Metapenaeus dalli) in the Swan—-Canning Estuary suggested that recreational effort in this
consumption-oriented fishery increased, together with expenditure on fishing gear during
the stocking program [91].

5. Conclusions

This study has shown that most recreational fishers consider that Blue Swimmer Crab
and Black Bream fisheries in Western Australia suffer from a range of catch-related issues
(e.g., retention of undersized individuals and overfishing) and require better
management. The acceptability of several management options was evaluated, with the
most supported measures being those currently in place, along with stock enhancement,
reflecting the consumption-oriented and trophy-oriented motivations of crab and bream
fishers, respectively. Fishers considered increased fisher education and surveillance to be
important. If successful, these management measures would increase compliance and
sustainability of the fisheries without restricting access or catches. As managing
recreational fishers relies heavily on encouraging voluntary compliance, involving fishers
in the management process (co-management) could be useful. The development of a co-
management process could be informed by surveys such as those completed in the current
study [92]. Arguably, the generally homogenous views of crab fishers, when compared
with bream fishers, may mean that co-management of crab fisheries could be more readily
implemented. In contrast, co-management of bream fisheries, associated with more
heterogenous views across bream fisher groups, could be more challenging.

Stocking was universally accepted as a viable management option by recreational
fishers of both species in all locations and among fisher groups. The support from
recreational fishers for stock enhancement was due to their strong beliefs that such
programs would increase stocks and catches of their target species. While some fishers
considered that stocking may have some negative impacts, they considered these negative
impacts to be unlikely. Although autonomous in their individual decision-making and
compliance, recreational fishers are a key stakeholder group and, in some areas, can
significantly influence decision-making by management authorities [74]. Any co-
management would need to balance fisher expectations with the biological impact of
hatchery-reared fish on wild stock and increased fishing pressure.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/fishes8090460/s1. Table S1: Number of responses (1) and the
frequency of occurrence (%) of responses about the demographics of Blue Swimmer Crabs and Black
Bream fishers; Table S2: Number of responses (1) and the frequency of occurrence (%) of responses
about the characteristics of Blue Swimmer Crabs and Black Bream fishers; Table S3: Percentage of
recreational Blue Swimmer Crab fishers that agreed, disagreed or were unsure about the effects of
potential issues on their chosen fishing location; Table S4: Percentage of recreational Black Bream
fishers that agreed, disagreed or were unsure about the effects of potential issues on their chosen
fishing location; Table S5: Percentage of recreational Blue Swimmer Crab fishers that considered that
measures of their catches and fishing trips had changed; Table S6: Percentage of recreational Black
Bream fishers that considered that measures of their catches and fishing trips had changed; Table
S7: Percentage of recreational Blue Swimmer Crab fishers that agreed, disagreed or were unsure
about aspects of crab fishery management; Table S8: Percentage of recreational Black Bream that
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fishers agreed, disagreed or were unsure about aspects of fishery management; Table S9: Percentage
of recreational Blue Swimmer Crab fishers that chose a management acceptability rating for each of
the nine options that currently are or could potentially be used to manage Blue Swimmer Crab
fisheries in Western Australia; Table S10: Percentage of recreational Black Bream fishers that chose a
management acceptability rating for each of the ten options that currently are or could potentially
be used to manage Black Bream fisheries in Western Australia; Table S11: Percentage of recreational
Blue Swimmer Crab fishers that chose an option about whether management option should change
or remain the same; Table S512: Percentage of recreational Black Bream fishers that chose an option
about whether management option should change or remain the same; Table S13: Mean ratings for
each Blue Swimmer Crab stock enhancement belief across (a) belief strength, (b) belief evaluation
and (c) cross-products; Table S14: Mean ratings for each Black Bream stock enhancement belief
across (a) belief strength, (b) belief evaluation and (c) cross-products; Table S15: Percentage of
recreational (a) Blue Swimmer Crab and (b) Black Bream fishers that agreed, disagreed or were
unsure whether they would continue to fish if the population is stocked; Table 516: Percentage of
recreational Blue Swimmer Crab fishers that chose options related to what they would do if they
caught a hatchery-reared crab.
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