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Abstract

The pivotal role of humans in social-ecological systems has been globally recognised, particularly
for fisheries, yet human dimensions are often overlooked. The blue swimmer crab (Porfunus
armatus) is the most popular recreational fishery in south-western Australia and also supports a
small-scale commercial fishery. This study analysed the human dimensions of this fishery using
qualitative and quantitative data, including those extracted from interviews with commercial and
recreational fishers, newspaper records and the literature. Social network analysis was used to
define the fishery network structure and communication patterns between stakeholders.
Government agencies and the commercial sector were identified as key groups for information
sharing within the network. The results also revealed potential logistical and institutional barriers
to effective communication between different groups. Additionally, historical records and fisher
surveys were used to understand fishers” perceptions of changes in crab stocks’ through time and
revealed a perceived decrease in the average size of the crabs in the Peel-Harvey Estuary, which
paralleled trends evident in the literature. Non-parametric analyses of interview data on the beliefs
and attitudes of recreational and commercial fishers towards stock enhancement found that
fishers understand the benefits and drawbacks of this approach but considered that the benefits
were more likely to occur. Further investigation identified some differences (e.g., length of the
seasonal closure) and commonalities (eg., reducing fishing and increasing compliance) between
recreational and commercial fishers’ concerns and the management approaches they supported.
Finally, commercial fishers voiced a feeling of marginalisation influenced by new management
measures implemented in 2019. They perceived the buyout of commercial licenses as limiting their
access to the resource, while the lack of a shore-based recreational fishing license was seen to
support the recreational sector. These new insights into commercial and recreational fishers’ views
and understanding of the resource could be utilised to provide direction for future research and
management of blue swimmer crab fisheries in south-western Australia. This is the first baseline
study of the human dimensions of a fishery in Western Australia and provides an important

contribution to understanding fisheries’ human dimensions in Australia and elsewhere.



Table of Contents

LSt Of FIZULES weviuiiiiiiiiiiiicticsiic s 1
List Of TADBLES c.uviiiiiiiiiiicii s 4
Publications duting Candidature.......ccciiviiiiiniiiiiiiiii 6
Statement of CoNtribULIONS ..viiiviiiiiiiiiii it 7
ACKNOWIEAZEMENLS cvvevviiviiniiitiitiii e s 10
DEICAION wviiniiiiiiiiiiiiii i 11
Chapter 1 General introdUCHON ....uueeeiiiiiiiiiiiniiiiciiiitrrecc s saaes 12
1.1.  Background and rationale........coeoviiiiiiiiiiiiiiiii 13
1.2, Status of the world’s fiSheries ...ccoviiiriiiiiiiiiiiiiiii 14
1.3.  Fisheries as social-ecological SYStemS .......cvuiiriiiniiiiiiiiiiiicie e 15
1.4.  The need for interdisciplinarity in fisheries SCIENCE ...ovviiiiiviiiviiiniiiiiii i 16
1.5 Small-scale and data-poor fiSheries ...ooiviiviiiiiiiiiiiii s 19
1.5.1.  Small-scale fISheries ... s 19
1.5.2.  Data-poor fISNELIES ..o 21
1.6.  Australian fisheries and management.........ccevuiiviiniiiiiiiiii 22
1.6.1.  Australian commercial fISHETIEs ........cocuriuriurieieiccrcr e s 23
1.6.2.  Australian recreational fISHETIES ........cocuviuriueieicicicirreree e 23
1.6.3.  Australian fisheries MANAZEMENT ..o 24
1.7. Blue swimmer crab fishery in Western Australia........ccooveveeninieviiniinieniiieieieeens 25
1.7.1.  Management of blue swimmer crab fishery in WA ... 27
1.8. Research and structure of the thesis ..o, 28
1.8.1.  Research aims and ODJECHIVES .....ccccuiiiiiiiiiiiccc s 28
1.8.2. TRESIS SLIUCTULE ...ceuvueiiriiciici ittt 31
Chapter 2 Who you speak to matters: Information sharing and the management of a small-
CYeEY (S ] 4 13 N 34
210 ADSHACE ittt e 35
2.2, INErOAUCHON cuvtiiiiiitic ittt 36
2.3 MEthOdS . cciiiiiiiiieiiciete e 39
2.3.1.  Study area and target SPECIES ....c.imimimiiiiiriiiii s 39
2.3.2. DAta COLECHON ettt ettt ettt ettt sttt 41
2.3.3.  Network and data analyses........iiiiiiii s 44
24. RESULLS vttt 47
241, DemOgIaphiCs ..ot 47
2.4.2. PHBSC fishery stakehOldrs ... 48
2.4.3.  Egocentric network of stakeholders.........ccviiiiiiiiiiiiiic e 48
2.4.4.  Closed population NEtWOIK ......ccuiiiiiiiiiiiiiii s 50
2.4.5.  Bipartite network of recreational fishers and organizations .............ccceeeeciecncnininisisiscinennns 56
R TR © Y o6 1] o3 o PR 60
251, The PHBSC fiShery HEMOTE ........c.ccecucuseiiiiiiiiisisicse sttt 61
2.5.2.  Network of recreational fISHErS......cvvcuvieirieinicinicce e 65
2.5.3.  Impediments to information flow in the NEtWOLK .......cociiricicinciiiiiiircccscccens 67



2.6. (@70 s Lol L0 T3 103 NN 68

Chapter 3 Local fisher knowledge reveals changes in size of blue swimmer crabs in small-

SCAle fISNEIIES. cuvvieiiiiiiiiiiiitiiiie e e aaes 70
310 ADSEIACE weeviiiiiiciicii i 71
3.2, INtrOdUCHON ettt 72
3.2, Materials and Mmethods .....coceiiiiiiiiiiiiiiiii i 75

3210 SHUAY QLA et 75
3.2.2. Data COLECHON ittt 76
323, Data aNAlYSES ..o 79
330 RESULLS tiiiiiiiiiii it 81
3.3.1.  Respondent demMOZGIAPRICS ......cuuuuuiuiuiiieriieieie e s 82
3320 ONlNE SULVEY wuvurrieiieiirciiseieeseseiseieeseieesese ettt sttt sseseseaesseae 82
3.3.3.  Face-tO-faCe INEEIVIEW ...cuuiuiiiiiiiii s 82
3.3.4.  HiStOriCal £ECOIAS...uuimiuiiiiniiciiii ittt 86
T S I 1Y 15 S T3 o PPN 91
3410 SIZE ChANEES ...t s 91
3.4.2.  Insights on the fiShery’s NISTOLY ...cocuviiiriiiiiiicc e 92
3.5, CONCIUSION ..ottt 95

Chapter 4 Different but not opposed: perceptions between fishing sectors on the status

and management of a crab fiShery ......ccccviiiinniiiiiniiiiiiniiie 97
410 ADSEIACE weiiiiiiiciictee et 98
4.2, INtrOAUCHOMN cuviiiiiiitic ittt bbb 99
4.3. Materials and Methods ....ceviiiiiiiiiiiiii 103

431, SamPlNg TEZIMC . ...cuieiiiiiicic s 103
4.3.2. Datad ANalYSES v s 106
4.4.1.  TFishery CharaCteriStiCs ...t 108
4.43. Concerns on the current P. armatus status and main issues affecting the fishery .................. 111
4.4.4.  Proposed solutions for the issues impacting the P. armatus fishery .........cocoveviveiviniincincnn. 114
R TR 1Yot B 11 o3 o PN 118
4.5.1. Reported changes in the size of P. armmatus and fishing effort ..., 119
4.5.2.  Concerns on the status and reported issues affecting the fishery .......ccccoeecivcniiiiininicincn, 121
4.5.3.  SOIutioNS PIrOPOSEd....cuiiiiviiiiriiiiiiiiiici s s 123
4.5.4. Importance of fisher’s viewpoints for MaNAZEMENLt......ccuviiiviiniiiimiiisinieeeceecessesienans 127
4.5.5.  Study HMIAtONS ..coveeieiieieciici s s 128
4.6.  CONCIUSION tiitiiiiiiiiiii i 129

Chapter 5 Feeling the pinch: perceived marginalization of small-scale commercial crab

fishers by an expanding recreational SECOL. ......uuevrueeerrurerrrerirureniereesneesstreeseeeessneessanes 131
5.1 ADBSEIACE cuviiiiiiiiii i 132
5.2, INtrOdUCHON ettt s 133
5.3.  Materials and methods ....cociviiiiiiiiiiiiiiiiii s 137

I Government reports on trends in participation, catches and management..........ccceecucence. 137
1L Interviews about commercial and recreational fishers’ concerns and fishery accessibility..138
IIL National project on well-being and social justice regarding commercial fishers................... 138
V. Online recreational fisher sutvey on acceptability of crab fishing industry in south-western

AUSTIALA 1. s 138



54. B RS 1 N 139

5.5. ) B R oD RT3 Lo ) o PO RSRON 146
5.5.1.  Perceived social justice issues Of the first OLdEr ..c.cueuieinieinieinieieeeee e 146
5.5.2.  Perceived social justice issues oOf the second Ofder.....ccuciieiniernieinieinienieneeeeeeeneaes 147

5.6. (@70 s Lol R0 T3 10 N 149

Chapter 6 A two-phase approach to elicit and measure beliefs on management strategies:
Fishers supportive and aware of trade-offs associated with stock enhancement ........... 151

6.1. B AN o 5 v T TR 152

6.2. | B E e Y b Tet 03 PN 153

6.3. LY [ o1 Y K 157
6.3.1.  Phase 1: Belief €liCItationN ...c.cvicvereieiereeiiereictereisrereeerereseeserese s eseseesesessesesessesesessesesessesessasesessssesenens 157
6.3.2.  Phase 2: belief MEASULEMIENL.....c.icv ettt ettt ettt ettt et ae et et e e ss s e et saesae e enesaesnens 159

6.4. RESULLS teieeee it ettt e et e ettt e e e et s e e taae e e e e b e s e eaaa e e raansesbreeenananes 160
0.4.1.  Phase 1: Bellef EliCItAtiON c..couiveiiiieiieeieeeeeeeeee ettt ettt ettt ettt st et esaesae e s e saesssessesasensensens 160
6.4.2.  Phase 2: Bellef MEASULEMIENT ...viiuiieiiiiieieeeeeeeeieeeeceeett ettt st et st et esae st esesaesssesesasensensens 161

6.5. ) B R oD RT3 Lo ) o PO RN 163

6.6. (@76) o Lol L0 T3 Te3 s WUt 166

Chapter 7 General Discussion & Conclusions ........couieeeeniiieeiniiieeinnieeiiiieeeeeen, 169

7.1. Fisher perceptions and local fisher knowledge.......cooeviiviiiiiiiiiiiiiiiiiiiiiiiie, 171

7.2. Views on stock enhancement as a management OptioN.......ccveeviiiiiiiiiininniniinns 174

7.3. Value of communication for Management......cuvuevvueenuienieeieeierieeiie e 175

7.4.  Further research and recommendations......eceeeeeereeeeeniiieeeniiieee e e sieeeesieeeeas 178

7.5. (@76 s Lol L1 T3 T3 WA 184

2SS LSS o 1 o =N 185
APPENAICES cooiiiiitiiiiiiieiiiicree e e s e aaaaaeees 205

Vi



List of Figures

Figure 1.1. Maps showing the region of south-western Australia and the location of the main
estuaries studied in this thesis, particularly the Swan-Canning Estuary and the Peel-Harvey
ESTUALY . eeeteiiiiiiiiintetttteeecneneeee ettt saeeee e s e s s ssans e e s e s e s s s s snn s e e e e s e e s s s s nnna e e s s e e s s s nnnnnees 26

Figure 1.2. Schematic diagram of thesis structure, showing the focus of each major data Chapter
and the estuaries studied for each Chapter. Key elements of the General Introduction, General

Discussion, Conclusions and Recommendations are also shown. .....ceeeeiiiiniiiinnneeisieniinennnen. 32

Figure 2.1. Map of Western Australia (Australia), showing the location of the Peel-Harvey Estuary
and the cities of Mandurah and Perth. .....ceiivveiiiniiiinnieiinrneeeeee e, 40

Figure 2.2. Target plot of degree centrality (top) and betweenness centrality (bottom) for
individuals forming the closed population network. Individuals with higher centrality appear
near the centre of the Plot. it 52

Figure 2.3. Plots of the network of organisations represented in the closed population network with
edge widths representing the frequency of relations between organisations and node sizes
representing weighted degree centrality (top) and betweenness centrality (bottom) for
OFZANIZALIONS. trerrrerrissnerssssnnerisssnteiisisesissssnessssseessssssesssssssesssssssessssasssssssssssssssnsessssansesssanaes 54

Figure 2.4. Bipartite network of recreational fishers’ network and the organizations with which they
exchange information. Recreational fishers are denoted by red squares, while organizations
are represented by yellow circles. Organizations with degree centralities exceeding 0.1 are
labelled, and node size reflects the degree centrality. Edges that are wider and black highlight
information exchanges that are perceived by recreational fishers to be of low quality. Refer to
Table 2.1 for information on which acronym corresponds to each organization. .......cceeuuees 57

Figure 2.5. The proportion of information exchanges between recreational fishers and
organizations involving various modes of communication, as reported by recreational fishers.
Sample sizes (n) on which these proportions are estimated are also presented. Refer to Table
2.1 for information on which acronym corresponds to each organisation. .......ccccevvseessannnnes 59

Figure 3.1. Map of Western Australia (Australia), showing the location of the Peel-Harvey Estuary
and the cities of Mandurah and Perth. ...uiiiiiiieiiiiiiniiiniinnenene e, 76

Figure 3.2. Perceived changes of blue swimmer crab size since fishers started fishing to current
average sizes in the Peel-Harvey (n = 46) and Swan-Canning estuaries (n = 42) in south-
western Australia, provided by recreational fishers through face-to-face interviews, between
November 2018 and February 2019. Note that PH stands for Peel-Harvey and SC for Swan-

Canning EStUALY. cuiiviiiiiiiniiiiiiiiiiiiiiiiiiissiseensssssisssissssssseesessssseesesssssess. 83

Figure 3.3. Perceived changes in Portunus armatus size categories through time from interviews
with fishers (a) in the past, when fishers started fishing (PH: n = 46; SC: n = 44), and (b)
currently, when the interviews were conducted (PH: n = 46; SC: n = 44), in the Peel-Harvey
and Swan-Canning estuaries, south-western Australia......cccvevceerissnerisssnenissinenissnnenisanees 84

Figure 3.4. Perceived changes in Portunus armatus average size. (a) shows the perceived sizes in
the past (i.e., when they started fishing) and (b) shows the current size categories according
to different fishing experience (i.e., number of years since they first started fishing) in the
Peel-Harvey Estuary; (c) shows the perceived sizes in the past (i.e., when they started fishing)
and (d) shows the current size categories according to different fishing experience in the
Swan-Canning Estuary, in south-western Australia. This data was provided by recreational
fishers through a face-to-face survey, between November 2018 and February 2019. ............ 85


file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276608
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276608
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276608
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276608
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276610
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276610
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276610
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276612
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276612
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276612
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276612
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276612
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276613
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276615
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276615
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276615
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276618

Figure 3.5. Perceived changes in blue swimmer crab size in the Peel-Harvey Estuary, in south-
western Australia between 1950 and 2000 reported from newspaper records sourced from
TLOVE. cuvrrretrrrenrisneisteisittiste ittt e s a e s s s e s e e e s e e s s s s s e s s a e s sa e s sa e s san e s s ne s snessansesansssanaen 87

Figure 3.6. Perceived changes in Portunus armatus’ size in the Swan-Canning Estuary, in
south-western Australia between 1910 and 2000, from newspaper articles sourced from Trove
historical £ECOTAS. ittt aa s s e e s s s s s aannnees 87

Figure 3.7. Perceived changes in Portunus armatus abundance in the Swan-Canning Estuary, in
south-western Australia between 1910 and 2000, sourced from Trove historical records...... 88

Figure 3.8. Changes on the mean carapace widths of blue swimmer crabs for the Peel-Harvey (a)
and Swan-Canning (b) estuaries (n = 13, per estuary), in south-western Australia. These data
were obtained from the last resource assessment report in the region for this fishery resource
(Johnston et al., 2020), which covered between 2006 and 2019. ........ccevveerrirrnirrisienericnennnene 89

Figure 4.1. Location of the three estuaries in south-western Australia where interviews with
recreational fishers were conducted: i) Swan-Canning Estuary (area = 55 km?) ii) Peel Harvey
Estuary (area = 131 km?); iii) Leschenault estuary (25 km?). Commertcial fisheries present in
the Swan-Canning and Peel-Harvey estuaries. ..cccccvviiinienmniiniiiinnnenniinnieenieeen, 104

Figure 4.2. Response-accumulation curve showing that data saturation was reached after around
30 interviews with recreational Portunus armatus fishers in Peel-Harvey, Swan-Canning, and
Leschenault estuaries in south-western Australia. Grey shaded area shows the 95%
confidence intervals (modified from (Obregon et al. 2020b). .....ceveverericrneerisinenncsienennenanne 109

Figure 4.3. Perceived changes in average size (a, b) and fishing effort (c, d) of Portunus armatus
provided by (a, c) recreational (n = 41) and commercial fishers (n = 9) in the Peel-Harvey
Estuary and (b, d) recreational fishers (n = 93) fishing in the Peel-Harvey, Swan-Canning and
Leschenault EStUALY. cuuviiivviemiiiiiiiiiiiniiiiiiieesiiiesssisesnisssesssssesssassssessssssssssse 111

Figure 4.4. Two-dimensional nMDS ordination plots constructed from bootstrap averages of the
presence/absence of the perceived concetns teported by (a) recreational P. armatus fishers
in the Peel-Harvey, Swan-Canning, and Leschenault estuaries and (b) commercial and
recreational fishers in the Peel-Harvey Estuary. Results of a one-way ANOSIM test are also
included on each plot to aid interpretation. Group averages (larger symbols) and ~95% region
estimates (shaded areas) fitted to the bootstrap averages are provided. .....ccccceerriicssiunnnnns 117

Figure 4.5. Two-dimensional nMDS ordination plots constructed from bootstrap averages of the
presence/absence of the perceived solutions teported by (a) recreational P. armatus fishers
in the Peel-Harvey, Swan-Canning, and Leschenault estuaries and (b) commercial and
recreational fishers in the Peel-Harvey Estuary. Results of a one-way ANOSIM test are also
included on each plot to aid interpretation. Group averages (larger symbols) and ~95% region
estimates (shaded areas) fitted to the bootstrap averages are provided. .....cccceerriiisisunnnnns 118

Figure 5.1. Map showing the location of the two estuaries that support commercial blue swimmer
crabs fishing in south-western Australia and the two major urban centres adjacent to the
estuaries. Box inset shows the location of the region in south-western Australia. ............. 135

Figure 5.2. Commercial fisher in the Peel-Harvey Estuary, preparing the drop net before starting
crabbing (source: © MSC 2016) ..cccceereeeiiinrissnnensnenisnniesnnsssnessseissssisssnessssessssessssessssssssssenss 140

Figure 5.3. Recreational fishers crabbing from shore using scoop nets in the Peel-Harvey Estuary
(source: © DPIRD, 2018) ....ccvcveiriienrisnensneissneisssnsssnensneisssissnsssnssssessessssssssssssesssesenes 141


file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276619
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276619
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276619
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276619
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276620
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276620
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276620
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276620
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276623
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276623
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276623
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276623
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276623
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276624
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276624
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276624
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276624
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276624
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276626
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276627
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276628
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276628
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276628
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276628

Figure 5.4. Percentage number of tesponses by recreational fishers in an online survey to the
question (a) “What is your opinion of the blue swimmer crab commercial fishery sector using
the estuary you fish most at?” (n = 350); and (b) “If you had to buy seafood from the
supermarket, what would be your main priority?” (nn = 354). c..cccvvererrricsninrissnnnicsiennnnenanne 145

Figure 6.1. Location of the three estuaries in south-western Australia where interviews with
recreational fishers were conducted. i) Swan-Canning Estuary (area = 55 km?2, maximum
depth = 21 m and average depth = <5 m) ii) Peel Harvey Estuary (area = 131 km?, maximum
depth = 2.5 m and average depth = 0.5); iii) Leschenault estuary has an area of 25 km?, a
maximum depth of 2 m, which on average reaches < 1 m. Surveys to elicit and then measure
the beliefs and attitudes of recreational fishers towards management of the Portunus armatus
fishery were conducted during the Austral summer (November 2017 to March 2018). ...... 156

Figure 6.2. Response-accumulation curve showing that data saturation was reached during Phase
1 of the surveys with recreational Portunus armatus fishers in three estuaries in south-western

Australia. Grey shaded area shows the 95% confidence intervals. ....ceceeeeerriccssssnnneeerriccssnnne 162

Figure 6.3. Responses to question “Overall, I think using restocking as a management option for
blue swimmer crabs in the estuary where I fish most is:” indicating the overall attitude of
fishers towards restocking as a management approach for the Portunus armatus fishery. The
number of respondents who chose each rating is provided above each bar; n = 323. ........ 164

Figure 7.1. Infographic summarising the different types of data collected through this research and
subsequent recommendations for the future research and management of the blue swimmer
crab fishery in south-western Australia.....ccovvcereeeiiiiisiiinnieiniiieeaee. 183


file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276631
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276631
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276631
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276631
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276631
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276633
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276633
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276633
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276633
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276634
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276634
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276634
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276634
file:///E:/Work/Golden%20Fish%20PhD/Thesis/Full%20thesis/PhD%20thesis_OBREGON_May2021-2.docx%23_Toc80276634

List of Tables

Table 1.1. Summary of the estuaries included as field sites in this study and description of the social
and ecological characteristics of each estuary. (n) indicates number of current, active
commercial licenses; * commercial fishery closed in 2000. ........coceveerririeniriissenericsneencniannen. 29

Table 2.1. Organisations forming the PHBSC fishery network and acronyms used for each
organisation, groups they are affiliated with, description of each organization and total
individuals mentioned (IN) and individuals interviewed (n) for each organisation. ............. 42

Table 2.2. Individual and organisational level network metrics of centrality, definitions, and
6 FTeT a3 e ' 1 T o T 46

Table 2.3. Individual identifier (ID) for the 10 stakeholders with highest degree centrality and
degree prestige metrics forming the egocentric PHBSC fishery network and the groups they
belong to. Individuals are ranked according to their degree centrality (i.e., out-degree) and
degree prestige (i.€., iN-AEZTEE). cuvrrrrrrrrrisieririsintiiisinteiistteresneesssane s sese e s sasessssansessssaneeas 49

Table 2.4 Exponential random graph model (ERGM) results for attribute-based mixing for
individual stakeholders forming the egocentric PHBSC fishery network. See supplement
tables (table S1 to table S5) for more details. The symbol “*’ denotes the presence of significant
differences (P<0.001).....cccceeieiriiiiiiinnniiiiniiiiiiiinniieeniiininieeeiimsiieeiiieeesiseeens 55

Table 2.5. Results showing individuals with highest degree centrality and prestige metrics forming
the closed population network and the organisations they belong to......cccevvuereeerriicssiunnnnnes 56

Table 2.6. Results showing centrality and prestige measures for organizations represented in the
closed population network. Refer to Table 2.1 for information on which acronym cotresponds
10 €aCh OIZANIZALION. ciiviiiiiiierrieiriiiisreriier e s e s s sass s s s e s s s s s saannsasssssssssaannnnes 58

Table 2.7. Results showing the organisations mentioned by recreational fishers and their degree
metrics. Organisations are ranked according to their degree centrality. Refer to Table 2.1 for
information on which acronym corresponds to each organisation. .....cccevveesveeneeerinscsssannnnnee 60

Table 3.1. Summary of the number of newspaper articles extracted from Trove, per estuary and
decade. “N total” indicates the total number of articles included in the study; “n size”
indicates the number of articles included in this study which provided information on the size
of the crabs and “n abun.” indicates the number of articles included in this study which
provided information on the abundance of the crabs. ....ccovverriiiriiicinnenniiee, 80

Table 4.1. Categories of questions (bold italics) and the questions asked of Portunus
armatus.fishers’ about i) the perceived changes in stocks and the average crab size (perceived
changes); ii) their concerns on the issues currently affecting the crab fishery (current concerns
and issues); iii) the hypothetical solutions proposed that they would support (solutions
supported). Demographic data were also collected for each respondent. ......ccceereruererienanee 105

Table 4.2. Percentage number of recreational and commercial fishers who reported various
concerns affecting the Portunus armatus fisheries in the Peel-Harvey, Swan-Canning and
Leschenault estuaries in south-western Australian during face-to-face interviews. The
number of fishers surveyed from each sector in each system is given in parentheses........ 113

Table 4-3. Concerns identified by SIMPER analysis that typified (shaded) and distinguished (non-
shaded) the views of (a) recreational fishers in the three estuaries and (b) recreational and
commercial fishers in the Peel-Harvey Estuary The text in superscript denotes the group of
fishers that each distinguishing response was most selected by. Note ANOSIM did not detect

4



a significant different between the concerns identified by recreational fishers in the Swan-
Canning and Leschenault @StUaries. ...cccvuvveeriissniiissiiniinininicnenennesessseessssessesssessesanns 114

Table 4.4. Percentage number of recreational and commercial fishers who reported perceived
solutions to improve the management of Portunus armatus fisheries in the Peel-Harvey,
Swan-Canning and Leschenault estuaries in south-western Australian provided by
recreational and commercial fishers during face-to-face interviews. The number of fishers

surveyed from each sector in each system is given in parentheses.....ccccecvrrirrnirresienerncanne 115

Table 4.5. Proposed solutions identified by SIMPER analysis (PRIMER v7) that typified (shaded)
and distinguished (non-shaded) the views of (a) recreational fishers in the three estuaries and
(b) recreational and commercial fishers in the Peel-Harvey Estuary. Note that the text in
superscript denotes the group of fishers that each distinguishing response was most selected
by recreational fishers in the Swan-Canning and Leschenault estuaries .....ccccceeeriiisssnnnnns 116

Table 5.1. Percentage number of perceived solutions for improving the management of blue
swimmer crab (Portunus armatus) fisheries for recreational and commercial fishers in south-
western Australia derived from face-to-face interviews. The number of fishers surveyed from
each sector is shown in parentheses. Modified from (Obregoén et al. 2020b). Note that the
symbol ¢ - » indicates “not mentioned”. .....ovcereiiiiiiiniiini e 141

Table 5.2. Suggested approaches by commercial and recreational fishers for the future
management of the blue swimmer crab fishery and whether they were implemented in the
2019 management regulations. ..cucuerierseeriisisneiiisineiisineesiesteisssesssase s snsessssaseesesanesesanes 142

Table 5.3. Questions included in the 2017/18 online survey from interviews in Obtegon et al.
(2020b), covering the views of the recreational crab fishing community on purchasing seafood,
and on the commercial fishing SECLOL. .uiivvririiriririiiitiiiirintiire et sese s anne 144

Table 5.4. Summary of social justice issues affecting the blue swimmer crab fishery in
south-western Australia. Issues affecting the commercial and recreational sectors are
interpreted and assessed through the three orders of governance described in Berkes (2017).

Table 6.1. Questions asked to recreational fishers’ about their awareness, beliefs and attitude to
restocking in the belief €liCitation SUIVEY. ..ccccvcvieerisineeiisineiissinneiisineesssnsesissneessssssesesnnn 158

Table 6.2. Salient (Le., positive and negative) beliefs recreational fishers associated with the
restocking of Portunus armatus in the estuary where they fished, (n1=94). ....c.ccccvvcunneannns 161

Table 6-3. Summary of mean belief strength; valuation ratings and cross products associated with
restocking of Portunus armatus. .ueeeeeeeerisssserissssneissisnnessssnesssssssesssssneessssssesssssssesssssssssssanns 163

Table 6.4. Mean values from the online survey responses regarding the mean belief strength,
evaluation ratings and cross products associated with restocking Portunus armatus, for the
three fishing groups studied: Supportive (S); Neutral (N) and Unsupportive (US) to
restocking. Population size is specified for each belief in the "n" column. .....cccecuererrnnees 166



Publications during Candidature

Chapters 2 — 6 have been written as co-authored manuscripts. The contributions for each of
these are indicated at the beginning of each chapter. Three of these chapters have been accepted

for publication, resulting in the following publications:

Peer-reviewed articles included in this thesis:

Obregon, C., Hughes, M., Loneragan, N.R., Poulton, S. and Tweedley, . R. (2020). A two-phase
approach to elicit and measure beliefs on management strategies: Fishers supportive and aware of
trade-offs associated with stock enhancement. AMBIO. 77:2354-2368. Doi: 10.1007/s13280-019-
01212-y.

Obregoén, C., Hughes, M., Tweedley, J.R. and Loneragan, N.R. (2020). Different but not opposed:
perceptions between fishing sectors on the status and management of a crab fishery. ICES Journal

of Marine Science.49:640-649. Doi: 10.1093/icesjms/ fsz225.

Obregon C., van Putten I., Admiraal R., Hughes M., Tweedley J.R., Loneragan N.R. (2020).
“Who you speak to matters: the impact of information transfer on the management of a small-

scale fishery”. Frontiers in Marine Science. 7. Doi: 10.3389/fmars.2020.578014.

Book Chapter:

Obregon, C., Hughes, M., Tweedley, ] .R., Loneragan, N.R. (2021). “Feeling the pinch: perceived
marginalization of small-scale commercial crab fishers by an expanding recreational sector”. In:
Jentoft, S., and Chuenpagdee, R. Blue Justice for small-scale fisheries — A global scan. Elsevier.

Submitted in February 2021. Under review.

Peer-reviewed articles not included in this thesis:

van Putten, 1., Longo, K., Arton, A., Watson, M., Anderson, C., Himes-Cornell, A., Obregoén, C.,
Robinson, L., and van Steveninck, T. (2020). Shifting focus: The impacts of sustainable seafood
certification. PLLOS ONE.15:1-24. Doi: 10.1371/journal.pone.0233237.


https://doi.org/10.1371/journal.pone.0233237

Statement of Contributions

Chapter 1 - General Introduction

Contributor Contribution

Clara Obregén \I))Verx;ileo?he;ip:?rapter structure

Neil R. Loneragan Reviewed structure and provided editorial input
James R. Tweedley Reviewed structure and provided editorial input
Michael Hughes Reviewed structure and provided editorial input

Chapter 2 - Who you speak to matters: Information sharing and the management of a
small-scale fishery
Contributor Contribution

Conceived and devised the idea
Designed the survey

Clara Obregén Classified the data and structured results
Performed network analysis and structured findings
Wrote manuscript

Ryan Admiraal
Classified the data and structured results
Performed network analysis and structured findings
Wrote manuscript

Affiliation:

Viictoria University of Wellington

Ingrid van Putten

Designed the survey
Afliations: Provided editorial input

1. CSIRO Oceans & Atmosphere;
2. Centre for Marine Socioecology,
University of Tasmania

Conceived and devised the idea

Neil R. Loneragan Provided editorial input

Conceived and devised the idea

James R. Tweedley Provided editorial input

Conceived and devised the idea

Michael Hughes Provided editorial input




Chapter 3 - Historical records and fisher perceptions reveal changes in size and
abundance of crab catches in temperate Western Australian estuaries.

Contributor Contribution

Conceived and devised the idea
Designed the sutvey

Clara Obregon Collected the data and structured results
Performed analysis and structured findings
Wrote manuscript

Conceived and devised the idea
Neil R. Loneragan Provided input for analyses
Provided editorial input

Conceived and devised the idea
James R. Tweedley Provided input for analyses
Provided editorial input

Conceived and devised the idea
Michael Hughes Provided input for analyses
Provided editorial input

Chapter 4 - Different but not opposed: perceptions between fishing sectors on the
status and management of a crab fishery.

Contributor Contribution

Conceived and devised the idea
Designed the survey

Clara Obregoén Collected the data and structured results
Performed analysis and structured findings
Wrote manuscript

Conceived and devised the idea
Michael Hughes Provided input for analyses
Provided editorial input

Conceived and devised the idea

Neil R. Loneragan Provided editorial input

Conceived and devised the idea

James R. Tweedley Provided editorial input




Chapter 5 - Feeling the pinch: perceived marginalization of small-scale commercial
crab fishers by an expanding recreational sector.

Contributor Contribution

Conceived and devised the idea
Designed the survey

Clara Obregon Collected the data and structured results
Performed analysis and structured findings
Wrote manuscript

Conceived and devised the idea
Michael Hughes Provided input for analyses
Provided editorial input

Conceived and devised the idea

Neil R. Loneragan Provided editorial input

Conceived and devised the idea

James R. Tweedley Provided editorial input

Chapter 6 - A two-phase approach to elicit and measure beliefs on management
strategies: Fishers supportive and aware of trade-offs associated with stock
enhancement.

Contributor Contribution

Conceived and devised the idea
Designed the survey

Clara Obregoén Collected the data and structured results
Performed analysis and structured findings
Wrote manuscript

Conceived and devised the idea
Designed the survey

Michael Hughes Classified the data and structured results
Performed analysis and structured findings
Wrote manuscript

Conceived and devised the idea

Neil R. Loneragan Provided editorial input

Conceived and devised the idea

James R. Tweedley Provided editorial input




Acknowledgements

I would like to acknowledge the Bindjareb Noongar people as the custodians of this land, and
their Elders past and present. I acknowledge and respect their continuing culture and the
contribution they make to the life of this city and this region. The Peel Yalgorup region was
particularly significant for the Noongar people as it was a source of food, water, dreaming and
ceremonial practices for thousands of years, and I am honored, and grateful to have walked their

path.

When I started my PhD, I was convinced I would not have time for anything but the research.
As I'landed in Perth, I was mentally prepared to have nothing else in my life but my PhD project.
Now, looking back, the most important things I take from these years, besides a deep
understanding on my research topic, is spectacular adventures with inspiring people.

To the people in the acadenzic world:

I have had the most incredible supervisory team, who have been supportive and understanding
throughout these years. I have also been lucky enough to meet other researchers from external
institutions and had the chance to collaborate with them throughout the PhD. I've been also very
lucky to have shared this time (and office space) with amazing early career scientists You are all
amazing women, you inspire me day after day, and have filled with light some of the darkest days.

To my family:

I am especially grateful to my mother, who chose the most incredible moments to remind me
“Esto también pasard’. She never doubted I could reach my goals, even if she did not always
understand what these were, or why I was so attached to them. Thank you for being so strong
when I couldn’t.

I am forever grateful to my father, who could sense what I longed for before I even knew it. He
strengthened me through his “/e college ¢'est pas la vie” and always encouraged me to reach for the
stars, while accepting the unlikely paths that life takes you through.

To my handmade family:

I feel eternally grateful to my best friend Michi, my rock, who has an answer to all my questions,
and always makes me feel loved and cared for, even when we are more than 15,000 km apart.

I am grateful to all my outdoorsy friends, which have become my family here in Perth. You have
been the most unexpected and at the same time the most natural, beautiful thing that has occurred
to me through these years. Thank you for taking me off my screen, and into the wild. But most
of all, thank you for being such amazing human beings.

To Bec and Sonia, for being who they are, keeping me sane, and always being there.
To the sweetness of the unexpected, and how easily it can evolve and change your life.

To my Spanish roots and shoots:

Para mis padres. Sin vosotros, vuestro apoyo y vuestro amor no habrfa tesis.
Para mi familia menorquina, mallorquina, madrilefia y malaguefia. Sin vosotros, tampoco.

10



Dedication

La ciencia nos ensefia, en efecto, a someter nuestra razén a la verdad y a conocer y juzgar las cosas

tal como son, es decit, como ellas mismas eligen ser y no como quisiéramos que fueran.

Miguel de Unamuno (1864 — 1936)

Chaque fois que j'utilise la raison, chaque fois que j'utilise la logique, je suis tres pessimiste. Quand
j'écoute mon coeur, quand j'écoute ma foi - et j'ai la foi en 'humanité - alors je deviens tres
] > 4 J ] ]

optimiste.

Jacgues-Yves Coustean (1910 — 1997)

11



Chapter 1

General introduction

Two recreational fishers setting their gear at dawn in the Nornalup Inlet, Walpole, south-

western Australia.
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Chapter 1

General Introduction

1.1. Background and rationale

Globally, fisheries support the livelihood of millions of people through the provision of food and
employment (FAO 2018a). Traditionally fisheries have been managed using predominantly
biological indicators, which do not always match with conservation objectives and human uses of
fishery resources. Instead, fisheries should be considered social-ecological systems (SES), which
are complex and dynamic, and have interactive social (e, human) and biophysical elements
(Berkes & Folke 2000). Research on SES requires scientific and non-scientific knowledge, is
inherently divided among various disciplines (e.g., social sciences; ecology; economics) and
requires collaboration among these (Hertz & Schliiter 2015). Some countries, like Australia, have
called for a holistic method to manage their fisheries, including the social (hereafter human),
economic and biological elements of fisheries management (UN, 1987). Yet, the human
component of this approach has been largely overlooked. Brooks and colleagues (2015) suggest
that this is due to: firstly, a lack of information regarding the human impacts associated with
fishing and fishing industries; and secondly, no practical methodology is available yet to describe
how to integrate such information into a national management framework (Brooks et al. 2015).
In Australia, only a few fisheries have indicators of the human elements. In some states, including
Western Australia, no indicators or objectives were found for any of the fisheries studied (Hobday

et al. 20106).

Overall, this thesis aims to contribute to understanding the human dimensions of the small-scale,
multisector fishery for blue swimmer crabs (Portunus armatus) in south-western Australia. This
General Introduction provides an overview of global fisheries and some of the current
management challenges faced. I introduce the concept of SES and describe how this concept has

helped transform the research and management of fisheries globally. It follows with an outline
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Chapter 1 - General Introduction.

on the use of interdisciplinary approaches for fisheries research, and its value for current
Australian fisheries management. Finally, I introduce the P. ammatus fishery in south-western

Australia and outline the structure of the thesis.

1.2. Status of the world’s fisheries

Fisheries are the main source of food and income for millions of people (Cohen et al. 2019), and
fish are arguably one of the most important natural resources in the world (FAO 2018a).
Population growth, increasing food demand and increasing popularity of seafood globally results
in greater pressures on natural resources, at local, regional and national scales. This results in an
increasing demand for seafood, as seen in various developed countries, which leads to an increase
in seafood consumption and results in a greater fishing pressure of wild stocks (FAO 2018a). In
fact, seafood consumption has increased steadily by 3.1% each year since 1960s, outpacing the
population growth and meat consumption globally (1.6% and 1.1% respectively; FAO 2020). This
growth is the major driver of overfished fisheries, which nowadays reaches 33% of global wild
fish stocks (Ritchie & Roser 2020). It is worth noting that the growth in aquaculture also
contributes to satisfying this demand and increases are outstripping wild fisheries (Jennings et al.

2016).

In fact, the demand in regions like the United States of America (USA), the European Union
(EU), China and Japan is so high that it exceeds catches within their Exclusive Economic Zones
(EEZ; Pauly & Zeller, 2016a; Ritchie & Roser, 2020). To compensate, these markets are
supplemented with imported seafood caught by industrial fleets elsewhere, often in developing
countries (Pauly & Zeller 2016a, Cohen et al. 2019). As such, local fisheries, particularly small-scale
fisheries (SSF), are often marginalised and pressured to compete with export-oriented fleets,
generally with little support from their local government (Pauly & Zeller 2016a). As a result, the
ability for these local small-scale fleets to supply seafood has been consistently squeezed due to
two main reasons: industrial fisheries leading the seafood market, a reduction in catch caused by
an increase in fishing pressure from industrial fisheries, or a combination of these reasons.

Additionally, traditional fishing methods, which generally have lower impact on stocks and the
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Chapter 1 - General Introduction.

environment, may be jeopardised and the local market negatively affected by the expansion of

industrial fishing (Pauly & Zeller 2016a).

Increased pressure on the production and supply of fisheries products has resulted in a global
fishing crisis in many regions. Numerous studies have demonstrated that, despite effective
management leading to recovering stocks in many developed countries (Jackson & Moran, 2012;
Kloser et al., 2015, Hilborn et al 2020), this is not always the case. In fact, in the last decades an
increasing number of fisheries have been classified as overfished (Ritchie & Roser 2020).
Moreover, the number of fisheries that are regarded as having collapsed is also increasing (Pauly
& Zeller 2016b). Along with the dramatic decline of global catches, there are also grave impacts
on the environment where these fisheries operate, affecting marine food webs, reducing the
oceans’ capacity to maintain its productivity, and overall hindering natural ecosystem functions
(Smith et al., 2011; Worm et al., 2006). Consequently, there is a growing realisation that traditional
catch-based approaches or traditional equilibrium-based models are not enough anymore to
manage fishery systems and that, among other elements, a transition towards more fluid, and

dynamic non-equilibrium based analysis is needed (Schoon & Van Der Leeuw 2015).

1.3. Fisheries as social-ecological systems

The concept of SES is commonly used by researchers to describe marine systems in a more
holistic and complete manner (Mafiez et al. 2014). This concept is based on the assumption that
societies and nature are fundamentally interconnected, constantly changing and therefore
co-evolving via interactions with users, resources and the institutions governing these (Ostrom
2009, Bodin & Tengd 2012). As part of managing such diverse elements of global fisheries
(z.e., livelihoods, market, sustainability of stocks), it is now widely accepted that there is a need to
look beyond the traditional borders of scientific research and management and consider humans
as an integral part of fishery systems, rather than an external disturbance to it (Schoon & Van Der
Leeuw 2015).

A major challenge in analysing fisheries as SESs is developing frameworks and approaches to

obtain information on the different dimensions of these systems. One of the barriers to achieve
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this is the current lack of basic understanding of these dynamics (Bailey et al., 2016; Carpenter et
al., 2009; Kittinger et al., 2013; Vugteveen et al.,, 2015), particularly regarding the human
dimensions (Brooks et al. 2015, Stojanovic et al. 2016). Traditional fisheries management plans
and policies rarely address human interactions within fishery SES, hindering the adaptive capacity
of fishers (Aguilera et al. 2015). Problems in fisheries therefore arise when elements such as
environmental fluctuations or human system dynamics occur (Aguilera et al. 2015). It is therefore
no longer acceptable to distegard the influence of human actions in most fields of environmental
scientific research, and particulatly fishery systems. In fact, failure to recognize the importance of
specific human elements that can impact and influence the adaptive capacity of fishers and fishing
communities has previously increased the vulnerability of many fisheries, and particulatly SSF, to

external drivers (Kittinger et al. 2012, 2017, Aguilera et al. 2015, FAO 2018b).

Global fisheries are currently facing increasing political pressure internationally to demonstrate
sustainability and meet global demands for seafood (UN 2015). International accords overseeing
the sustainability of natural resources promote the adoption of ecosystem-based management
(EBM) or, in the fisheries field, ecosystem-based fisheries management (EBFM). Nowadays, there
are different ways of demonstrating sustainability, for example by obtaining a third party
certification of sustainability (van Putten et al. 2020), or increasing the social license to operate
(Cullen-Unsworth et al. 2014). Currently, four major components are considered essential for
effective research and management in fisheries SES: ecological, economic, institutional

(i.e., governance) and human.

1.4. The need for interdisciplinarity in fisheries

science

One of the current weaknesses of fisheries research and management is that it has mostly
remained fragmented within its own discipline and has lacked the creativity to solve challenges,
for example by not including wider sources of information and expertise, such as local fisher
knowledge (LFK) or understanding fisher behaviour (Johannes et al. 2000, Phillipson & Symes

2013, Alés et al. 2019). As the importance of the various elements forming fisheries are
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increasingly recognised, new approaches to study and manage fisheries are sought (Barclay et
al. 2017, Stephenson et al. 2018). The use of interdisciplinarity for managing natural resources is
not a new phenomenon (Klein 1990). Notably, since the landmark study by Costanza et al. (1997),
who used different approaches to demonstrate the value of ecosystem services (Mafiez et al. 2014).
Such valuations, however, typically originate from a biological and economic point of view and

fail to include the human dimension.

The integration of different research methods and types of knowledge to solve challenges
affecting global fisheries through interdisciplinary solutions should incorporate the natural,
economic and social sciences along with the expertise of other stakeholders, including the fishers
and fishing communities (Phillipson & Symes 2013). It should also recognise that traditional
fisheries management alone does not provide an adequate basis for management of such complex
problems affecting dynamic SES as fisheries (Haapasaari et al. 2012). As a result, interdisciplinary
studies are becoming increasingly utilised in SES (Morillo et al. 2003, Haapasaari et al. 2012,

Schoon & Van Der Lecuw 2015).

An example of a successful transition from traditional fisheries management to adopting an
interdisciplinary approach is presented in fisheries management in Canada. This stemmed from
the recognition that the national Department of Fisheries and Oceans in Canada needed to take
a collaborative approach and include harvesters, academics and government researchers to
manage its fisheries, which resulted in the creation of the “Canadian Fisheries Research Network”
(CFRN) project. The CFRN helped develop much stronger trust and collaborative relationships
among fishery stakeholders, and created new international partnerships, supporting research that
guided management, and complemented research programs and initiatives in fisheries science

(Thompson et al. 2019, Foley et al. 2020).

An example of the value of rigorous interdisciplinary research comes from the Baltic Sea salmon
fishery, where Bayesian belief networks were used to predict fishers’ commitments to
management plans. This focus on fishers behaviour helped managers identify some of the

consequences of applying different management strategies, before establishing them (Levontin
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et al., 2011). Another illustration of the potential value of interdisciplinarity is the impact caused
by the non-inclusion of Solomon Island fishers into decision making. This approach not only
missed the opportunity to incorporate community-based management strategies but also partly
caused the decline in abundances of parrotfish and humphead wrasse in the local reefs of the

Solomons (Hamilton et al. 2019).

Scientists and other stakeholders have had structural and conceptual challenges as they investigate
ways of crossing-over between research fields. Structural barriers comprise geographical
separation, between universities and other organisations, or the lack of funding sources promoting
projects that aim to bridge various disciplines (Stojanovic et al. 2016). This is a key issues as the
research funders are usually split by discipline, so most inter- or transdisciplinary research does
not fit within a single funders scope. Conceptual challenges include different perspectives and
languages used by natural and social scientists on what key objectives are, the methods to be used,
differing terminologies used by academics and other stakeholders, and until recently, the lack of
a framework integrating different types of data and defining the links between natural and human

dimensions of a SES (Sievanen et al. 2012, Stojanovic et al. 2016).

Since the late 1990s, a significant effort has been put into reducing, or even removing, the
communication, collaboration and research barriers to conduct effective interdisciplinary research.
For example, Ostrom’s theoretical framework, in which she suggested an approach to integrate
different types of data (Ostrom 2009). Other examples include the “toolbox for philosophical
dialogue” developed by Eigenbrode et al., (2007); and new hybrid models, integrating quantitative
and qualitative sub-models, developed to understand complex system dynamics (L.ade & Niiranen,
2017; Martin & Schliter, 2015). Despite the increasing effort in developing and applying these
new models in research (Hertz & Schliiter 2015, Schoon & Van Der Leeuw 2015, Bergseth et al.
2017, Stephenson et al. 2018), the integration of human dimensions along with ecological
dynamics is inherently complicated due to the various amounts of available data, as well as the
different theories supporting each discipline. To deal with such level of complexity, the resulting

modeling approaches often have simplified the studies systems and have mainly been used for
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investigating local case studies, and have not yet been integrated as part of national fisheries

research and management (Lade & Niiranen 2017).

1.5. Small-scale and data-poor fisheries

1.5.1. Small-scale fisheries

The exact definition of SSF varies between regions, depending on the livelihoods and conditions
of the fishers working in the industry, the dependency on the fishery as a way of living and the
general regional importance (e.g., main source of protein and income for the local population or
not; Hauck, 2008). However, there is general agreement that small-scale fishers tend to use less
capital-intensive gear and their catch per unit of effort is much smaller than those in the large-scale
fisheries. This sector usually operates from shore or from small fishing vessels (z¢., under 10 m
and with three crew members or less) and work only within EEZ waters (Halim et al. 2019, Smith
& Basurto 2019). They are characterized by low economical investment, short fishing trips (<1
day) with limited capacity and autonomy, and thus they yield small landings compared to industrial
fleets. The term small-scale fishery encompasses commercial, subsistence and indigenous fishing
in all aquatic environments (ze., marine, estuarine and inland waters). For the purpose of this thesis,
SSFs are defined as family-led traditional fisheries, using vessels <10 m in length, low-tech gear,
operating in local coastal or estuarine waters, undertaking daily trips, often being multi-species
fisheries and adapting to changing conditions and seasons. In general, SSF are thought to be
adaptable, strongly linked to the local culture and often reflect the community’s values and
traditions, supporting social cohesion (FAO, 2018b). Recreational fisheries are generally
separated from SSF, as recreational fishing does not represent a commercial activity (FAO 2012).
However, these often also share many characteristics with SSF, such as the size, gear used and

catch.

SSF employ over 90% of people directly dependent on capture fisheries (FAO 2018b), from
harvesters to retailers. This sector contributes to two thirds of global catches for human

consumption and about half of total global catches. SSF are strongly rooted in local communities
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(FAO 2018b) as, for centuries, they have continuously provided local jobs and locally caught wild
fish (i.e, referring to fish as both finfish and invertebrates) in developing and developed countries
(Cohen et al. 2019, Leitao et al. 2020). Despite their significant contribution to global catches and
their importance for maintaining the well-being of millions of people and supporting their
livelihoods, SSF have been largely overlooked in the development of fisheries science (Hordyk
2014) and have been marginalized from the international dialogue between environmental and
economic factors that determine future strategies to manage aquatic resources worldwide (FAO

2018b, Cohen et al. 2019).

The development of other fishery sectors over the past decades and the resulting over-exploitation
of fishery resources has been particularly damaging for SSF (Pauly 2006, Bundy et al. 2008, Pauly
& Zeller 2016a, FAO 2018b). The rapid progress of technology has added pressure to local stocks.
As a result, historical practices of resource allocation, seasonality of fishing and traditional
methods have often been lost with the introduction of industrial fisheries and non-participatory,
centralized management systems (FAO 2018b). Meanwhile, small-scale fisheries vulnerability is
intensified due to the consequences of long-term effects of climate change, such as catastrophic
natural hazards like the hurricane Maria affecting the Commonwealth of Dominica in September
2017 (Pinnegar et al. 2019). Such environmental shifts caused by climate change can also be
devastating for fisheries in closed systems, such as some estuaries in Western Australia, where
species are spatially restricted and adapting to new conditions is greatly limited, even sometimes

impossible (CSIRO 2020, Smith & Lenanton 2021).

Because SSF are adaptable and dynamic, they have been able to persist in many locations, despite
increasing pressures. These fisheries will need to continue adapting as climate changes to meet
the increasing seafood demand to sustain economic, social and ecological objectives. In regions
where other sectors are expanding (e.g., tourism, recreational fishing, conservation), SSF will need
to coexist and potentially compete with such sectors (Kittinger et al. 2017, Cohen et al. 2019). The
importance of SSF globally and the challenges that this sector faces nowadays are now thoroughly
reported (Aguilera et al. 2015, Chuenpagdee & Jentoft 2019, Cohen et al. 2019, Said &
Chuenpagdee 2019), and there is a growing realisation that SSF should become a primary focus
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for fisheries research and management (Hordyk 2014, Chuenpagdee & Jentoft 2019).
Organisations such as Too Big To Ignore (TBTI) have been created to address the concerns and
issues affaecting the viability and sustainability of SSF globally (see TBTI webpage for more
information on the scope of their work). As complex and adaptive SES, with such strong
foundation in local culture and tradition, SSF management requires the integration of data

representing the social-ecological dimensions forming these systems (Ostrom 2009).

1.5.2. Data-poor fisheries

1.5.2.1. Catch data availability

Accurate, consistent data collected over time is one of the keys to correctly assess past and current
fisheries exploitation at local and global scales, and the application of management approaches
that will prevent future stock overexploitation. Inaccurate data or the lack of data for various
fisheries, and particularly for SSF, is concerning (Pauly & Zeller 2016a, FAO 2017). The FAO
therefore is responsible for reporting the official catch data (Zeller et al. 20006, Jacquet et al. 2010,
Moutopoulos et al. 2013), and summarises global catches every two years (e.g., FAO 2020). Data
are collected by most countries worldwide, and the results are translated into annual fisheries
assessments used for management purposes (Zeller & Pauly, 2018) and submitted to the Food
and Agriculture Organization (FAO) annually. With this information, the FAO reports on global

fisheries catch statistics, providing a global view of capture fisheries and aquaculture (FAO 2020).

Pauly and Zeller (2016) reconstructed global catches from 1950 to 2010 to take into account illegal,
unreported and unregulated catches and found that these catches were 50% higher than those
reported by FAO (Pauly & Zeller 2016a, Cashion et al. 2018). The size of under-reporting is likely
to be greater still for SSF (The & Pauly, 2018). In fact, we now know that unreported recreational
catches could be particularly significant for some species and in some developed countries, as
sometimes these are estimated to be greater than the commercial landings (Granek et al. 2008,
Hyder et al. 2018, Radford et al. 2018). The lack of catch data and estimated under reporting of
catch for many SSF globally is an indicator on how this sector has been overlooked and

marginalised worldwide (Teh & Pauly 2018, Halim et al. 2020).
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1.5.2.2. Data on the human dimensions

Along with traditional catch data, and the difficulties involved in its collection, SSF are also
affected by the lack of information regarding the incorporation of elements other than biological
factors constituting SES (Pikitch et al. 2004, Scandol et al. 2005, Pitcher et al. 2009, Pita et al.
2019). Most developed countries and associated fisheries management agencies have now
recognised that to implement EBFM, we need clear and simple EBFM indicators of biological,
ecological and human dimensions, agreed to by the international community, though these are
not always available (Pitcher et al. 2009, Triantafillos et al. 2014, Hobday et al. 2016). Management
agencies in some regions have already transitioned to using such approaches, such as in Australia,
with the implementation of EBFM and the triple-bottom line (TBL), an approach aiming to assist
the progress towards a sustainable management of natural aquatic resources by complementing
the environmental, economic and social objectives of fisheries (Triantafillos et al. 2014, Brooks et
al. 2015, Asche et al. 2018) and the creation of the CFRN in Canada (Marshall et al. 2018,
Thompson et al. 2019). Despite these advances, the transition to full SES for fisheries is mainly
theoretical, with few studies or projects incorporating these emerging methods or the new
knowledge on human dimensions in global small-scale fisheries assessments (Barclay 2012,

Barclay et al. 2017).

1.6. Australian fisheries and management

Australia has over 24,000 km of coastline, which provides various habitats for numerous and
diverse marine resources such as molluscs, crustaceans and finfish (Galloway & Bahr 1979, Kailola
etal. 1993). Despite this richness in biodiversity, most fishing activities in Australia did not become
economically significant until the 1940s, when the exploitation of fisheries such as crabs, lobsters
and prawns started. Demand for seafood paralleled this effort, transforming these into high-value

products (Tull 1993).
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1.6.1. Australian commercial fisheries

Despite having the third largest EEZ in the world (8.94 million km?), Australian commercial
fisheries are mostly small-scale, generally represented by small, family businesses. For example, in
1993, 50% of Australian fishing vessels were less than 6 m long (Tull 1993, McPhee et al. 2002),
unlike other commercial fisheries worldwide, which are often represented by large trawlers or
purse seiners (Thurstan et al. 2010, FAO 2020). Nowadays, Australia is a small producer of
typically high-value seafood compared to other nations, in terms of volume and fishing effort
(Department of Agriculture 2015). As a result, the value of Australian seafood exports and imports

represents about 1% of the global trade value (ABARES 2018).

There are several reasons that delayed the development of the Australian fishing industry to
develop and the significance of small-scale fishing. Firstly, the Australian coast is generally low in
nutrients all year round, and thus not very productive (Ward 2011). Secondly, the price of seafood
products and resulting profit margins were generally low. Furthermore, product delivery entailed
covering large distances from the harvest to the market. Finally, the community generally
prioritised consumption of red meat over seafood, thus few people were interested in joining the
fishing industry (Tull 1993). Gradually, however, the industry became more capital intensive. In
WA, for example, the number of rock lobster vessels increased from 103 in 1948 to 695 in 1962
(Tull 1993) and reached over 800 in the early 2000s (Fletcher & Santoro 2008). Currently, in WA,
commercial fishing contributes annually ~$AUD 400 million to the state’s economy and employs
about 10,000 people in fishing activities and associated industries, including the catch, process,

export and sale of the fish products (Gaughan & Santoro 2020; WAFIC, 2020).

1.6.2. Australian recreational fisheries

Recreational fishing is a very popular activity among the Australian community. The national and
indigenous fishing survey recorded that 19.5 % of Australians participated in recreational fishing.
Of these, about 35% occurred in estuarine waters, whereas 41% was in coastal waters (Henry &
Lyle 2003). Particularly in WA, the participation rate was over 28% in 2000 (z.e., ~300,000 people

from age 5 or older) (Henry & Lyle 2003). This number increased in the following two decades,
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and in 2017/2018 it was estimated that over 700,000 people fished recreationally in WA (Ryan et
al. 2019). Currently, the participation rate in recreational fishing activities of Western Australians
(28.7%, Ryan et al. 2019) is above the national level (19.5%, Henry & Lyle 2003) and well above
the 10.5% average across the industrialized world (Arlinghaus et al. 2015). Along with the high
participation numbers, the recreational catches are also significant, and in some regions are
estimated to exceed those of the commercial industry (Gaughan & Santoro 2020). For example,
in Shark Bay (WA), recreational fishing for pink snapper (Chrysophrys anratus) was recognised as the
main reason for the drastic decline of this species to less than 10% of its pre-exploitation levels

(McPhee et al. 2002).

Despite the size of the recreational sector and the potential magnitude of their catches, information
on recreational catches is sporadic for most Australian fisheries, or even absent (eg, some
estimates are available only for boat-based fishers; Gaughan & Santoro, 2020). The single
Australia-wide study that assessed recreational fishers’ catches estimated that ~136 million aquatic
animals were harvested between May 2000 and April 2001 (Henry & Lyle 2003). The significance
of recreational fishing for the local community becomes apparent when considering the number
of people participating in recreational fishing, and the harvest related to this activity. With the
growth of the WA population, and the increase in the number of recreational fishers, fishing
pressure is rising, and so are other anthropogenic pressures on coastal, estuarine and river systems

(Smith & Lenanton, 2021).

1.6.3. Australian fisheries management

Fisheries managers in Australia have been applying an EBFM approach since the 1990s (Scandol
et al. 2005), reflecting the same transition as seen in other fisheries globally. Parallel to this
transition towards EBFM, government agencies in Australia introduced and promoted the TBL
as the most adequate method to assess fisheries (Paterson et al. 2010, Grafton & Kompas 2014,
Triantafillos et al. 2014). Although various indicators have been described for human dimensions
of Australian fisheries, including fishers’ quality of life and various aspects of fishers’ social profile,
among other characteristics, these have rarely been applied (Barclay 2012, Schirmer et al. 2013).

Indeed, a study which reviewed the management of over 102 Australian fisheries, found that only
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22 had management objectives with a social focus, and 25 had associated indicators of social
performance (Hobday et al. 2016). None of the 41 fisheries examined in WA had a social objective,
nor an associated social indicator. In contrast, almost all the fisheries assessed had objectives and
indicators to monitor the biological aspect of fisheries, the bycatch involved and the impact of
fishing methods on the broader ecosystem where they operated, and more than half of the studied
fisheries had indicators to assess their economic petrformance (Hobday et al. 2016). Several social
indicators were used in some Australian states. For example, 11 fisheries in SA have indicators to
monitor social sustainability within the fishing community (Ze, via monitoring “fisher
satisfaction”), and five fisheries in the Northern Territory have indicators to monitor social

sustainability within the wider community (via monitoring “other human uses”).

Management agencies and scholars acknowledge that social targets and indicators of fishery
performance are necessary elements to enable adequate policy decision making, and consequently
enhance sustainable development of fisheries (Barclay 2012, Pascoe et al. 2014, Fletcher &
Santoro 2015). To improve the current situation, benchmarks studies need to be developed to
integrated information already available into management, new information needs be collected on
the human dimensions of fisheries, such as fishers perceptions on management approaches, fisher
values and concerns on the state of the stocks, and information on LFK is needed (Barclay 2012,

Brooks et al. 2015, Voyer et al. 2017a, Botto-Battios & Saavedra-Diaz 2020).

1.7. Blue swimmer crab fishery in Western Australia

The Portunus spp. complex consists of four species of swimming crabs (P. amnatus, P. pelagicus,
P. reticnlatus and P. segnis) which are widely distributed throughout the Indo-Pacific region (Kailola
et al. 1993). These four species support important commercial fisheries, particularly in south-east
Asia, where most of the catch is exported as crab meat to the USA (Prince et al. 2020). This
complex of species also supports small-scale commercial and recreational fisheries throughout
Australia. In particular, Portunus armatus is a very lucrative fishery in Australia, valued at ~ AUD
$8 million in SA (Noell et al. 2020), and ~$4 million in Queensland (BDO-Econsearch 2020) and

WA (Gaughan & Santoro 2020).
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The blue swimmer crab (P. armmatus) was known until 2011 as P. pelagicus  (Lai et al. 2010). In
Australia, P. armatus inhabits coastal and estuarine waters in WA, New South Wales, and the
warmer regions of South Australian gulfs (Gaughan & Santoro 2020). In WA, populations of
P. armatus are limited mainly to the west coast, and are relatively uncommon on the south coast,
due to the lower water temperatures in this region. As a result, P. armmatus is mainly targeted in the
coastal waters and estuaries located on the west coast of WA, including i) Shark Bay, ii) the
Swan-Canning Estuary; iii) Cockburn Sound; iv) Peel-Harvey Estuary and v) Leschenault Estuary,
Figure 1.1; Johnston et al. 2011). The closely spaced estuaries and bays in this region, combined
with the effects of the Leeuwin current flowing north to south of the WA coast, increase the
mixing capacity of the crab larval stages. The P. amnatus populations are genetically diverse across
this coast and their successful recruitment depends on particular weather and temperature

conditions (Johnston et al. 2015).

Shark Bay
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Figure 1.1. Maps showing the region of south-western Australia and the location of the main
estuaries studied in this thesis, particulatly the Swan-Canning Estuary and the Peel-Harvey Estuary.
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1.7.1. Management of blue swimmer crab fishery in WA

The commercial sector is regulated by the Department of Primary Industries and Regional
Development (DPIRD) through limiting the numbers of traps and active vessels, and by applying
restrictions to the crab’s size (Gaughan & Santoro, 2020; see Chapters 2, 4 and 6 for more details).
In contrast, the recreational sector for P. armatus has many more participants (7.e., 100,000s fishers).
P. armatus is one of the most popular recreational fisheries in WA, and is mainly targeted
recreationally in south-western Australia, with over 670,000 crabs caught recreationally while
fishing with traps from a boat during the 2017/18 season (Ryan et al. 2019). The recreational sector
is mainly regulated by limiting the catch (bag limits vary depending on the fishing method -
i.e., boat-based or shore-based) and limiting the size (same minimum size limit [MSL] as the
commercial sector). Recreational fishers crabbing from a boat require a crabbing licence, however,
fishers from the shore do not. This fishery is also important culturally for the local community.
Events such as “Crab Fest”, an annual celebration of crabs and crab fishing in the Peel-Harvey
Estuary, by the city of Mandurah, show the importance of the P. ammatus and the ecosystem

supporting it for the community in this region.

In south-western Australia, the most important P. arwatus fishery in terms of volume caught, and
people involved, both for the recreational and commercial sectors, is in the Peel-Harvey Estuary.
Since 2016, both, the commercial and recreational sectors of the Peel-Harvey Estuary blue
swimmer crab fishery obtained the Marine Stewardship Council (MSC) certification for
sustainability (Johnston et al. 2015, Fletcher et al. 2017). Despite the certification of sustainability
received by the fishery in the Peel-Harvey Estuary, it is important to note that not all P. amnatus
stocks in the region are classified as sustainable. For example, the fishery in nearby Cockburn

Sound has been closed intermittently since 2006 and fully closed since 2 014 (Johnston et al. 2020).

The severe decline of the crab population in this area has been related to a combination of
anthropogenic and environmental pressures and a lower level of primary production in the Sound
now, than 20-30 years ago (Marks et al. 2020). Predictions for changes in climate conditions by

2030 in this region indicate that the average temperatures will rise continuously in all seasons, the
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mean sea level will also rise (~ 0.12 m), and the significance of extreme sea-level occurrences and
intensity of extreme rainfall events will increase (West & Gordon 1994) (Webb & Hennessy 2015,
CSIRO 2020). This could negatively affect the survival of P. armatus populations in these regions,
as an increase in temperature can impede successful recruitment if water temperatures reach the

thermal maxima of juvenile P. armatus (Chandrapavan et al., 2019).

Although Australian fisheries management and research is considered world leading (Pitcher et
al. 2009, Costello et al. 2012), and despite the early adoption of EBFM (Scandol et al. 2005), fishery
resources in Australia are suffering from various anthropogenic and environmental pressures. For
the application of an EBFM approach to manage this fishery, managers should consider not only
catch-based data for stock assessment and management predictions, but also include the influence
of economic, institutional and human interactions on the fishery. Despite the efforts to collect
such information, there is little data available on the human dimensions of any fisheries in WA
(Hobday et al. 2016), and an approach to collect, analyse and incorporate such data in management

has not yet been developed.

1.8. Research and structure of the thesis

1.8.1. Research aims and objectives

This study aimed to provide new knowledge on some of the human dimensions of the blue
swimmer crab (P. armatns) fishery in south-western Australia and contribute to understanding the
human dimensions of fisheries in Australia and other developed countries. To do this, an
interdisciplinary approach, combining social science qualitative methods such as open-ended
surveys, and quantitative methods with a social focus, such as social network analysis and a
biological focus, such as investigating historical catch data through newspaper records. In this
thesis, I consider “qualitative analysis™ as the analysis of qualitative data (Z.e., descriptive interview
responses having a categorical structure). I use “quantitative analysis” to refer to the analysis of

quantitative data or qualitative data that has been transformed into a numeric value.
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During my research, I collected data from three of the four most important estuaries for blue
swimmer crab fishing in south-western Australia, with different geographic, biological and social
characteristics, including: i) the Swan-Canning Hstuary; ii) the Peel-Harvey Estuary and iii) the
Leschenault Estuary (Table 1.1). These estuaries were selected according to their importance for
P. armatus fishing activities as well as their proximity to urbanised areas. Note that the fourth key
site for P. armmatus fishing described above (i.e., Cockburn Sound, an embayment, which extends
from the south of the mouth of the Swan-Canning Estuary to Point Peron, near Rockingham;
Figure 1.1) was not included in this thesis as the commercial crab fishery and the southern extent
of the recreational crab fishery has been closed since 2006 (Johnston et al. 2020).

Table 1.1. Summary of the estuaries included as field sites in this study and description of the

social and ecological characteristics of each estuary. (n) indicates number of current, active
commercial licenses; * commercial fishery closed in 2000.

Characteristics Swan-Canning Peel-Harvey Leschenault
Tributary rivers Swan; Canning Serpentine, Murray, Brunswick; Ferguson,
Harvey Preston, Wellesley
Urban population ~ 2,040,000 ~ 80,800 ~ 32,240
_ Commercial (1) Commercial (6) and . .
Fishing sector(s) and Recreational Recreational Recreational only
Existing ecological Yes Yes No

data

With this study, I investigate the human dimensions of the blue swimmer crab fishery while
describing some of the barriers to communication and effective research and management that
fishers, managers and other fishery stakeholders are facing. I provide a rich description of fishing
values, concerns and other human dimensions that were highlighted as important by the fishers.
I also investigate how some types of human interactions (particularly, information sharing) might
influence communication efficiency between stakeholders, highlighting some of the
communications barriers, negatively affecting collaboration and ultimately the management of
P. armatus. Finally, drawing from research on local ecological knowledge (LEK) of natural
resources, I assert the relevance of fisher perceptions as a type of LFK, and suggest how this non-
traditional data could be used to monitor fisheries status, particularly when other types of data are

missing. Overall, this study contributes to the wider understanding of small-scale fisheries as
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social-ecological systems, and their management in Australia and globally. Given the scarcity of

information on the human dimensions of Australian fisheries, specifically in WA, the overall aim

of this study was to empirically study the dynamics between the social and ecological elements of

this small-scale fishery.

This is the first study on the human dimensions of blue swimmer crab fisheries in Australia, and

on a Portunus spp. fishery worldwide. It is also one of the few baseline studies on the human

dimensions of crab fishery globally. The approach used in this thesis is transferable to recreational

SSFs in other regions of Australia and elsewhere. Finally, the key results can be used as a baseline

when little or no information on the human dimensions is available.

The main objectives of this research were to:

iii)

1v)

Describe the structure of the blue swimmer crab fishery social network (ze., both
commercial and recreational fishing sectors) and understand the information-sharing
patterns between the different stakeholders;

Use local fisher knowledge (ze., recreational sector) and other sources of data to
understand trends in P. ammatus catches (i.e., size and abundance) and effort from the
1900s to 2000;

Understand and describe fisher perceptions on the P. armatus fishery, fishers’
concerns and views on management (%.e., both sectors);

Investigate some of the social justice issues faced by commercial P. armatus fishers,
particularly the marginalisation of commercial P. armatus fishers by an expanding
recreational sectot;

Elicit and measure recreational fishers’ beliefs towards restocking of P. armatus as a

management approach using a two-stage survey method.

Each of the data chapters in this thesis addresses one of the objectives described above. The

structure of the thesis is graphically represented and summarised in Figure 1.2. The research on

describing the fishery network (Aim 1, Chapter 2) and social justice (Aim 4, Chapter 5) focusses
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on crabs in the Peel-Harvey Estuary, while all other research considers crab fishing in the three

west coast estuaries, particularly the Swan-Canning and Peel-Harvey estuaries (Figure 1.2).

1.8.2. Thesis structure

This thesis consists of seven chapters, five of which are data chapters (Figure 1.2). I also describe
the thesis overarching aim, objectives and structured followed. Chapter 1 introduces the topic of
fisheries as SES and outlines the difficulties of integrating fisheries” human dimensions, either due
to a lack of such data, or due to various barriers to use the data already available. The data chapters
(Chapters 2 to 6) were written as a series of stand-alone papers to facilitate publication. Therefore,
each paper contains some repetition of key information in the introduction section, and in some
of the methods. The final chapter (7) presents the general conclusions and recommendations

emerging from my research.

In Chapter 2, I used social network analysis (SNA) to describe the information flow among
recreational and commercial fishers and other stakeholders forming the Peel-Harvey fishery
network. In this Chapter, I used SNA to describe the network structure of the blue swimmer crab
fishery in the Peel-Harvey Estuary, which involved the description of information exchange
between individual stakeholders and organisations involved with the fishery, as well as their
importance (Z.e., position) in the network. Here I highlight some of the communication barriers

encountered by stakeholders involved in the management of this fishery.

In Chapter 3, I tackled part of the issue on data availability for the blue swimmer crab fishery in
south-western Australia, particularly for the recreational sector. 1 looked at fisher perceptions of
change in the abundance and size of the P. armatus caught over time, as well as any environmental
changes observed, and compared these perceptions with historical records sourced from Trove
(z.e., digitised Australian library including newspaper collections among other historical records).
To do so, I collected over 400 historical records sourced from newspapers in WA, since the 1908
to 2000, and combined them with an online survey and a face-to-face interview conducted with

recreational fishers in various estuaries.
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Chapter 4 provides a baseline on the human dimensions of the blue swimmer crab fishery.
Particularly, I collected and analysed the perceptions of commercial and recreational fishers
towards management their concerns towards the fishery and the status of stocks and the

supported approaches by each sector.

BACKGROUND & RATIONALE
CHAPTER 1
General introduction
1

[ Social-ecological systems ]

Small-scale fisheries

RESEARCH OUTPUTS
CHAPTER 2
The impact of information transfer on the management of a small-scale fishery
L =%
CHAPTER 5
Social justice in the Peel-Harvey Estuary blue swimmer crab fishery

CHAPTER 3 CHAPTER 4 CHAPTER 6
Fisher perceptions Perception between A two-phase approach
and local fisher fishing sectors on the to elicit and measure
knowledge as a status and management beliefs on management
source of catch data of a crab fishery strategies

Figure 1.2. Schematic diagram of thesis structure, showing the focus of each major data
Chapter and the estuaries studied for each Chapter. Key elements of the General Introduction,
General Discussion, Conclusions and Recommendations are also shown.
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In Chapter 5, I looked at social justice issues affecting the blue swimmer crab fishery in south-
western Australia. Chapter 6 explores this power imbalance between the commercial and
recreational fishing sector as a short commentary and puts the small-scale blue swimmer crab

fishery of WA in the context global issues on fisheries social justice.

Chapter 6 describes a two-phase method I developed to understand the human dimensions of the
blue swimmer crab recreational fishery, particularly focusing on the perceptions of recreational

fishers towards restocking as a management approach for the fishery.

Finally, Chapter 7 discusses the conclusions from previous chapters, as well as its inclusion in the
management of the P. ammatus fishery in south-western Australia. Drawing on the key findings
from Chapters 2 to 6, I have summarised the overarching themes that emerge from this
multidisciplinary thesis, highlighting the theoretical and practical contributions of this study.
Finally, 1 have developed a discussion on the elements described above, as well as
recommendations for future research with regards to the human dimensions of small-scale

fisheries, and the use of interdisciplinary methods to research this topic.
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Chapter 2

Who you speak to matters: Information
sharing and the management of a small-

scale fishery’

Recreational fishing boat, or “Dinghy” moored in the entrance of the Blackwood

Estuary, Augusta.

I This chapter is published as a co-authored manuscript:
Obregoén C., van Putten 1., Admiraal R., Hughes M., Tweedley J. R., Loneragan N. R. (2020).

“Who you speak to matters: the impact of information transfer on the management of a small-
scale fishery”. Frontiers in Marine Science. 7:578014. Doi: 10.3389 /fmars.2020.578014.

34


https://www.frontiersin.org/articles/10.3389/fmars.2020.578014/full

Chapter 2

Who you speak to matters: Information sharing
and the management of a small-scale fishery

2.1. Abstract

Sustainable natural resource management requires collaboration, adaptability and coordination
between science, policy and stakeholders. Communication of scientific information through social
networks is integral to effective governance. This study employed social network analysis to
investigate information flow between stakeholders associated with the blue swimmer crab
(Portunus armatus) fishery in the Peel-Harvey Estuary, south-western Australia. Although the
fishery received Marine Stewardship Council certification in 2016, a preliminary study conducted
between 2017 and 2018 revealed that fishers were concerned about its status and management.
Consequently, 85 face-to-face interviews were conducted with commercial and recreational
fishers, academics, government bodies, representatives of fishing organizations, non-
governmental organizations, and tourism organizations to understand the flow of information
and the influence on perceptions of sustainability. The results showed that: i) Few individuals
were key for sharing information within and between different organizations forming the fishery
network and only two of the six groups (government bodies and the commercial fishing sector)
were highly connected and appeared as key for information sharing; ii) After the public sector
stakeholders, academic groups were the second-least connected, despite having actively
researched the Peel-Harvey Estuary and the P. amzatus fishery for over 40 years; iii) Recreational
fishers exchanged information mainly with other fishers and the regional fisheries department;
iv) Modes of communication used with the recreational fishing sector differed greatly between
the fisheries department (7., mainly via phone/email) and the recreational fishing organisation
(i.e., strong online presence, social media and phone/email); v) Issues of inclusiveness and
representation were highlichted for some of the groups and organizations. This study has

identified logistical and institutional challenges to communicating information regarding the
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science, management and environmental issues related to a small-scale crab fishery and makes

suggestions to enhance information flow in the network.

2.2. Introduction

Fisheries are a classic example of natural resources that are vulnerable to management conflict
(Hardin 1968). Interactions between human populations and natural resources (such as a fishery)
form complex adaptive social-ecological systems (SES), defined by uncertainties, natural
vatiations and nuanced dynamics that can be challenging to manage effectively (Berkes & Folke
2000). Effective management of SES ideally requires the inclusion of human dimensions such as
stakeholder perceptions and knowledge (Bodin & Crona 2009). Hence, calls for a transition from
traditional fisheries management to a transdisciplinary and inclusive approach (i.e., incorporating
human dimensions) are gaining support. In the last two decades, the concept of ecosystem-based
fisheries management (EBFM) has been increasingly used globally and appears to be the main
stated approach to guiding regulation and exploitation of natural aquatic resources in developed

countries (Pitcher et al. 2009), although implementation remains limited (Link & Marshak 2019).

The challenge of EBFM is deepened further by the existing pressures resulting from climate
change. Predictions for temperate, south-western Australia suggest that this region will have
reduced winter rainfall (25% - 72% reduction according to different global climate models), and
that sea levels will increase by 20 to 84 cm above its current levels by the end of 2100 (Hallett et
al. 2018). The combination of increased air temperature, sea level rise and reduced rainfall is
expected to result in increased salinity and residence time of water in closed or semi-closed
environments, such as estuaries. Furthermore, reduced water exchange and salinity stratification
would be expected to increase the frequency and severity of algal blooms, hypoxia and fish kill
events (Gillanders et al. 2011). As a result, ecosystems are anticipated to undergo shifts in their
community structure and function which will affect the abundance of species targeted by fishers
(Caputi et al. 2014). More marine conditions in estuaries will result in greater occurrence of marine
species, and this might encourage a greater use of these systems by fishers (Valesini et al. 2019).

If an increase in fishing pressure occurred, estuarine fisheries, such as the blue swimmer crab
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(BSC, Portunus armatns) in Western Australia, which is the focus of this paper, will require new and

adaptive management approaches.

Despite the acknowledgement that a transition towards EBFM is needed, in practice, the
ecological and human dimensions of fisheries are rarely considered equally, particularly the social,
cultural, and institutional aspects, which are often overlooked (Barclay 2012). The inclusion of
stakeholders in the management process (z¢., co-management), along with the study of social
networks is fundamental when assessing fishery management approaches. One way to integrate
the study of social networks in fisheries research is by better understanding information-sharing
within the network and how the structure of the network influences this exchange (Leonard et al.
2011). Information exchange often depends on making and maintaining positive interactions with
key individuals and organizations. Thus, understanding the structural pattern of interactions
between social network actors, particularly how information is shared, provides insight into the

key elements that facilitate and impede efficient communication within the network.

Social network theory derives from graph theory, a mathematical approach used to represent
complex systems. Social network analysis (SNA) is a commonly used method to analyze and
graphically represent the exchange of resources, such as information and behavioural patterns,
amongst individuals, groups, or organizations (Rogers 2003). This method is increasingly
recognized as an interdisciplinary tool with potential to clarify the implications of network
properties for natural resource management (Turner et al. 2014). In social networks, interactions
between actors can affect individuals’ views, decisions, and behaviours. The structure of the social
network of fishers and managers, such as the engagement or disengagement of local users and all
stakeholders in the design and implementation of management regulations, can influence the
effectiveness and efficiency of both adaptive management and EBFM (Bodin & Norberg 2005).
Understanding these networks and the connections within them provides a key to understanding

the reasons behind the success of management and governance of a fishery (Carcamo et al. 2014).

Social networks can influence the resilience of local communities as well as the capacity for

adaptation to ecosystems changes. Indeed, previous research has demonstrated that social
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network structure greatly influences the potential for collective action (Bodin & Norberg 2005).
It has also shown the importance of collaboration and information sharing (Cohen et al. 2012),
as well as the significance of particular organizations, partnerships (Berdej & Armitage 2016) and
individuals (Gutiérrez et al. 2011) for successfully managing natural resources, such as fisheries.
Effective information flow between stakeholders is a key element for the success of fisheries
management worldwide as well as for setting realistic management objectives at a regional or local
scale (Barnes-Mauthe et al. 2015). To our knowledge, there are no peer-review publication
analyzing the patterns of information-sharing through an Australian fishery network. We found
however one study conducted for Fisheries Queensland which looked at the historical elements
which led to the current relationship patters between the regional fisheries department and the
professional fishers and other stakeholders. This study also included a social network analysis on

communication patterns between stakeholders and Fisheries Queensland (McClean et al. 2019).

The BSC fishery is one of the most important fisheries in south-western Australia, both from a
recreational and a commercial perspective, particularly in the Peel-Harvey Estuary. Both sectors
of the Peel-Harvey BSC fishery (hereafter PHBSC) were certified in 2016 as sustainable by the
Marine Stewardship Council (MSC), in a world first joint certification (Motison et al. 2016).
Information sharing between individuals and organizations participating in the PHBSC fishery
network is a major element to facilitate an efficient management of this resource. Despite the
fishery’s sustainability certification, a previous study that analysed fishers’ perceptions on current
management approaches, revealed that fishers were concerned about the fishery’s status and
management (Obregdn et al. 2020a). Consequently, this study used social network analysis to
empirically investigate information-sharing patterns among actors in the SES of the PHBSC
fishery. We explored different network configurations: i) Relations based on information sharing
between individual stakeholders actively involved in the management and the study of the fishery
(ze., not including recreational fishers); i) Relations based on information sharing between
organizations, and iii) Relations based on information exchange between recreational fishers and

some organizations belonging to the PHBSC fishery network. The analysis of this small-scale
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fishery network in south-western Australia provided insight into specific points of intervention

and ways forward to help enhance innovative and adaptive management of regional fisheries.

2.3. Methods

2.3.1. Study area and target species

Fishing is an important activity in Western Australia (WA), both culturally and commercially. It is
estimated that ~700,000 Western Australians fish recreationally (Ryan et al. 2019), representing a
significant proportion of the state’s total population of 2.6 million people. Commerecial fishing in
WA contributes around AUD 1 billion and provides direct employment to over 5,000 people
(WAFIC 2020). The BSC fishery comprises a significant component of the WA recreational
fishery catch. For example, in 2017/2018, recreational boat fishers were estimated to have caught
~660,000 crabs in WA (Ryan et al. 2019). Additionally, a significant number are caught by shore-
based fishers in WA’s estuaries and coastal embayments. Events organized to celebrate the catch
of crabs in WA, such as the annual celebration of “crabfest” in Mandurah, reflect the cultural
importance of blue swimmer crabs in this region. This species is also targeted by the commercial
sector, which employs more than 80 people directly and is valued at ~AUD 3.5 million per year
(Gaughan & Santoro 2018). The commercial catch in WA was 518.2 t in 2017 (Fletcher et al.

2017).

Commercial fishing for BSC in WA is managed mainly by restrictions on fishing vessels, fishing
traps and enforcing a minimum size limit (MSL) of 127 mm carapace width. Daily time limits and
a closed fishing season also apply (Fletcher et al. 2017). Recreational catches are mainly regulated
through bag limits and size restrictions (ze., 10 or 20 crabs per person when fishing from the shore
or from a boat, respectively, and MSL of 127 mm carapace width). A fishing license is also needed
for recreational fishers using a boat. Shore-based recreational fishers are exempt from this license.
Since 2019, new management measures have been introduced for both fishing sectors in
south-western Australia. These include a seasonal closure for all waters from Perth (WA capital

city; Figure 2.1) to Manjimup Beach (200 km south of Perth) from September to November, a
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reduction of bag limits for regional systems, and a buy-out of commercial fishing licenses in the

Peel-Harvey Estuary (DPIRD 2018).
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Figure 2.1. Map of Western Australia (Australia), showing the location of the Peel-Harvey
Estuary and the cities of Mandurah and Perth.

Located about 80 km south of Perth, the Peel-Harvey Estuary is the largest estuary in
south-western Australia (area ~130 km? Figure 2.1) and it is also one of the most popular
locations for BSC fishing, and is also part of the Ramsar-listed Peel-Yalgorup wetland system
(Valesini et al. 2019). The City of Mandurah (population ~80,000) is located at the mouth of the
estuary and is the fastest growing city in the state and second fastest growing regional city in
Australia (PDC 2021). The estuary’s importance as a major natural asset and the population

growth in the region create challenges for managing the natural resources depending on this

environment.

To achieve certification of the PHBSC fishery by the MSC, fishery stakeholders were required to

demonstrate its sustainability. The certification process required pooling data from various groups
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(e.g., government bodies, fishing sectors and other organizations) on the status of the fishery and
its environment, as well as its management and other elements related to decision making (MSC
2009). Consequently, as part of the certification process much information was shared between
individuals and organizations participating in the PHBSC fishery network. Both fishery sectors
were required to engage in providing pre-certification information and contribute to annual audits.

The information shared among the network of stakeholders was a key element in this process.

2.3.2. Data collection

The target population for the social network analysis is the PHBSC fishery network, which
includes a diverse range of stakeholders, such as non-governmental organization (NGO)
representatives, government bodies, academics, and fishing sectors representatives (Table 2.1).
Potential survey participants from each organization were identified in a three-step process, which
included a preliminary identification of primary participants who were known to the researchers
and who were actively involved in the fishery. These 33 primary participants were contacted via
email, and 23 agreed to be interviewed. Snowball sampling was used to identify and survey other
stakeholders (secondary participants; Maiolo et al. 1992). To be invited to participate in the survey,
secondary participants had to be nominated by at least two primary participants. This process
continued for three waves (ie., three interview sets where, if survey participants named new
stakeholders twice or more, these people were contacted and invited to participate in the survey).
Despite some recreational fishers being mentioned during these interviews (Table 2.1), no
individuals were mentioned by two or more participants, and therefore recreational fishers were

not invited to participate in the survey. Recreational fishers were therefore interviewed separately.
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Table 2.1. Organisations forming the PHBSC fishery network and acronyms used for each organisation, groups they are affiliated with, description of each

organization and total individuals mentioned (N) and individuals interviewed (n) for each organisation.

Group Organisation Acronym N n_ Description of each organisation
Commercial Commercial fishers MLFA é 2 Commercial fishers in the Mandurah licensed Fishermen Association (MLFA)
222129 Southern Seafood Producers of WA SSPWA 1 1 Association for professional seafood producers in south-western Australia
WA Fishing Industry Council WAFIC 6 2 Main organisation representing commercial fishing in the State of WA
Recfishwest RFW 5 5 Main organisation representing recreational fishing in the State of WA
Recreational  Recreational fishers ;iqsehcérs 6 0 Recreational fishers actively involved in the discussions on the management of the fishery
sector Mandurah offshore fishing and sailin
pd 9 9 wmoFsc 1 0 Recreational fishing club in Mandurah
City of Mandurah CoM 4 1 Council for Mandurah
Department of Biodiversity, , ’ . :
Conservation and Attractions DBCA 2 0 State government department for the management of WA's environment and its conservation
Department of Primary Industries and DPIRD 3 1 State government department for WA fisheries management
Regional Development 8 7
Government Department of Water and
body P : DWER 5 1 State government department for water regulations in WA
Environmental Regulation
Elg?ptﬂ::tsiol?nesearch and Development FRDC 1 0 National body for research, development and extension of fisheries and aquaculture sectors
Peel Development Commission PDC 2 1 Regional commission for the Peel region (including the Peel-Harvey Estuary)
Politicians - 2 0 Local politicians
Murdoch researchers - % 2 Post-graduate students and established academics involved in BSC research
Academics University of Western Australia
Y - 1 0 Established academics involved in BSC research
researchers
Birdlife Australia - 1 0 Non-profit, non-governmental organisation (NGO) for the conservation of Australian birds
NGOs, Marine Stewardship Council MSC 1 1 Non-profit, NGO providing a certification scheme of sustainable seafood
Conservatio ) . Non-profit, NGO community-based organisation for the management of natural resources in the
n groups Peel-Harvey Catchment Council PHCC 6 1 Peel-Harvey Estuary Catchment
Scientific Certification Systems SCS 1 1 Third-party organisation providing independent assessment of sustainability
Dolphin Watch ) 1 0 rPezritgrt]arshlp between the DBCA, Murdoch and Curtin Universities for the conservation of dolphins in the
Public General public ) 2 0 ]E_Beneral public (not necessarily fishers) actively involved in the discussions on the management of the
ishery
?‘gjrrgrrfss’ Mandurah Cruises - 1 0 Tour operator conducting river and coastal cruises, based in Mandurah
Mandurah Times - 1 0 Local newspaper based in Mandurah
Peel Bright Minds - 1 0 Community-based organisation promoting events and regional activities in the Peel region
Western Angler Magazine WAM 1 0 WA recreational fishing magazine
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The approach used to interview recreational fishers differed from the method used with the rest
of respondents. While individual meetings were arranged with non-recreational fisher
respondents, recreational fishers were randomly selected at popular fishing spots throughout the

summer season (peak time for BSC fishing in the region) and invited to be interviewed.

A total of 85 semi-structured interviews were conducted between November 2018 and November
2019, from 6 am to 2 pm to collect network data, respondents’ attitudes and perceptions towards
information shating efficiency, and individuals’ demographics (see supplementary material 2.1).
Note that recently, monitoring by DPIRD has found a significant number of recreational fishers
fishing throughout the evening (Taylor et al. 2018). No interviews were carried out during the
night and therefore we have no information on whether the night fishers represent a different
group to those interviewed during the day. Relations which involved information-sharing were
elicited by asking stakeholders i) to name up to 10 individuals with whom they exchanged
information on the BSC fishery; ii) how frequently information-sharing interactions occurred; and
iii) their perceptions of the utility of the information shared. Recreational fishers refused to
provide individual names of the people they shared information with, as they considered this to
be a breach of their privacy. Consequently, the survey for recreational fishers was adapted to not
require mentioning individual names. Instead, recreational fishers were asked to identify the
organizations they had been or were in contact with (rather than naming individual stakeholders)
from a list of key organizations (including an “other” option) that had been produced based on
the fishery network. This difference in the data collected required a separate data analysis for the
individual recreational fishers included in the network, as the recreational fishers provided
information on organizations, whereas the non-recreational fisher stakeholders identified and

provided information on individuals.

The network data collected included a description of the relations/edges (i.c., interactions between
actors), directionality of information-sharing (i.e., who shared the information and who received
it), mode of communication used (e.g., face-to-face, telephone, e-mail), topic discussed (ze., fishery
science, management, or environment), frequency of interaction, length of the relationship

between the two individuals, and the perceived quality of interaction, defined as the quality of the
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information received and the perceived efficiency of the interaction, quantified on a three-point
scale (1 = low, 2 = medium, 3 = high). Data of each respondent/node were also recorded,
including the name, affiliation, age and level of seniority (as represented by role) in the
organization. To preserve respondent privacy, names of respondents were replaced with a unique
identifier code, and organization names were categorized into six broad groups (i.e., commercial
sector, recreational sector (formed by organizations representing and managing the recreational
fishing sector only), government body, academics, NGOs and conservation groups, public
awareness and tourism) according to the general purpose of each organization (Table 2.1).
Individual recreational fishers were not included in the recreational fishing sector group as these

responded to a different survey and therefore were analyzed separately.

Qualitative data were also collected to provide context regarding the information-sharing
relations. These included questions about personal satisfaction with their own information
sharing, perceived fishers’ satisfaction on the management of the fishery by other stakeholders

and public events where information on the BSC fishery was shared.

2.3.3. Network and data analyses

Social network analysis was used to describe, analyze, and map how individuals, organizations,
and stakeholder groups interacted and shared information. We considered three forms of

networks based on the different types of data, as follows:

1. An egocentric network of non-recreational fisher stakeholders (hereafter “egocentric

network of stakeholders”) and only their direct information sharing relations.

2. A full network of the closed population including only individuals who had been
interviewed by the researchers and their information sharing relations between each
other (hereafter “closed population network”) and all information sharing relations
among respondents who were part of this closed population. We also considered a
network of organizations and relations among these organizations corresponding to this

closed population.
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3. A bipartite network of surveyed recreational fishers and the organizations with which
they shared or received information (hereafter “bipartite network of recreational fishers

and organizations”).
These networks are described in more detail below.

The statistical analysis of these networks was carried out in R using the ‘sna’ (Butts 2019),
‘network’ (Butts et al. 2019), ‘statnet’ (Handcock et al. 2019), and ‘igraph’ (Dickey et al. 2019)
packages. This included calculating descriptive statistics, such as various measures of centrality
(relating to out-ties or sharing of information, see Table 2.2 for a description of these measures,
and prestige, relating to in-ties or reception of information). Eigenvector centrality and prestige
were considered, although we do not present measures of these forms of centrality and prestige,
as they did not provide any additional insights to those obtained from the analysis of degree
centrality, betweenness centrality and degree prestige. When applied to a network of
organizational relations, measures were weighted by the number of relations between
organizations (or groups). In addition to measures of centrality and prestige, we also examined
attribute-based mixing (ze., cross-tabulations of relations between actors based on certain
attributes for both actors involved in the relation and fit statistical models for networks,

specifically exponential random graph models (ERGMs)).

2.3.3.1. Egocentric network of stakeholders

The egocentric network of stakeholders examined only the local networks of primary survey
participants (Ze., the respondents and those with whom they directly shared or received
information). These included individuals surveyed from the PHBSC organizations representing
different stakeholder groups but excluded recreational fishers since, as previously described,
recreational fishers provided a different type on information of the network, and therefore were

analysed separately, as a bipartite network (see section below for more details).

An examination of attribute-based mixing for age, gender, education level and organizational
affiliation elucidated whether there was a tendency for homophily (Ze., individuals preferring

information sharing relations with others who were similar to themselves) or heterophily
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(z.e., individuals preferring to share information with others who were different than themselves).

Attribute-based mixing is important because it has implications for information diffusion between

different groups and opportunities for new information to enter a network (Peel et al. 2018).

Table 2.2. Individual and organisational level network metrics of centrality, definitions, and

descriptions.
%eer;tsrﬁlrléy Definition Description
Degreg Count of number of outgoing edggs to Actors with a high degree centrality have a
centrality the node. We present normalized . h i . d
(i.e., out- degree centrality to account for greater capacity to share information an
dég”ree) network size have a greater information-sharing power.
Calculations of betweenness for a This measure gives information on which
particular actor are based on the nodes (i.e., actors) receive information more
Betweenness quantity of shortest paths between frequently. They are important for controlling
centralit other nodes that go through that the flow of information between nodes. The
y particular  node. We present more ‘in between’ an agent is, the more that
normalized betweenness centrality to agent will be able to receive and share
account for network size. different types of information among others.
pDreegsrtiegee gr?:nt Ozggg}gg{o?f mcc\)/r\]/wéng egrgeesse;c; Actors with high degree prestige potentially
(i.e., in- normalized degree prestige to account have a greater mﬂuenge In the. network and
degree) for network size have a greater information-sharing power.
2.3.3.2. Closed population network

The closed population network included only individuals who had been interviewed by the

researchers and their information sharing relations between each other (Z.e., it excluded relations

with people outside of this closed network). We examined this network at two levels: i) an

actor-level scale where individuals and their relations were considered, and ii) an organization-level

scale where organizations and interactions between organizations were considered. For

confidentiality reasons, in the actor-level network we report organizations according to the

previously described groups relating to the purpose of the organization (Table 2.1). In the

organization-level, on the other hand, we present results according to the individual organizations.
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2.3.3.3. Bipartite network of recreational fishers and organizations

Data extracted from the recreational fishers’ questionnaire were used to produce a network of
recreational fishers and the organizations from which they received or with whom they shared
information (e.g., if they needed to report something related to the BSC fishery). Thus, the network
for the PHBSC recreational fishery was considered a bipartite (ze., two-mode) network, as it
describes interactions between two disjoint entities in the community—individuals and
organizations (Chizinski et al. 2018). We treated this bipartite network as undirected (ze., interest
was simply in terms of which organizations recreational fishers interacted with). We considered
degree centrality with a focus on organizations (.e., identifying the organizations with which
recreational fishers most commonly interact) and perceived quality of information from each

organization in contact with recreational fishers.

2.3.34. Qualitative data analysis

Qualitative data, other than demographics, were analyzed separately for non-fisher stakeholders
and recreational fishers. Summary statistics were used to describe stakeholder perceptions (fishers
and non-fishers), sources available to obtain information on the fishery and its management, as

well as fishers’ satisfaction with the fishery management (rated on a three-point scale).

2.4. Results

We describe the structure of the closed population network where we focus on the individual and
organization level. Finally, we describe the bipartite network of recreational fishers and
organizations, discussing the modes of communication used to share information and the
perceived quality of the information shared. We use qualitative data to help understand gaps and
impediments in the process of information sharing. Finally, we discuss potential implications for

the management of the PHBSC fishery.

2.4.1. Demographics

In total, 85 individuals from 13 different organizations were interviewed, including 74 face-to-face

interviews and 11 conducted by phone. A total of 50 recreational fishers and 35 non-recreational
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fisher stakeholders (related to government organizations, the commercial sector, etc.) were

interviewed (see Methods).

Most survey participants were male (76%) and ranged in age from 18 to 65+ years with the largest
portion of participants (30%) between 45 and 54 years of age. The highest level of education
completed by most interviewees (51%) was a higher degree education (i.e., technical certificates,

diplomas and/or University studies), while 39% had completed secondary education.

2.4.2. PHBSC fishery stakeholders

A total of 194 stakeholders from 28 different organizations and 571 information sharing relations
were identified for the PHBSC fishery network. Overall, 377 relations related to the management
of the fishery, 199 relations focused on information related to the scientific research of BSC
populations, and 63 relations related to the broader environment of the Peel-Harvey Estuary.

Note that some information sharing relations involved multiple topics.

The consistency of respondents’ reports on information sharing for relations was checked where
both respondents were interviewed. This consistency was necessarily restricted to a closed
population network consisting only of those people who were sampled and the relations/edges
between them. Respondents agreed on the presence and directionality (ie., who shared
information with whom) for only 25.1% of the reported information sharing relations. When
ignoring directionality (7.e., simply focusing on whether there is some form of information sharing
between two people), still only 38.7% of relations between primary respondents were reported by

both parties.

2.4.3. Egocentric network of stakeholders

The egocentric network of stakeholders was comprised of 35 non-recreational fisher stakeholders
and their 458 direct information sharing relations with other stakeholders. These direct
information sharing relations involved a total of 113 unique individuals. Of these information

sharing relations, 264 related to the management of the fishery, 199 focused on the scientific
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research of BSC populations, and 63 related to the environment of the Peel-Harvey Estuary. Note

that some of the relations related to more than one topic.

24.3.1. Centrality and prestige of stakeholders

Certain stakeholders in the egocentric network were identified as more important for information
flow in terms of information sharing relations (Table 2.3). The individual with highest degree
centrality (7e., direct information sharing relations) and highest degree prestige (i.e., direct
information receiving relations), normalized for unique individuals identified in the network, was
affiliated with the commercial fishing sector (ID: 33, degree centrality = 0.295, degree prestige =
0.214). These measures of degree centrality and degree prestige reflect that this individual shared
information with 29.5% and received information from 21.4% of the 113 unique stakeholders
identified in the egocentric network. Two individuals affiliated with a government body (IDs 6
and 12, degree centrality = 0.268 and 0.214, degree prestige = 0.205 and 0.188, respectively) and
one affiliated with the recreational fishing sector (ID: 32, degree centrality = 0.170, degree prestige
= 0.188) were also identified as being important. The top five ranked individuals included more
recreational and commercial fishing sectors representatives than government body

representatives.

Table 2.3. Individual identifier (ID) for the 10 stakeholders with highest degree centrality and
degree prestige metrics forming the egocentric PHBSC fishery network and the groups they
belong to. Individuals are ranked according to their degree centrality (i.e., out-degree) and degree
prestige (i.e., in-degree).

Individual ID Group Degree centrality Degree prestige
33 Commercial sector 0.295 0.214
6 Government body 0.268 0.205
12 Government body 0.214 0.188
32 Recreational sector 0.170 0.188
34 Commercial sector 0.161 0.152
18 NGO, Conservation groups 0.152 0.143
22 Government body 0.152 0.116
9 Government body 0.134 0.098
28 Government body 0.134 0.054
2 Government body 0.125 0.125
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24.3.2. Attribute-based mixing

To assess whether people in the network tended to share information within their own groups or
with those who were similar to them, we examined attribute-based mixing for organizational
affiliation, seniority level in the organization, age group, and gender of individuals using an ERGM
(Table 2.4). Examining each of these attributes, we found evidence of homophily (i.e., preference
for those with similar attributes beyond what would be expected under random selection) for
those who were more senior in their organizations (eg., directors, senior research scientists,
professors) and based on organization. For example, the highest number of information relations
occurred between individuals from DPIRD (129 relations), with this number being significantly
higher than what would be expected if there was no clear preference to share information with

people from particular organizations (p = 0.042; see Supplementary table S2.1 and S2.2).

When looking at age groups, there is evidence of homophily with individuals in the age groups of
45-54 years and older sharing information with each other more frequently than what would be
expected if there was no preference for relations based on age (p = 0.0001; see Supplementary
table S2.3). This is likely to be related to the homophily observed for higher seniority levels, where
individuals in higher seniority levels exchanged information more frequently with individuals of a
similar seniority level than would be expected if information sharing was not related to seniority
level. At the same time, those aged 45-54 years old shared information with others in the age
group of 25-34 years more frequently than would be expected (p = 0.001; see Supplementary table
S2.3), and these younger individuals also tended to establish information-sharing relations with
those 45-54 years and older more frequently than would be expected if there was no preference

for relations based on age (p = 0.010; see Supplementary table S2.3), evidence of heterophily.

2.4.4. Closed population network

The closed population network was comprised of 35 non-recreational fisher stakeholders and 242
information sharing relations among these individuals. We examined this network in terms of the
importance of various individuals (for an actor-based network) and organizations (for an

organization-based network) for information flow.

50



Chapter 2 — Who you speak to matters.

2.4.4.1. Actor-based network

To assess the importance of individuals for information flow, we considered degree centrality and
degree prestige (as above), and also considered betweenness centrality, which provides a measure
of the number (or proportion, when normalized) of shortest paths between individuals that go

through a given actor (Barnes-Mauthe et al. 2015).

The two individuals with highest degree centrality and degree prestige when considering the
egocentric network (IDs 33 and 6) also had the highest degree centrality and degree prestige when
considering the closed population network (Table 2.5, Figure 2.2). Here, however, their relative
rankings were swapped (Tables 2.3 and 2.5). Given that the closed population network includes
only those relations between members of the closed population (ie., individuals who were
surveyed) whereas the egocentric network considers all direct ties for an individual (ze., both
individuals who were and were not surveyed), this means that a significant number of ties for
individual 33 are with individuals with whom other members of the closed population do not
have contact. Considering that individual 33 is one of the few representatives from the commercial
fishing sector, this is not terribly surprising and indicates that this person has a number of ties
outside of key stakeholder groups (e.g., to other commercial or recreational fishers) and could be
a central liaison between these key stakeholder groups and other groups that are less represented
in the network. We note that individuals 6 and 33 also have the highest measures of betweenness
centrality for the closed population network. This suggests that these individuals are not only
high-volume sharers and recipients of information directly to and from others in the network, but
also that they are important “gatekeepers” for the indirect transmission of information between
individuals. Note, however, that neither of these individuals had formal information-sharing roles

but were taking responsibility for sharing information in an unofficial capacity.
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@ Academics
(O Commercial sector

© Government body
@ NGO, Conservation groups
@ Recreational sector

Figure 2.2. Target plot of degree centrality (#p) and betweenness centrality (bottom) for
individuals forming the closed population network. Individuals with higher centrality appear near
the centre of the plot.

When examining those individuals with the highest measures of degree centrality for the closed
population network and egocentric network, we note that the same people comprise the top 10
most central actors, although their relative rankings have changed with those associated with
government bodies being more central in the closed population network (Tables 2.3 and 2.5). The
largest drops in relative ranking were for those associated with the recreational fishing sector

(ID 32) and an NGO or conservation organization (ID 18), which would be consistent with these
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individuals from groups with low representation (in terms of raw numbers) in our study having a
number of key information-sharing relations outside of the key stakeholder groups and potentially
being important for the transmission of information to the recreational sector and the general

public and other NGOs or conservation organizations, respectively.

When considering degree prestige, the five highest ranked individuals belonged to the commercial
tishing sector (IDs 33 and 34), government bodies (IDs 6 and 12), and the recreational fishing
sector (ID 32; Table 2.5). Both commerecial fishers maintained (in the case of ID 33) or increased
(in the case of ID 34) their relative rankings in terms of degree prestige from the egocentric
network to the closed population, indicating that most of those who are reported to share
information with these individuals come from central stakeholder groups. This suggests that
relevant government agencies and BSC fishery bodies are ensuring that the commercial sector is

well-informed.

244.2. Onganization-based network

The 35 individuals comprising the closed population network represented 10 organizations, and
we considered a network of information sharing relations between these organizations, restricted
to the relations within the closed population. For this network, directed relations/edges between
organizations were weighted by the frequency with which they occurred in the closed population,
and measures of centrality and prestige for this network accounted for edge weights. Additionally,
self-ties (i.e., relations within the organization) were permitted to reflect information sharing
within an organization. Figure 2.3 shows the structure of this network with edge widths reflecting
the frequency of directed relations between organizations and node sizes reflecting degree
centrality (Figure 2.3a) and betweenness centrality for organizations (Figure 2.3b). Self-ties are

represented by loops.

When considering degree centrality, the analysis of the closed population network based on
organizations presented DPIRD and MLFA as the organizations with highest scores (degree

centrality = 0.727 for both). The Peel-Harvey Catchment Council (PHCC) appeared as the third

organization in the ranking (degree centrality = 0.636). These are the organizations sharing most
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often information to others in the network, and since these are affiliated to three different groups,
information sharing relations will take into account a diversity of topics, including the
management of the commercial and recreational fishing sector and the environment of the

estuary.

@ CoM @DoPRD () DWER
@ VLFA @ Msc O Murdoch
@ PDC @ PHCC @ RFW
@ scs @ SSPWA @ WAFIC

Figure 2.3. Plots of the network of organisations represented in the closed population network
with edge widths representing the frequency of relations between organisations and node sizes
representing weighted degree centrality (#p) and betweenness centrality (bottom) for
organizations.
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For example, the topic of discussions started by PHCC focused mainly on environmental and
management topics (45% for both) and less so on the fishery science (10%), whereas DPIRD and
MLFA talked mainly about management (47.1% and 69.2% respectively) as well as the fishery
(47.1% and 23.1%) with little information exchange focusing on the environment of the estuary
(5.78% and 7.7% respectively). When considering degree prestige, the analysis of the closed
population network based on organizations presented again DPIRD and MLFA as the
organizations receiving most information (degree prestige = 0.818 and 0.727 respectively).
Recfishwest (RFW) appeared as the third organization in the ranking (degree prestige = 0.636).
These are the organizations receiving most often information from others in the network. This is
not surprising as these organizations represent the main managing bodies and the primary users
of the fishery, which are expected to receive and share information with each other.

Table 2.4 Exponential random graph model (ERGM) results for attribute-based mixing for

individual stakeholders forming the egocentric PHBSC fishery network. See supplement tables (table

S1 to table S5) for more details. The symbol “*” denotes the presence of significant differences

(p<0.001).

Attribute p-value
Gender 0.134
Seniority <0.001*
Age <0.001*
Organisation <0.001*
Group 0.1366

Finally, when looking at the bridging capacity (z.e., betweenness centrality) of these organizations,
DPIRD, MLFA and PHCC had betweenness centrality scores considerably higher than the rest
(betweenness centrality = 0.135, 0.138, 0.089 respectively; see Table 2.6 and Figure 2.3). These
organizations belonged to three different groups (government body, commercial fishing sector
and NGOs & conservation organizations). Having access potentially to different types of
information, these organizations have the highest capacity to share it among other organizations
that otherwise might not receive it. Despite having greater measures of degree centrality and

degree prestige, RFW bridging capacity was lower than Murdoch University’s (betweenness
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centrality = 0.043). Murdoch University appeared as 4th ranked among organizations when
looking at its bridging capacity (betweenness = 0.067). This is interesting as no individuals from
the group of academics, to which this organization is affiliated to, had appeared in previous
analyses (Table 2.3 and Table 2.5, Figure 2.2 and Figure 2.3), suggesting that despite the individuals
having low connectivity, the organization as a whole is seen as key gatekeeper of information and
has an influence in information sharing between groups that otherwise would not be connected

to each other.

Table 2.5. Results showing individuals with highest degree centrality and prestige mettics forming
the closed population network and the organisations they belong to.

ID Group Degree centrality Degree prestige Betweenness centrality
6 Government body 0.882 0.647 0.198
33  Commercial sector 0.824 0.706 0.168
12 Government body 0.618 0.559 0.089
34  Commercial sector 0.500 0.471 0.028
22 Government body 0.471 0.382 0.024
32  Recreational sector 0.441 0.588 0.071
9 Government body 0.441 0.294 0.039
18 NGO gr((’)r:fpes“’a“o” 0.412 0.441 0.088
28 Government body 0.412 0.176 0.033
2 Government body 0.382 0.382 0.024

2.4.5. Bipartite network of recreational fishers and organizations

In surveys of recreational fishers, respondents mentioned sharing with or receiving information
from nine organizations or sources. Of these, four were identified only by recreational fishers and
not by other stakeholders. Three of these organizations (Ze., a local fishing club, an angling
magazine, and a journalist) do not focus solely on the BSC fishery, but rather aim to share general
information on local recreational fisheries with the general public. For this component of the
study “recreational fishers” were defined as an organization, as many recreational fishers

exchanged information on the PHBSC fishery.

An undirected bipartite network (Ze, a two-mode network) was used to map information
exchange between two classes of actors (ze., recreational fishers and the organizations with which
they exchanged information). Analysis of centrality measures for each organization forming the
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bipartite network highlighted that the recreational fishers mostly exchanged information with four
organizations or groups: i) Other recreational fishers (degree centrality = 0.402); ii) MLFA (degree
centrality = 0.1906); iii) DPIRD (degree centrality = 0.188); and iv) REFW (degree centrality = 0.161)
(Table 2.7). This highlights that the primary sources of information are other fishers instead of
the organizations responsible for the management of the fishery. The network map highlights
recreational fishers as being the main source of information for other recreational fishers (Figure

2.4, and further analysis below).

m‘m nopoEEm

J

Rec. fishers RFW DPIRD MLFA

Figure 2.4. Bipartite network of recreational fishers’ network and the organizations with which
they exchange information. Recreational fishers are denoted by red squares, while organizations
are represented by yellow circles. Organizations with degree centralities exceeding 0.1 are
labelled, and node size reflects the degree centrality. Edges that are wider and black highlight
information exchanges that are perceived by recreational fishers to be of low quality. Refer to

Table 2.1 for information on which acronym corresponds to each organization.

The perceived quality of information received by recreational fishers differed significantly among
organizations (from low = 1, to high = 3). Recreational fishers perceived information quality they
received from RFW (median quality = 1; mean quality = 1.73) to be significantly lower quality
than the information received from DPIRD (median quality = 3; mean quality = 2.82), MLFA
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fishers (median quality = 3; mean quality = 2.78), and other recreational fishers (median
quality = 3; mean quality = 2.76; Kruskal-Wallis test: p = 0.029, 0.044, and 0.0306, respectively).
Recreational fishers considered the information from DPIRD as of the highest quality. When
looking at the information shared by recreational fishers to organizations, no significant
differences in the perceived quality of information were found.

Table 2.6. Results showing centrality and prestige measures for organizations represented in the

closed population network. Refer to Table 2.1 for information on which acronym corresponds to
cach organization.

Organization Degree centrality Degree prestige Betweenness centrality
DPIRD 0.727 0.818 0.135
MLFA 0.727 0.727 0.138
PHCC 0.636 0.364 0.089
RFW 0.545 0.636 0.043

Murdoch 0.545 0.455 0.071
WAFIC 0.545 0.455 0.019
MSC 0.455 0.364 0.036
SSPWA 0.364 0.364 0.000
SCS 0.273 0.364 0.007
DWER 0.182 0.091 0.000

There was also considerable variation in terms of the mode of communication used in information
exchange between recreational fishers and different organizations (Figure 2.5). Most information
exchange with DPIRD was via email or website updates, while information exchange between
recreational fishers was primarily face-to-face, though they also used social media, and to a lesser
degree, email and phone or official websites to share and receive information. Commercial fishers
used only face-to-face communication when exchanging information with the recreational fishing
sector. Recfishwest used social media and their website to share information more than other
organizations, along with email subscriptions and phone calls, though few exchanges were done
face-to-face with recreational fishers. Information from DPIRD was mainly sourced via phone
and email by recreational fishers, and rarely available by face-to-face meetings, social media or
their website. This highlights a mismatch between the way information is exchanged among

fishers and other stakeholders.
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Finally, qualitative data analysis provided insight into various elements of fishers’ satisfaction with
the fishery, fishers” perceptions on information sharing, and public events available. Non-
recreational fisher stakeholders’ satisfaction with how they shared information with other
stakeholders was also recorded. On a five-point Likert scale (with 1 being the lowest rating, and
5 the highest), non-recreational fisher stakeholders seemed largely satisfied with how they shared

information with others (mean = 4).
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Figure 2.5. The proportion of information exchanges between recreational fishers and
organizations involving various modes of communication, as reported by recreational fishers.
Sample sizes (n) on which these proportions are estimated are also presented. Refer to Table 2.1

for information on which acronym corresponds to each organisation.

Non-recreational fisher stakeholders also reported on public events for fishers to receive
information on the management and science of the fishery. In total, seven events perceived as
useful for sharing information on the fishery were mentioned by 31 of the 35 non-recreational
fisher stakeholders interviewed. These included crabfest (37.2%); the annual management
meetings organised for the peak bodies representing the fishery stakeholders (AMMS, 34.8%);

events organised by the MSC (11.6%); community presentations at PHCC (6.9 %); the annual
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boatshow (4.6%); seafood week (2.3%) and public forums (2.3%). When asked if they found these
events useful to share information on the management and the science of the fishery, 45.1% of
non-recreational fisher stakeholders reported these events to be useful, 38.7% reported these to

be somewhat useful, and 16.1% reported these were not useful to share information among

fishers.

Table 2.7. Results showing the organisations mentioned by recreational fishers and their degree
metrics. Organisations are ranked according to their degree centrality. Refer to Table 2.1 for
information on which acronym corresponds to each organisation.

Organisation Degree centrality
Rec. fishers 0.402
MLFA 0.196
DPIRD 0.188
RFW 0.161
Journalist 0.018
WAM 0.018
LFC 0.018
PHCC 0.009

The qualitative data as reported by recreational fisher stakeholders showed that six of the 50
recreational fishers interviewed were aware of two of the seven events that were available to
recreational fishers. Both, crabfest and the annual boatshow were cited by different fishers. The
rest of the participants (86.9%) reported they were unaware of events providing information on
the management and science of the PHBSC fishery. When asked if they would consider
informative events to be beneficial in the future, 70% were supportive of this, whereas 26.7%
were not. The remaining 3.3% did not express a preference. The fact that one fourth of the
interviewees perceived public events as not needed could be due to a lack of interest in the

information itself or that the information was not presented in a useful manner.

2.5. Discussion

Our study showed the value of empirical research in understanding stakeholder connections and

information flow processes for informing the management of fisheries. We provide an empirical
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basis for identifying the suite of individuals and range of organizations involved in the Peel-Harvey
blue swimmer crab (PHBSC) fishery network, representing NGOs, governmental bodies, tourism
operators, commercial and recreational fishing sectors, academic groups, and community-based
organizations. We examined the fishery through the lens of i) an egocentric network of
non-recreational fisher stakeholders; ii) a closed population network of non-recreational fisher
stakeholders (both individual- and organisation-based analysis); and iii) a bipartite network of
recreational fishers and organizations. To our knowledge, this is one of the first studies (along
with the report from McClean et al. 2019) looking at information sharing in an Australian fishery
social network and one of the few network studies looking at information sharing between fishery

stakeholders globally (Bodin & Norberg 2005, Leonard et al. 2011, Turner et al. 2014).

2.5.1. The PHBSC fishery network

Of the 28 organizations identified in the PHBSC network, two were most prominent in terms of
measures of centrality and prestige: the government body responsible for the management of the
fishery (DPIRD) and commercial fishers (MLFA). This is evidence of a high engagement of the
MLFA fishers in information-sharing and is potentially a way for the commercial fishing sector
to be included and directly involved in discussions related to the fishery management, instead of
being involved in these discussions only through the organization representing the commercial
fishing sector in WA (i.e., WAFIC). This is consistent with previous studies showing how the
inclusion of fisher-knowledge in management discussions can benefit adaptive management
decision making, as fishers adapt their methods and their learning with environmental changes
and uncertainty (Grant & Berkes 2007). Stakeholders from both the commercial and recreational
fishing sector figured prominently in the network in terms of measures of centrality and prestige.
Increases in degree prestige and decreases in degree centrality for commercial and recreational
fishers, relative to other stakeholders for the closed population network, is consistent with
commercial and recreational PHBSC fishing representatives largely receiving information from
key government bodies, community-based organizations, NGOs, etc., but then disseminating that

information outside of that group, to others involved in BSC fishing.
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The PHBSC fishery network showed a tendency for individuals to form significantly more ties
with similar individuals (homophily). Individuals within the Department of Primary Industries
and Regional Development (DPIRD) were more likely to share information with others affiliated
to DPIRD, and individuals in the network with a senior role were more likely to interact with
others at a similar level in the hierarchy of the organization. This tendency has previously been
reported in fishery networks, for example commercial fishers in Hawaii sharing information with
other commercial fishers of their same ethnic background, rather than other backgrounds
(Barnes-Mauthe et al. 2015). Homophily generally limits interactions between individuals from
different organizations and hinders the inclusion of new knowledge among the individuals of the
network (Mcpherson et al. 2001, Bodin & Crona 2009). Overall, homophily has the potential to
reduce the efficiency of resource management and therefore reduce the capacity to adapt
management if change occurs (Bodin & Norberg 2005, Turner et al. 2014). Heterophily, the
preference for establishing relations with different types of individuals, was also present in the
PHBSC fishery network, particularly among different age groups. Younger and less experienced
stakeholders across all the groups tended to exchange information with older and more
experienced ones in the network more often than expected by chance. These results are consistent
with previous studies that described less experienced individual fishers seeking advice from more

experienced fishers (Mueller et al. 2008, Turner et al. 2014).

Discrepancies in actors’ reports on shared relations are common due to poor memory recall, the
manner in which relational information is elicited, or bias in reporting (Admiraal & Handcock
2015). Although, the relatively low level of agreement between actors found in our study may be
partially due to the fact that participants were asked to name a maximum of 10 people with whom
they interacted rather than all people with whom they exchanged information, forcing
respondents to select the individuals they interacted with the most. In so doing, we assume that
inconsistencies between respondents are not due to errors or bias in reporting but rather to
restrictions on the number of reported information-sharing relations and incomplete memory
recall. We also observed inconsistencies in the reported mode of communication, frequency of

communication, and duration of the information-sharing relations. The percentage of relations
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for which there were such inconsistencies were 31.1%, 37.7% and 41%, respectively. The highest
level of inconsistency was observed for the topic of the information exchanged (41%).
Inconsistencies can occur for a variety of reasons, including confusion about the definition of a
topics’ definitions (particularly between the topics “fishery” and “management”, as these can
overlap), an incomplete reporting of modes of communication, or miscalculating the frequency
or duration of communication. These inconsistencies can result in changes for some edge
attributes (Z.e., the details of an interaction), but they do not influence the overall network

structure.

The Peel-Harvey Catchment Council (PHCC), a community-based non-governmental
organization (NGO) that promotes an integrated approach to protecting, restoring and generally
managing the Peel-Harvey catchment, and Recfishwest (RFW), the main NGO and advocate for
recreational fishing in WA, were the two other organisations most highly connected, atter DPIRD
and MLFA. RFW, was one of the most connected organizations in the network. It is common
for recreational fishers to be represented by a broad recreational fishing organization, as they are
often not affiliated to one group or association, unlike commercial fishers which often work
together towards form commercial fishing associations and be self-represented (Kearney 2002).
Government bodies have a role to share information on the fishery and also have one of the
highest degree centrality. Considering this and taking into account the high degree prestige of this
organization combined with a lower degree centrality and betweenness centrality it can be
hypothesized that most information received is sourced from government bodies and other
groups responsible for the management of the fishery. Though a decrease in the degree centrality,
combined with a relatively low betweenness centrality suggests that this organization is sharing
information with other stakeholders outside of these groups, and not so much within it. The
PHCC is the only organization that is not directly involved in the fishery, the research on BSC or
its management. This organization had a high degree centrality compared to its degree prestige,
suggesting that it shared information with the main organizations forming the PHBSC fishery
network (included in the closed population network) though, it received information from other

stakeholders outside these groups. Its bridging capacity was the third highest in the PHBSC closed
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population network, suggesting that through sharing information with stakeholders within and
outside the PHBSC network, this organization connects groups that otherwise would be
disconnected, making it a key bridging organization in the PHBSC network. A greater inclusion
of PHCC in the fishery management network would enable new information coming into the

network to be disseminated and facilitate information-exchange in the network.

These four organizations (i.e., DPIRD, MLFA, RFW and PHCC) represent stakeholders with
different objectives for the development and the protection of the natural resources of the Peel-
Harvey Estuary. The strong degtree centrality, degree prestige and/or betweenness centrality of
these four groups enable the inclusion of management, science and environmental topics and
issues as part of the main discussions between stakeholders. However, most discussions focused
on the management of the fishery and its science, and a reduced focus was put on the environment

of the estuary.

Other organizations, such as conservation organizations other than PHCC, academics, and the
tourism and public sector generally had lower measures of centrality and prestige than the four
groups described above. This may be due to an issue of representation and inclusiveness of
participation (Berdej & Armitage 2016) as the number of stakeholders from government bodies
far exceeded that of any other group in the PHBSC fishery network. In contrast, individuals from
other groups, such as other NGOs and members of the academics or the tourism sector, had very
few stakeholders involved in information-sharing relations. Organizations such as the Western
Australian Fishing Industries Council (WAFIC), representing commercial fishers in WA, and the
Marine Stewardship Council (MSC), one of the main certification bodies for sustainable seafood
globally, had low measures of degree and betweenness centrality and degree prestige in the BSC
fishery network. The low centrality and prestige metrics of MSC could very well be due to having
only one representative in WA, who is responsible for managing the certifications for all WA
fisheries. The low measures of degree centrality and degree prestige for WAFIC may relate to the
strong connectivity of the MLFA in the network. MLFA is a member of WAFIC, and through
the commercial fishers being highly engaged in information exchange in the network, it is

potentially not necessary for WAFIC to be highly connected too. These smaller groups are
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potentially not well represented in the network and might not be sharing information effectively
with other stakeholders. If individuals from all relevant organizations forming the network are
not effectively included and their meaningful participation is hindered, different views on the
management approaches considered and other decision-making actions related to the fishery
could be overlooked (von Heland et al. 2014, Berdej & Armitage 2016). This might affect the
social license to operate of the fishery, local acceptance within the community and potentially lead

to conflict and failure of efficient management implementation.

Our study found that the connectivity of academics, particularly from Murdoch University, was
low despite a 40-year history of research on fish and invertebrate biology and ecology in the Peel-
Harvey Estuary (eg, Potter, Chrystal, and Loneragan 1983). This issue is quite common as
scientists, and particularly academics (Cvitanovic et al. 2018), are usually sources of high-quality
information yet, have traditionally mainly shared their knowledge with their peers (i.e., other
academics and scientists) and to a lesser degree with relevant organizations such as key
stakeholders in the field of study (Fullwood & Rowley 2017). Restricting knowledge exchange
within an organization or group impedes the diffusion of information outside the entity and can
create clusters or silos of high-quality information that is not shared across the network. As an
organization, Murdoch’s bridging capacity was among the five highest of all organizations, and
mainly shared information with DPIRD and RFW, and less so with groups such as PHCC or
WAFIC. This high bridging capacity highlights that despite having relatively fewer interactions
with others, the established interactions are with different organizations or groups, and suggests
that Murdoch could play a more important role connecting groups that otherwise would be

disconnected through information sharing,

2.5.2. Network of recreational fishers

The bipartite network analysis highlighted that recreational fishers were mostly connected with
their peers, such as family or friends that also fish or other fishers they meet at fishing spots.
Other studies have previously described the value of information-sharing relationships among

different fishers, and the different strategies used for information sharing, for example commercial
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lobster fishers in Maine, United States, exchange information on fishing sites and catch (Palmer
1991). Interestingly, our results showed that while mainly interacting with other recreational
fishers, this sector also commonly exchanged information with commercial fishers, which mainly
involved fishing spots, catches, bait used and shared opinions on the catches duting the season.
This is probably a result of sharing the same fishing locations and launching their boats from the
same boat ramps. Though these discussions are very informal, they are relevant for the social
acceptability (or social license to operate) of the commercial sector in the region. In fact, social
license to operate is an increasingly important issue for commercial fishers throughout Australia,
as the recreational sector grows, and the commercial sector is pushed out of some fisheries
(Cullen-Knox et al. 2017). Contflict between recreational and commercial fishers over a resource
has often been reported worldwide (Voyer et al. 2017a). Previous studies have demonstrated the
importance of communication between stakeholders for achieving understanding between
groups, reaching consensus and gaining a social license to operate for commercial resource users
(Voyer et al. 2014). Commercial fishers in WA have previously reported that gaining an enhanced
social license to operate was a key reason for initiating the certification process of the PHBSC

fishery with the Marine Stewardship Council (van Putten et al. 2020).

It has been reported previously that bridging organizations face difficulties in fully representing
the views of large numbers of constituents (Berdej and Armitage 2016). Recreational fishers’
perceptions of the quality of information provided by various organizations showed a contrast
between how they viewed information related to the BSC fishery from DPIRD (rated as highest
quality) and that from RFW (lower quality). Individual perceptions are strongly linked to prior
beliefs and/or expectations (Ajzen 1991, Stern et al. 1999), and while understanding the elements
that could potentially influence perceptions was beyond the scope of this study, the perceived
lower quality of the information provided by RFW as well as its lower centrality in the bipartite
network of recreational fishers and organizations, could be related to the diverse views of
thousands of BSC recreational fishers. It should be noted that the lower perceived quality of

information described here is specific to the blue swimmer crab fishery, and therefore it does not
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necessarily apply to RFW’s communication strategy for other recreational fisheries in WA or in

general.

2.5.3. Impediments to information flow in the network

The current modes of communication used within the PHBSC recreational fishery network could
potentially be an impediment for sharing information effectively with the recreational fishing
sector, thus reducing the capacity for sharing high-quality information. Though, both DPIRD and
REFW rarely shared information using a face-to-face approach, RFW used a greater diversity of
communication modes for recreational fishers to find information than DPIRD. This is an
important element as the recreational fishing sector is composed of individuals of different social
groups with different cultural and socio-economic backgrounds. Previous research has
demonstrated that different social groups might access information differently. For example,
younger individuals are likely to use social media more extensively than older individuals (Correa
et al. 2010). Thus, a greater diversity of modes of communication will facilitate the diffusion of
information through the social network. The diversity of communication modes used by RFW
means that the perceived lower quality information is potentially more accessible to others in the

network, than information shared through DPIRD, which is perceived as of higher quality.

Our study found a mismatch between the public events available with a focus on the fishery and
their potential to share information among resource users. While at least seven public events that
shared information on the management and science of the fishery occurred over the course of
this study, only a minority of the recreational fishers were aware of them. Furthermore, those
who were aware of the events could only identify at most two of the seven, suggesting that the
promotion of public events among the PHBSC fishery resource users and, subsequently, the
effectiveness of sharing information through these events is poor. These events could greatly
enhance the communication of high-quality information as both non-fisher and fisher
stakeholders considered them useful and supported having more public events promoting the
fishery and sharing information on its status and management. This study shows that resource

users and the general public, who have low degree centrality and degree prestige and were not
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present in the closed population network, are highly dependent on bridging organizations to
receive information from government bodies and other organizations responsible for the
management of the fishery. The PHCC and RFW, could potentially enhance the promotion of
these events by sharing the information with groups that are not central in the fishery network.
This aligns with the organizations’ strategic plans. The utilization of effective modes of
communication, such as having a strong presence online, as well as face-to-face interaction would

also benefit the promotion of such events.

2.6. Conclusion

In general, very little is known about how information is shared through a fishery social network
or about the influence of network structure on information sharing and its consequences for
fisheries management (Alexander et al. 2015). Social network analysis can disentangle some of
these questions using an interdisciplinary approach with an emphasis on the human dimensions
of fisheries. Our study demonstrated empirically that i) a few individuals were key for sharing
information within and between different organizations forming the fishery network and only two
of six stakeholder groups appeared as key for information sharing (a Government body and the
commercial fishing sector); 1) academic groups were the least connected despite having actively
researched the Peel-Harvey Estuary, including research on the biology of P. amnatus for over 40
years; iii) recreational fishers exchanged information mainly with other fishers and the regional
Fisheries Department, and less with the organization representing this sector, highlighting a
potential impediment to share information on the status and management of the fishery; v) issues
of inclusiveness and representation were highlighted for some of the groups and organizations.
From these, we have identified logistical and institutional impediments to communicating
information on the science, management and environmental issues related to small-scale crab
fisheries. The findings provide managers and other stakeholders with a pathway to action to
enhance resource management. In terms of small-scale fishery networks this study demonstrated
the importance of: i) communication modes including face-to-face interactions with fishers, and

the use of online resources such as social media; ii) effective integration of bridging organizations
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in the network who do not necessarily have primary responsibility for fisheries research and
management; and iii) the need for academics to actively create connections with other

stakeholders in the network.

The sustainability of fisheries management requires an understanding of the different elements
composing a fishery system. Each stakeholder group is required to provide information available
on the fishery to enable the assessment of the fishery status. Understanding information-sharing
pathways and assessing their performance is determinant to enable the sustainability of fisheries
management, as information might be incorrectly interpreted or even overlooked. This could
potentially affect the social license to operate of the fishery, its local acceptance within the
community and could even lead to conflict and failure of efficient management and
implementation. The results from this study also illustrate the value of empirical research in
understanding stakeholder connections and information flow processes for informing the

management of fisheries.
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Local fisher knowledge reveals changes in
size of blue swimmer crabs in small-scale
fisheries.

“Old town jetty” — One of the main recreational jetties at the Blackwood Estuary in

Augusta, south-western Australia.
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Local fisher knowledge reveals changes in size

of blue swimmer crabs in small-scale fisheries

3.1. Abstract

Fisheries stock status is generally based on time series catch and effort data sourced from
independent surveys and the fishery. These methods are often expensive, time consuming, and
can be limited in temporal and geographic scales. Alternative methods include the use of local
fisher knowledge (LFK) to explain observed changes in the catch. The blue swimmer crab
(Portunus armatus) supports a small-scale commercial fishery and one of the most popular
recreational fisheries in south-western Australia. Previous studies identified concerns from
recreational fishers over the long-term sustainability of this fishery, due to a perceived increase in
fishing pressure through time. To understand if fishers’ perceptions of change provide useful
information on actual changes in the fisheries and/or the underlying stock, a triangulation
approach was used to assess changes in the size and abundance of blue swimmer crab in two
estuaries (the Peel-Harvey and Swan-Canning) with three types of data: i) fisher recollections over
time collected through face-to-face interviews and online surveys; ii) historical records from
newspaper articles from 1900 to 2000; and iii) biological data from fishery independent surveys
between 2006 and 2019. Four key results were identified: i) Crab size differed between the two
estuaries; ii) Crab size decreased in the Peel-Harvey estuary between decades but not in the Swan-
Canning Estuary; iii) inter-generational differences in recreational fishers’ perceptions regarding
changes in size over time; and 1v) or historical evidence of crab fishers’ observations of changes
in the fishery and wider estuarine environment. These findings are evidence of a likely decline in
the average size of blue swimmer crabs in south-western Australia, particularly in the Peel-Harvey
Estuary. Our comparison of data from different sources demonstrated that LFK may be a valuable

source of information when other data sources are lacking.
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3.2. Introduction

Globally, anthropogenic pressures on coastal environments are increasing, resulting in the
degradation of complex and dynamic systems including the social-ecological systems associated
with fisheries (Johnston et al. 2011a, Thurstan et al. 2016b). Fisheries are complex and dynamic
SES and are highly impacted by anthropogenic pressures (Edgar et al., 2018; Jackson et al., 2001;
Jackson & Jacquet, 2012). Generally, the methods used for measuring change in fisheries focus
on quantitative estimates based on biological information and data collected from the fishery or
their underlying fish populations (stocks). These methods are often expensive, time consuming,
and are limited in temporal and geographic scale (Paterson 2010), but recently developed data-
limited methods are rectifying many of these limitations (Froese et al. 2017). The engagement of
local communities in resource management and particularly the inclusion of natural resource user
observations (i.e., local fisher knowledge — LFK, also called Ecological Fisher Knowledge) has
been a useful method of monitoring systems at different temporal and geographical scales (eg,

Johannes et al., 2000).

Fishers have often reported declines in catches before a change is recognised by fishery managers
and scientists (Milich 1999). Although LFK has been used to provide comprehensive information
on historical changes in local fisheries catches where biological data were incomplete (Johannes
et al. 2000, Lozano-Montes et al. 2008), fishers’ perceptions are often seen as cautionary tales,
rather than reliable information (Papworth et al. 2009). Despite increasing research interest in
using LFK for monitoring coastal fisheries, its application to enhance management has been
limited, and has mainly focused on recommendations for conservation planning (Drew 2005,

Golden et al. 2014, Cisneros-Montemayor et al. 2020).

Fishers’ perceptions and recollections can be acquired through personal logbooks, digitised library
newspaper collections and government archives, as well as by interviewing the fishers themselves.
Information gained from interviews with fishers may have certain biases such as memory illusion.

This occurs when fishers recall an extreme event - e.g., a pronounced decline in catches in a
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specific year can exaggerate memories of change across time as a representation of the past, rather

than reflecting actual change (Papworth et al. 2009).

Despite the occurrence of biases, the collection of LFK can help to identify the occurrence of
shifting baseline syndrome (SBS), which refers to individuals’ change in perception of a SES due
to a failure in memory of how the system used to be in the past (Pauly 1995, Saenz-Arroyo et al.
2005, Papworth et al. 2009). Papworth et al (2009) have identified two main forms of change in
perception: i) personal amnesia - where individuals update the recollections of the past based on
recent experiences rather than previous ones, forgetting how it used to be; and ii) generational
amnesia - when new generations accept their perceptions of a resource status as a baseline and
use this to evaluate future changes of the resource (Pauly 1995). To identify the occurrence of
SBS, LFK of change needs to be accompanied with the identification of a biological change based
on quantitative data. Without other sources of data to confirm the perceptions, it is difficult to
integrate LFK in fisheries assessments and management decisions. Other fisher perceptions are
not validated with quantitative data showing such change, and this, combined with the difficulties
of integrating qualitative data into fisheries assessment and management decisions (Klein &
Thurstan 2016), makes the identification of system change through SBS difficult (Papworth et al.

2009, O’Donnell et al. 2010).

Australian fisheries management applies ecosystem-based fisheries management (EBFM) to
regulate its fisheries. However, as with fisheries worldwide, data on the impact of recreational
fishing on fishery resources have been largely lacking in Australia (McPhee et al. 2002, Arlinghaus
et al. 2019). In fact, until recently, recreational catches in Australia and elsewhere have not been
accounted for (Freire et al. 2020) when assessing the state of fisheries, and continue to be
unaccounted for in Australia’s international reporting on catches (FAO 2020). In the last few
decades, this has been recognised as a major issue for sustainable fisheries and vatious studies
have shown that, in some fisheries targeted by recreational and commercial fishers, recreational
catches can potentially outweigh commercial catches (Christensen & Jackson 2014, Smith & Zeller

2015, Radford et al. 2018, Arlinghaus et al. 2019, Gaughan & Santoro 2020).
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While the monitoring of recreational fish catches has been scarce, it is important to note that
recreational fishing is an integral part of Australian culture. Recent estimates have shown that in
Western Australia (WA), the number of recreational fishers (~700,000) greatly exceeds those in
the commercial sector (~9,000; Ryan et al., 2019). Few studies on recreational fishing activities
have been undertaken state-wide (Craik 1989, West & Gordon 1994, Malseed & Sumner 2001b,
Sumner & Malseed 2004, Webley et al. 2015) and nationally in Australia (Henry & Lyle 2003).
However, these broad-scale geographic surveys are very costly, time consuming and in WA, do
not account for the shore-based recreational fishers. Only recently pilot studies have tried to

estimate shore-based fishing effort in WA (Taylor et al. 2018).

The blue swimmer crab is one of the most popular target species for recreational fishing in WA.
It is estimated that over 100,000 fishers target this species (MSC 2016). Despite the importance
of this sector, no comprehensive catch and effort time series are available for recreational fisheries
in WA. The latest estimates show that boat-based recreational fishing (mainly with traps) in WA
is landing as much as ~36 to 50 tonnes of blue swimmer crab per year, which is about half of the
2018/19 annual commercial catches (~70 tonnes) for the state (Gaughan & Santoro 2020). It is
likely that shore-based recreational fishing, with scoop nets or traps, also take substantial catches
of crabs, particulatly from shallow-estuaries, such as the Peel-Harvey and Leschenault, where

crabs are readily available to fishers walking through the shallows.

This study aimed to i) empirically identify inter-generational differences in fishers’ perceptions of
change in size and abundance of crabs; ii) assess if these perceptions align with documented
historical changes in newspaper catalogues and published data from fishery independent surveys;
and iii) provide a historical background of development and changes in the P. amnatus estuarine
fishery in south-western Australia. Four data sources were used to triangulate understandings of
change in the Peel-Harvey and Swan-Canning estuaries following Patton 1999 and Fogliarini et al.

2021. These included:

) An online survey of recreational blue swimmer crab fishers’ perceptions of

changes in size, catches and views on management.

74



Chapter 3 — Historical records and fisher perceptions

i) Face-to-face interviews with recreational blue swimmer crab fishers’ about
perceptions of changes in fishing activities, stocks and its environment.

1if) An investigation of historical records sourced primarily from the National
Library of Australia digitised collections (e, Trove) on the size and abundance
of blue swimmer crabs since the beginning of the 20% century. Information on
the history of the fishery was also sourced from other historical records, to
provide a background on the importance of the fishery to the community in
south-western Australia.

1v) Published data on mean size of blue swimmer crabs in various estuaries.

Finally, the study aimed to assess if the trends apparent in each data source aligned and lead to
similar conclusions on changes in the crabs’ size and abundance of crabs. Note that no records
specific to indigenous exploitation of P. armatus were found, therefore Aboriginal fisheries were

not included in this study.

3.2. Materials and methods

3.2.1. Study area

Two estuaries in south-western Australia, located adjacent to major urban centres, were selected
for this study, 7¢., the Swan-Canning and Peel-Harvey (Figure 1). These estuaties are both hotspot
for recreational blue swimmer crab fishing. However, they have quite large differences in
characteristics between each SES and the fishery they support (e, scale of commercial and
recreational sectors). The Swan-Canning Estuary is located within WA’s capital city, Perth
(population ~2,039,200). It supports commercial and recreational fishing for blue swimmer crab,
though since 2008, only one active commercial fisher has been operating in this estuary (Johnston
et al. 2020). The Peel-Harvey Estuary, located ~80 km south of the City of Perth, is adjacent to
the City of Mandurah (population ~80,800). As Mandurah developed rapidly in the second half
of the 20th century, the Peel-Harvey Estuary emerged as the most popular estuary for crab fishing
in south-western Australia (Johnston et al. 2020). It also supports the largest commercial blue

swimmer crab fishery in the region. All commercial fishers operating in this fishery (11 prior to
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2020, and six active commercial licences since 2020) are members of the Mandurah Licenced
Fishermen Association (MLFA).
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Figure 3.1. Map of Western Australia (Australia), showing the location of the Peel-Harvey Estuary
and the cities of Mandurah and Perth.

3.2.2. Data collection

3.2.2.1. Online survey

Eight questions from a comprehensive 46-question online survey (see Materials & Methods in
Chapter 4 and Chapter 6, and Obregén et al. 2020b) were included for the current study (for full
details of the survey and its administration see Materials & Methods sections in Chapter 4 and
Chapter 6, and Obregén et al. 2020a). These questions covered the topics of views on
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management; concerns on the fishery status; fishery values, general demographics, distance
travelled, and time spent to reach each fishing spot (Supplementary material 3.1). The
questionnaire was distributed via Surveygizmo, an online survey tool (Widgix 2005). Survey
participation was promoted via newspapers, social media and flyers posted at popular fishing sites.

The online survey was accessible from December 2017 to July 2018.

3.2.2.2.  Face-to-face interviews

Recreational blue swimmer crab fishers were interviewed on-site at popular crab fishing spots,
including jetties, boat ramps and other shore locations with easy access to the water. All selected
sites (n = 5 in the Swan-Canning, and n = 7 in the Peel-Harvey estuary, Figure 1) were visited
once, on each survey day and all fishers present at each site were invited to participate. The
interviews were conducted during daylight hours in the Austral summer between November 2018
and February 2019, which is the peak season for crab fishing in WA. Interviews included 29
closed-ended questions (Supplementary material 3.1) and lasted on average 10-15 minutes.
Interviews were conducted under Human Ethics Permit 2017/228.

During the face-to-face interviews, respondents were asked to indicate their perceptions of any
potential changes affecting the abundance and size of crabs since the year when they started
fishing by selecting one of four options: “not changed”, “seasonal”, “decreased” or “increased”.
If a change was reported, recreational fishers were asked to indicate the extent of this change. For
changes in size, they were asked to recall the average carapace width (CW) of crabs (in mm) in the
year when they first started fishing and the current average size (i.e. when the interview was
conducted in 2018/19). Reported sizes were grouped into four categories, using fisher terms of
“undersized” for <127 mm CW; “sized” for 127-129 mm CW; “big” for 130-200 mm CW and
“monstet” for >200 mm CW. Note that the maximum size reported for blue swimmer crabs in
south-western Australia is ~220 mm CW (Johnston & Yeoh 2020). If a decrease in crab
abundance was reported, recreational fishers were asked to estimate the magnitude of the decrease,

by choosing from a five-category scale ranging from a <10% to >70% decrease.
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In addition to demographic information on the fishers, information on their fishing experience,
size and abundance of the crabs, their perceptions of changes in the distance they needed to travel
to catch crabs within the estuary, and the time spent travelling to a good fishing spot, were also

elicited. No personal identification data were requested or collected.

3.2.2.3.  Historical records

Historical records of crab size and abundance in the Swan-Canning and the Peel-Harvey estuaries
were sourced from newspaper articles available in Trove, a comprehensive online search tool that
accesses digitised content held in the collections of Australian libraries, museums, archives,
galleries, universities and research organisations (Trove 2020). Newspapers were targeted as they
provided readily available information (i.e., qualitative descriptions on size and abundance of
crabs). Other information sources such as images, were considered but excluded because of
inherent limitations, for example the difficulty of estimating the real size of a crab from a
newspaper image (Shortis et al. 2013). Newspaper articles digitally available on Trove included
information on crab size, abundance and generally the blue swimmer crab fishery in the Peel-
Harvey Estuary and the Swan-Canning Estuaty from the eatly 1900's to the year 2000. A few
newspapers, including “The West Australian” (founded in 1833) and the “Sunday Times”
(founded in 1897), stopped being digitised after 1954 due to copyright restrictions (Trove
Reference Librarian, pers. comm. 2020; TROVE 2021). To bypass this, we used the data extracted
from the scanned articles from the Sunday Times fishing column scanned from the original

microfilm at the state library since its commencement in January 1957 until December 2000.

To enhance access to potentially relevant records, two researchers identified a range of keywords
used to describe blue swimmer crab fishing by the general public as well as by management
authorities (z.e., “crabbing”; “blue manna”; “blue swimmer crab” and “fishing”; and “crabs”).
Qualitative data on the historical background of the fishery, and its importance to the Western
Australian community (e.g.,, environmental concerns, seasonality of the fishery and perceptions of
management), and quantitative information regarding the catches, sizes and other elements

associated with recreational fishing activities were also extracted from the newspaper articles.
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Additional information on environmental and social values related to the fishery was also recorded
from the documents to identify the longstanding cultural significance of the fishery. Historical
records were compiled and separated according to the type of data they provided (quantitative

versus qualitative).

Semi-quantitative data obtained from Trove newspaper records included: i) abundance of crabs;
and ii) size of the crabs caught. Information on abundance was classified into four different
categories: “excellent” (ie., very abundant), “good”, “fair” and “poor”, according to the
descriptions extracted from newspapers. To facilitate comparison, the size of the crabs was
classified using the same four-level scale as for the face-to-face interviews (i.e. “small” to

“monster”).

3.2.2.4.  Published biological data

Quantitative data on the average size of crabs (i.e., carapace width CW in mm) in the Swan-
Canning and Peel-Harvey estuaries were sourced from the resource assessment report by the
DPIRD (Johnston et al., 2020), which covered the years between 2006 and 2019. These data were
collected by government researchers during fishery independent surveys in each estuary (Johnston

et al., 2020).

3.2.3. Data analyses

Changes in size and abundance of crabs were assessed for each of the four data sources (Patton
1999, Carter et al. 2014) using the built-in statistical tests in R (R, version 4.0.2). Trends in the size

and abundance of crabs were outlined through collation of data sets.

3.2.3.1.  Online survey

Chi-square tests were used to analyse if recreational fishers” perceptions, collected through the
online survey, on size and abundance changes, distance travelled by fishers to a fishing spot and
time spent travelling to a good fishing spot, differed significantly (P < 0.05) between demographic

groups of fishers (age and level of education) and between estuaries.
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3.2.3.2.  Face-to-face interviews

Face-to-face interview data on fishers’ perceptions of change in average crab size (ie., decrease,
increase, not changed, seasonal); perceived size of catch (in mm) and abundance (e, decrease,
increase, not changed, seasonal) were formatted as three different contingency tables to compare
the perceptions between estuaries (one table) and within each estuary (one table per estuary).
Chi-square tests were used to test the association between the different variables in each
contingency table, including the estuary, fishing experience (7.e., how many years or decades they
had been fishing, originally recorded in decades from the 1940s to 2010s) and age. Due to low
numbers of respondents in some of the age categories, these were merged from six age groups
into three: “young” (18-35 years old), “middle aged” (35-64) and “older” (65+). For the same
reason, fishing experience was reclassified into three categories; “very experienced” (people
with >30 years crab fishing), “moderately experienced” (10-30 years experience) and “less

experienced” (<10 years experience).

3.2.3.3.  Historical records

A contingency table was used to compate the historical data extracted from Trove newspapers on
size and abundance of crabs recorded between estuaries and through time Ze., between decades
from 1908 to 2000. Publication dates were grouped by decadal period so that each period would
have 25 records, except for the years 1908-1919, which were grouped into a single “<1920”
period (Table 1). Kruskal-Wallis tests were used to determine whether crab size and abundance
differed significantly between estuaries or among decades. Qualitative data, such as those on
perceived environmental conditions, or management approaches, were used to identify
petceptions of the fishery, including concerns and the significance of these, by recreational fishers

and other members of the community.
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Table 3.1. Summary of the number of newspaper articles extracted from Trove, per estuary and
decade. “N total” indicates the total number of articles included in the study; “n size” indicates
the number of articles included in this study which provided information on the size of the crabs
and “n abun.” indicates the number of articles included in this study which provided information

on the abundance of the crabs.

Peel-Harvey Swan-Canning
Decade N total n size n abun. N total n size n abun.
<1920 1 - - 19 1 7
1920-1929 1 - 1 17 - 12
1930-1939 - - - 63 2 39
1940-1949 1 - 1 51 14 37
1950-1959 8 3 7 28 11 16
1960-1969 1 - 1
1970-1979 11 5 6
1980-1989 30 16 26 12
1990-2000 25 15 19 21 11 15
Total** 78 39 61 217 49 138

3.2.3.4.  Published biological data

Annual data on the mean carapace widths of blue swimmer crabs for the Peel-Harvey and
Swan-Canning estuaries were obtained from a 2020 assessment report for blue swimmer crabs in
south-western Australia (Johnston et al., 2020). A Kruskal-Wallis test was used to determine

whether there were significant differences between the average carapace width from 2006 to 2019.

3.3. Results

The online survey was completed by 572 recreational fishers, while 90 recreational fishers
participated in the face-to-face interviews. A total of 62.1% of the online survey participants
responded to all questions, while 73.3% of fishers responded to all questions in the face-to-face
interview. Most online respondents (55.5%) went crabbing most of the time in the Peel-Harvey
Estuary, and 37.2% of all respondents went mostly to the Swan-Canning Estuary. The rest fished

in other estuaries and therefore were not included in this study.
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3.3.1. Respondent demographics

Respondents to the online survey were mainly men (87%) and ranged from 18 to over 65 years
old, with most (27%) belonging in the 35-44 years old category. Over one third of the respondents
(36%) had completed tertiary education. Face-to-face interviewees were also mostly men (91%),
with most being between 45-54 years old (3%). About 30% of fishers had been crab fishing since
the 1980s, and around 15% for less than 10 years. Most respondents (49%) had completed tertiary

studies.

3.3.2. Online survey

Generally, most respondents to the online survey (z.e., 54% in the Swan-Canning Estuary and 56%
in the Peel-Harvey Estuary) reported a decrease in crab size in both estuaries since the year they
started crab fishing. Furthermore, over 70% of respondents in each estuary reported a perceived
decrease in abundance of size crabs. A majority (~62% of respondents in both estuaries) also
reported an increase in the time spent catching crabs to reach their bag limit. Most fishers travelled
as far as previously to reach a good fishing spot (~56% in both estuaries) and some travelled even
further (42% of recreational fishers in the Peel-Harvey Estuary and 38% in the Swan-Canning
Estuary). The perceptions of change in the size and abundance of crabs did not ditfer between
estuaries (Kruskal-Wallis, p = 0.35, p = 0.98, respectively), or with fishing frequency or age of the

fishers (p > 0.21, Supplementary material 3.2).

3.3.3. Face-to-face interview

3.3.3.1. Size

Fishers in both estuaries reported a perceived decrease in the average size of crabs but the
proportion reporting a decrease was much greater in the Peel-Harvey (>90%) than in the Swan-
Canning (55%), where one third of fishers perceived that size had not changed (Figure 3.2). The
perceptions of change did not differ between different age categories or fishing experience
through the region (p = 0.49). However, the decrease in crab size was perceived significantly less

in the Swan-Canning than in the Peel-Harvey estuaries (p <0.01, Supplementary material 3.2).
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Figure 3.2. Perceived changes of blue swimmer crab size since fishers started fishing to current
average sizes in the Peel-Harvey (n = 46) and Swan-Canning estuaries (n = 42) in south-western
Australia, provided by recreational fishers through face-to-face interviews, between November
2018 and February 2019. Note that PH stands for Peel-Harvey and SC for Swan-Canning Estuary.
Most recreational fishers in the Peel-Harvey Estuary (60%) recalled catching big crabs in the year
they first started fishing, with 26% recalling catching “sized” crabs and 13% “monster” crabs. No
“undersized” crabs were recalled when describing past catches in this estuary. This contrasts with
their descriptions of the current size categories of crabs, where most caught “sized” crabs (56%)

and a large proportion caught “undersized” (40%) crabs. Less than 5% of interviewees reported

“big” crabs, and none reported “monster” sized crabs (Figure 3.3).

Similarly, in the Swan-Canning Estuary, the average size of crabs in the past (i.e., when fishers
first started fishing) was perceived as “big” (reported by 50% of respondents), while about 31.8%
of respondents described crabs as “sized”, and 18% as “monster”. No undersized crabs were
reported when describing the periods when fishers started fishing (Figure 3.3). In contrast to the
Peel Harvey Estuary, the current average size most frequently mentioned in the Swan-Canning
Estuary was “big” (43% of respondents), followed by “sized” (30%), and lastly “undersized”
(26%). Like in the Peel-Harvey Estuary, perceptions of current catches did not include “monster”
crabs in the Swan-Canning Estuary (Figure 3.3). The current average size of crabs was perceived

as significantly smaller in the Peel-Harvey Estuary (p < 0.01, Supplementary material 3.2), than in
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the Swan-Canning Estuary. Analysis of the recalled current (when the interview was conducted)
average carapace width (CW) of crabs (in mm) identified a mean CW of 126.5 mm for Peel-Harvey

crabs compared to 131.1 mm for those in the Swan-Canning.
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Figure 3.3. Perceived changes in Portunus armatus size categories through time from interviews
with fishers (a) in the past, when fishers started fishing (PH: n = 46; SC: n = 44), and (b)
currently, when the interviews were conducted (PH: n = 46; SC: n = 44), in the Peel-Harvey

and Swan-Canning estuaries, south-western Australia.

In the Peel-Harvey Estuary, the recollections on the current and past average sizes of crabs
differed between fishing experience categories (p = 0.02 and p = 0.04, respectively; Supplementary
material 3.2, Figure 3.4a & b). Fishers with over 30 years of recreational fishing experience were
the only ones who recalled seeing “monster” crabs in the estuary when they first started fishing
(26%). Moderately experienced fishers (10-30 years of experience) mainly caught “big” crabs in
the past (92%), whereas less experienced fishers (<10 years of experience) recalled catching “big”
and “sized” crabs when they started fishing (50% each; Figure 4a). On the other hand, less
experienced fishers mainly reported “undersized” crabs as part of their current catch (75%),
whereas moderately and very experienced fishers mainly caught “sized” crabs (61.5% and 59.1%,
respectively). A minority of moderately experienced fishers (15%) reported currently catching “big”
crabs. When this study was conducted, very experienced fishers did not recall catching big crabs

anymore (Figure 3.4b). The larger variance in the data for past sizes is possibly a result of recall

bias affecting the recall of such memories (Thurstan et al. 2016a).
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Perceptions in the Swan-Canning Estuary regarding the past and current size of crabs did not
differ between fishing experience categories (Figure 3.4 ¢ & d). However, the perceptions on past
sizes significantly differed between age groups. Young individuals reported seeing mostly
undersized crabs the year they first started fishing, whereas middle-aged individuals reported

seeing mainly big crabs (p = 0.03; Supplementary material 3.2).
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Figure 3.4. Perceived changes in Portunus armatus average size. (a) shows the perceived sizes
in the past (7., when they started fishing) and (b) shows the current size categories according
to different fishing experience (i.e., number of years since they first started fishing) in the
Peel-Harvey Estuary; (c) shows the perceived sizes in the past (i.e., when they started fishing)
and (d) shows the current size categories according to different fishing experience in the
Swan-Canning Estuary, in south-western Australia. This data was provided by recreational
fishers through a face-to-face survey, between November 2018 and February 2019.
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3.3.3.2. Abundance

Most fishers in the Peel-Harvey Estuary (67.2%) reported a perceived decrease in the number of
blue swimmer crab caught over time (i, abundance; Figure 4). Of the fishers reporting a
perceived decrease in abundance, 36.9% said that abundance had declined by 250% compared to
when they first started crabbing, whereas 15.2% reported a decline of 30-50% in abundance, and
6.5% a decline in abundance of less than 30%. Similarly, 52.2% of fishers in the Swan-Canning
Estuary perceived a decrease in crab abundance (Figure 4). Of these, 22.7% of respondents
suggested that abundance had decreased by 30% or less, similar to the 27.2% reporting a decrease
of 250%. Chi-square tests between estuaries, age or fishing experience showed no significant

differences in perceived changes in abundance (Supplementary material 3.2).

3.3.4. Historical records

Approximately 35,000 newspaper records were obtained from Trove in the initial search. From
these, 405 newspaper articles (which combine articles freely available on the Trove digital library
as well as the digitised Sunday Times fishing columns) published between 1908 and 2000 were
found for south-western Australia that included information on the fishery or description of the
size and/or abundance of the crabs caught. Note that the information available for the period
between 1954 to 2000 was mainly sourced from The Sunday Times, along with two other local
newspapers (i.e., The Beverley Times, founded in 1905 and the Hamersley News, founded in

1969).

3.34.1. Size

The first newspaper records on the size and abundance of blue swimmer crabs in the Peel-Harvey
Estuary were from the 1950s (Supplementary Table S3) and generally described the crabs caught
as “big”. However, from the 1980s onwards, newspaper records described crabs as “sized”, or
even “undersized”, with a minority being classified as “big” and the proportion of articles
describing crabs as “big” declined from 60% in 1970-79 to 6% in 2000-10 (Figure 5). Newspaper
records on crab sizes and abundance in the Swan-Canning Estuary go back to 1908 and most
articles focusing on crabs during this period classified crabs as “big” (57.1%). Crabs described as
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“sized” and “undersized” were not mentioned for this estuary until the 1940s and were mentioned
more often in the following decades (Figure 6). Articles reporting “monster” crabs did not appear
after the 1960s. Although the proportion of articles describing crabs as “big” in the Swan-Canning
also declined between 1970-79 and 2000-10, 55% of articles in the latter decade (n=11) still

described crabs as big.
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Figure 3.5. Perceived changes in blue swimmer crab size in the Peel-Harvey Estuary, in south-

western Australia between 1950 and 2000 reported from newspaper records sourced from Trove.
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Figure 3.6. Perceived changes in Portunus armatns’ size in the Swan-Canning Estuary, in
south-western Australia between 1910 and 2000, from newspaper atticles sourced from Trove
historical records.
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Overall, crabs from the Peel-Harvey Estuary were significantly smaller on average than in the
Swan-Canning Estuary (p < 0.01, Supplementary material 3.3). In the Peel-Harvey, the decline in
size was more apparent over time (p = 0.02, Supplementary material 3.3), suggesting that the
average size of crabs has declined since the 1950s. No significant differences were in the size of

crabs among decades for the Swan-Canning Estuary.

3.3.4.2. Abundance

Trove records on crab abundance differed significantly between the two estuaries, with a greater
proportion of fishing seasons qualified as fair or poor in abundance in the Swan-Canning Estuary,
compared to the Peel-Harvey Estuary (Kruskal-Wallis p = 0.04, Supplementary material 3.3).
Records from the early 1900s identified several fishing seasons of “excellent” abundance in the
Swan-Canning Estuary. However, the frequency of good fishing seasons decreased with time, the
last one being between 1940 and 1950 (Figure 3.7). Even though articles reported a few good
seasons since the 1970s, none of these were described as “excellent”. In the 1980s and 1990s,
abundance in the Swan-Canning was described mostly as “good”, though “poor” and “fair”
seasons occurred too (Figure 3.7). Crab abundance from Trove records did not vary significantly

through time in the Swan-Canning Estuary (Supplementary material 3.3).
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Figure 3.7. Perceived changes in Portunus armatus abundance in the Swan-Canning Estuary, in
south-western Australia between 1910 and 2000, sourced from Trove historical records.
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3.3.4.3. Biological data

Data from Johnston et al. (2020) show that the mean CW of crabs in the Swan-Canning Estuary
ranged from 144 mm (smallest) to 161 mm (biggest) between 2007 and 2019 (de., “big” size
category), with an overall mean of 153.1 mm CW (Figure 8). The mean sizes in the Swan-Canning
were significantly greater than those in the Peel-Harvey by ~15 to 30 mm, depending on year:
mean CW in the Peel-Harvey ranged from 130 mm to 136 mm (ie., “sized” to “big” size
categories), with an overall mean of 132.7 mm CW, 20 mm smaller than that of the Swan-Canning
(Figure 8). These results parallel the trends from fisher perceptions recollected during face-to-face
interviews and in historical newspaper records, reflecting that blue swimmer crab in the Peel-
Harvey Estuary are generally smaller than the crabs in the Swan-Canning Estuary (Figure 8).
Though there was a significant difference in crabs CW between estuaries, no significant

differences were found through time for either of the estuaries studied.
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Figure 3.8. Changes on the mean carapace widths of blue swimmer crabs for the Peel-Harvey
(a) and Swan-Canning (b) estuaries (n = 13, per estuary), in south-western Australia. These data
were obtained from the last resource assessment report in the region for this fishery resource
(Johnston et al., 2020), which covered between 2006 and 2019.

3.3.4.4. Insights on the fishery’s history

Qualitative data from Trove newspaper records showed that recreational blue swimmer crab
fishing in the Swan-Canning started shortly after European settlement in 1829 (Smith, 2006). Since
the beginning of the 20 century, Western Australians organised crabbing parties during summer
in the Swan-Canning and other locations, where they fished crabs and cooked them by the estuary

(Sunday Times, 1939, p. 84; South Western times, 1949, p.16; Sunday Times, 1976, p. 105).
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Therefore, fishing for blue swimmer crabs became a relatively easy and cheap way of “getting a
meal” for Western Australians, as well as a social activity.

The perceived fishing effects and associated changes in sizes and abundances of blue swimmer
crabs have been a concern for the recreational fishing community since as eatly as the 1940s. At
the time, recreational fishers reported in local newspapers that small crabs (e, described as
reaching ~70-110 mm CW) caught in the Swan-Canning Estuary were being sold. These letters
generally included a call for the introduction of regulations to manage blue swimmer crab fishing
activities, such as minimum size limits (Daily News, 1944, p. 3). Initially, the then Department of
Fisheries considered such concerns unjustified. In 1944, Mr. Brownfield, the Chief Inspector of
Fisheries, said that “... 7o suggest that the taking of crabs would lead to the depletion of those available in the
[future was nonsense’. Once regulations on minimum size limits for crabs were introduced in the late
1940s, illegal fishing of undersized crabs became a cause of concern for the local community. In
1949, a commercial fisher from the Swan-Canning Estuary reported “thousands of crabs are being eaten
(-..) often with the belp of a magnifying glass” (West Australian, 1949, p. 2). Similar concerns over illegal
fishing of undersized crabs were still being raised more than 70 years later by the recreational

fishing community (see Results Section in Chapter 4).

Finally, concerns over the environmental condition of these two estuaries were also documented
in the newspapers. As early as 1934 anglers voiced concerns over the impacts of pollution on
crabs and the increasing growth of algae in the Swan-Canning (The Daily News, 1934, p. 4). In

¢

1952, a recreational fisher wrote “...40 years ago the [Swan-Canning] River was a paradise for prawn and
crab netting but now is covered with a prolific growth of algae and other marine weed. This weed (...), was almost
unknown at the close of the last century” (West Australian, 1952, p. 3). In the Peel-Harvey, these
concerns became more and more common from the 1980s onwards (e.g., Potter et al. 1991). In
1994, the Dawesville Channel (commonly called “The Cut”), a second, artificial entrance channel
into the Peel-Harvey estuary, was constructed in an attempt to solve the negative effects of the
increasingly occurring algal blooms (Valesini et al. 2019). Despite the support of the angling

community for this project “Come on the Dawesville cut!” Scream the locals, because the estuary is in poor

nick.” (Sunday Times, 1991, p. 89), there were still concerns regarding the resulting environmental
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changes in the estuary. “Anglers and crustacean collectors at Mandurabh are asking themselves (. ..) what wil]

happen when the 64 million Dawesville Channel goes through?” (Sunday Times, 1994, p. 84).

3.4. Discussion

Overall, through the collation of findings from four different data sources (online survey, face-
to-face interviews with recreational fishers, historical records from newspapers, and biological
data) four key results were identified: i) Crab size differed between the two estuaries; ii) Crab size
decreased in the Peel-Harvey estuary between decades and currently but not in the Swan-Canning
Estuary; iii) inter-generational differences in recreational fishers’ perceptions (depending on their
age and length of time they had spent fishing) regarding changes in size over time; and iv) or
historical evidence of crab fishers” observations of changes in the fishery and wider estuarine
environment. Firstly, the face-to-face interviews, historical newspaper records and biological data,
all indicated that crabs in the Peel-Harvey Estuary are significantly smaller than crabs in the Swan-
Canning Estuary (Supplementary material 3.2). Secondly, results from the face-to-face interviews
and newspaper records (1900s to 2000) indicated a consistent strong perception by the
recreational fishing community of a decrease in the average size of crabs in the Peel-Harvey over
time, whereas perceptions for the Swan-Canning showed a decrease in “big” crabs, though results
were not significant and the fishery independent data from 2006 to 2018. Additionally, the
qualitative data from newspaper records provided an understanding of the importance of the
fishery for the local community since the early 20th century. Finally, historical data also
demonstrated fishers’ awareness of environmental issues affecting the stocks and their interest in
the management approaches available that would enhance the conservation of the fishery and the

estuary supporting it.

3.4.1. Size changes

All sources of data analysed suggested that blue swimmer crabs in the Peel-Harvey are smaller
than those from the Swan-Canning. Furthermore, the responses from face-to-face interviews

showcased inter-generational differences in perceptions between the most experienced and least
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experienced fishers — the most experienced fishers perceived a greater decline in size than those
with the least experience. This suggests that generational amnesia, a type of shifting baseline
syndrome, Ze., individuals’ change in perception of a SES due to memory loss on how the system
used to be in the past (Pauly 1995, Papworth et al. 2009), may be occurring. This correlates with

the trends identified through historical records.

Two conditions are required to identify SBS i) a biological change in the SES, ii) a parallel between
the perceptions of change and age or experience-related differences (Papworth et al. 2009). Our
study demonstrated that fishers perceived a decrease in the average size of blue swimmer crabs
through time. In particular, the results showed inter-generational differences in the perceived
average size of crabs, mostly according to fishing experience, and sometimes age. These perceived
changes are consistent with the records obtained from newspaper articles and with those from
other studies that have identified a shifting baseline among resource users. For example, a study
on environmental changes in Baja California found that older fishers recalled catching up to 25
times more Gulf grouper (Mycteroperca jordani) than did younger, less experienced fishers
(Sdenz-Arroyo et al. 2005). Similarly, a study of commercial fishers in Queensland, Australia,
found that fishers recalled past species caught and catch rates accurately and that perceived catch
rates had dramatically decreased in 50 years (Thurstan et al. 2016a). Even though previous studies
of blue swimmer crabs have shown that growth can be quite variable and influenced by levels of
chlorophyll z and density of juvenile crabs (Marks et al. 2020), our study suggests that the size of
crabs in the Peel-Harvey estuary are now on average smaller than 70 years ago (based on fisher
perceptions and newspaper records). This study therefore provides empirical evidence to support
that, for these fisheries, local fisher knowledge (LFK) can identify biological changes in the blue

swimmer crab populations and suggests that shifting baseline syndrome (SBS) might be occurring,.

3.4.2. Insights on the fishery’s history

The qualitative data sourced from Trove and the State Library of WA showcased the popularity
of the fishery in the region since the eatly 1900s, as well as the concerns expressed by fishers on

the management and overall status of crab stocks. These results align with the findings from a
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study on the human dimensions of blue swimmer crab fisheries in south-western Australia, which
found that recreational fishers were concerned about overfishing, fishing pressure, and
compliance with regulations in the estuaries (see Results section in Chapter 4). Notably, historical
newspaper articles indicate that the blue swimmer crabs have been a target for fishing in south-
western Australia since at least the early 1900s. Commercial fishing for blue swimmer crabs started
in the 1830s, shortly after European settlement in south-western Australia (Johnston et al., 2020).
Not only has this fishery been targeted by commercial fishers in the region, but since at least 1910,
it has also provided food and a recreational activity for the local settler population of Perth and
surrounding areas (Johnston et al., 2020). Overall, the socio-cultural importance of the crab fishery
to the local community is clearly supported by the consistent and frequent reporting of blue
swimmer crab catches, crab fishing parties organized by local groups, and recreational fishing
community concerns about the status of crab stocks over the years. This is partly an outcome of
accessibility, as crabs are found in relatively shallow waters and are easily fished from shore or in
small boats and crabbing is one of the cheapest and easiest forms of recreational fishing to engage

in.

Concerns about the unregulated catch of blue swimmer crabs emerged during the 1940s, when
regulations on netting as well as size limits were established by the Department of Fisheries. From
then on, concerns seemed to focus on compliance with these regulations, rather than overtishing.
The delay between fishers voicing their concerns in the early 1940s and the establishment of these
regulations at the end of this decade seems understandable when put into historical context.
Australian fisheries management was almost non-existent until the early 1900s (Tull 1993,
Christensen 2009). Later on, and in parallel with other nations worldwide (NOAA 2019),
management prioritised production of seafood rather than its conservation. Through the two
wortld wars and after World War II, efforts were made to increase the production of seafood for
high value exports and local food production (Harrison 1991). It is important to note that
newspaper atticles are likely to be biased by the political, social and economic situation in the
period of study, and therefore the news published, and the number of articles available for a

specific year are influenced accordingly. This can be observed in our study where some years are
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represented by very few articles (small sample size) and is a limitation in our study. This could be
compensated in the future by combining newspaper articles with another source of data,
independent from historical events, such as market prices of fish, if available (Fortibuoni et al.
2017). Nevertheless, the concerns identified in the news articles (e.g, overfishing, minimum size
limits and lack of compliance with size limits), concur with current concerns of blue swimmer
crab fishers in the region (Obregén et al. 2020a). Thus, independently on the historical
background, the articles do highlight the importance of the fishery for the local community, the
understanding of environmental issues by resource users affecting the fishery, as well as their

concerns on the fishery and its management.

<

In our study we used the terms “undersized”, “sized”, “big” and “monster” to describe the
average size of crabs, as well as “poor”, “fair”, “good” and “excellent” to describe the abundance.
These terms were adequate for the classification, analysis and interpretation of the data as they
were the terms used by resource users and appeared in the newspaper articles selected for this
study. Yet, they are also intrinsically subjective. This subjectivity, combined with recall bias may
have contributed to the lack of differences in perceptions related to age or fishing experience in
some components of this study, such as the online survey. Other studies have previously described
a progressive decrease in the average size of species that have been exploited by fishing activities
through time in Australia. For example, a study on snapper fishing on the east coast of Australia
(Thurstan et al. 2016b). Another consideration is that fishers might modify their responses to
match those that they think will be socially desirable answers about their past catches, leading to
a social-desirability response bias (Paulhus 1991, Andrews et al. 2018). This could be a result of
respondents being concerned about how others view their answers, how the data will be used,
and what message will be extracted from it (Paulhus 1991). We attempted to reduce these biases
by explaining the objectives of the study to the respondents before starting the survey and
emphasising that all respondents would remain anonymous. From the authors perspective, the
perception of responses did not seem to be an issue during the interviews, as most fishers were

keen to voice their thoughts and point out details in the changes in sizes and abundances, as well

as other characteristics of the fishery.
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3.4.3.Abundance changes

Finally, fisher recollections and historical newspapers showed no consistent trend in changes of
crab abundance through time. In fact, a previous study on the blue swimmer crab fishery in WA
showed that some commercials fishers reported such changes to be seasonal (Obregén et al.
2020c¢). Given the alignment between LFK, literature data and newspaper records on the decline
of crab sizes in the Peel-Harvey Estuary, and due to the less detailed information on abundance
in the literature, we suggest that perceived trends in abundance of blue swimmer crabs identified
by recreational fishers’ could be viewed as reliable. Thus, more generally when quantitative data
are lacking, Local Fisher Knowledge (LFK) could be viewed as more reliable than it often is, as
evidenced by other studies, such as those on several small-scale fisheries in the upper Gulf of
Mexico (Lozano-Montes et al. 2008) and the snapper fishery (Pagrus anratus) in Queensland,

Australia (Thurstan et al. 2016a).

3.5. Conclusion

The status of a fishery is generally assessed from on a time series of catch and effort data sourced
from independent surveys and the fishery. In most regions, quantitative fisheries data, and
therefore the scientifically standardized formal data on the status of the underlying stocks, are
often available only for a few decades of commercial fisheries, and rarely are they available for
recreational fisheries (Freire et al. 2020), despite many resources having been exploited for
centuries or longer (Roberts 2008). Even though long-term data are also necessary to tease apart
the impact of fisheries and climate, as climate change happens over long periods of time, without
comprehensive, quantitative data on the magnitude of stock exploitation, any estimate of current
stock sizes and changes over time may be misleading or at least somewhat uncertain. This This
study provides evidence that fishers’ perception, combined with historical records and data from
research surveys reflect a significant difference in the average size of blue swimmer crabs in the
Peel-Harvey compared to the Swan-Caning Estuary. Particularly, fishers’ perception, combined
with historical records highlight a decline in the average size of blue swimmer crabs through time,

in at least one of the examined estuaries, the Peel-Harvey. The comparison of the findings from
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different data sources (i.e., triangulation) has therefore highlighted some changes that are
consistent across all sources, demonstrating that Local Fisher Knowledge (LFK) may be a valuable
source of information when other data soutces are lacking, and/or a valuable additional source of
insight and information accompanying traditional, quantitative data. The spatial and inter-
generational differences identified through LFK are evidence of a likely decline in the average size
of blue swimmer crabs in south-western Australia, particularly for the Peel-Harvey Estuary.
Additionally to biological change, archival records can also be used to complement data on the
human dimensions of a fishery (ze., perceptions and LFK), which is often lacking for fisheries
wotldwide (Barclay et al. 2017). Moreover, these can provide a more detailed picture on the
importance of the fishery for the local community, the understanding of environmental issues by

resource users affecting the fishery, as well as their concerns over the fishery and its management.
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Chapter 4

Ditferent but not opposed: perceptions
between fishing sectors on the status and
management of a crab fishery?

Views from main boat ramp by the Leschenault Estuary, south-western Australia.

2 This chapter is published as a co-authored manuscript:

Obregoén, C., Hughes, M., Tweedley, J. R. and Loneragan, N.R. (2019). Different but not opposed:
perceptions between fishing sectors on the status and management of a crab fishery. ICES Journal

of Marine Sciences, 77(6), 2354-2368. Dot: 10.1093 /icesims/fsz225.
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Chapter 4

Ditferent but not opposed: perceptions
between fishing sectors on the status and

management of a crab fishery

4.1. Abstract

Fisher perceptions are a useful source of information that allow changes in stocks to be detected
quickly and indicate the social acceptability of different management regulations. Yet traditionally,
such information is rarely employed when developing management approaches. Face-to-face
interviews were used to elicit recreational and commercial fishers’ perceptions of a crab
(Portunus armatus) fishery in three south-western Australian estuaries. Differences in the perceived
changes in the average size of crabs and fishing effort, reported concerns and supported solutions
were detected among the recreational fishers utilising the three estuaties and between recreational
and commercial fishers in the Peel-Harvey Estuary. However, some common views were
expressed by recreational and commercial fishers, with both sectors stating concerns over
recreational fisher compliance and increased fishing and environmental pressures. While both
sectors believed that reducing fishing and increasing compliance would benefit crab stocks, the
mechanisms for achieving this differed. Recreational fishers favored increasing the length of the
seasonal closure, while commercial fishers favored the introduction of a recreational shotre-based
fishing license. These findings suggest that sector- and estuary-specific management rules may
better facilitate the amelioration of pressures affecting individual estuaries and could contribute

towards a more socially and biologically sustainable fishery.
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4.2. Introduction

Fisheries scientists and managers have traditionally utilised landings or catch data to assess the
status of commercially exploited stocks (Pauly 2006). However, managing fisheries successfully
also entails managing human behaviour (e.g. Hilborn 2007; Gutiérrez et al. 2011). As a result, there
have been increasing calls for a transition from traditional catch-related fisheries approaches
towards transdisciplinary management, integrating, amongst other elements, data on the human
dimensions of fisheries with those more traditional elements of population dynamics and fisheries

data (Brooks et al. 2015, Barclay et al. 2017).

While ecosystem-based fisheries management approaches (EBFM) are being used to regulate
many fisheries globally, and aim to include ecological, social and economic aspects, rarely have all
these elements been translated into practical objectives and management plans (Barclay 2012,
Alexander et al. 2019). Australian fisheries are an example of this transition to full EBFM, and
reflect the broader global trends, where the biological and ecological factors receive more focus
than human dimensions. For example, Hobday et al. (2016b) assessed 102 Australian fisheries and
found that only 22 had a “social” management objective and 25, a social performance indicator.
In contrast, almost all fisheries had objectives and indicators for the ‘biology” of target, bycatch
and protected species and the broader ecosystem. Despite the shortfalls in defining social
objectives and performance indicators for fisheries, they are recognised as important for
informing policy decisions and to achieve ecologically sustainable development of Australian
fisheries (Pascoe et al. 2014). In addition, government agencies have promoted the concept of
triple-bottom-line assessment approaches, a method designed to integrate environmental, social
and economic outcomes as part of management goals (Triantafillos et al. 2014), with the aim of
facilitating sustainable management of natural resources. To this end, indicators for understanding
social sustainability in fisheries, for example, quality of life and social profiles, have been described
(Barclay 2012). However, little is currently known of the human dimensions of fisheries in
Australia. Hence, there is a need to develop benchmarks to clarify these aspects of Australian

tisheries (Barclay 2012, Brooks et al. 2015, Barclay et al. 2017).
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Co-management has been recognised by managers and scientists globally as a means for
integrating human dimensions into fisheries management, (e.g., Johannes 1998; Kearney 2002).
This involves the inclusion of fishers and other key stakeholders in the fishery management
decision making process. As well as facilitating fisher support for management decisions, co-
management can be a means for accessing and applying local ecological knowledge (LEK; Ulman
and Pauly 2016). Local ecological knowledge includes a range of knowledge based on anecdotal
information sharing amongst fishers, such as the current status or perceived changes in catch.
While LEK biases need to be taken into account, previous research has demonstrated the value
of LEK when other types of data are lacking, or in combination with other types of data to
represent trends, and understand stock dynamics (Neis 1992, Papworth et al. 2009, Ulman &
Pauly 2016). Integration of human dimensions into fisheries management can thus enhance

decision making and management effectiveness.

Many species of portunid crabs targeted by commercial and recreational fisheries in the USA,
northern Europe, south-east Asia and Australia, have high economic and social values (Guillory
et al. 1998, Suwannarat et al. 2017, Gaughan & Santoro 2018). Yet, despite the importance of
these fisheries to the community, to our knowledge, no previous research has investigated the
human dimensions of portunid fishing. The blue swimmer crab, Portunus armatus (formetly
P. pelagicus), occurs in estuaries and coastal waters around most of Australia and supports valuable
recreational and commercial fisheries (ABARES 2018). In Western Australia, for example,
P. armatus is the most popular recreationally fished species (Ryan et al. 2015, Morison et al. 2016)
and has been fished commercially since the early 1900s (Lenanton et al. 1985, Johnston et al.

2011b).

The importance of P. armatus fishing in Western Australia, and particularly in southern regions of
the state, is represented partly by the number of people targeting this species, which is much
greater in the recreational than commercial sector (Ryan et al. 2015). Moreover, in the 2015/16
fishing season, catches from the recreational sector for the whole of Western Australia
(z.e., >900,000 P. armatus caught, of which > 600,000 were retained) were estimated to be similar
in magnitude to, or greater than, those from the commercial sector (Ryan et al. 2015). The
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recreational P. armatus fishery maintains a high profile through its promotion at regional events,
such as the annual “Crab Fest” festival on the Peel-Harvey Estuary, which reflects the cultural
importance of this crab to the local community and more broadly across south-western Australia.
The Peel-Harvey Estuary is part of the Ramsar-listed Peel-Yalgoroup wetland system (Valesini et
al. 2019). Its importance as a major natural asset, and the population growth in the region (ze., the
city of Mandurah is located at the mouth of the estuary and is the fastest growing city in the state),
create challenges for managing natural resources. Thus, the Peel-Harvey Estuary is also a key focus

for fisheries managers and scientists in south-western Australia.

Commercial fishing for P. ammatus in Western Australia is managed mainly by regulating the
numbers of fishing vessels and traps, but size restrictions for retention (e, minimum size
limit = 127 mm carapace width), fishing season and daily time limits also apply (Fletcher et al.
2017). Recreational catches are mainly regulated through size restrictions (Z.e., 127 mm carapace
width) and bag limits of 10 or 20 crabs per person when fishing from the shore, or from a boat,
respectively. A fishing licence system is also in use but only for the recreational fishers using a
boat. Shore-based recreational crab fishers are thus exempt from any licence. In August 2019, a
seasonal closure was introduced in south-western Australia, in all waters from Perth to Minnimup
Beach (~ 200 km south from Perth, Figure 4.1), from 15t September to 30t November. Prior to
this, a seasonal closure applied only in the Peel-Harvey Estuary, from 1st September to 31st

Octobet.

Despite the difficulties of managing a multisector fishery and the impact of environmental
variation (Johnston et al. 2011b), P. amnuatus stocks in south-western Australia were generally
considered to be sustainable, with the exception of Cockburn Sound, a marine embayment just
south of the Swan-Canning Estuary (Figure 4.1). The fishery in this system closed and re-opened
twice between 2000 and 2009 and was closed in 2013 and remains so until further notice (Johnston
et al. 2011b, Gaughan & Santoro 2018). Furthermore, both the recreational and commercial
sectors of the Peel-Harvey Estuary received Marine Stewardship Council (MSC) certification in
2016, the first joint MSC certification of a fishery globally (Morison et al. 2016). However, due to
the iconic nature and popularity of recreational crabbing and the rapidly growing population in
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the region, there is increasing pressure to reduce the number of commercial fishing licences in
estuaries and coastal waters near population centres. In addition, the fishing closure that applies
to both sectors of the P. amnatus fishery in Cockburn Sound has resulted in increasing fishing
pressure in the Peel-Harvey and Swan-Canning estuaries, especially from recreational fishers
(Johnston et al. 2011b). This has led to growing concerns about the status of the P. armatus stocks
in the region. As a result, managers initiated a public consultation process in 2017, and conducted

a review on the management of the P. armmatus resources in south-western Australia.

In Western Australia, this process generally involves the production of a summary of submissions
from all sectors and parties (Z.e., managers, scientists and other representative bodies) by the
Department of Primary Industries and Regional Development (DPIRD, the state government
department responsible for fisheries). The state parliament Minister of Fisheries then considers
the submission and holds a meeting with DPIRD representatives to discuss the recommendations
presented by that Department and makes a decision on those recommendations to be
implemented. On this occasion, the Minister asked for an additional submission from the Industry
before releasing the new management arrangements for the fishery. The extension of the closed
season, as well as the buy-out of some commercial licences in the Peel-Harvey Estuary and coastal
marine waters, were few of a number of the approved options to reduce fishing pressure (DPIRD
2018). Other options approved are specific to the recreational sector and include a new bag limit
of only five females from the total of 10 crabs allowed in the current bag limit in Geographe Bay
(i.e.,, coastal waters off the Leschenault Estuary), as well as a reduced bag limit of five crabs in the

Swan-Canning Estuary.

Changes in fishery management are known to affect not only the exploitation of the resource, but
also to influence the human dimensions associated with fisheries (Brooks et al. 2015). For example,
fisheries management decisions have led to conflict between the recreational and commercial
sectors in many fisheries worldwide, mainly due to policies on the allocation of resources between
the sectors (Arlinghaus 2000). It is apparent that fully understanding the potential consequences
of fisheries management decisions and interventions requires the collection of data on the human
dimensions of fisheries. To our knowledge, no studies in Australia or elsewhere have investigated
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the human dimensions of a portunid fishery. Thus, the overarching aim of this study was to
identify fishers concerns on issues affecting the fishery and their suggestions for potential
management solutions to these issues. Focus was first placed on evaluating whether the views of
recreational fishers differed between three estuaries along the west coast of south-western

Australia, and secondly between recreational and commercial fishers in the Peel-Harvey Estuary.

4.3. Materials and methods

4.3.1. Sampling regime

Recreational and commercial P. amnatus fishers in south-western Australian estuaries were invited
to participate in a face-to-face interview, with a structured, open-ended question format between
November 2017 and July 2018. The questions aimed to identify, in the fishers’ words, their: i)
perceived changes in crab size and fishing effort (ze., the amount of time taken to catch the same
amount of crabs larger than the minimum size limit) from when they started fishing to the present
day; ii) concerns on the current status of P. amwatus and the management of the fishery; and iif)
proposed solutions to their concerns (Table 4.1). The interviews followed belief elicitation
procedures applied previously (Hughes et al. 2012, Obregén et al. 2020b). The open-ended
question format minimised the imposition of researcher assumptions on the types of possible
responses, thus providing a more rigorous, representative and less biased collection of fisher
responses (Neuman 2014). To ensure that the questions were clear and did not cause confusion,
the survey was pre-tested with a small sample of crab fishers (n = 7). These responses are not

included in the current study.

Interviews were conducted with recreational P. armatus fishers who fished in the Peel-Harvey,
Swan-Canning and Leschenault estuaries, and with commercial fishers in the first two systems, as
the commercial crab fishery in the Leschenault closed in 2001. These three estuaries, which are
located along 180 km of coastline (Figure 4.1), were chosen because i) they are the hotspots for
recreational P. armatus fishing, with no other estuary in the region supporting a crab population

large enough to attract fishers; and ii) the variation in the characteristics of the respective systems
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and fisheries. The Peel-Harvey Estuary, was selected due to the present and historical importance
of crab fishing in this system (Lenanton et al. 1985, Morison et al. 2016) and its proximity to the
city of Mandurah (population ~ 80,813). This estuary is also subjected to greater illegal fishing
activity, potentially affecting the views of fishers in this estuary (DPIRD 2018). The Swan-Canning
Estuary is located in the state capital city of Perth and is thus highly urbanised (Greater Perth
population ~ 2,039,193). Due to its proximity to a major city, this estuary is subjected to
anthropogenic impacts, influencing fish populations and fishing activities, including P. armatus
fishing. Finally, the Leschenault Estuary is situated in a more rural area (Bunbury; population
~ 32,244; ABS 2017). This estuary is subjected to the least amount of fishing pressure, due to the
lack of commercial fishing and generally lower popularity for crab fishing in the recreational
fishing community. As P. armmatus is less abundant in waters south of the Leschenault Estuary

(Fletcher & Santoro 2008), sampling was not conducted in these systems.
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Figure 4.1. Location of the three estuaries in south-western Australia where interviews with
recreational fishers were conducted: i) Swan-Canning Estuary (area = 55 km?) 1i) Peel Harvey
Estuary (area = 131 km?); iii) Leschenault estuary (25 km?2). Commercial fisheries present in the
Swan-Canning and Peel-Harvey estuaries.
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Table 4.1. Categories of questions (bold italics) and the questions asked of Portunus armatus fishers’
about i) the perceived changes in stocks and the average crab size (petceived changes); ii) their
concerns on the issues currently affecting the crab fishery (current concerns and issues); iii) the
hypothetical solutions proposed that they would support (solutions supported). Demographic
data were also collected for each respondent.

Perceived changes

1. Has the average size of blue swimmer crab you catch changed, over the time you have been fishing?

2. Has the effort needed to catch the same quantity of blue swimmer crab per fishing day/trip
increased, decreased or not changed in the last a) 5-10 years b) 10-20 years?

Current concerns and issues

3. Do you have any concerns on the status of the blue swimmer crab populations on this estuary?

4. What do you think are the main issues affecting the blue swimmer crab fishery?

Solutions supported

5. Do you think other management options could be implemented for blue swimmer crab? If so, what?

Demographics

Age, gender, residence, highest level of education, number of years of fishing experience, fishing
method

Recreational fishers were interviewed at 18 sites (Z.e., jetties, boat ramps and shore line areas
frequented by crab fishers) across the three systems, providing a cross section of recreational
P. armatus fishing in south-western Australia (n = 93 interviews; 24 from the Swan-Canning
Estuary; 41 from the Peel-Harvey Estuary and 28 from the Leschenault Estuary). Interviews were
carried out on weekdays and weekends, during the main fishing times (ze., from 06:00 to 10:00
and 12:00 to 16:00; Yeoh, D. 2017, pers. comm.) and mainly over the austral summer (December to
February), which is the peak fishing season in the region (Sumner & Malseed 2004, Ryan et
al 2017). At each site on each sampling occasion, all recreational crab fishers present were invited
to participate in an interview and responses were recorded on paper using the fishers’ words,
instead of the researcher paraphrasing the responses, which could potentially result in the

interpretation by the researcher of the respondent’s perceptions (Obregdn et al. 2020b).

To gather responses from commercial fishers, a one-on-one meeting or a phone call was arranged
with each fisher operating in the Peel-Harvey (n = 9) and Swan-Canning estuaries (n = 2). While
there is only one commercial P. arnatus fishing licence in the Swan-Canning, the current license

holder only started fishing in 2018 (< 1 year in the fishery) and so the previous fisher, who had
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12 years of experience, was also interviewed. When analysing commercial fishers’ perceptions on
historical changes in P. ammatus catches in the Swan-Canning Estuary, we used only responses from
the most experienced fisher (currently not a licence holder) as the fisher currently holding the
licence did not have enough knowledge to answer this section of the interview accurately.
Responses from fishers representing this sector were recorded following the same method

described above for recreational fishers.

4.3.2. Data analyses

The data from both recreational and commercial fishers were subjected to content analysis,
conducted independently by two researchers to categorise responses with similar meanings. Any
differences in response categories between researchers were discussed until agreement was
reached on an appropriate category of response. Perceived changes in crab catches, as well as
salient concerns and solutions about management of the fishery were identified based on the
frequency of responses. For the views of recreational fishers, a theoretical saturation approach
was adopted to determine when no new categories of response were recorded for each estuary
(Hughes et al. 2012). Theoretical saturation was then confirmed by adapting species accumulation
techniques (Ugland et al. 2003), to plot response type accumulation curves (Vanwindekens et al.
2013). Once theoretical saturation was achieved, a small number of additional interviews were
conducted to ensure that no salient response category was overlooked. As all commercial fishers
operating in both the Peel-Harvey and Swan-Canning estuaries were interviewed, their views

represent a census.

Non-parametric Chi-square tests (“fifer” package in R, Version 4.0.2), were used to determine
whether i) the reported average size of crabs and ii) the reported effort required to catch crabs of
legal-minimum-size differed significantly (p < 0.05) among recreational fishers with different
levels of experience (three levels; Ze., < 10, 10-30, and > 30 years) and recreational fishing methods
(three levels; ze., boat fishing, shore fishing, both boat and shore fishing). This same approach
was applied to test for differences i) among responses of recreational fishers in the three estuaries

and ii) between responses of recreational and commercial fishers operating in the Peel-Harvey.
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The same Chi-square approach was also used to determine whether the number of recreational
fishers concerned with the state of the fishery differed with either fishing experience, method or
estuary and between recreational and commercial fishers operating in the Peel-Harvey. These tests
were also applied to determine whether the concerns of recreational fishers differed among levels
of experience or fishing methods. These latter two tests were also repeated to examine whether

the proposed management solutions of recreational fishers differed among estuaries.

The presence/absence of concerns and proposed solutions reported by recreational and
commercial fishers, excluding the “NA” and “None” answers, in the three estuaries were used to
construct two data matrices (z¢., concerns and solutions for both sectors combined). As some of
the recreational fishers reported only a single concern or solution, the views of any two
recreational fishers from the same estuary may differ markedly and this variability can mask subtle,
but “true”, trends in salient concerns and solutions. Thus, the recreational fishers utilising each
estuary were randomly sorted into groups of two to four, depending on the total number of fishers
surveyed and the data averaged and converted to presence/absence. This mirrors the statistical
approach often used in multivariate analyses of fish dietary data as many species consume, at any
one point in time, a limited range of prey (Lek et al. 2011). Note that all the commercial fishers

listed more than one single concern or solution and thus these data were not averaged.

Each of the two data matrices (7., concerns and solutions) were used to construct two separate
Bray-Curtis resemblance matrices, namely one for recreational fishers in the three estuaries and
the other for recreational and commercial fishers in the Peel-Harvey Estuary (four in total). Each
matrix was subjected to Analyses of Similarities (ANOSIM; Clarke et al.2014 to determine if the
concerns and solutions of i) recreational fishers in the three estuaries differed significantly and
i) whether they differed significantly between recreational and commercial fishers in the
Peel-Harvey Estuary (P < 0.05). The relative magnitudes of the main test and any subsequent
pairwise tests were assessed using the universally-scaled R-statistic, which ranges from ~ 0, when
the average similarity among and within groups (samples) do not differ, to 1, when all samples
within each group are more similar to each other than to any of the samples from other groups
(Clarke et al. 2014). When a significant difference was detected, Similarity Percentages (SIMPER;
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Clarke et al. 2014) were used to identify those responses that typified each group and those that

were responsible for distinguishing between each pair of groups.

Non-metric Multi-Dimensional Scaling (nMDS) was employed to visualise the trends detected by
ANOSIM. Each of the four resemblance matrices was subjected to the Bootstrap Averages
routine (Clarke et al. 2014) to bootstrap those samples in non-metric MDS space. The averages
of repeated bootstrap samples (bootstrapped averages) for each group of samples (e.g. recreational
and commercial fishers in the Peel-Harvey Estuary) were used to construct an nMDS ordination
plot. Superimposed on each plot was i) a data point representing the group average (ie., the
average of the bootstrapped averages) and ii) the associated, smoothed and marginally
bias-corrected bootstrap region, in which 95% of the bootstrapped averages fall (Clarke et al.

2014).

4.4. Results

A total of 109 recreational crab fishers were approached to participate in the survey, with 93
agreeing to participate, a response rate of 85%. Theoretical saturation was achieved after about
30 interviews (Figure 4.2). All commercial crab fishers actively working in the region (n = 11)
agreed to participate in the face-to-face interviews, so these responses represent a census of the

views of commercial fishers.

4.4.1. Fishery characteristics

Respondents from the recreational sector in south-western Australia had been fishing for
P. armatus for an average of 21.8 years. They ranged from 18 to over 65 years old, with a modal
age group of 35 to 44 years old (23.1%). Most respondents resided in Western Australia (98.9%)
and were male (86.7%), which parallels the male proportion recorded for recreational fishing
statewide (Ryan et al. 2017) . Nine of the eleven commercial fishers (81.8%) were current
members of the “Mandurah Licensed Fisherman’s Association”, a professional fishing association
representing the views of commercial fishers operating in the Peel-Harvey Estuary. The two

operators in the Swan-Canning Estuary held a single licence for 2017/18 sequentially, one up to
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February 2018 and the other from February 2018 onwards, ‘e., they were independent operators
and did not fish during the same years. The professional fishers ranged from 18 to over 65 years
old. All except one were male (90.9%) and had been in the industry for an average of 12.4 years.

The motivations for fishers of both sectors were very different, with over 80% of the recreational
fishers reporting “food” as their main motivation, whereas “family tradition” and a “love for
fishing” were the two main motivations for commercial fishers (72.7%). Fishing as a means of

employment, was only mentioned as a main motivation by one commercial fisher (9.1%).
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Figure 4.2. Response-accumulation curve showing that data saturation was reached after
around 30 interviews with recreational Portunus armatus fishers in Peel-Harvey, Swan-Canning,
and Leschenault estuaries in south-western Australia. Grey shaded area shows the 95%
confidence intervals (modified from (Obregén et al. 2020b).

4.4.2. Perceived changes in crab size and fishing effort

4.4.2.1. Changes in size

Across all estuaries, over half (53.8%) of the recreational fishers reported a decline in the average
size of P. armatus caught over the years they had been fishing. Of the remainder, 16.1% reported
that the size had not changed, 8.6% that it had increased and 5.4% reported that size varied
between years. The perceived changes in the average size of crabs did not differ significantly
among recreational fishers with different levels of experience (X% = 7.42; p = 0.283) or between
fishing methods (X212 = 10.85; p = 0.541). However, the perception of size changes differed
significantly among estuaries (X% = 17.66; p = 0.007). A much greater proportion of fishers

utilising the Peel-Harvey Estuary considered that the average size of P. armatus had declined

109



Chapter 4 — Different but not opposed.

(70.7%), than respondents in the Leschenault (53.6%) and the Swan-Canning Estuary (25.0%,
Figure 4.3a). Among the commercial fishers, only two fishers (one in the Swan-Canning and one
in the Peel-Harvey; 20.0%) reported a decline in average crab size, while 40.0% thought that crabs
undergo inter-annual changes in size. In the Swan-Canning Hstuary, the most experienced

commercial fisher reported a dramatic decline in average crab size during the last decade.

Within the Peel-Harvey Estuary, responses from the recreational and commercial sector differed
significantly (X2 = 21.406, p < 0.001): 70.7% of recreational fishers reported a decrease in the
average size of P. armatus caught, whereas only one commercial fisher (11.1%) reported a decline
(Figure 4.3b). For commercial fishers, 33.3% said that size remained unchanged and 44.4%
commented that the crabs undergo inter-annual changes in size. These latter two responses
contrast with those of recreational fishers, where only 14.3% and 2.4% reported no change or

inter-annual changes in size, respectively.

4.4.2.2. Changes in fishing effort

Across all three estuaries, 54.8% of recreational fishers described an increase in the amount of
effort (7.e., time) needed to catch the same number of P. armatus, i.e., “Crabs are harder to catch”.
Only 6.5% reported that the effort required to catch P. armmatus had decreased since they first
started crabbing. The perceived changes in effort requited to catch crabs did not differ
significantly among recreational fishers with different levels of experience (X% = 6.37; p = 0.817)
or between fishing methods (X215 = 16.05; p = 0.379). However, it differed significantly among
the three estuaries (X212 = 27.39; p = 0.006), with proportionally more fishers from the
Peel-Harvey Estuary (68.3%) reporting an increase in the fishing effort needed to catch crabs
since they started fishing than in the other estuaries (41.7% in the Swan-Canning and 46.4% in

the Leschenault; Figure 4.3c).

Among the commercial fishers operating in the Swan-Canning and Peel-Harvey estuaries, 30.0%
reported an increase in effort, whereas 60.0% perceived no change since they started fishing. In
the Swan-Canning Estuary, the most experienced commercial fisher reported an increase in

fishing effort.
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In the Peel-Harvey Estuary, the views of recreational and commerecial fishers on changes in effort
differed significantly (X2 = 9.73; p = 0.007), with over two-thirds of recreational fishers (68.3%0)
reporting an increase in effort needed to catch P. amwatus, whereas only 22.2% of commercial
fishers held this view (Figure 4.3d). Conversely, two thirds of commercial fishers in the Peel-
Harvey (66.7%) said that the fishing effort required to catch P. amnatus had not changed over time,

compared with only 17.1% of recreational fishers.
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Figure 4.3. Perceived changes in average size (a, b) and fishing effort (c, d) of Portunus armatus
provided by (a, c) recreational (n = 41) and commercial fishers (n = 9) in the Peel-Harvey
Estuary and (b, d) recreational fishers (n = 93) fishing in the Peel-Harvey, Swan-Canning and
Leschenault Estuary.

4.4.3. Concerns on the current P. armatus status and main issues

affecting the fishery

When asked whether fishers had any concerns on the current status of crab stocks, 51.6% of
recreational fishers interviewed across all estuaries reported no concerns, 41.9% expressed a

concern, while 6.5% did not provide a clear answer. While the relative number of concerned
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fishers did not differ significantly with fishing method (X212 = 12.92; p = 0.374) or fishing
experience (X% = 1.20; p = 0.548), they differed significantly among estuaries (X% = 7.51;
p = 0.023). Of the recreational fishers in the Swan-Canning and Leschenault estuaries, 70.8% and
53.6%, respectively, were unconcerned about the status of the P. armatus population, whereas
4.2% and 14.3% respectively had no opinion on the matter. However, only 39% of fishers in the
Peel-Harvey reported no concerns (and 2.4% had no opinion). In contrast, 58.5% of the

recreational fishers in the Peel-Harvey Estuary were concerned about stock status.

Most commercial fishers in the Swan-Canning and Peel-Harvey estuaries (88.9%) were not
concerned about P. ammatus stocks, with only one of nine commercial fishers in the Peel-Harvey
(11.1%) expressing concerns. The proportion of concerned fishers in the Peel-Harvey differed
significantly between recreational and commercial fishers (X% = 5.21; p = 0.023), with more

concerned recreational than commercial fishers.

Fishers were given the opportunity to identify, the source of their concerns by describing the
issues they thought were affecting the P. amnatus fishery in the estuary where they fished most
regularly. A total of 13 different issues were identified, five of which were shared between
recreational and commercial fishers (Table 4.2). The four most commonly described issues by
recreational fishers across the three estuaries, which collectively accounted for 80% of all
responses, were: lack of compliance, overfishing, pollution and more people fishing (ie., more
fishing pressure). The concerns reported by recreational fishers did not differ significantly among
levels of fishing experience (X213 = 20.14; p = 0.325), among estuaries (X213 = 26.30; p = 0.092)

or between fishing methods (X254 = 34.86; p = 0.98).

The most frequent concerns raised by commercial fishers across the Swan-Canning and
Peel-Harvey estuaries were environmental factors, estuary development, more people fishing, lack
of compliance, and not enough food for crabs (Table 4.2). Each of these concerns, except for the

last, was also mentioned by recreational fishers, albeit less frequently (Table 4.2).

112



Chapter 4 — Different but not opposed.

Table 4.2. Percentage number of recreational and commercial fishers who reported various
concerns affecting the Portunus armatus fisheries in the Peel-Harvey, Swan-Canning and
Leschenault estuaries in south-western Australian during face-to-face interviews. The number of

fishers surveyed from each sector in each system is given in parentheses.

Concerns reported Recreational fishers Commercial fishers
n) All Peel Swan Lesch. All Peel Swan
(93) (41 (24 (28) (11 (2)
Lack of compliance 29.0 46.3 20.8 10.7 18.2 222
Overfishing 22.6 29.3 16.7 17.9 9.1 50.0
Pollution 18.3 122 29.2 17.9
More people fishing 10.8 7.3 125 14.3 36.4 222 100.0
NA 9.7 9.8 12.5 7.1
Commercial fishing 6.5 7.3 10.7
Environmental factors 54 8.3 10.7 273 22.2 -
None 5.4 2.4 4.2 10.7 - - -
Estuary development 4.3 2.4 8.3 3.6 273 222 50.0
Ineffective management 2.2 2.4 3.6
Invasive species 11 4.2
Education 9.1 111
Market share 9.1 111
Not enough food for crabs 182 222
Pressure to remove commercial
fishing 9.1 111

Although ANOSIM detected a significant difference between the perceived concerns of
recreational fishers across the three estuaries, the magnitude of that difference was relatively small
(ANOSIM Global R = 0.112; p = 0.032). At a pairwise level, the views of fishers utilising the
Peel-Harvey differed from those of fishers in both the Swan-Canning and Leschenault estuaries,
which did not differ from each other (Figure 4.4a). This is shown graphically on the nMDS plot,
with the 95% bootstrapped region for Peel-Harvey Estuary fishers forming a relatively discrete
group, while those of the Swan-Canning and Leschenault fishers overlapped substantially (Figure
4.4a). A lack of compliance and overfishing were identified by SIMPER as typitying the concerns
for recreational fishers in the Peel-Harvey Estuary, whereas pollution and overfishing were the
major concerns identified by respondents using the Swan-Canning and Leschenault estuaries
(Table 4.32). Lack of compliance and overfishing were more prevalent in the Peel-Harvey Estuary,

distinguishing this system from the other two.
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Table 4.3. Concerns identified by SIMPER analysis that typified (shaded) and distinguished (non-
shaded) the views of (a) recreational fishers in the three estuaries and (b) recreational and
commercial fishers in the Peel-Harvey Estuary The text in superscript denotes the group of fishers
that each distinguishing response was most selected by. Note ANOSIM did not detect a significant
different between the concerns identified by recreational fishers in the Swan-Canning and
Leschenault estuaries.

(a) Estuary Peel-Harvey Swan-Canning Leschenault

Lack of compliance
Overfishing
Lack of compliance Pee! Pollution
Swan-Canning  Overfishing Pee! Overfishing
Pollution Swan
Lack of compliance Pee! Pollution
Leschenault Overfishing Pee! Overfishing

More people fishing esch

Peel-Harvey

(b) Peel-Harvey Recreational Commercial

. Lack of compliance
Recreational

Overfishing

Lack of compliance Rec More people fishing
Commercial More people fishing com Not enough food for crabs

Overfishing Rec Lack of compliance

When restricted to the Peel-Harvey Estuary, the perceived concerns of commercial fishers
differed from those of their recreational counterparts (ANOSIM Global R = 0.421; P = 0.001).
This difference was substantially greater than the corresponding value for the recreational fishers
in the three estuaries and is clearly shown on the associated nMDS plot, where the two sectors
form entirely discrete groups (Figure 4.4b). A lack of compliance and overfishing typified the
concerns of recreational fishers, with the former response together with more people fishing and
not enough food for crabs typifying those of the commercial sector (Table 4.3b). While a lack of
compliance was selected by SIMPER as characterising the views of both sectors, it distinguished

the two groups by being raised more by recreational fishers.

4.4.4. Proposed solutions for the issues impacting the P. armatus
fishery

Opverall, 15 solutions (excluding the “NA”, “None” and “Unsure” categories) were proposed to
help manage the P. armatus fishery in the three estuaries, with four solutions expressed by both

sectors (Table 4.4). Across all estuaries, recreational fishers proposed two solutions that were
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supported by considerably more fishers than any of the other proposed solutions (Table 4.4):
1) increased resources to ensure compliance (20.4%); and ii) support for a closed fishing season
(19.4%). Only four of the 93 recreational respondents (4.3%) mentioned the removal of the
commercial fishing as a potential solution (Table 4.4). The proposed solutions did not differ
significantly among fishing methods (X%4 = 56.27; p = 0.742) or fishing experience (X232 = 44.20;
p = 0.07). Yet, these differed among estuaries (X2=16.128; p = 0.002), with recreational fishers
from the Peel-Harvey Estuary showing a stronger support for an increase in compliance and

longer closed season than in the other two estuaries.

Table 4.4. Percentage number of recreational and commercial fishers who reported perceived
solutions to improve the management of Portunus armatus fisheries in the Peel-Harvey, Swan-
Canning and Leschenault estuaries in south-western Australian provided by recreational and
commercial fishers during face-to-face interviews. The number of fishers surveyed from each
sector in each system is given in parentheses.

luti d Recreational fishers Commercial fishers

So utlon?nr)eoporte All Peel Swan Lesch. All Peel Swan
(93) (41) (24) (28) 11) ) (2

None 30.1 14.6 375 46.4
Increase compliance 204 36.6 125 3.6 27.3 33.3
Longer closed season  19.4  26.8 4.2 214 9.1 111
NA 6.5 2.4 125 7.1 9.1 111
Unsure 6.5 2.4 12.5 7.1

Remove commercial 43 73 49

fishing

Waterway 32 49 4.2

management

Education 3.2 7.3

Increase size limits 3.2 2.4 7.1

Licence for 32 24 7.1 545 556 50
recreational fishers

Reduce bag limits 3.2 4.2 7.1

Ban female catches 2.2 2.4 4.2

Improve management 2.2 24 4.2 9.1 50
More research 1.1 4.2

No fishing zones 11 2.4

Reduce commercial 11 4.2

catches

Reduce recreational catches 9.1 111

Commercial fishers in the Peel-Harvey and Swan-Canning estuaries identified the introduction of
a licence for shore-based recreational fishers (54.5%), followed by an increase in resources to
enhance compliance (27.3%; Table 4.4) as the most common potential solutions. While the
proportions of respondents supporting additional resources to enhance compliance were similar
in both sectors (ze., 29.7% of recreational and 27.3% of commercial respondents), only 4.7% of
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recreational fishers identified a recreational fishing licence as a potential solution (Table 4.4). Both
commercial and recreational sectors identified a closed or extended closed season as a solution,
but this view was more frequently expressed by recreational (28.1%) than commercial fishers

(9.1%).

One-way ANOSIM detected a significant difference among the views of recreational fishers on
management solutions across the three estuaries both overall (Global R = 0.185; p = 0.001) and
between all pairwise combinations (pairwise R = 0.124 to 0.248, p = 0.005 to 0.044). This is
reflected in the general separation between each 95% bootstrapped region on the nMDS plot
(Figure 4.5a). The fairly small magnitude of the differences between groups is due to increase
compliance and/or closed season typifying the responses from fishers in each estuary (Table 4.52).
The difference lies, however, in the fact that increased compliance was identified more by fishers
from the Peel-Harvey Estuary than the other two estuaries, whereas fishers from the
Swan-Canning wanted more research and those from the Leschenault, a closed season and a

licence for shore-based recreational fishers (Table 4.5a).

Table 4.5. Proposed solutions identified by SIMPER analysis (PRIMER v7) that typified (shaded)
and distinguished (non-shaded) the views of (a) recreational fishers in the three estuaries and (b)
recreational and commercial fishers in the Peel-Harvey Estuary. Note that the text in superscript
denotes the group of fishers that each distinguishing response was most selected by recreational
fishers in the Swan-Canning and Leschenault estuaries

(a) Estuary Peel-Harvey Swan-Canning Leschenault

Increase compliance

Closed season

Increase compliance Pee! Increase compliance
Swan-Canning Closed season Pee!

More research Svan

Peel-Harvey

Closed

Closed season Lesch Closed season Lesch season
Increase compliance Pee! Increase compliance Swan

Leschenault . . . . .
Licence for recreational Licence for recreational fishers
fishers Lesch Lesch
Increase size limits Lesch Increase size limits -esch

(b) Peel-Harvey Recreational Commercial

Increase compliance

Closed season

Licence for recreational

fishers Com Licence for recreational fishers
Increase compliance Re¢

Closed season Rec

Recreational

Commercial
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The fisher responses on potential solutions differed significantly between sectors in the Peel-
Harvey Estuary (ANOSIM Global R = 0.385; p = 0.001; Figure 4.5b). These differences were due,
in part, to more commercial fishers suggesting a licence for shore-based recreational fishers,
whereas more recreational fishers favoured increasing compliance and a closed season as the

proposed solutions (Table 4.5b).

(a) Recreational fishers Stress: 0.10
[m]
O
O
gll\lcb)sl"\fg—()ﬂz PvsS R= 0210; P=0.013
obal ~x=0. PvsL R= 0221, P=0.006
P=0032 SvsL R=-0.067; P=0.798
(b) Peel-Harve Stress: 0.06
]

ANOSIM
Global R =0.421
P=0.001

]| Peel-Harvey (P) rec. [ | Peel-Harvey (P) rec. avg

[1 swan-Canning (S) rec. [l Swan-Canning (S) rec. avg
[ Leschenault (L) rec. [l Leschenault (L) rec. avg

@ Peel-Harvey (P) comm. ® Peel-Harvey (P) comm. avg
@ Swan-Canning (S) comm. (O Swan-Canning (S) comm. avg

Figure 4.4. Two-dimensional nMDS ordination plots constructed from bootstrap averages of
the presence/absence of the perceived concerns reported by (a) recreational P. armatus fishers
in the Peel-Harvey, Swan-Canning, and Leschenault estuaries and (b) commercial and
recreational fishers in the Peel-Harvey Hstuary. Results of a one-way ANOSIM test are also
included on each plot to aid interpretation. Group averages (larger symbols) and ~95% region
estimates (shaded areas) fitted to the bootstrap averages are provided.
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Figure 4.5. Two-dimensional nMDS ordination plots constructed from bootstrap averages of the
presence/absence of the perceived solutions reported by (a) recreational P. ammatus fishers in the
Peel-Harvey, Swan-Canning, and Leschenault estuaries and (b) commercial and recreational
fishers in the Peel-Harvey Estuary. Results of a one-way ANOSIM test are also included on each
plot to aid interpretation. Group averages (larger symbols) and ~95% region estimates (shaded
areas) fitted to the bootstrap averages are provided.

4.5. Discussion

This paper identified and analysed the perceptions of recreational and commercial crab fishers
regarding the current population status, concerns and socially-supported solutions for the
management of an economically and culturally important recreational portunid fishery in
south-western Australia. Despite the importance of such fisheries to communities globally
(Guillory et al. 1998, Suwannarat et al. 2017), to our knowledge, this is the first study to investigate
the human dimensions of a portunid fishery anywhere in the world. The interview approach used

in this study enabled researchers to record and categorise fishers’ words as responses (see also
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(Obregoén et al. 2020b). This method limited any potential bias from the research as responses
were not interpreted by researchers. Although, major differences were found between the views
on stocks (abundance and size of crabs) concerns and solutions between commercial and
recreational fishers in the Peel-Harvey Estuary, both sectors identified some common concerns
and solutions that they would support. Less marked differences were found between the
responses from recreational fishers across estuaries, although the responses provided by
recreational fishers from the Peel-Harvey Estuary were significantly different from those in the

Swan-Canning and Leschenault estuaries.

4.5.1. Reported changes in the size of P. armmatus and fishing effort

Recreational and commerecial fishers in south-western Australia reported perceived changes in the
catches of P. ammatus, but the types of changes differed between sectors. The decline in size and
increase in time required to catch crabs perceived by recreational fishers across the three estuaries
reflects quantitative trends in fishery independent data (DPIRD 2018). This perceived decline was
particularly marked in the Peel-Harvey Estuary, where a rapidly increasing human population has
coincided with more intensive farming practices in its catchments and expanding urbanisation
around the estuary (Valesini et al. 2019). These changes have negatively influenced the benthic
macroinvertebrate and fish fauna of the estuary (Potter et al. 2016). Tweedley et al. (2014) showed
that between the 1980s and 2000s, macroinvertebrate communities declined to a greater extent in
the Peel-Harvey than nearby Swan-Canning Estuary, suggesting a reduction in benthic-habitat

quality in the Peel-Harvey.

Cyanobacteria blooms of Nodularia spumigena wetre an issue in the Peel-Harvey during the late
1970s and 1980s (Potter et al. 2016). To alleviate this, a second and artificial entrance channel,
known as the Dawesville Cut, was created in 1994. This engineering solution resulted in an
ecological shift towards a more marine state, reduced frequency of algal blooms, and increased
access for crabs and other marine species into the estuary (Valesini et al. 2019). These changes
resulted in an initial increase in the size and abundance of P. armatus, as well as increased

recreational fishing pressure (de Lestang et al. 2003). Commercial fishers in the Peel-Harvey
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Estuary also reported changes in the population and size of crabs caught, but considered that
these were a result of inter-annual fluctuations, rather than being a long-term trend. Johnston et
al. (2011) noted that P. armatus stocks in this region are distributed towards the southern limit of
their temperature tolerance and are, therefore, more affected by environmental variation, such as
annual temperature and rainfall events than P. armatus in the northern regions. As a self-recruiting
population, with little interaction between P. armatus populations in other water bodies, changes
in environmental conditions can lead to inter-annual fluctuations in population abundance and

crab size (Johnston et al. 2011b).

The analysis of recollections from fishing communities, sometimes referred as local ecological
knowledge (LEK), may be used to provide an accurate representation of changes in fishery stocks
(e.g. Neis 1992; Johannes 1998; Strieder Philippsen et al. 2017). While in the current study each
sector reported a different perception of the types of changes affecting the P. armmatus populations,
both sectors reported a change affecting the blue swimmer crab stocks. Recreational fishers
perceived a reduction in crab size and increase in effort to catch a bag, while commercial fishers
perceived inter-annual changes in crab size. These different perceptions might be a result of
sector-specific bias. It is likely that the difference in time and intensity of fishing for crabs by
commercial and recreational fishers influences their view on changes in the crab population. Such
sector-specific bias has been recorded in other studies. For example, Carr and Heyman (2012)
interviewed 42 commercial spear and trap fishers and 56 island residents representing other
sectors (tourism, hospitality, resource managers) in St. Croix (United States Virgin Islands) and
found distinct biases in commercial fisher perspectives compared with the other sectors, Ze.,
fishers were very against large spatial closures as a management option compared with the other
sectors, suggesting that fishers can possess a specific, biased perspective that differs to the biases
of other stakeholder groups. However, studies comparing the perceptions of different fishery
sectors are not common. One exception is a study of LEK among different fishing sectors (ze.,
artisanal, recreational and bottom trawl sectors) in Turkey, which found that the perceived
changes in resource abundance by fishers in each sector matched four fold declines in CPUE over

43 years (Ulman & Pauly 2016).
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If different biases have influenced the responses of the two sectors in the Peel-Harvey Estuary, it
may be that both the inter-annual variations (perceived by the commercial fishers), and the long-
term changes (reported by the recreational fishers) are occurring. Greater understanding regarding
the differences in biases from various fishing sectors is needed (Shepperson et al. 2014). Because
the responses from each sector are not consistent, historical quantitative records on P. armatus
stocks from different sources (e.g, fishing diaries, newspaper records, among others) are needed.
A comparison between both datasets will help determine if catches have declined or if these results
are based on individuals’ perceptions. The perceptions of the two sectors together may highlight
issues that managers may not otherwise prioritise. Further insight into the reasons for differences
in perception would provide a greater understanding of the biases affecting the different fishing

groups and may clarify the validity of fisher perceptions for assessing long-term trends.

4.5.2. Concerns on the status and reported issues affecting the
fishery

The main issues reported by the respondents across the three estuaries were i) lack of compliance,
i) overfishing (and more people using the estuary) and, iii) pollution. More recreational fishers
were concerned about lack of compliance and overfishing in the Peel-Harvey than in the Swan-
Canning and Leschenault estuaries. The greater level of concern in the Peel-Harvey Estuary
parallels the perceptions regarding long-term changes affecting crab size and numbers associated

with rapid human population growth and development in the region.

As with perceptions of changes in size and fishing effort, the reported concerns about lack of
compliance in the Peel-Harvey Hstuary and overfishing appear to be complimented by
documented evidence. For example, the Peel-Harvey crab fishery has the highest-recorded levels
of non-compliance in the state, with 20% of all reported enforcement issues along the Western
Australian coast being from this estuary (DPIRD 2018). The fact that the Peel-Harvey Estuary is
the most popular site for crabbing in the state, combined with its large area (surface area ~ 134
km?), means that enforcing the P. armatus fishery regulations is challenging. Furthermore, despite

the use of thermal camera technologies that allow night-time monitoring (Taylor et al. 2018), the
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difficulties and dangers of monitoring fishing activities and enforcing regulations are much greater
at night than in the day (Cooke et al. 2017), which is likely to contribute to the high rate of non-
compliance in the estuary. The high rate of documented non-compliance could be due to higher
rates of infringement, but also because more observers report suspicious fishing activities due to
greater population and concentration of fishers in the Peel-Harvey. Whether more infringements
are committed, or more people observe non-compliance activities, fishers’ perceptions indicate
that non-compliance in the P. armmatus fishery is a cause for greater concern in this system
compared to the Swan-Canning and Leschenault estuaries where crab fishing is also popular.
Compliance affects fisheries globally, and has been described as key to achieve sustainable
fisheries management (Hauck 2008). Fishers’ perceptions of non-compliance could potentially be

used as an indicator to identify a change in non-compliance rates in a fishery system.

In terms of overfishing concerns, the Peel-Harvey Estuary has long been popular for recreational
P. armatus fishing, with many fishers travelling from areas outside the region to catch crabs in this
estuary (Fletcher & Santoro 2012). Furthermore, research demonstrates that the recreational crab
fishers are active 24 hours a day, seven days a week (Taylor et al. 2018). The different methods
used to catch crabs (Ze., boat and shore-based) allow recreational fishing effort to occur in the
shallow and deeper waters during the day and night. Additionally, local promotional events such
as “Crab Fest”, aim to increase the appeal of the Peel region for crab fishing, encouraging more
recreational fishers to fish in this estuary (Johnston et al. 2011b). Therefore, the concerns
highlighting overfishing and more people using the estuary, specifically in the Peel-Harvey Estuary,
could be founded on a greater increase in fishing pressure on the stocks in this system, compared
to the Swan-Canning and Leschenault estuaries. Anthropogenic pressure and increasing fishing
pressure affect fishery systems globally. It is key to determine when the level of fishing pressure
might exceed sustainable levels. The recollection of fishers’ perceptions and local ecological
knowledge on historical catch of a fishery could help managers and scientists in detecting high

levels of pressure in a fishery system (Ulman & Pauly 2016).

In contrast to the concerns about compliance and overfishing in the Peel-Harvey Estuary,
concerns about pollution were most frequently reported by recreational fishers in the
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Swan-Canning and Leschenault estuaries. No data currently exists on what influences fishers’
perceptions in south-western Australia. However, studies elsewhere have shown that users classify
water quality based on visual attributes such as colour, smell of the water and presence/absence
of water plants (Smith et al. 1991). For example, when a pollution-related event occurs in the
Swan-Canning Estuary (eg. algal bloom, major fish kill), the effects are readily visible to the public
as most of the shoreline of the estuary is urbanised (DPAW 2000). In contrast, the City of
Mandurah is mainly located at the mouth of the Peel-Harvey Estuary and major pollution events
usually occur in upstream areas of the Peel-Harvey catchment, within the Murray and Serpentine
Rivers, which are less urbanised. Hence, pollution-related events may be less directly visible to the
general public and crab fishers in the Peel-Harvey Estuary than in the other two estuaries. In the
21t century, the general public is increasingly aware of some of the impacts anthropogenic
activities have on the environment (Gelcich et al. 2014). Yet, it is still unclear how the concern of
an impact on the environment is accepted by a local population, and considered important enough
to be shared among the community (Kollmuss & Agyeman 2002). Understanding what triggers
individuals’ perceptions of potential factors impacting the environment is an important aspect for
managers, scientists and educators as it provides them with a better understanding on the
knowledge gaps and effective ways to help develop environmental awareness among local
communities (Kollmuss & Agyeman 2002). Understanding the reasons behind fishers’
petceptions on the status of the stocks and their concerns also informs managers and scientists
of the priorities of these stakeholder groups, and if these align with current management goals
and regulations. This information could ultimately inform ongoing efforts to integrate the human
dimensions in fisheries management to achieve biological and social objectives (Copsey et

al. 2009).

4.5.3. Solutions proposed

The introduction of a closed season, or the extension of the existing closed season, were more
commonly suggested by recreational fishers in the Peel-Harvey and Leschenault estuaries than in
the Swan-Canning. In the Peel-Harvey Estuary, recreational fishers showed greater support for
this management approach than the commercial sector. Other studies have previously reported a
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preference by fishers for restricting fishing activities compared with other management options.
For example, seasonal closures appeared to be acceptable among commercial fishers in Portugal
(Silva et al. 2019) and Northern Ireland (Yates 2014). Temporal fishery closures are widely used
to conserve stocks as they have proved effective , especially during specific times of the year,
e.g., during spawning (Neis 1992, Johannes 1998). Thus, the suggestion of a closed season across
the three estuaries provides managers with insights into a management option more likely to be

supported by recreational crab fishers in these estuaties.

It is important to note that the “no solutions” response by recreational fishers was more prevalent
for the Swan-Canning and the Leschenault estuaries than the Peel-Harvey Estuary. This parallels
the finding that fewer recreational fishers in the Swan-Canning and Leschenault reported concerns
on the status of the P. armatus stocks than in the Peel-Harvey Estuary. Such responses suggest
that in general, recreational crab fishers in the former two estuaries do not believe new approaches
are necessary to manage their stocks. Therefore, future management changes may receive less
support from recreational fishers in these two estuaries relative to the Peel-Harvey. As previously
highlighted by Young (2002) and Ostrom (2007), governance of social-ecological systems requires
the development of a governance framework specific to the system’s dynamics. Estuary-specific
management rules based on the local concerns and priorities of the fishing communities may
obtain greater support among the fishers in an estuary and compliance within estuaries could

potentially be enhanced by system specific measures.

Interestingly, the solution of buying out commercial fishing licences as a means of reducing fishing
pressure was not a priority for recreational fishers in any of the three estuaries. Even so, this action
was introduced after the consultation phase for P. armatus fisheties in south-western Australia
(DPIRD 2018). The decisions resulting from the review of this fishery do present some
estuary-specific changes, yet these do not seem to relate to the estuary-specific concerns described
by fishers in this study. Understanding how fishers’ views vary between locations can help
managers understand the range of fisher responses to management interventions and so, help

tailor potential management approaches for each of those locations (Johannes 1998).
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The commercial fishers proposed a licence for shore-based recreational fishing as a solution for
management and more reliable crab stocks estimates. Currently, recreational crab fishers only
need a boat fishing licence (a general license, not specific for crabs) to catch crabs from a boat
and do not require any form of license when fishing from shore (Gaughan & Santoro 2018). A
universal recreational fishing licence has also been advocated as a management approach by
fisheries managers and scientists globally (Arlinghaus & Cooke 2005). This is due to concerns
about the impacts of recreational fishing on fish stocks and the general lack of regulation for most
recreational fisheries compared to commercial fisheries. A lack of regulation also results in a lack
of a continuous time series data to evaluate the impact that this sector may be having on wild
stocks (Arlinghaus & Cooke 2005, Cooke & Cowx 2006, Arlinghaus et al. 2019). An effectively
implemented recreational fishing licencing system would allow the recreational catch to be more
reliably estimated based on the number of licences issued each year, and independent fishery
assessment of the catches from the recreational sector (Lowry & Murphy 2003, Ryan et al. 2015).
It also provides personal information to enhance the collection of additional information from
follow-up surveys and creates opportunities for additional data to be collected through a voluntary
logbook system. The proposal from commercial fishers in the Peel-Harvey Estuary to introduce
such a licence is probably a reaction to the increasing popularity of recreational fishing in the
region, leading to an increase in catches (Z.e., regulated and unregulated), and thus, an unaccounted
increase in fishing pressure on the stocks (Arlinghaus & Cooke 2005, Carr & Heyman 2012).
Hence, their proposed management solution implies the limitation of the recreational sector’s
catch (by restricting fishing activity due to the new cost associated with the proposed license), as
well as enhanced monitoring. This aligns with previous studies that have highlighted commercial
fishers’ support for a strict regulation of the recreational sector as a means to reduce fishing
pressure; e.g., such as the white fish, lobster, pot fishing and scallops fisheries in Northern Ireland

(Yates 2014).

While some key differences were found between the views of recreational and commercial crab
fishers, the solutions proposed by both sectors for the future management of the P. armatus fishery

focused on reducing fishing pressure rather than other options, such as stock enhancement,
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through the release of juveniles raised in aquaculture. Both sectors also suggested more effective
monitoring and enforcement to improve fisher compliance. A key difference between the sectors
was, however, that recreational fishers primarily supported closed seasons, while commercial
fishers gave more support to licenses for recreational fishers. This provides managers with useful
insights as it indicates that resistance towards certain fishing restrictions, such as increasing
surveillance and enforcement, from the fishing community may be minimal. Interestingly, the
reported supportt for restrictions on fishing activity by both sectors seems to parallel the support
for these management strategies from fishing communities globally (Yates 2014, Silva et al. 2019).
Yet, depending on the restriction measures put in place for P. armmatus fishing, support might be
more pronounced from one sector, but not necessarily the other. In fact, commercial fishers are
likely to strongly oppose an extended closed season, as they consider licensing for recreational
crab fishing should be prioritised over the closed season option. Conversely, recreational crab
fishing licensing is likely to receive equally strong opposition from the recreational sector as they
consider a closed season as a better option. These differences should be taken into consideration

when discussing future sector-specific management approaches.

Following the management review undertaken for the P. armatus in 2018, the new measures
applied to the fishery include some estuary specific approaches, such as to limit the number of
females allowed to be retained in Geographe Bay, or the reduction in the bag limit (female and
male crabs) for the Swan-Canning Estuary, as well as a longer closed season in most waters. Yet,
these measures do not fully relate to the concerns of recreational and commercial fishers in each
fishery, or their reported solutions. Despite being implemented in the new management approach,
our study shows that the buy-out of commercial licences was not considered as a key solution
suggested by either sector. Concerns on increasing fishing pressure were most important in the
Peel-Harvey Estuary, yet the adjustments to bag limits affect estuaries other than the Peel-Harvey.
A longer closed-season on most waters appeatred as one of the most supported measures by the
recreational sectors in the Peel-Harvey and Leschenault estuaries, but was less so in the Swan-
Canning Estuary (e, < 5% respondents). A licence for recreational shore-based fishers was not

introduced as part of the management review for P. ammatus fishing, although this option was
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supported by more than half of the commercial fishers in the region. Finally, no future
amendments tackling an increase in compliance have been included following the management
review. The introduction of approaches improving current compliance of the fishery was, overall,
the most popular solution, and was also common to both commercial and recreational fishers.
The recent management review of the P. armatus fishery has taken into account some elements of
human dimension resulting from previous research, such as the validity of using system-specific
measures to manage the fishery. Yet, the human dimensions of the P. ammatus were not fully
understood at the time of the management intervention and therefore could not be included in

the decision process.

4.5.4. Importance of fisher’s viewpoints for management

Research on social-ecological systems and ecosystem based fisheries management (EBFM) has
demonstrated that traditional fisheries management methods are delayed by bureaucratic inertia
and are generally not able to adapt to developing issues, causing a delay in the management
responses (Carr & Heyman 2012). Nowadays, managers are transitioning towards the inclusion of
fishers in the management of a fishery. This is usually achieved either by collecting LEK from
fishing communities (i.e., information sharing on catches) and including these data in their analyses
when assessing fishing stocks (Neis 1992, Ulman & Pauly 2016), or by using various degrees of
involvement with the different stakeholder groups (i.e., co-management), particularly with fishing

communities (Kearney 2002).

Fishers often criticize management agencies and fisheries scientists for being ineffective and
reacting too late to change in stocks. This has been a problem in the past, where fishers have
reported a change in catches to resource managers, and management agencies have either not
listened to the fishing community or not introduced actions to conserve stocks in a timely fashion,
aggravating the collapse of fisheries worldwide (Walters & Maguire 1996). Delays in action often
reflect a lack of confidence in the validity of data collected from non-traditional sources by the
scientific community. Yet, examples exist where the integration of fishers’ viewpoints has resulted

in success stories and enabled effective management of fisheries. Studies on co-management of
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commercial abalone fisheries in Australia have shown the benefits of involving fishing
communities in the management process (through forums, workshops and other methods) to

build trust among fishers, managers and scientists as well as improve cooperation between the

stakeholders (Gilmour et al. 2013).

Fishers perceptions can provide valuable information that, when integrated with other types of
fisheries data, provides managers with a broader perspective of the potential changes in different
regions, and the potential scale of some of the indirect impacts of these changes (Frezza & Clem
2015). The views of fishers can also provide guidance to managers on approaches that would be
supported by the local community (Stankey & Shindler 2006), which could help increase
compliance. In their recent study of commercial octopus fishers in Portugal, Silva et al. (2019)
highlight that the more effective integration of fishers within the fisheries management
process/decision making facilitates knowledge sharing and transfer between the scientists,
managers and fishers. This sharing build trust and respect between stakeholders and management
agencies and could, potentially, increase compliance. Other studies have noted that fishers tend
to be more dissatisfied with management rules if they are not involved in the decision-making
process (Pita et al. 2010, Bender et al. 2014). It is worth noting that most P. amnatus commercial
fishers participating in the current study are part of a fishing association (ie., the Mandurah
Licensed Fisherman’s Association) and appear as having “one voice”. Yet, as Carr and Heyman
reported in their study (2012), and as the current study shows, within their union, the commercial
fishing community might have a range of views. For an integration of fishers in management to

succeed, these differences in views need to be understood and recognized (Carr & Heyman 2012).

4.5.5. Study limitations

The current study provides anecdotal data and describes fishers’ perceptions on the status and
management of the P. armatus fishery. The assessment of the significance of night-time fishing for
crabs in the Peel-Harvey Estuary is very recent (Taylor et al. 2018). Since no night surveys were
carried out for this study, we cannot determine whether night fishers have different motivations,

concerns and views on management to those fishing during the day, which has been recorded in
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studies of various finfish species worldwide (Cooke et al. 2017). Recreational night-fishers’
perspectives might vary from recreational crab fishers fishing during the day. The perspectives of

night-fishers should be surveyed in future research.

While the data collected from commercial fishers in this study represents a census sample of the
P. armatns commercial fishing community of south-western Australia, the size of this community
is very small compared to the recreational fisher community. This difference in sample size could

influence the analysis conducted and is thus another limitation of the study.

The use of open-ended questions in face-to-face interviews provided a voice to recreational and
commercial P. armatus fishers in south-western Australia. The open-ended format was designed
to minimise the imposition of researcher assumptions regarding the types of responses that could
subsequently prejudice the results (Neuman 2014, Obregén et al. 2020b). However, interview
respondents can be susceptible to social desirability bias, ze., they may provide responses that they
think will be viewed favorably by others (Duffy et al. 2005). For example, Andrews et al (2018)
compared recall error in surveys with the recreational fishers when using one and two-month
reference period (ze¢, treatment). They found that interviewees reported similar number of fishing
trips despite the treatment used (Andrews et al. 2018). Interview questions in this thesis were
carefully designed to minimize response bias by, for example, articulating these as accurately as
possible and avoiding biased questions. Additionally, researchers conducting the interviews were
careful to maintain a neutral, objective tone (see also Obregdn et al. 2020b). The open-ended
question method enabled fishers to freely present their views and concerns, as well as contribute

their experience and knowledge to researchers.

4.6. Conclusion

This study used established face to face interview procedures with an open-question format to
identify commercial and recreational fishers’ perceptions on changes affecting stocks status;
concerns for the future and support for management strategies of a portunid fishery (P. armatus).

As with past studies, perceptions from each sector varied, yet common views on support for
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increased compliance and fishing restrictions were also recorded. Introducing fishers’ perceptions
to resource management can help fisheries scientists and managers in two different ways. Firstly,
it can help detecting more subtle changes in the stocks, and also understanding what type of
change might be occurring. Although the reported changes on P. ammatus abundance and size
provide an impression of potential changes affecting stocks, this cannot be taken directly as an
indicator. However, these data are useful for providing a historical perspective on the results of
quantitative fisheries assessments. Further research on anecdotal information related to the fishery,
before the monitoring of the fishery started, would provide an important insight into the current
status of the stocks. This would also help to clarify the reliability of anecdotal data. Secondly, the
research in the current study allows fishers to have a say regarding the social acceptability of
management approaches and enables managers to understand which approaches are likely to

receive fisher support if implemented.

Overall this study highlights that, despite the differences between recreational and commercial
fishers, both sectors share some common perceptions about fishery stocks and management
solutions. Understanding the similarities and differences can help managers comprehend the
concerns of fishers, potentially increasing trust and respect between stakeholders, and as a
consequence, enhanced compliance. Differences in views between commercial and recreational
fishers should be taken into consideration in future management approaches. The results show
that estuary-specific management rules may facilitate the amelioration of specific pressures
affecting particular systems. In this case, management agencies have taken this into account and
the recently implemented management changes vary between estuaries. Yet these still do not
reflect, entirely, the estuary-specific concerns reported by fishers throughout this study. The
inclusion of fishers’ views in the management process could strengthen the relationship between
fishers, managers and researchers, by building trust and enhancing cooperation among these

stakeholders.
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Chapter 5
Feeling the pinch: perceived marginalization
of small-scale commercial crab fishers by an
expanding recreational sector.

Commercial crab pots in the Peel-Harvey Estuary, south-western Australia. Photo

credit of MSC.
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Feeling the pinch: percetved marginalization of
small-scale commercial crab fishers by an
expanding recreational sector

5.1. Abstract

Human dimensions are increasingly recognized as a key element of fisheries globally. In Australia,
information on the human dimensions, particularly in the context of governance and social justice,
is often lacking. Social justice includes the principles of fairness and equal opportunity and is a
central concern for the governance of natural resources, such as fisheries. Currently, no
information on social justice has been collected for any Australian fishery. The blue swimmer crab
(Portunus armatus) fishery is multisector and iconic, particulatly in south-western Australia, where
an estimated 100,000 recreational fishers target this species, but has only seven active small-scale
commercial operators. This study draws on separate face-to-face and online surveys, with
commercial and recreational blue swimmer crab fishers and identifies the main concerns reported
by the commercial sector. We explore the concerns through the lens of the three orders of social
justice. Results indicated that commercial fishers’ main concerns regarding social justice at the
first order were a lack of local community support for commercial fisheries and marginalization
by the numerically dominant recreational sector. Additionally, this study highlighted a contrast
between the prioritization of purchasing local seafood and the lack of support for the local
commercial fishing sector. This suggests recreational fishers miss the link between values and
norms associated with purchasing local seafood products and support for the local fishing industry
extracting them. Finally, commercial fishers reported concerns related to the inequity of fishery
management regulations processes that influenced fishery management (second order social
justice) which were seen as promoting recreational over commercial fishing. Small-scale

commercial fishers are concerned about the future of their industry as they feel pressured from
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the larger recreational sector and feel that the value of their fishery is not supported by the broader

community.

5.2. Introduction

Social justice is a central element to fisheries governance that is often ovetlooked. In its broad
sense, social justice relates to the equitable distribution of costs and benefits between stakeholders,
in this case, small-scale fishers (Miller 1999). Small-scale fisheries (SSF) encompass the largest
group of marine resource users and are also prone to be more exposed to injustice and
marginalisation than large-scale fisheries globally (Cohen et al. 2019). To date, most issues flagged
by research on social justice in SSF relate to the marginalisation of fishers in developing countries
by industrial fishing fleets, conservation agendas to close areas to fishing, or large-scale
aquaculture taking over traditional fishing grounds (Cohen et al. 2019). While some of the
challenges faced by small-scale fishers in developed countries will be similar to those in developing
countries, there is also a different range of environmental and social pressures that small-scale
commercial fishers face in developed countries. In this vein, previous studies have highlighted a
need to further examine social justice challenges associated with small-scale commercial fisheries

in developed countries (Salmi & Sipponen 2016, Teh et al. 2020).

The Blue Economy is a relatively new concept in marine governance, which encourages the use
of oceans for economic growth, as well as improved jobs and ecosystem health (The World Bank
2012). In Australia, the Blue Economy concept has been developed and integrated to a lesser
extent than in other regions, such as the European Union (Voyer et al. 2017b, 2018). Along with
the benefits of further developing the use of oceanic resources sustainably, the trend towards
ocean-based economic development raises questions regarding the importance of social equity
and blue justice objectives, and highlights the risk of sidelining the human dimensions through

prioritising ocean development (Bennett 2018).

In Australia, the importance of considering human dimensions in the governance and
management of fisheries has been recognised for some time (Triantafillos et al. 2014). Despite
this, a 2016 study of 120 Australian fisheries found that only 28 (23.3%) had performance
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measures relating to human dimensions, with no fisheries in Western Australia (WA) having such
measures (Hobday et al. 2016). Furthermore, we are not aware of any studies on social justice and
orders of governance in Australian fisheries to date, and know of only a few studies that have
looked at fishers’ well-being (e.g., King et al. 2019). This lack of information in social justice
fisheries research worldwide, with only limited studies in certain regions, for example, the impact
of re-introduced species on customary fisheries in Canada, the impact of bigeye tuna longline
commercial fishery on traditional Hawaiian fishers in Hawai’i, USA (Loring 2017, Ayers et
al. 2018a) and several reviews discussing equity and power dynamics in fisheries management
(Bundy et al. 2008, Cohen et al. 2019, Song & Soliman 2019). Given the marginalisation of SSF
globally, it is imperative that fisheries governance takes into account the human dimensions of

SSF (Ayers et al. 2018b, Cohen et al. 2019).

The blue swimmer crab (Portunus armatus) is an iconic SSF fishery in south-western Australia. The
Peel-Harvey Estuary (Figure 5.1), an estuary adjacent to the city of Mandurah (~80, 000 people),
is the main location for blue swimmer crab fishing in this region. Mandurah, the fastest growing
city in the state of WA, is located about 100 km south of the Swan-Canning Estuary, which flows
through the city of Perth (the state’s capital, population ~2,000,000). In 2016, the commercial and
recreational fisheries for blue swimmer crab in the Peel-Harvey Estuary became the first to be
jointly certified as sustainable by the Marine Stewardship Council (MSC) and is currently
undergoing reassessment. However, increasing population growth in the Perth and Peel region
has resulted in larger numbers of recreational fishers targeting blue swimmer crabs and other
species, as well as increasing urbanization around the Peel-Harvey and Swan-Canning estuaties.
This increasing growth in population and urbanization is progressively adding pressure to the blue

swimmer crab populations, as well as on other natural resources of estuaries in south-western

Australia (Johnston et al. 2011b).

134



Chapter 5 — Feeling the pinch.

T \
@ [15.500 \

Perth &

~~ Swan-Canning

t (-
A ffjw%ﬁ Estuary

—-32.100 -32.100—

n . | Cockburn

\\ " Sound
¢ f

Peel-Harvey

< l\ Estuary
5 ,
| %
\
\ 0 10 20 30km

\ (N I
115,500 \
I

Figure 5.1. Map showing the location of the two estuaries that support commercial blue swimmer
crabs fishing in south-western Australia and the two major urban centres adjacent to the estuaties.
Box inset shows the location of the region in south-western Australia.

The importance of crab fishing for the local community in south-western Australia, and
particulatly in the Peel-Harvey Estuary, is highlichted by the number of people (mainly
recreational fishers) targeting this species, and the magnitude of catches from the recreational and
commercial sector (Ryan et al. 2019, Gaughan & Santoro 2020). The cultural value of the fishery
to the local community is also shown through the promotion of blue swimmer crabs and crab
fishing at regional events, such as the annual festival “Crab Fest”, or annual “fishing clinics”
organized by the local recreational fishing club, and supported by Recfishwest, the peak

recreational fishing organization recognized by the WA government (Obregén et al. 2020c).

Fishing in WA is managed by the Department of Primary Industries and Regional Development

(DPIRD). Commercial and recreational catches are managed mainly by regulating the number of
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fishing licenses and traps, minimum size and bag limits for retention, a fishing season and daily
time (Gaughan & Santoro 2020, Obregén et al. 2020b). A recreational license to fish is required
when fishing from a boat, but shore-based recreational crab fishers do not need a license. In 2019,
new regulations for managing blue swimmer crab fishing in south-western Australia were
introduced with the aim of protecting further female crab breeding stock. These included bag
limits for recreational fishers, an extension of the seasonal closure to crab fishing and a buyout of
licenses for commercial fishers in the Peel-Harvey Estuary. These new regulations restrict access
to the fishery for both sectors, though in different ways. Buying out commercial fishing licenses
directly reduces the number of commercial fishers operating in the fishery and therefore limits
their accessibility to the resource. On the other hand, while recreational fishing bag limits were
reduced and seasonal closures extended, no measures were put in place to control the actual
number of recreational fishers targeting blue swimmer crabs in the region. Additionally,
individuals fishing from the shore (shore-based fishers) do not require a fishing license in south-
western Australia. These differences in the regulation of the commercial and recreational sector
create potential for perceived injustices based on issues of inequitable regulation of access to the

resource and marginalization of the commercial fishing sector.

This study focusses on perceived social justice issues affecting commercial blue swimmer crab
fishers. Four different data sources were used to explore and triangulate the primary concerns
reported by the commercial sector in the context of recent changes to the fishery’s management
through the lens of blue justice. The social justice issues were framed according to two of the
three governance orders described by Berkes (2017) and drawing from Kooiman’s “interactive
governance” framework (Kooiman 2008). The first order of governance includes individual
interactions (eg., among stakeholders). The second order of governance focuses on institutions
and related arrangements. The third order (meta-order) discusses the principles of governance,
and societal values (KKooiman 2008). We argue that “blue justice” should be explored at all three
orders of governance: meta-(third), second, and first order (Kooiman 2003). When applied to the
blue swimmer crab fishery, these include: i) interactions among stakeholders (first order of

governance), i) norms and values of the recreational fishing community (first order of
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governance), and iii) institutional setting and subsequent processes influencing the management
regulations put in place (second order of governance). These issues affecting the blue swimmer
crab fishing industry in south-western Australia are placed in the Australian context and data gaps

on blue justice research on Australian fisheries are identified.

5.3. Materials and methods

The exploration of justice issues related to the blue swimmer crab fishery involved the analysis of
four different elements forming the fishery, including recreational and commercial fishers’

viewpoints, based on different data sources, as follows:

I. A review of various government reports about the trends in fisher-participation, catches
and management approaches for each sector;

II.  Face-to-face interviews with the commercial and recreational fishers regarding their
concerns about management and its influence in the accessibility to the fishery (Obregén
et al. 2020a);

III. A national scale video project which collected the perceptions of several Australian
small-scale commercial fishers on their own well-being, as well as the well-being of the
fishing industry in general by King (2018) and a follow-up study by King et al. (2019);

IV.  An online survey of recreational fishers regarding the overall acceptability of blue
swimmer crab commercial fishing industry in south-western Australia (Obregén et al.

2020b).
These four different data sources are described in more detail below.
I. Government reports on trends in participation, catches and management

Information on the trends in fisher-participation, as well as the catches for each sector of the blue
swimmer crab fishery were extracted from various reports published by DPIRD on the state of
the fishery (Fletcher & Santoro 2008, 2012, Gaughan & Santoro 2020), as well as the latest
resource assessment report for the blue swimmer crab fishery in south-western Australia

(Johnston & Yeoh 2020).
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II. Interviews about commercial and recreational fishers’ concerns and fishery

accessibility

The face-to-face survey aimed to identify commonalities and differences in the concerns and
supported solutions for fishery management by the recreational and commercial sector. Interviews
were conducted between 2017 and 2018 (Obregén et al. 2020a). In the current study, the concerns
and proposed solutions reported by both sectors in that survey were compared with the

management approaches introduced following a review of fishery management (DPIRD 2019).

III. National project on well-being and social justice regarding commercial

fishers

The perceptions of social justice were put into context at a national scale, by examining well-being
issues of commercial fishers throughout Australia collected through a video project (King 2018)
and a follow-up study by King et al. (2019). The video project compiled stories of commercial
fishers all over Australia, including one commercial fisher operating in the Peel-Harvey Estuary.
Though the subsequent study (King et al. 2019) was not specifically focused on social justice,
some of the issues reported paralleled the experience described by blue swimmer crab commercial

fishers and can be related to justice.

IV. Online recreational fisher survey on acceptability of crab fishing industry in

south-western Australia

Finally, an online survey was conducted exclusively with recreational crab fishers in 2017/18.
While some of the results have been published by Obregén et al. (2020b), those that focused on
recreational fishers’ seafood preferences and perceptions of recreational fishers on the local
fishing industry have not been presented previously. In this study, the proportion of respondents
prioritizing local seafood was compared to the proportion of respondents supporting the local

fishing industry.
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5.4. Results

5.4.1.  Government reports on trends in participation, catches
and management

In WA, the number of commercial blue swimmer crab fishers has decreased over time. For
example, in 2007-2008, 33 people were employed as skippers and crew on fishing vessels across
the whole of the state (Fletcher & Santoro 2008), but this declined to 28 in 2010-2011 (Fletcher
& Santoro 2011). By 2018, 20 fishers were employed directly in the crab fishery state-wide, of
which 11 operated in two estuaries in south-western Australia — 10 in the Peel-Harvey Estuary
and one in the Swan-Canning Estuary (Fletcher & Santoro 2012). In a 2018 management review,
the number of commercial crab fishers has been reduced to seven — six in the Peel-Harvey Estuary
and one in the Swan-Canning Estuary (DPIRD 2018). Commercial crab fisheries in south-western
Australia work from small vessels (< 8 m long) either alone or with one crew, using small light-
weight traps (Figure 5.2). Management changes towards the end of 2019 further reduced the
number of commercial fishing licenses to seven across these two estuaries: six in the Peel-Harvey
and one in the Swan-Canning. The total commercial catch of blue swimmer crabs in the region
has also decreased over time, from ~160 t in 2011-2012 , to ~75 t in 2017-2018 (Gaughan &
Santoro 2020). The annual catch for the blue swimmer crab commercial fishery in 2019 was 70.1 t,
and the average catch over the previous five years (2013-18, £ 1 SE) was 83.3 = 22.9 t (Johnston

& Yeoh 2020).

Generations of commercial fishers have fished the Peel-Harvey Estuary (Figure 5.2), catching blue
swimmer crabs and finfish since the beginning of the 20th century (Johnston & Yeoh 2020). Most
fishers formed family businesses and have been transferring their licenses down through
successive generations. This partly explains why “family tradition” and “love for fishing” appeared
as the main motivations for commercial fishers fishing in south-western Australia (Obregén et al.
2020a). All active commercial fishers in the Peel-Harvey Estuary are members of the Mandurah

Licensed Fishermen’s Association (MLEA).
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Figure 5.2. Commercial fisher in the Peel-Harvey Estuary, preparing the drop net before
starting crabbing (source: © MSC 2010)

On the other hand, the estimated total number of recreational fishers doubled in 30 years from
~300,000 (McLeod & Lindner 2018) to ~700,000 (DPIRD 2019). The overall participation rate
in recreational fishing activities of Western Australians (28.7%,Ryan et al. 2019) is above the
national level (19.5%), and well above the average of 10.5% across the industrialized world
(Arlinghaus et al. 2015). The blue swimmer crab is one of the most popular recreational fisheries
in WA (Ryan et al., 2019). Crabbing is very accessible to recreational fishers due to the simple and
inexpensive gear (7.c., traps or scoop nets that cost between AU$10 - 15). Moreover, crabs can be
scooped by wading from shore in the shallows (Figure 5.3), by dropping pots/traps from public
jetties or from a boat in a similar manner to the commercial fishers (Figure 5.2). It is estimated

that ~100,000 recreational fishers go crabbing in WA each year (MSC 2016).

Estimates of boat-based catches of blue swimmer crabs in south-western Australia vary among
years. In 2014/2015 catches wete estimated to reach between 50-66 t (Fletcher & Santoro 2012),
and the most recent estimates in 2018/19 suggest that recreational catches reached ~ 61 t. Note
that these data do not include catches from shore-based fishers (Ryan et al. 2019), who were
estimated to represented ~27% of all fishers recorded crabbing during a creel survey conducted

in 2001 in the Peel-Harvey Estuary (Malseed & Sumner 2001b). If catch rates from shore-based
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recreational fishers represent at least one third of those in boats (~20 t), it is likely that the current
total recreational crab catch is similar, or even greater in magnitude to that of the commercial

sector (Malseed & Sumner 2001b).

Figure 5.3. Recreational fishers crabbing from shore using scoop nets in the Peel-Harvey
Estuaty (source: © DPIRD, 2018)

5.4.2. Commercial Interviews about commercial and recreational
fishers’ concerns and fishery accessibility

The face-to-face survey highlighted some of the perceived concerns and proposed solutions raised
by commercial and recreational blue swimmer crab fishers in south-western Australia (Obregén
et al. 2020a). For example, commercial fishers supported the introduction of a universal
recreational fishing licence (7.e., a license to encompass recreational fishing from both boats and
shore for any species) and a greater monitoring and enforcement of recreational fisher compliance.
Increased compliance based on enhanced monitoring and enforcement was also supported by

recreational fishers (Table 5.1; Obregén et al. 2020a).

Table 5.1. Percentage number of perceived solutions for improving the management of blue
swimmer ctab (Portunus armatus) fisheties for recreational and commercial fishers in south-western
Australia detived from face-to-face interviews. The number of fishers surveyed from each sector
is shown in parentheses. Modified from (Obregén et al. 2020b). Note that the symbol “ - ”

indicates “not mentioned”.

Solutions reported Recreational fishers (%) Commercial fishers (%)
(n) (93) (11)
None 30.1 —
Increase compliance 20.4 27.3
Longer closed season 194 9.1
Universal recreational licence 3.2 54.5
Reduce bag limits 3.2 —
Ban female catches 2.2 —
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The revised management approaches introduced in 2019 for the blue swimmer crab fishery in
south-western Australia included an extended regional closed season and various changes on
recreational fishing bag limits in specific estuaries (Table 5.2). While the closed season was
supported by the recreational sector, none of the other approaches introduced were strongly
supported by either the recreational or commercial sector (Table 5.1; Obregén et al. 2020a). In
fact, recreational fishers reported that they had already adopted (voluntarily) some of these
approaches, such as releasing all female crabs (Obregon et al. 2020a)and not taking the bag limit,
before the new regulations were introduced. The rationale behind these voluntary actions was “to
allow them to breed”, an action taken by both commercial and recreational fishers. Many other
fishers reported never catching their quota, as the bag limit of 10 crabs (or total of 20 if two or
more people are fishing from a boat) is enough “to get a feed” (Obregén et al. 2020a). There is
no information on the proportion of recreational fishers already applying these measures
voluntarily. However, it could be argued that for those who do, these new restrictions will have
little impact on their recreational fishing activity, as they were already releasing females, or only

keeping crabs over the minimum size limit.

Table 5.2. Suggested approaches by commercial and recreational fishers for the future
management of the blue swimmer crab fishery and whether they were implemented in the 2019

management regulations.

Suggested approach ImplementegpproaCheT\lot implemented
Limit female catches (site specific) v -
Reduction in bag limit (site specific) v -
Seasonal closure v _
Buy-out of commercial licence(s) v -
Shore-based recreational licence - v
Enhanced compliance — v

5.4.3.  National project on well-being and social justice regarding

commercial fishers

The face-to-face surveys identified some of the concerns of commercial and recreational fishers
on the management of the blue swimmer crab fishery and the status of the stocks (see also

Obregoén et al. 2020a). Concerns for well-being and social justice were apparent in interviews with
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commercial fishers (present in 60% of the interviews). These concerns were expressed in terms
of perceiving management as being driven by vested interests and politics rather than what was
fair and equitable. For example, a commercial fisher said “... what concerns me is the ineffective
management. Fisheries management is all about politics, and not the fish”. Another commercial

13

fisher responded that the biggest concern was “... the constant recreational pressure on the
p g8 p
political sector to remove us”. These statements suggest that commercial fishers did not perceive

that well-being and social justice were a priority for management bodies, and instead, political

factors were considered more important.

Commercial fishers also perceived that they were not supported by the local community. Two
leaders of the MLFA, the association which represents the commercial fishing community in the
Peel-Harvey Estuary, reported that commercial fishers felt “pushed out” from the fishery by the
recreational sector. For example, a commercial fisher said “(...) our industry brings to the Perth
consumer fresh, local and sustainable seafood. I am proud to do that and be allowed to do that,
and this should be respected, as farmers are, and their industry”. They also resented the lack of
recognition by the community for some of their voluntary actions for the sustainability of the
fishery (e.g., by voluntarily increasing the minimum size limit from 127 to 130 mm carapace width,
and by reducing the number of females caught). It is worth noting that one commercial fisher
mentioned that during the COVID-19 lockdown in 2020, there was a “...slight resurgence of
people wanting local products and a push back against imported products.” However, the same
fisher mentioned that commercial fishers that had voluntarily sold their licences during the recent
buy-out had done so “... knowing the ever-increasing pressure [#o leave the fishery] was too much

for them personally” (Chapter 4, unpublished data).

The sense of powerlessness from the commercial fishing sector aligns with the findings from
interviews conducted with commerecial fishers around Australia (King 2018), and a wider study on
fishers’ well-being in a range of Australian fisheries (King et al. 2019). The video study
demonstrated that commercial fishers, despite targeting different species in different locations
across Australia, are exposed to similar pressures (King 2018) to those identified for the
Peel-Harvey blue swimmer crab fishers. Results from the follow-up study by (King et al. 2019)
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showed that commercial fishers have higher incidences of mental health issues, particularly
depression, than the general Australian population. The main factors causing anxiety were
identified as: i) changes in government regulations on fishing access (> 50%); and i) negative
media and poor public image (e, social licence to operate; > 30%). The high incidence of
depression was linked to several factors, including a lack of support from management bodies and

the community in general, as well as isolation, insecurity and uncertainty (King et al. 2019).

5.4.4.  Online recreational fisher survey on acceptability of crab
fishing industry in south-western Australia

The online survey was completed by 575 recreational crab fishers in south-western Australia. The
responses to the online survey (Table 5.3) indicated that most recreational crab fishers (64%)
prioritized purchasing a local product over a cheaper product or an imported product.

Table 5.3. Questions included in the 2017/18 online survey from interviews in Obregén et al.

(2020Db), covering the views of the recreational crab fishing community on purchasing seafood,
and on the commercial fishing sector.

Selected online survey questions

1. If you had to buy seafood from the supermarket, what would be your main priority?
Local product
O Better quality product
O Cheaper product
O Ido not buy seafood

2. Overall, what is your opinion of the blue swimmer crab commercial fishery sector using the
estuary you fish most at?

Completely unacceptable

Unacceptable

Neutral

Acceptable

Completely acceptable

ooooag

Some recreational fishers (19%) preferred a better-quality product, over its price regardless of
where it came from (Figure 5.4a). Despite results indicating most recreational fishers prioritize
purchasing local seafood products (Figure 5.4a), only 30% of the respondents thought that the
use of the estuary by the commercial blue swimmer crab fishers was acceptable or completely

acceptable (Figure 5.4b).
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Figure 5.4. Percentage number of responses by recreational fishers in an online survey to the
question (a) “What is your opinion of the blue swimmer crab commercial fishery sector using
the estuary you fish most at?” (n = 350); and (b) “If you had to buy seafood from the
supermarket, what would be your main priority?” (n = 354).

The remaining respondents were split equally between having no opinion (35%) and those
indicating that the use of estuaries by the local commercial crab fishing industry was unacceptable
or completely unacceptable (35%; Figure 5.4b). This suggests that a significant number of
recreational fishers are potentially “missing the link” between the purchase of local seafood
products and the commercial fishing industry catching the product in local estuaties and providing
seafood to the local community (Table 5.4). Recreational fishers’ conceptual disconnect between
the seafood product and the means to obtain it devalues the role of commercial fishers in the

community, impacting the social license of small-scale commercial fishing.
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Table 5.4. Summary of social justice issues affecting the blue swimmer crab fishery in
south-western Australia. Issues affecting the commercial and recreational sectors are interpreted
and assessed through the three orders of governance described in Berkes (2017).

Order of Fishing Case study

. 4 Fishery description
governance sector interpretation

-Lack of support to the local fishing industry
from local community;
-Interactions among

stakeholders; -Perceived marginalization due to a growing
Commercial recreational fishing community for blue
1st order . . .
sector -Conflict over swimmer crabs;
resource use and
access. -Contrast between prioritisation of local
seafood produce, and the lack of support to
the local commercial fishing sector.
Commercial  Management -Perceived inequity of fishery management
2nd order regulations are seen promoting recreational

sector regulations A
9 over commercial fishing.

5.5. Discussion

This research focussed on perceptions of social justice in a highly valued small-scale recreational
and commercial blue swimmer crab fishery in south-western Australia. Issues of power imbalance
and inequity were reported in a previous study by commercial blue swimmer crab fishers operating
in the Peel-Harvey Estuary (Obregén et al. 2020a). To further investigate social justice issues, four
data sources were analysed to collate information relating to recreational and commercial fisher
interactions, fisher perceptions, and fishery regulation. Results reflect perceived injustices
experienced by the blue swimmer crab commercial sector across three orders of governance.

These are discussed in turn.

5.5.1. Perceived social justice issues of the first order

The reported negative interactions between recreational and commercial fishers over resource use
and access are indicative of first order social injustices. Commercial fishers reported personal
property damage, as well as physical harm from recreational fishers (WAFIC 2014, Fitzgerald
2015, DPIRD 2016). Furthermore, some recreational fishers support the elimination of the
commercial sector in the region, claiming that this industry “wipes out the crabs from the system”
(Obregoén et al. 20202). Conflict between resource users over resource allocation is a common

issue affecting fisheries globally (Pomeroy et al. 2007, Bower et al. 2014, Boucquey 2017, Voyer
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et al. 2017a, Bellanger et al. 2020) and has been described in the past between fishery sectors in
the Peel-Harvey region (Malseed & Sumner 2001b). The perceived first order injustices are
positioned within a broader context of commercial fisher concerns about government regulation
of the fishery. This indicates a consistency between perceived social injustice at the first and

second orders of governance.

A potential inconsistency within the first order of justice was also identified. A mismatch between
recreational fishers’ preference for local seafood produce and the lack of support for the local
fishing industry suggests a conceptual disconnect between recreational fishers’ norms and values.
This disconnect between the product (ie, seafood) and the means to source it (ze., local
commercial fishing) is probably one of the elements behind the lack of support from the
recreational sector to the small-scale commercial fishing community (Table 5.4). These elements
could potentially impact the social acceptance of commercial fishing in the community. However,
more research is needed to relate this disconnect to the issue of injustice in terms of understanding
how the community norms and values influence the marginalisation perceived by the commercial

sector.

5.5.2. Perceived social justice issues of the second order

Social justice issues influenced by specific characteristics of the governance system (Table 5.4)
were also apparent. The current differences in monitoring and licensing requirements between
recreational and commercial fishers raised concerns about equitable regulation of access to the
fishery resource. Equitable regulation of access to a valued resource is a key aspect of social justice
(Miller 1999). The WA government amendments to the blue swimmer crab fishery management
plan introduced in 2019 included limiting seasonal access and bag limits (DPIRD 2018, Gaughan
& Santoro 2020). At the same time the government promoted an increase in the number of all
recreational fishing participation to 30% of the WA population (Recfishwest 2020). When

contrasted with the more comprehensive regulation of commercial fishers and actions to reduce
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commercial fisher numbers, it may be understandable that commercial fishers perceive the

regulatory “rules” favour recreational fishers.

The perceptions of second order injustice appear to be exacerbated by the absence of a universal
recreational fishing licence as part of the new management measures, despite support from most
of the commercial fishers operating in the region. Such a licence would enable a more accurate
picture of recreational fishing effort and participation in south-western Australia. It should be
acknowledged that collecting recreational crab fishing data and enforcing fishing regulations is
inherently difficult in the region due to the large area of the Peel-Harvey Estuary (~133 km?) and
the number of easy access points around the estuary. In addition, a significant portion of
recreational fishing occurs at night-time, when monitoring is more difficult (Taylor et al. 2018).
The limited data available for participation rates and catches associated with recreational fishing

is a common problem for fisheries management globally and is a barrier for estimating recreational

fishing catches and effort (Arlinghaus et al. 2015, Pauly & Zeller 2016b, Townbhill et al. 2019).

This study showed that some of the regulatory measures implemented in 2019 had a large impact
on the commercial sector. For example, the buy-out of commercial licences further marginalises
this sector in two ways that reflect social justice issues in the second order of governance. Firstly,
reducing the number of commercial licences further reduces the voice of commercial fishers in
the region. Secondly, the small and decreasing numbers of commercial fishers is likely to
progressively reduce their role in negotiations with the government agencies for research and
management, as well as other stakeholders of the blue swimmer crab fishery. That is, the power
imbalance between the smaller commercial and much larger recreational sectors will continue to
increase. These factors will potentially limit the commercial sector’s overall lobbying power, and
as a result, could potentially affect their influence on the fishery management process relative to

the recreational sector (Table 5.4; Obregon et al. 2020b).

The potential benefits of taking fishers’ views and perceptions into consideration as part of
regulatory design and implementation is globally recognised (Johannes et al. 2000, Kearney 2002,

Barclay et al. 2017), and has recently been highlighted for the blue swimmer crab fishery in
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south-western Australia (Obregén et al. 2020c). Taking these elements into consideration when
managing the fishery, would potentially enhance compliance and increase communication
efficiency and overall trust between fishery stakeholders (Kearney 2001, Obregén et al. 2020b).
Furthermore, understanding the commonalities and differences in perceptions between fishing
sectors could help alleviate conflict between commercial and recreational fishers (Voyer et
al. 2017a, Obregén et al. 2020b). That is, adjustment of second order governance approaches

could work to address first order injustices.

Overall, analysis through the lens of governance orders and social justice found consistencies
within the perceived injustices across the first and second order. Further research could be
conducted to determine how the consistencies of injustice at the first and second order align with

the third order of governance.

5.6. Conclusion

Scholars worldwide are concerned that a focus on the Blue Economy for the development of
global oceanic resources will put emphasis on maximizing economic gain at the detriment of
natural resources, and in particular, the human dimensions. This is also the case for fisheries.
Small-scale fisheries support millions of livelihoods globally, and social justice is imperative for
small-scale fishers to allow a fair and equitable access to resources as well as the market. Strong
institutions combined with the interaction and integration of fishers and other fishery stakeholders
in decision making are central to obtaining justice in SSF. However, in some Australian SSFs, such
as the Peel-Harvey blue swimmer crab fishery, it is apparent that with a growing recreational sector,

commercial fishers often feel marginalised and ‘pushed out’ of the fishery and the community.

This study is the only research explicitly examining social justice in a WA fishery, and one of the
few detailing the human dimensions of fisheries in Australia. We identified a discrepancy within
the first order of governance and consistency between the first and second order of governance.
We have demonstrated that commercial crab fishers felt unsupported by the local community and
increasingly marginalised. Meanwhile, the perceived lack of community support was reinforced

by regulations and policies limiting commercial fishers’ role in governance and access to the
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fishery. These elements of social injustice across two orders governance will negatively influence
on the ability of small-scale commercial fishers to continue operating in the region. We believe
identifying these injustices between governance orders is the first step towards finding practical
solutions to address them. A pathway towards advancing social justice issues in the first and
second order is needed. This pathway could involve strategies to enhance recreational fisher
recognition of the commercial sector as a supplier of the preferred locally sourced seafood.
Injustice at the second order may prove a greater challenge given the numerical dominance of
recreational fishers and their lack of support for further regulatory restrictions on access to the

fishery, such as a shore-based fishing license.

Blue swimmer crab commercial fishers feel concerned about the future of this small-scale fishery
as they watch the recreational sector grow. Further research on social justice issues affecting
small-scale commercial fisheries would be beneficial to increase understanding of the scale and
complexities of the problem and identify how to implement strategies to promote equity and

enhance the sense of social justice for the commercial sector in small-scale fisheries.
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Chapter 6
A two-phase approach to elicit and measure
beliefs on management strategies: Fishers
supportive and aware of trade-offs
associated with stock enhancement’

Views from one of the recreational fisher survey sites at the Blackwood Estuary,

south-western Australia.

3This chapter is published as a co-authored paper:
Obregon, C., Hughes, M., Loneragan, N.R., Poulton, S. and Tweedley, J. R. (2019). A two-phase

approach to elicit and measure beliefs on management strategies: Fishers supportive and aware of
trade-offs associated with stock enhancement. AMBIO. Doi: 10.1007/s13280-019-01212-y.
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associated with stock enhancement

6.1. Abstract

Understanding fisher beliefs and attitudes towards specific management strategies can help inform
and improve fisheries management, and thus stock sustainability. Previous studies highlight a lack
of fisher awareness regarding environmental issues influencing the systems they utilise and the
negative impacts of specific strategies, such as stock enhancement. Our study used a two-phase
approach to first elicit and then measure the strength of common fishers’ beliefs and associated
attitudes regarding stock enhancement. Specifically, this research focused on recreational fishers
of an estuarine crab fishery (Portunus armatus) in south-western Australia. The results demonstrate
that recreational fishers believe stock enhancement could have strong positive outcomes, but also
recognise that this management strategy could lead to some negative outcomes, though the latter
are perceived as less likely to happen. This contrasts with previous research on fisheries stocking
and demonstrates the value of using the two-phase approach to clarify fishers’ perceptions of
particular management approaches. To reduce fisher dissatisfaction with management actions,
careful communication on the benefits and costs of stock enhancement is recommended. Our
study highlights the significance of integrating social sciences into fisheries research, and the need

to better understand fishing community beliefs to ensure effective management of the fishery.
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6.2. Introduction

Understanding and incorporating social dimensions into the management of fisheries is now
considered vital, as it can help mitigate conflict and foster fisher and other stakeholder support
for management regulations (Mikalsen & Jentoft 2001, Fulton et al. 2011). Recreational fishing is
a significant activity worldwide, in terms of both the numbers of fishers, their fishing effort and
the size of their catch (Arlinghaus 2006, Cooke & Cowx 2006, Taylor et al. 2017). Its widespread
popularity, and often lack of restrictive regulations and periodic monitoring, results in significant
impacts on fish stocks globally, causing changes in abundance, age and size structures (Arlinghaus
et al. 2016, 2019, Hyder et al. 2018). Various management approaches may be used to mitigate or
minimise the impacts of fishing on stocks, including aquaculture-based enhancement (7.e., stock
enhancement, restocking and sea ranching). While such enhancements are generally supported by
recreational fishers, they involve trade-offs among ecological, social and economic objectives that
may not align with the beliefs, attitudes and associated expectations of recreational fishers
(Garlock & Lorenzen 2017). Understanding the beliefs and attitudes of resource users regarding
particular management approaches can help inform and develop positive relationships between
users and managers that contributes to more appropriate and accepted management approaches
(McPhee et al. 2002, Sténs et al. 20106). This paper presents research that elicited, then measured
recreational fishers’ common beliefs and attitudes regarding the potential stock enhancement of
a popular estuarine recreational crab fishery. It provides the basis for developing a better

understanding of how fishers view stock enhancement as a potential management intervention.

Traditional fisheries management commonly impose input (eg, effort and permissible fishing
methods), output (eg, landings and size limits) and access (e.g, seasonal and area closures)
controls on fisheries to mitigate pressures, such as growth in recreational fishing effort, that might
lead to a decline in stocks (Brummett et al. 2013, Lorenzen 2014, Gallagher et al. 2017). However,
these measures can cause hardship for fishers through, for example, reducing the days or areas
available for fishing (Mascia et al. 2010). Stock enhancement is widely used in freshwater, estuarine

and marine environments (Bell et al. 2008, Broadley et al. 2017, Taylor et al. 2017) and is seen as
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a means for sustaining both fishing effort and stocks in the face of increasing pressures. Thus, it
is commonly used in fisheries and it is considered particularly popular among recreational fishers
(Gatlock & Lorenzen 2017). Therefore, its use as a management intervention is projected to grow

(Cooke & Cowx 20006, Von Lindern & Mosler 2014).

Stock enhancement can involve trade-offs whereby negative impacts may counter catch-related
benefits for recreational fishers (Camp et al. 2017). For example, negative outcomes of stock
enhancement can include: i) biological differences between wild and hatchery-reared populations,
which result in cultured individuals being less fit for the natural environments due to a difference
in their genetic structure (Lorenzen 2008, Lorenzen et al. 2012); if) reduction in the abundance of
fish with wild characteristics due to stocked fish interacting with wild fish, through reproduction,
predation or competition (Bell et al. 2008, Ingram et al. 2011, Camp et al. 2017) ; iii) increased
numbers of smaller individuals and slower growth to maturity, due to density-dependent effects
on growth (Satake & Araki 2012, Anderson et al. 2015) and iv) increase in recreational or
commercial fishing effort as a response to a boost of the stocks in the exploited system (Hilborn
1998, Camp et al. 2017). These negative impacts represent a trade-off between maintaining
recreational fishing effort and the ecological viability of the fishery (van Poorten et al. 2011, Von
Lindern & Mosler 2014). Several studies have found that, in general, recreational fishers have
unrealistic beliefs about stock enhancement outcomes and are not aware of the potential
disadvantages of stock enhancement (van Poorten et al. 2011, Garlock & Lorenzen 2017). This
usually leads to the conclusion that recreational fishers require more education to ensure that their
beliefs are aligned with those of fishery managers and the available scientific knowledge, and thus
avoid conflict, loss of support and less compliance with management (Prior & Beckley 2007,
Atlinghaus et al. 2016). On the other hand, misconceptions from experts regarding fisher beliefs
(e.g., lack of awareness on negative impacts) about the fishery may result in inappropriate
management responses that may also create tensions between fishers and managers (Connelly &

Knuth 2002).

In Australia, the portunid crab Portunus armatus holds great social and economic importance as a
recreational and small scale commercial fishery (e.g, Sumpton et al. 2003, Ryan et al. 2015).
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Recreational crab fishers may be boat-based or shore-based (jetties, snorkelling/diving or wading),
using a variety of simple, cheap equipment such as drop nets and scoop nets (Johnston et al. 2015).
In Western Australia, P. ammatus is the most popular target species among recreational fishers
(Sumner & Williamson 1999, Malseed & Sumner 2001b), with an estimated 900,000 crabs caught
by boat-based recreational fishers over the 12 month petiod from May 2013 to April 2014 (Ryan
et al. 2015). Crabbing effort in the Peel-Harvey Estuary alone was estimated to be around 3,200
fisher days in winter, compared to over 80,900 fisher days in summer (Malseed & Sumner 2001b).
The recreational crab fishery is considered a food-motivated fishery, with the main motivation of
recreational crab fishers being to “Catch crabs to eat” (Poulton 2018). The increased popularity
of crab fishing and the growing population of Western Australia, coupled with the closure of a
nearby marine embayment (Cockburn Sound) to crab fishing, has resulted in P. amzatus stocks in
south-western Australian estuaries being subjected to increasing pressures, such as environmental
degradation due to urbanisation and increasing fishing pressure (Johnston et al. 2011b, Tweedley

et al. 20106).

In light of the pressures on estuarine stocks, (Johnston et al. 2011b) suggested that stock
enhancement be considered as a way of increasing the abundance of P. armatus. A small-scale trial
was conducted in the austral summer of 2016/17 (December to February) resulting in the release
of 3,700 juvenile crabs into the Peel-Harvey Estuary in south-western Australia (Jenkins et al.
2017). While the biological and ecological aspects of Portunus spp. aquaculture and stock
enhancement are relatively well studied (e.g., Marshall et al. 2005, Paterson et al. 2007), the social
dimensions, including fisher beliefs and attitudes, are not well understood beyond a general
acknowledgement that crabbing is popular, and that declines in stocks and catch would generate
public concern. Thus, the recreational fishery for P. ammatus presented an ideal opportunity for
eliciting and measuring the beliefs and attitudes of recreational fishers regarding stock

enhancement and its advantages and disadvantages as a management approach.

Our study applied a two-phase approach to first elicit and then measure the beliefs and associated
attitudes of recreational crab fishers towards the management of the P. armwatus fishery in the
Swan-Canning, Peel-Harvey and Leschenault estuaties in south-western Australia (Figure 6.1).
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Our study draws on belief elicitation and measurement techniques associated with the application
of the theory of planned behaviour (TPB; Ajzen 1991). The TPB describes the relationship
between human beliefs, attitudes and behaviour within a structured framework. According to the
TPB, three categories of belief underpin attitudes and behaviour: behavioural beliefs about the
positive or negative outcomes of a behaviour and the evaluations of those outcomes; normative
beliefs about influential people who may approve or disapprove of a behaviour; and control beliefs
about factors that may help or hinder attempts to perform a behavior (Hughes et al. 2012). The
aim of the study is to apply a method which first identifies fisher beliefs and attitudes about the
likely outcomes of stock enhancement as a management approach then relates these beliefs to the
level of support for stock enhancement. This study appears to be the first application of such an

approach to a fishery and focusses on the P. armatus recreational fishery, in south-western Australia.
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Figure 6.1. Location of the three estuaries in south-western Australia where interviews with
recreational fishers were conducted. i) Swan-Canning Estuary (area = 55 km?2 maximum depth
= 21 m and average depth = <5 m) ii) Peel Harvey Estuary (area = 131 km?2 maximum depth
= 2.5 m and average depth = 0.5); iii) Leschenault estuary has an area of 25 km?, a maximum
depth of 2 m, which on average reaches < 1 m. Surveys to elicit and then measure the beliefs
and attitudes of recreational fishers towards management of the Portunus armatus fishery were
conducted during the Austral summer (November 2017 to March 2018).
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6.3. Methods

Data collection was carried out in two phases: Phase 1 focused on belief elicitation and Phase 2
on belief measurement, adapting techniques used in previous TPB based belief elicitation and
measurement research (Hughes et al. 2009, 2012, Brown et al. 2010). The first phase identified
recreational fisher beliefs about the likely outcomes of stock enhancement P. armatus (Phase 1),

with these responses then used to develop the belief measurement survey (Phase 2).

6.3.1. Phase 1: Belief elicitation

This phase followed the belief elicitation procedures applied by Hughes et al. (2009, 2012).
Face-to-face interviews were carried out at a range of locations on three estuaries used by
recreational crab fishers in south-western Australia. These were 1) the Peel-Harvey Estuary, due
to the present and historical importance of crab fishing in this system (Mandurah; population
~ 80,813), ii) the Swan-Canning Hstuary, being the main urban and most highly populated system
in the region (Greater Perth; population ~ 2,039,193) and iii) the Leschenault Estuary, a more
rural system (Bunbury; population ~ 32,244), all of which are located within ~180 km of Perth
(Figure 6.1). A total of 18 sites (e, jetties, boat ramps and shore line areas frequented by crab
fishers) were sampled, providing a representative cross section of P. armatus recreational fishing
across south-western Australia. Note that sampling was not conducted south of the Leschenault
Estuary, as this species is less abundant in these waters (DPIRD 2018), which may influence the

accuracy of fishers’ beliefs.

The survey involved face-to-face interviews, using a structured, open-question format carried out
by experienced researchers. The survey was designed to gather, in the fishers’ words, the beliefs
associated with stock enhancement of the P. armatus fishery. Belief elicitation questions were
paired and focussed on the positive or negative outcomes a fisher might expect from crab stock
enhancement, and his or her evaluations of those outcomes, drawing on the behavioural belief
component of the TPB procedure (Hughes et al. 2012). Consenting recreational crab fishers were

asked a series of open-ended questions (see Table 6.1). The interview was pretested with a small
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sample of recreational crab fishers, to ensure each question was appropriately worded and clearly

understood.

The Phase 1 survey was conducted during times when people were most likely to be fishing for
crabs (i.e, during the morning or afternoon) on weekends and weekdays during the peak of the
P. armatus fishing season (austral summet, 7.e., November 2017 to March 2018; Malseed & Sumner
2001). All recreational crab fishers at each sample site were approached with a request to
participate in the interview. The responses were written down by the interviewers using the
respondents’ words. A theoretical saturation approach was adopted for belief elicitation.
Accordingly, interviews with recreational crab fishers were carried out across the three estuaries
until no new response types were recorded from each estuary (Hughes et al. 2009, 2012).
Theoretical saturation was mathematically confirmed by adapting species accumulation
techniques (Ugland et al. 2003), to develop response accumulation curves (Vanwindekens et al.
2013). Additional interviews were conducted once saturation was achieved to ensure that no
salient beliefs were overlooked.

Table 6.1. Questions asked to recreational fishers’ about their awareness, beliefs and attitude to
restocking in the belief elicitation survey.

Restocking awareness
1. Do you know what restocking is? [explain]
2. Are you aware of any past fishery restocking events?

Restocking beliefs

3. What do you think are the advantages or good things that could occur if restocking is used to
manage the crab fishery in this estuary?

4. What do you think are the disadvantages or bad things that could occur if restocking is used to
manage the crab fishery in this estuary?

Attitude towards restocking
5. Overall, what is your attitude towards restocking?

Demographics
Age, gender, place of residence

Responses were transcribed to a spreadsheet and reviewed to develop categories of response
representing salient beliefs. Three researchers independently conducted content analysis

independently, to group responses with similar meaning and then identify salient beliefs based on
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their frequency of occurrence. The salient beliefs identified in Phase 1 were then incorporated

into Phase 2.

6.3.2. Phase 2: belief measurement

The second phase involved an online, fixed-item questionnaire distributed to the Western
Australian recreational crab fishing community. The survey included a range of questions about
P. armatus fishing and management (see Supplementary material 6.1. to review the full
questionnaire used). This paper specifically focuses on the stock enhancement belief strength (Z.e.,

likely-unlikely) and evaluation (i.e., good-bad) measurement components of this online survey.

Following belief measurement procedures (Ajzen 1991), two questions were asked for each of the
salient beliefs, one rating how likely or unlikely the outcome was (strength) and one rating how
good or bad the outcome was (evaluation). The dual measures were multiplied together to form
a cross-product that represented the belief-based attitude. Based on the coding scheme
recommended by Ham et al. (2008), belief strength was measured on a 7-point scale from 0 (“very
unlikely”) to +6 (“very likely”’). The accompanying belief evaluation was measured on a scale from
-3 (“very bad”) to +3 (“very good”). The range for resulting cross-products for each belief (z.e., the
belief-based attitude score) was -18 (very likely/very bad) to +18 (very likely/very good). A
separate overall attitude question asked respondents to rate whether stock enhancement was a
very bad or a very good thing to do on a 7-point scale (ie., -3 to +3). The online survey also
included a range of questions focused on when, how often, where and how fishers caught
P. armatus, what they do with their catch, evaluations of a range of current and potential crab

fishery management approaches and basic demographics of the respondent.

The questionnaire was developed and distributed using the online survey tool Surveygizmo
(Widgix, 2005). The online questionnaire was pretested with a small sample of fishers (n = 5)
before being released to the public on 21 December 2017 and was closed on 21 July 2018.
Participation in the survey was promoted via a press-release circulated by local print and broadcast
media and flyers were posted at sample sites and convenience stores, bait/tackle stores and cafes

located close to the estuaries. The survey was also promoted through posts on social media,
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targeting recreational crab fishers and via dedicated fishing forums. All responses to the online
survey were analysed using R (Version 4.0.2) and SPSS (Version 24). The non-parametric Kruskal-
Wallis and Wilcoxon tests were used to compare the belief and attitude rating scores, as well as
compatisons of belief and attitude ratings among groups of respondents (unsupportive, neutral

and supportive of stock enhancement).

6.4. Results

The respondents of the Phase 1 (face-to-face interviews) were mostly male (86.7%) and residents
of Western Australia (98.9%). These respondents ranged from 18 years old to > 65, with a modal
age group of 35 to 44 years (24.5%). Similarly, Phase 2 (online survey) respondents were
predominantly males (83.9%) that resided in Western Australia (99.4%), spread uniformly across
the ages from 18 to > 65 years old, with the highest proportion of respondents in the 35-44 years
old category (27.1 %). These results show that the face-to-face survey provides a similar

representation of recreational crab fishers to that of the online survey.

6.4.1. Phase 1: Belief elicitation

Across the three estuaries, researchers approached 109 recreational fishers, of whom 94 agreed to
participate in an interview. This response rate (86.2%) was higher than the mean response rates
reported by previous interview type studies (eg, Anseel et al. 2010). Theoretical saturation of
responses was achieved for each estuary prior to 25 interviews being conducted, with

corresponding response-accumulation curves all reaching an asymptote (Figure 6.2).

Salient beliefs associated with positive outcomes of crab stock enhancement were more frequently
stated (91.5% of respondents) than those associated with negative outcomes (39.4%). The two
most frequently stated beliefs were that stock enhancement would i) increase the number of crabs
in the estuary and ii) result in more crabs to catch, that is, more crabs of minimum legal size in
the catch (Table 6.2). Interestingly, while many respondents indicated there were no disadvantages
associated with stock enhancement, almost 40% of respondents reported that enhancement of

P. armatus could result in negative outcomes such as 1) environmental impacts on the estuary, other
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species and the crabs as well as ii) increased fishing pressure. Thus, the elicitation phase (Phase 1)
demonstrated that two out of five recreational crab fishers were aware of the potential negative
outcomes of stock enhancement. The most frequent beliefs associated with potential positive and
negative outcomes of stock enhancement were incorporated into the online survey to measure

the belief strength and evaluation.

Table 6.2. Salient (i, positive and negative) beliefs recreational fishers associated with the
restocking of Portunus armatus in the estuary where they fished, (n=94).

. Frequency Percentage of
Question and answers (n) respondents (%)

Q. What are the advantages or good things that could occur if

restocking is used to manage the crab fishery in this estuary?

Increase the number of crabs 41 43.6
More crabs to catch 32 34.0
Good for environment and other species 8 8.5
Good for tourism/economy 5 5.3
Total respondents 86 91.5
Q. What are the disadvantages or bad things that could occur

if restocking is used to manage the crab fishery in this estuary?

Impact on environment and other species 13 13.8
Increase the fishing pressure on the crabs 9 9.6
Unnecessary - there are already heaps of crabs 6 6.4
Cost 5 53
Affect crabs’ genetics and produce diseases 2 2.1
Crabs could leave the estuary 2 2.1
Total respondents 37 39.3

6.4.2. Phase 2: Belief measurement

A total of 575 crab fishers participated in the online survey, with 357 responding to all questions
(62% completion rate). The beliefs associated with the advantages of stock enhancement crabs
(z.e., “Increase number of crabs” and “More crabs to catch”) were considered to be both likely
and good outcomes, resulting in a high belief-based attitude score (Table 6.3). The beliefs
associated with disadvantages of stock enhancement, ze., (a) “Increase the fishing pressure” and
(b) “Impact on environment and other species”, were rated significantly less likely than the
advantages (Wilcoxon test, W(a)=57464; W(b)=58400, p < 0.001), and rated as a bad outcome
(z.e., scale of -3 to +3). The belief-based attitude scores associated with the disadvantages of stock
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enhancement were therefore low and negative. The mean overall attitude rating for stock
enhancement crab was +1.75 (scale from -3 to +3; n = 308; Figure 6.3) indicating general support
for the management practice. This was also reflected in the frequencies of response, where 86.4%
of responses were positive (supportive), 4.2% were neutral and 9.4% were negative (not

supportive) toward stock enhancement of crab (Figure 6.3).
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Figure 6.2. Response-accumulation curve showing that data saturation was reached during Phase
1 of the surveys with recreational Portunus armatus fishers in three estuaries in south-western
Australia. Grey shaded area shows the 95% confidence intervals.

The mean belief strength and evaluation ratings towards crab stock enhancement crab differed
significantly among the three overall attitude respondent groups (7.c., supportive, neutral, not
supportive; Kruskal-Wallis y2 = 86.177, p < 0.001; Table 6.4). While each group indicated a
positive belief-based attitude towards the advantages of stock enhancement neutral and
unsupportive fishers rated these outcomes as significantly less likely and less good compared to
supportive fishers (Table 6.4). In terms of the disadvantages of stock enhancement, all three
groups rated these outcomes as equally bad, however, the unsupportive and neutral groups rated
them as being significantly more likely than the supportive group. Overall, recreational fishers
supporting stock enhancement believe that the disadvantages of enhancing crabs are less likely to
occur, while the advantages are more likely and good, compared to the response of fishers who

were unsupportive or neutral about this enhancement.
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Table 6.3. Summary of mean belief strength; valuation ratings and cross products associated
with restocking of Portunus armatus.

Cross-product -18 -

Beliefs (u 35@?3 t-h|i(:<2|y) +E3V33'§3“_°30§d) 18 g;tei'tij;g)ased

N Mean N Mean N Mean
Increase number of crabs 337 4.8 351 21 319 11.5
More crabs to catch 331 4.8 352 2.2 317 11.5
:)nnc::ergzg the fishing pressure 283 31 318 15 265 41
Impact on the environment and 284 29 278 13 237 25

other species

6.5. Discussion

By implementing an open-ended interview (Phase 1) followed by an online survey (Phase 2), this
paper provided added insights into the beliefs and attitudes of recreational crab fishers towards
using stock enhancement as a management approach. It provides information on the social
dimensions of a significant recreational fishing activity in south-western Australia, including
fishers’ perceptions regarding management approaches (Hunt et al. 2013). Understanding fisher
petceptions can provide insights into how to build support and mitigate conflict associated with

fisheries management (Mikalsen & Jentoft 2001, Fulton et al. 2011).

In this regard, Ham et al. (2008) and Hughes et al. (2009) noted that expert assumptions about
public perceptions of management might not reflect the full range of perceptions that exists within
a target group. Published research on fisher perceptions is based mainly on asking fishers to rate
predetermined categories provided by expert researchers (e.g., Anderson et al. 2007, van Poorten
et al. 2011, Garlock & Lorenzen 2017). The findings indicate that fishers’ support for crab stock
enhancement of appears to depend on how positively they perceive the elicited advantages of

stock enhancement and the perceived likeliness of elicited positive and negative outcomes.

Owing to the pressures on the blue swimmer crab stocks populations, stock enhancement has
been considered as a way of increasing the abundance of P. armmatus (Johnston et al. 2011b). As a
result of this interest in enhancement, a pilot release of 3,700 juvenile crabs was made in the

Peel-Harvey Estuary to explore the feasibility and logistics of enhancement (Jenkins et al. 2017).
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While the biological and ecological aspects of Portunus spp. aquaculture and stock enhancement
are relatively well studied (e.g, Marshall et al. 2005, Paterson et al. 2007), the human dimensions,
including fisher beliefs and attitudes, are not well understood. The belief elicitation process was
key to identifying fishers’ beliefs regarding the potential outcomes of using stock enhancement to
manage the P. armmatus fishery. This belief elicitation technique revealed that most crab fishers
(96.8%) identified catch-related positive outcomes (advantages) of stock enhancement, but fewer
(39.4%) identified potential negative outcomes of stock enhancement. These findings on a
short-lived invertebrate parallel with those for longer-lived fin-fish (red drum, Sciaenops ocellatus)
by Garlock and Lorenzen (2017), and generic modelled results for fish by van Poorten et al. (2011),
who both found strong support for stock enhancement as a fisheries management intervention,
but with potentially unrealistic beliefs about the potential benefits and negative impacts of stock
enhancement. In particular, the common and strongly held belief in the current study that stock
enhancement will lead to greater catches of crabs (7.e., more crabs of at least minimum legal size),

may be an unrealistic belief.
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Figure 6.3. Responses to question “Overall, I think using restocking as a management option for
blue swimmer crabs in the estuary where I fish most is:” indicating the overall attitude of fishers
towards restocking as a management approach for the Portunus armatus fishery. The number of
respondents who chose each rating is provided above each bar; n = 323.
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While stock enhancement may increase overall numbers, this is typically associated with sizes of
the target species becoming smaller, due to density-dependent effects on growth (Hilborn 1998,
Camp et al. 2017). Thus, stock enhancement of P. arwatus is not guaranteed to increase the number
of crabs caught because many will be below the minimum legal-size limit. The catch-related beliefs
aligns with findings from previous studies on various fish species in the northern hemisphere
(e.g, Anderson et al. 2007, Garlock & Lorenzen 2017), which noted that consumptive oriented
fishers tend to support stock enhancement as it is perceived to help them achieve their aims of
catching many and large fish. It was also noted that these expectations might be unrealistic,
requiring managers to carefully communicate the benefits and costs of stock enhancement to

reduce fisher dissatisfaction (Garlock & Lorenzen 2017).

In contrast to previous work, the belief elicitation in our study also identified that a proportion of
recreational fishers were aware of the potential negative outcomes (disadvantages) of stock
enhancement in terms of increased fishing pressure and impacts on the “wild” crabs as well as
other species. These beliefs aligned with those identified in the scientific literature, including
increased fishing effort (Hilborn 1998, Camp et al. 2017), impacts on genetic diversity and fish
abundance (Lorenzen et al. 2012), predation and competition between stocked and wild fish, and
reducing the abundance of wild fish populations (Bell et al. 2008, Ingram et al. 2011, Taylor et al.
2017). While the elicitation revealed that a substantial minority of fishers (39.4%) wete aware of
these potential disadvantages, the belief measurement demonstrated that part of the population
of recreational crab fishers rated them as bad, but unlikely outcomes of stock enhancement. These
findings suggest that the popularity of stock enhancement among some recreational fishers has a
more nuanced explanation than simply being unaware of the negative outcomes resulting from

stock enhancement.

Perhaps it is not so much a general lack of awareness, but more an interplay between the perceived
low likelihood of negative outcomes and the potentially unrealistic, perceived high likelihood of
increased catch. Hence, when provided with a list of potential outcomes, recreational crab fishers
who support stock enhancement were likely to rate the perceived advantages as likely and positive,
while downplaying the disadvantages that are still considered to be bad, but very unlikely.
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Table 6.4. Mean values from the online survey responses regarding the mean belief strength,
evaluation ratings and cross products associated with restocking Portunus armatus, for the three
fishing groups studied: Supportive (S); Neutral (N) and Unsupportive (US) to restocking.
Population size is specified for each belief in the "n" column.

Evaluation -3 - +3 Cross-product -18 - +18
. Strength 0 -6 . .
Beliefs (bad —good) (belief based attitude)
S N us n S N us n S N us n
Increase
number of 513 392 257 295 238 1.50 -0.04 352 12.62 6.60 2.04 287
crabs
(I\:/Ia(;(r:icrabsto 514 436 225 331 2.35 1.42 0.72 353 1263 5.70 2.95 281
Increase the
fishing
288 408 415 283 -144 -1.23 -213 319 -326 -5.00 -9.52 235
pressure on
crabs

Impact on the
environment
and other
species

287 325 403 284 -112 -175 -228 278 -1.21 -591 -9.31 218

Meanwhile, those who are unsupportive consider the disadvantages to be more likely, while the
catch related advantages are seen as very likely but less positive. Although the beliefs regarding
stock enhancement and increased catch reflect the findings from earlier studies, Ze, most
recreational fishers support stock enhancement as a management intervention (Arlinghaus 2000),
we demonstrate here that some fishers are also aware of the potential for negative outcomes from
stock enhancement. Our findings, based on the two-phase approach, provide additional insight
to the notion of incomplete understanding by fishers regarding the advantages and disadvantages
of stock enhancement identified in previous studies (Hunt et al. 2013). This two-phase method
could be applied to other fishery sectors (including commercial, artisanal and subsistence fisheries)
to further improve understanding of fisher beliefs and attitudes toward management. Better
understanding of fishers views on fisheries and their management can contribute to greater

acceptance and compliance with management actions (McPhee et al. 2002, Sténs et al. 2016).

6.6. Conclusion

This study used established belief elicitation and measurement procedures to first identify,

then measure beliefs regarding the outcomes of using stock enhancement as a
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management approach in fisheries. As with past studies of recreational finfish fisheries,
crab fishers appeared to generally support stock enhancement as a tool to manage this
fishery. Our elicitation method indicated that recreational crab fishers were aware of
positive outcomes of stock enhancement, and in contrast to other studies, demonstrated
that near 40% were also aware of potential negative outcomes. We found that a primary
difference between fishers who strongly support stock enhancement and those who do
not is the perceived likelihood of negative and positive outcomes. Thus, in managing
fisher expectations on the outcomes of stock enhancement, while recreational fishers may
be aware of positive and negative outcomes, communicating the relative likelihood of

positive and negative outcomes may be warranted.

The use of a two-phase approach firstly allowed fishers to describe their beliefs, without
experts (e, resource managers and scientists) imposing their assumptions to which
fishers must respond. The belief elicitation approach afforded a reliable sample of the
range of beliefs within the target fisher population. Secondly, measuring the strength and
evaluation of elicited beliefs based on a wider sample of the fisher population provided
more nuanced data in relation to fisher attitudes toward stock enhancement as a
management approach. This two-phase method is a reliable means for identifying the
complexities of fisher perceptions while minimising influence of manager or researcher
assumptions on what fishers think. While the focus of this study is on a recreational crab
fishery, this method could be applied to different fisheries (ze., different target species) as
well as different fishery sectors, such as commercial or subsistence fisheries. Our findings
and those from previous studies emphasise the importance of communication and
engagement in fisheries management based on a firm understanding of the social
dimensions of fishers (Mikalsen & Jentoft 2001, McPhee et al. 2002, Fulton et al. 2011,
Sténs et al. 2016, Garlock & Lorenzen 2017). Adopting the two-phase method could help

inform management more accurately of to whether fisher beliefs are aligned with those
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of fishery managers and the available scientific knowledge. This more nuanced
information could contribute to more targeted communication and engagement, and thus
avoid conflict and loss of support for management, and foster greater compliance with

the regulations.
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Views at sunset from the main boat ramp at Nornalup Inlet in Walpole, south-western

Australia.
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The aim of this thesis was to contribute to the understanding of the human dimensions
(e.g., fishers’ perceptions on management approaches, fisher values and concerns on the state of
the stocks, and local fisher knowledge) of small-scale fisheries (SSF). The blue swimmer crab
fishery is one of the most popular recreational fisheries in the state of Western Australia and is
also a very lucrative commercial SSF in Australia and in most regions of south-east Asia. This
study was the first to explore the human dimensions of SSF in Western Australia and one of only
a few studies on this topic in Australia and globally. To do so, this thesis describes the blue
swimmer crab (Portunus armatns) fishery in south-western Australia and provides new insights into
the values of recreational and commercial crab fishing, and identifies some of the challenges and
potential opportunities for future sustainable management. Using an interdisciplinary approach, I

analysed the following aspects of the blue swimmer crab fishery:

e DPatterns of communication among stakeholders through a social network analysis
(Chapter 2);

e The reliability and value of recreational fisher recollections to identify ecosystems change,
as demonstrated in the biological changes influencing catches (Chapter 3);

e The concerns and management approaches supported by commercial and recreational

fishers (Chapter 4);

e The perceived marginalisation of the small-scale commercial crab fishers by an expanding
recreational sector (Chapter 5);

e Recreational fishers’ beliefs and attitudes towards stock enhancement as a management

approach (Chapter 06).
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Detailed discussions of the specific research findings have been provided in the relevant data
chapters, however, some major themes emerged from my research: i) Identification of historical
change in the crab fishery through fisher perceptions and local fisher knowledge; ii) Views on
stock enhancement as a management approach; and iii) Value of different communication modes
for fishery management. After discussing these themes, I evaluate new directions for research on
the human dimensions of the blue swimmer crab fishery and recreational fisheries more generally,

and identify the implications of the findings for SSF, particulatly those in Australia.
7.1. Fisher perceptions and local fisher knowledge

The collection of fisher perceptions on the blue swimmer crab fishery and its management
(Chapter 4) provided a baseline for the human dimensions of this fishery in south-western
Australia. In particular, the differences and similarities of recreational and commercial fishers
brought important insights into the concerns and management approaches supported by each
sector in several estuaries. Although their main concerns differed, e.g, recreational fishers generally
focused on overfishing, while commercial fishers called for a recreational fishing licence for
recreational crab fishers whether fishing from shore or a boat (.e., hereafter called a recreational
crab fishing licence), both sectors were worried about fishing pressure on stocks, and supported

strategies to enhance compliance.

The support from fishers in both sectors for enhanced compliance was very strong in the
Peel-Harvey Estuary, as illegal fishing is a significant threat to the sustainability of the blue
swimmer crab fishery here. This is not surprising as this fishery has the highest levels of
non-compliance recorded for any fishery in WA. Enforcing fishery regulations is challenging in
this estuary due to its size, and the number of people fishing recreationally during the day and
night. While some technologies are being trialed, such as the use of thermal cameras for night-time
monitoring (Taylor et al. 2018), new approaches need to be developed to enhance our

understanding of recreational fishing impact on fishery resources.
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The lack of a times series data on recreational catch and effort for the blue swimmer crab fishery
in the Peel-Harvey is consistent with recreational fisheries globally (Young et al. 2014). Most
recreational fishing worldwide are unaccounted for, and very few data are available on the impact
of recreational fishing activities on global stocks (Chapter 3). Though boat-based catches are
monitored yearly in Western Australia (Malseed & Sumner 2001a, Ryan et al. 2017, 2019), the
lack of data on shore-based landings masks the total number of recreational fishers, making it

even harder to estimate recreational catches.

Another difficulty for the management of the recreational sector is information-sharing with
resource users. The social network study (Chapter 2) suggested that findings from research were
not shared as effectively as they might be across resource users and the broader community,
because of differences in the way the information is communicated from key informants. For
example, the Department of Primary Industries and Regional Development (DPIRD)
communicated mainly via email or through published reports, and used social media infrequently,
whereas recreational fishers preferred to receive information through face-to-face meetings and
social media. This probably hinders the access to reliable information, as well as the
communication between resource users and researchers and managers (Chapter 2). As in other

data-limited fisheries, these challenges render the sustainable management of stocks challenging.

Globally, recreational fisheries are typically data-limited (Young et al. 2014, Hyder et al. 2018,
Townhill et al. 2019), making it difficult to complete stock assessments and set harvest strategies
and catch quotas for different sectors of a fishery. However, previous research has demonstrated
that local fisher knowledge (LFK) might provide a good understanding of the past and current
status of stocks (Johannes et al. 2000, Berkes 2003, Lozano-Montes et al. 2008, Frezza & Clem
2015). The lack of historical information has been identified as another challenge faced by most
SSF globally, particularly in relation to recreational fisheries (Zeller et al. 20006) . Likewise, due to
the lack of historical data, the status of the blue swimmer crab stocks prior to the start of intensive
fishing, around the 1960s (Tull 1993), is unknown. The research in this thesis shows that
recreational blue swimmer crab fishers perceived a decrease in the average size of crabs in
south-western Australia over the last 40 years, particularly in the Peel-Harvey Estuary. This
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perceived change is consistent with quantitative biological data on size, published by the DPIRD
for the period from 2006-2019, providing empirical evidence that the average size of blue
swimmer crabs in the Peel-Harvey Estuary had declined since the beginning of the 20th century
(Johnston et al. 2020). This supports the idea that recreational fishers’ perceptions on change can
be a reliable source of information for the blue swimmer crab fishery and potentially for other
fisheries in Australia and elsewhere. The value of collecting local fisher knowledge is particularly
important in data-poor scenarios (Thurstan et al. 2016a) and to pursue perceptions of change
reported by resource users (Neis 1992, Johannes et al. 2000) . The results from my thesis also
emphasized the importance of understanding information-sharing patterns between resource
users and other stakeholders, and vice versa, to identify if current communication between network

stakeholders allows for the collection of fisher perceptions as data (Chapter 2).

The evaluation of newspaper reports dating back to 1910 in Trove (e, digitalised collection of
the National Library of Australia) revealed that blue swimmer crabs have supported a significant
fishery and that the fishery has had a remarkable cultural value to the community for many years.
The historical documents in Trove are also consistent with the findings on major concerns on the
fishery identified in Chapters 4 and 6, which have not changed greatly over the last 70 years
(e.g., concerns over compliance, overfishing and pollution of the estuaries). It also provides
evidence that recreational fishers were, and are still interested, in being involved with the fishery
and understanding the regulations in place to manage fishing activities. For this thesis, the use of
LFK, along with other data sources, largely focused on the identification of biological change (z.e.,
biological dimensions of blue swimmer crabs). However, LFK methods could be used to refine
our understanding of fisheries’ human dimensions (e.g., social and cultural values of a fishery,
fisher perceptions) and gather data on perceptions of management and fishery values. This
method could be applied to other recreational fisheries in WA, such as shore fishing for whiting
(Sillago spp.) and Australian herring (Arripes georgianus), and other data-limited fishery sectors

elsewhere.
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7.2. Views on stock enhancement as a management
option

Generally, recreational fishers tend to support fisheries stock enhancement as a management tool,
though often they are not aware of the potential economic costs and biological trade-offs of this
approach to the stocks and the ecosystem they depend on (Camp et al. 2014). Similarly,
recreational crab fishers in south-western Australia supported stock enhancement (Chapter 6).
However, unlike other studies, the two-phase approach applied in this thesis found that
recreational fishers understood the benefits and drawbacks of such a strategy, though they
believed that the drawbacks were less likely to occur than the benefits. This is possibly due to a
lack of deeper understanding of stock enhancement as a management strategy and the potential
for density-dependent effects to lead to a slower growth and an increase in the catches of
under-sized crabs. As highlighted in the description of the fishery network (Chapter 2), better
communication on the rationale for different management strategies might enhance fishers
understanding of the regulations that are currently in place or those that are being considered for
future implementation. If fishers understand the reasoning behind managers’ choice of one policy
over another, they may have a greater chance to actively participate as part of the fishery network
and will likely better acknowledge and follow management regulations, resulting in a reduction in
compliance issues. Greater fisher understanding of management regulations and the adoption of
co-management as a strategy to manage fisheries would enhance fishers’ trust in the management
system. By increasing trust among resource users and managers, social capital is enhanced,
facilitating collaboration and the sustainable management of such fishery (Grafton 2005, Armitage

et al. 2009, Anbleyth-Evans & Lacy 2019).

Effective communication on management regulations is a common challenge in fisheries
management, particularly for the recreational sector. Recreational fishers are generally not part of
a wider, formal organisation, but rather, tend to be individuals or small, discrete social groups who

mostly do not interact with each other (Cumming et al. 20006). Sharing information efficiently is

174



Chapter 7 — General Discussion and Conclusions

therefore more difficult with this sector, than with the commercial sector, which are often part of
the same formal organisation, like the Mandurah Licensed Fishermen Association (MLFA) in the
Peel-Harvey Estuary and the Western Australian Fisheries Industry Council (WAFIC). Annual
meetings ate also a venue to share information among fishery stakeholders. Though annual audits
for all stakeholders have been organised as patt of the MSC certification, commercial fishers also
have an annual meeting with fisheries managers and researchers, providing an additional platform

for this sector to communicate and engage with management (Chapter 2).

Finally, this study highlighted a parallelism between fishers’ concerns on the stocks (Chapter 4),
and the evidence showing a decrease in the average size of crabs over time (Chapter 3). The
application of stock enhancement as a management approach is highly complex and depends on
many factors. The average size of crabs in the Peel-Harvey Estuary has decreased through time,
though abundance has not changed significantly. This has resulted in great numbers of small crabs,
an issue that has already been reported by crab fishers (Poulton 2018). Using stock enhancement
would add a significant number of undersized crabs to the system, thus exacerbating this issue.
This may not be sustainable as ecologically it could limit resources for the crabs population, it

could be quite costly, and finally, resource users could be disappointed.

7.3. Value of communication for management

Decision making in fisheries management is influenced by communication and collaboration
between fishery stakeholders (Sueur et al. 2012). The analysis of communication patterns
(i.,, information sharing and receiving information) in the Peel-Harvey blue swimmer crab fishery
showed that the DPIRD and the only commercial fishing association (MLFA) were key for
information sharing, shaping the centralised structure of the fishery network (Chapter 2). Though
communication paths existed between all groups, some of these interactions were not very
important for sharing or receiving information. The various organisations forming the network
had different ways of communicating. Research and management groups shared information
mostly via email and through reports, whereas resource users and the general community

preferred to communicate via face-to-face meetings, phone or social media. These different
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modes of communication used by all groups are consistent with the general pattern described for
different social groups (Correa et al. 2010). Likewise, different types of information might be
efficiently shared in different ways. Thus, depending on the type of information, and the social
group treceiving it, there are many approaches to communicate efficiently. Based on these insights,
fishery stakeholders should target the mode of communication according to the target group (and
the preferred mode of communication of such group) and the type of information being
communicated. For example, more planning from researchers and managers to have a profile at
planned events is needed, such as Crab Fest, as well as greater promotion of such events through
targeted social media. This would amplify the potential of such events for raising awareness among
recreational fishers on the science and management on the fishery Additionally, better promotion
of information events, different mechanisms for advertising them and a greater inclusion of
bridging organisations (Z.e., those organisations with the greatest capacity to connect different
groups that would otherwise not be connected, like the Peel-Harvey Catchment Council) would
potentially improve resource users’ awareness on the sustainability and fisheries science that has

been used to decide on the management approaches in place.

Through this thesis, I highlighted where the means of communication were likely to have effected
information-sharing among fishery stakeholders, for example to publicise events, or raise
awareness on the fishery research among the recreational sector. Local NGOs, such as the
Peel-Harvey Catchment Council (PHCC) were flagged as having a high bridging potential, ze., the
ability to link groups that otherwise would not be connected. This suggests that such organisations
could potentially have a larger role in sharing information on the fishery and its management to
fishers and the local community. In the Swan and Leschenault regions, other organisations, such
as natural resource management groups may have similar bridging capacity in their fishery
networks to that of the PHCC in the Peel region. If so, consideration could be given to integrating
these in the local fisheries networks, particularly by including such organisations in the

communication pathways for the local fisheries.

Interviews with the commercial blue swimmer crab fishers identified that this sector felt
marginalised by a continuously growing recreational sector, and by some of the recently
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implemented management approaches in place (Chapter 5). As in other regions of Australia (King
2018), recreational fishing in WA is one of the most popular recreational activities. In fact,
Western Australians participate in recreational fishing activities to a greater extent than Australians
in any other state (Ryan et al. 2019) and much more than most developed countries (10.5%;
Arlinghaus et al., 2015). When recreational and commercial fishing activities occur in the same
area, it is not uncommon for conflicts to arise between sectors (West & Gordon 1994, Kearney
2002, Bower et al. 2014, Boucquey 2017, King et al. 2019). Commercial fishers identified that a
shore-based recreational fishing licence would be a valuable addition to ensuring the sustainability
of the stocks and petitioned the WA government on this proposal. The absence of such a license
from the recent management package for crabs in south-western Australia (DPIRD 2018),
combined with a new buyout of commercial licences in the Peel-Harvey Estuary, accentuated the
existing tensions between the commercial and recreational sector and increased the feeling of

marginalisation in the commercial sector (Chapter 5).

Interviews with the recreational sector highlighted a disconnect between the value placed on local
fish product by most recreational fishers when consuming seafood and the commercial industry
operating in the region (Chapter 5). Indeed, recreational fishers seemed to be missing the link
between their values supporting local produce, and the means to achieve it. Better communication
on the management of the fishery, the sustainability assessments that it undergoes, and the
meaning and significance of the third party Marine Stewardship Certification (MSC) for
sustainability (van Putten et al., 2020), might reduce such disconnects and enhance the social
acceptability of the commercial SSF among the recreational fishing community and local seafood

consumers (see also Chapter 2).

In theory, communications to the recreational sector should be led by DPIRD and Recfishwest,
the two organisations managing and representing recreational fishers in WA (respectively).
However, the network analysis demonstrated that the communication role of Recfishwest with
recreational fishers was not always efficient. Other existing groups, such as the PHCC might be
able to contribute to the communication with the recreational sector based in the Peel region and
to raising awareness of the science supporting the fishery and its sustainability among the local
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community. Additionally, other initiatives, such as citizen science projects on the fishery might
also be a good way for sharing information among the recreational fishing sector and the local
community. Currently, the “True Blue Swimmer Supporter” project is the only initiative that
resembles a citizen science project. This program collects information through voluntary log
books recording fishers catches (Harris et al. 2017) and covers the Swan-Canning, and Leschenault

estuaries, and the Bunbury region, but not the Peel-Harvey Estuary.

7.4. Further research and recommendations

While new, promising technologies to monitor recreational activities are being developed, such as
video monitoring of boat ramps and night video stations (Taylor et al. 2018, Desfosses et al. 2019),
I have identified various key elements, as well as challenges and opportunities to sustainably
manage the blue swimmer crab fishery in south-western Australia (Figure 7.1). Based on these

findings, I make the following recommendations:

1. Introduction of a crab recreational fishing licence.
A crab recreational fishing licence covering shore-based and boat-based crab fishers
would enable managers and scientists to collect fishers” contact details, thus facilitating
the organisation and delivery of future surveys, research findings and overall enhancing
information-sharing from managing bodies to the recreational sector (ie., top-down
communication). It would also provide a comprehensive list of people to canvas for
volunteers to complete logbooks providing data on their catches, fishing effort and size
of crabs caught, which would enhance the monitoring of the state of the fishery

periodically.

2. A citizen science project to enhance the monitoring capacity of fisheries officers.
In addition to further researching the human dimensions of non-compliance among
recreational fishers (Thomas et al. 2016, Boonstra et al. 2017), a citizen science project to
monitor illegal activities, and collect social-ecological data would enhance the monitoring

of recreational fishing activities. Despite the challenges inherent in the development and
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delivery of citizen science projects (Conrad & Hilchey 2011), these are recognized as
effective tools for involving fishing communities in science (Conrad & Hilchey 2011,
Fulton et al. 2019). In fact, this type of initiative has been previously applied in WA
through the Volunteer Fisheries Liaisons Officer (VFLO) program, which started in 1995
and ran for over 10 years. This initiative engaged more than 600 volunteers throughout
the state until its termination in 2007 and collected information on the catches, sizes and
fishing location of 226 species caught by recreational fishers. It was considered vital for
monitoring local fisheries and raising awareness of local recreational fishing rules and

fisheries sustainability among the local community (Rogers 2003, Green 2009).

The quality and reliability of the data collected by volunteers through this initiative had
to be corrected by researchers for its use, which is a common drawback of citizen science
projects (Conrad & Hilchey 2011). After 12 years, the program was terminated because
of a lack of resources to maintain the collection and verification of these data. In the
future, an efficient training program with a thorough methodology for data collection, its
processing and delivery of feedback to volunteers should be developed prior to
implementing the project. Indeed, if the data collection methodology and resulting
dataset is enhanced, it is likely that the quality and overall reliability of such dataset will
be greatly enhanced (Smallwood et al. 2010). A citizen science program, such as the
VFLO, could potentially be a good initiative aiming to increase compliance, while
efficiently raising awareness on regulations and sustainability of fisheries by bridging
information between scientists, managers and the fishers (see also Chapter 2). Such
program could focus on blue swimmer crab catches in the Peel-Harvey Estuary or could

include other species and cover a greater area in WA.

3. Stock enhancement is not the most socially sustainable, or economically viable
option in the long term.
The issue of using stock enhancement as a management tool to increase yields for fishers

is complex and ecological outcomes might differ between systems, due to density
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dependence effects. Previous research on blue swimmer crabs has advocated for the
enhancement of stocks to replenish and maintain crab populations, particularly in
Cockburn Sound where crab stocks have been severely depleted and the commercial
fishery has been closed since 2014 (Johnston et al. 2020). Trials on aquaculture-based
enhancement with portunids have been conducted elsewhere. For example, in
Chesapeake Bay in the USA, trials with small-scale releases demonstrated that in certain
habitats and seasons, stock enhancement had the potential to be successful (Tweedley et
al. 2017). However, these trials faced various challenges, which are inherent to the
aquaculture of portunids. For example, studies in Malaysia and in WA, have previously
reported the cost of aquaculture and crab cannibalism as significant barriers to enhancing
portunid stocks (Azra & Ikhwanuddin 2015, Jenkins et al. 2018). Despite the high value
of blue swimmer crabs throughout south-east Asia and Australia, and the need to recover
some overfished or collapsed populations (Johnston et al. 2011b, Kunsook et al. 2014,
Seafood Watch Consulting Researcher 2018, Prince et al. 2020), no commercial-scale
restocking program has been initiated in Australia (Jenkins et al. 2018). Additionally, this
thesis identified that fishers’ support for stock enhancement was based on an incomplete

understanding of the potential costs and benefits of stocking.

4. Use of recreational and commercial local fisher knowledge (LFK) as a means of

monitoring of the human dimensions of fisheries.

Most studies on LFK have used commercial fishers’ recollections to estimate a change in
the fishery or the environment where the fishery operates (Papworth et al. 2009,
Zukowski et al. 2011, Ulman & Pauly 2016, Anbleyth-Evans & Lacy 2019, Berkstrém et
al. 2019, Colloca et al. 2020). These studies have mainly focussed on commercial LFK,
rather than on recreational LFK (Thurstan et al. 2017, Pita et al. 2020). This thesis is one
of the few studies where LFK from recreational fishers has been matched with historical
records and independent quantitative data on sizes to investigate the reliability of

recreational fishers’ knowledge. Results showed that recreational fishers’ perceptions of
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reduced crab size in the Peel-Harvey were consistent with the other data sources. I suggest
that LFK methods could be used to refine our understanding of fisheries” human
dimensions (e.g., social and cultural values of a fishery, fisher perceptions) and gather data
on petrceptions of change, management and fishery values. This method could be applied
to other recreational fisheries in WA, such as shore fishing for whiting (S7/ago spp.) and

Australian herring (Arripes georgianus), and other data-limited fishery sectors elsewhere.

5. Developing a structured process for the collection, classification and analysis of
information on the human dimensions.
To ensure that the collection of information on fisheries’ human dimensions from
fisheries is effective, such as fishers’ perceptions data, a framework for the collection,
verification and analysis of bottom-up information (i.e., from fishers to managers and
scientists) is needed. The development of such a structured process to enable resource
users to share information to researchers and managers is crucial for understanding the
fishers and fishery social-ecological dynamics (Putnam 2000, Grafton 2005). These data
are essential for enhancing the information available on the fishery stocks and its
environment, as well as the coordination and collaboration between fishers and other
stakeholders (Putnam 2000). Developing the understanding of bottom-up information
sharing, in the same way as top-down communication in the fishery could also reduce
potential conflicts between fishery sectors (see Chapter 2 and Chapter 5) and overall
facilitate the use of a co-management approach, where resource users are included as part

of decision making (Pomeroy 1995, Grafton 2005).

6. Improvement of the viability and public engagement of the commercial fishing
sector, in the Peel-Harvey region.
A comparative analysis between the structure of the Peel-Harvey commercial crab fishery
and other SSFs in Australia or elsewhere could also benefit the future management of the
fishery and its sustainability. For example, the blue crab (Callinectes sapidus) fishery in

Chesapeake Bay or the blue swimmer crab (Portunus pelagicus) in south-east Asia, take place
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in very different social-ecological settings and as a consequence face different challenges
and use different tools to overcome these (Prince et al. 2020). Understanding these
similarities and differences could help Peel-Harvey commercial fishers find alternative,
new ways to approach issues affecting their fishery. In fact, Chapter 2 showed that most
stakeholders of the blue swimmer crab fishery are based in the Peel or Perth regions in
WA. This limits the acquisition of new knowledge and new ideas in the fishery network.
Particularly for the small-scale commercial fishers, the creation of a communication
platform with commercial fishers operating in other fisheries in Australia and elsewhere
might enable individual fishers and fishing communities to find new ways of getting

involved in the fishery network and management.

One potential pathway could be the introduction of a Community Supported Fisheries
(CSFs) initiative in Australia. Interest in this initiative is growing, notably in South
Australia (SA), where various small-scale commercial fisheries targeting Australian
herring (A. georgianns) and snook (Sphyraena novaehollandie), among other species. These
commercial fishers in SA were facing similar challenges to commercial SSF in North
Carolina (USA), including resource-sharing conflict with the recreational sector, low
support from the community, and ageing boats and gear (McPhail, 2020). After several
meetings between SA commercial small-scale fishers with fisher representatives from the
USA. and visits to the CSFs based in North Carolina, some SSFs in SA embraced the
CSF concept and created FairFish (see link), an alternative business model for SSF to sell
their fish as a CSF. This new approach promotes local fisheries while reducing the carbon
footprint associated with fisheries and marketing new species as seafood that otherwise
would be discarded, thus enhancing the sustainability of SSFs in SA (Campbell et al. 2014,

McClenachan et al. 2014).

7. Raising awareness among the recreational sector on sustainability and local

commercial fisheries.
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The marginalisation of small-scale fisheries is a global challenge in fisheries management,
though it is most often reported in developing countries and has been frequently described
for small- and large-scale fishing sectors, with the large-scale, industrial fisheries taking over
the artisanal traditions (Pauly 2006, Sowman 2006, FAO 2018b). More communication
with the recreational sector through, for example, raising awareness on the management
and sustainability of the commercial fishery will enhance the understanding on the
sustainability of the fishery, the science supporting the current management and general
fishing rules (see Chapter 2 and Chapter 4). This strategy might improve recreational fishers
understanding of their impact on the stocks and generally the pressures affecting the
fishery. This will also potentially reduce fishers disconnect between the local seafood
product they support, and the commercial fishers catching it. Overall, this would enhance
the social licence to operate for commercial fishers, and as a result reduce the feeling of

marginalisation expressed by the commercial sector (Chapter 5).

Social-ecological dimensions of blue swimmer crab fisheries & recommendations for its
management

Blue swimmer crab fishery data Results & Recommendations

Network Surveys

crab recreational
fishing licence
citizen science project
(9]0)
Stock enhancement

LFK
perceptions indicators of
change

process  collect

data
CSF

awareness
science = sustainability

Variables: II Indicators 4 Views EIA Socialjustice P Values 4 Caich data [E] Historical records GDeMOQfaPhiCS

Figure 7.1. Infographic summarising the different types of data collected through this research
and subsequent recommendations for the future research and management of the blue swimmer
crab fishery in south-western Australia.
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7.5. Conclusion

The overall aim of this thesis was to contribute to the understanding of the human dimensions of
SSF (Figure 7.1). The study of blue swimmer crab (Portunus armatus) fisheties in south-western
Australia is the first baseline study of a selection of human dimensions of a WA fishery, and
provides an important contribution to understanding fisheries” human dimensions. The research
in this thesis has identified fishers views on the management and the status of the fishery, and
some of their local fisher knowledge (Figure 7.1). The interdisciplinary method applied could
undoubtedly be refined and expanded, depending on the fishery and aims of the research. Even
so, the findings described in this thesis have the potential to provide direction for future research
and management of blue swimmer crab fisheries in this region, and other data-limited and small-
scale fisheries elsewhere. The knowledge gained from this thesis identifies the importance of
fishers’ role in fisheries networks and management, and provides a significant contribution to
addressing the issues relating to the human dimensions of small-scale sustainable fisheries. This
research recognises and supports the need for enabling fishers to have a greater contribution to

the stewardship of small-scale fisheries.
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Appendices

Chapter 2: Supplementary data tables

Supplementary material 2.1. Social network of the blue swimmer crab fishery in the Peel-
Harvey Estuary

Interview plan

Throughout the interview, | will be asking you questions on :

e Details on your current role, in relation to the blue swimmer crab fishery (BSC);

e Toname the 10 people you interact the most with, in regard to the blue swimmer crab fishery;

e Who do you exchange information with (among those 10 people you named before) related
to the blue swimmer crab;

e Who do you collaborate with, on anything related with the blue swimmer crab fishery (again,
among the 10 people cited at first);

e Follow up questions to better understand the significance of the interactions with the 10
people you cited at first.

The whole interview lasts generally around 30 — 40 minutes. However, this might take longer,
depending on the amount of details given, and also the discussion resulting from these questions.

The survey is completely confidential and voluntary, and you are free to stop at any time. You can also
choose not to answer particular questions during the interview without any need to explain why.

Please know that there are no right or wrong answers, nor are some responses better or worse than
others. We simply want to understand better the flow of information within the blue swimmer crab
fishery network.

If you would prefer this interview not to be recorded, please do let me know.

Name: Job position:
Age: Address (region) & time living there:
Gender: Level of education:

1. Background of stakeholder interviewed
e How many years have you been working in this organisation?

How many years have you been involved in the management or anything related to the BSC fishery
in the Peel-Harvey estuary?

Before working here, were you previously involved with anything related to the BSC fishery?
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2. Communication & Information flow

We are interested in general information on who you contact to share information about BSC, how often and how useful the information was.

1. Canyou name the 10 people you interact with most, how and how often you contact them and whether the information was useful?
2. Canyou indicate, from the list of people you have cited, who is the most important person, regarding information sharing?

Individual
(Please name up to
10 individuals you
interact with most

outside of your
team)

Group,
Organisation

What type of information
exchange do you usually
have with this person
(i.e.: receive information,
give information, both)

Type of

contact (i.e.:

phone;
email; face
to face)

What topic links you to this
person in terms of
information sharing and
collaboration (i.e.:
governance, biology & ecology,
social information, ...)

Frequency of
contact (i.e.:
daily, weekly,
monthly, few
times a year, ...)

Relation length
(i.e.: How long
have you worked
with this person
for?)

Quality of
information (1
to 5) [from
useless to very
useful]
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e Who do you formally report to regarding topics related to the BSC fishery?
3. Changes in communication

e Do you talk about the blue swimmer crab fishery differently (i.e.: more or less often)
depending on the season?

e The following table aims to record what happens when someone reports a specific
change in the environment, fishers catches or fishers’ behaviour that could
potentially impact (i.e.: positive; negative; both) the blue swimmer crab fishery.

Change in catches Change in the estuary lllegal fishing

Who might report
the information ?

How do they
generally report the
information (i.e.:
means of contact)

Who do they
generally contact?

e Could you describe up to three important environmental events that affected the
fishery in the last decade or since you started working in this position?
1.
2.
3.

e Could you describe any change in the communication or collaboration with other
stakeholders, after those events?

Communication Collaboration

Frequency

Quality

Means used

e Have you noticed a change in communication between yourself and the other
stakeholders you communicate with, before the fishery was MSC certified and after
the certification of the fishery?
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4. About collaboration

This section is about collaboration. We are interested in general information on who you
work with to achieve shared objectives, how often and how useful this collaboration is.

Who do you formally collaborate (or work with) within your organisation regarding
topics related to the BSC fishery, its management and its environment?

1.

2.

3.

Do you work with anyone outside of your organisation on anything related to the
BSC fishery, its management and its environment?

1.

2.

3.

Do you work with anyone outside of WA on anything related with the fishery, its
management and its environment?

1.

2.

3.

How useful are these collaborations for the work you do (i.e.: have these
collaborations been instrumental in reaching the outputs you were aiming for)? [Use
the scale from 1 to 5, 1 being not very useful, and 5 being very high useful].

Overall, how satisfied are you with your ability to communicate the information
related to blue swimmer crab, within this organisation and to other
organisations/stakeholders? [Use the scale from 1 to 5, 1 being very low, and 5 being
very high].

5. Information on fishers

Do you think blue swimmer crab fishers are satisfied with the management of the
BSC fishery? [Use the scale from 1 to 5, 1 being very low satisfaction, and 5 being
very high satisfaction].

Are you aware of any concern(s) that blue swimmer crab fishers might have
regarding the factors that could negatively impact the blue swimmer crab fishery?
[List these in order of importance]

1.

2.

3.

Where do you think blue swimmer crab fishers get information related to the
fishery management and regulations? [List these in order of importance]

Are you aware of any organised event which helps inform fishers about the status
of the blue swimmer crab fishery and its management?
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e |Fyes, do you think these organised events are useful to the fishing community for
communicating management related issues?

e Do you think these events spark an increase in communication between the fishery
stakeholders?
Close up & Thanks to the participant

If you are interested in hearing about the results of this study, please do let me know
and I'll include you in our mailing list.

If later on you decide you do not want to receive more updates on the project, contact
me and | will delete your details from the list.
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Chapter 2: Supplementary data tables

Supplementary table S2.1: Exponential random graph model results for attribute-based mixing
for the attribute ‘Seniority’ of individual stakeholders forming the extended PHBSC fishery
network

Attribute P value
mix.seniority.1.1 0.5442
mix.seniority.2.1 0.4922
mix.seniority.3.1 0.9434
mix.seniority.1.2 0.5345
mix.seniority.2.2 0.9032
mix.seniority.3.2 0.6873
mix.seniority.1.3 0.9144
mix.seniority.2.3 0.3669
mix.seniority.3.3 0.0415 *
mix.seniority.NA.3 0.3364
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Supplementary table S2.2: Exponential random graph model results for attribute-based mixing
for the attribute ‘Organisation’ of individual stakeholders forming the extended PHBSC fishery

network.
Attribute P value
mix.organisation.DPIRD.Birdlife Australia 0.027938 *
mix.organisation.City of Mandurah.City of Mandurah 0.507585
mix.organisation.DBCA.City of Mandurah 0.511813
mix.organisation.DPIRD.City of Mandurah 0.000457 ***
mix.organisation.MSC.City of Mandurah 0.941173
mix.organisation.PHCC.City of Mandurah 0.079310.
mix.organisation.City of Mandurah.DBCA 0.511813
mix.organisation.DPIRD.DBCA 0.004293 **
mix.organisation.DPIRD.Dolphin Watch 0.027938 *
mix.organisation.Birdlife Australia.DPIRD 0.027938 *
mix.organisation.DPIRD.DPIRD 0.003940 **
mix.organisation.DWER.DPIRD 0.000206 ***
mix.organisation.General public.DPIRD 0.004293 **
mix.organisation.MLFA.DPIRD 0.002231 **
mix.organisation.MSC.DPIRD 0.087013.
mix.organisation.Murdoch.DPIRD <le-04 ***
mix.organisation.PDC.DPIRD 0.004293 **
mix.organisation.PHCC.DPIRD <le-04 ***

mix.organisation.Rec. fishers.DPIRD
mix.organisation.RFW.DPIRD
mix.organisation.SCS.DPIRD
mix.organisation.SSPWA.DPIRD
mix.organisation.WAFIC.DPIRD
mix.organisation.DPIRD.DWER
mix.organisation.MLFA.DWER
mix.organisation.Murdoch.DWER
mix.organisation.PHCC.DWER
mix.organisation.Murdoch.FRDC
mix.organisation.City of Mandurah.General public
mix.organisation.DPIRD.General public
mix.organisation.MLFA.Mandurah cruises
mix.organisation.RFW.Mandurah times
mix.organisation.DPIRD.MLFA
mix.organisation.MLFA.MLFA
mix.organisation.MSC.MLFA
mix.organisation.Murdoch.MLFA
mix.organisation.PHCC.MLFA
mix.organisation.RFW.MLFA
mix.organisation.SCS.MLFA
mix.organisation.SSPWA.MLFA
mix.organisation. WAFIC.MLFA
mix.organisation.RFW.MOFSC
mix.organisation.DPIRD.MSC
mix.organisation.MLFA.MSC
mix.organisation.PHCC.MSC
mix.organisation.Rec. fishers.MSC
mix.organisation.WAFIC.MSC
mix.organisation.DPIRD.Murdoch
mix.organisation.DWER.Murdoch
mix.organisation.MLFA.Murdoch
mix.organisation.Murdoch.Murdoch

0.000104 ***
0.000337 ***
0.044152 *
0.027938 *
<le-04 ***
0.000206 ***
0.013898 *
0.016655 *
0.048730 *
0.284999
0.511813
0.004293 **
0.376357
0.869625
0.000358 ***
0.001895 **
0.376357
0.000531 ***
0.009425 **
0.033696 *
0.827128
0.039969 *
0.031496 *
0.869625
0.087013
0.827128
0.721402
0.721402
0.721402
<le-04 ***
0.009425 **
0.000531 ***
0.003554 **
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mix.organisation.PDC.Murdoch
mix.organisation.PHCC.Murdoch
mix.organisation. WAFIC.Murdoch
mix.organisation.DPIRD.PDC
mix.organisation.DWER.PDC
mix.organisation.Murdoch.PDC
mix.organisation.PHCC.PDC
mix.organisation.RFW.PDC
mix.organisation.DPIRD.Peel Bright Minds
mix.organisation.DPIRD.PHCC
mix.organisation.DWER.PHCC
mix.organisation.MLFA.PHCC
mix.organisation.Murdoch.PHCC
mix.organisation.RFW.PHCC
mix.organisation.SCS.PHCC
mix.organisation.MLFA.Politician
mix.organisation.RFW.Rec. fishers
mix.organisation.SCS.Rec. fishers
mix.organisation.DPIRD.RFW
mix.organisation.MLFA.RFW
mix.organisation.MOFSC.RFW
mix.organisation.MSC.RFW
mix.organisation.Murdoch.RFW
mix.organisation.PDC.RFW
mix.organisation.PHCC.RFW
mix.organisation.Rec. fishers. RFW
mix.organisation.RFW.RFW
mix.organisation.SSPWA.RFW
mix.organisation.WAFIC.RFW
mix.organisation.DPIRD.SCS
mix.organisation.MLFA.SCS
mix.organisation.MSC.SCS
mix.organisation.RFW.SCS
mix.organisation.WAFIC.SCS
mix.organisation.MLFA.Seafood producer
mix.organisation.DPIRD.SSPWA
mix.organisation.MLFA.SSPWA
mix.organisation.RFW.SSPWA
mix.organisation. WAFIC.SSPWA
mix.organisation.Murdoch.UWA
mix.organisation.DPIRD.WAFIC
mix.organisation.MLFA.WAFIC
mix.organisation.MSC.WAFIC
mix.organisation.Murdoch.WAFIC
mix.organisation.PHCC.WAFIC
mix.organisation.RFW.WAFIC
mix.organisation.SCS.WAFIC
mix.organisation.SSPWA.WAFIC

0.07931

0.004708
0.005034
0.006114
0.312605
0.157806
0.240903
0.827128
0.027938
0.000157
0.048730
0.008470
0.004708
0.176857
0.721402
0.242055
0.75419

0.721402
0.067397
0.033696
0.869625
0.869625
0.008470
0.376357
0.176857
0.75419

0.599309
0.869625
0.322136
0.087013
0.376357
0.966213
0.869625
0.721402
0.242055
0.027938
0.674105
0.869625
0.197742
0.284999
0.000157
0.031496
0.721402
0.005034
0.031845
0.322136
0.721402
0.607926

*%

*%

*%
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Supplementary table S2.3: Exponential random graph model results for attribute-based mixing
for the attribute ‘Age’ of individual stakeholders forming the extended PHBSC fishery network.

Attribute P value
mix.age.25-34.25-34 0.22583
mix.age.35-44.25-34 0.43251
mix.age.45-54.25-34 0.00116 **
mix.age.55-64.25-34 0.13232
mix.age.NA.25-34 0.03122 *
mix.age.25-34.35-44 0.22647
mix.age.35-44.35-44 0.03728 *
mix.age.45-54.35-44 0.01076 *
mix.age.55-64.35-44 0.19174
mix.age.NA.35-44 0.25101
mix.age.25-34.45-54 0.01048 *
mix.age.35-44.45-54 0.03917 *
mix.age.45-54.45-54 < le-04 ***
mix.age.55-64.45-54 0.04091 *
mix.age.NA.45-54 0.04045 *
mix.age.25-34.55-64 0.13232
mix.age.35-44.55-64 0.07094 .
mix.age.45-54.55-64 0.00544 **
mix.age.55-64.55-64 0.98693
mix.age.65+.55-64 0.38007
mix.age.NA.55-64 0.01187 *
mix.age.NA.65+ 0.26155
mix.age.25-34.NA 0.03122 *
mix.age.35-44.NA 0.19714
mix.age.45-54.NA 0.04990 *
mix.age.55-64.NA 0.08021
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Supplementary table S2.4: Exponential random graph model results for attribute-based mixing
for the attribute ‘Group of individual stakeholders forming the extended PHBSC fishery network.

Attribute P value
mix.group.Academics.Academics 0.003858 **
mix.group.Commercial sector.Academics < le-04 ***
mix.group.Government body.Academics < 1e-04 ***
mix.group.NGO, Conservation groups.Academics 0.001415 **
mix.group.Academics.Commercial sector < le-04 ***
mix.group.Commercial sector.Commercial sector 0.190926
mix.group.Government body.Commercial sector < 1e-04 ***
mix.group.NGO, Conservation groups.Commercial sector 0.004476 **
mix.group.Recreational sector.Commercial sector 0.000879 ***
mix.group.Academics.Government body < le-04 ***
mix.group.Commercial sector.Government body < le-04 ***
mix.group.Government body.Government body < le-04 ***
mix.group.NGO, Conservation groups.Government body < le-04 ***
mix.group.Public awareness & Tourism.Government body < le-04 ***
mix.group.Recreational sector.Government body < le-04 ***
mix.group.Academics.NGO, Conservation groups 0.001415 **
mix.group.Commercial sector.NGO, Conservation groups 0.001375 **
mix.group.Government body.NGO, Conservation groups < le-04 ***
mix.group.NGO, Conservation groups.NGO, Conservation groups 0.019445 *
mix.group.Recreational sector.NGO, Conservation groups 0.013346 *
mix.group.Commercial sector.Public awareness & Tourism 0.000347 ***
mix.group.Government body.Public awareness & Tourism < le-04 ***
mix.group.Recreational sector.Public awareness & Tourism 0.003047 **
mix.group.Academics.Recreational sector 0.001334 **
mix.group.Commercial sector.Recreational sector 0.000879 ***
mix.group.Government body.Recreational sector < le-04 ***
mix.group.NGO, Conservation groups.Recreational sector 0.013346 *
mix.group.Public awareness & Tourism.Recreational sector 0.004420 **

Supplementary table S2.5: Exponential random graph model results for attribute-based mixing
for the attribute ‘Organisation’ of individual stakeholders forming the extended PHBSC fishery

network.

Attribute

P value

mix.gender.Female.Female
mix.gender.Male.Female
mix.gender.Female.Male
mix.gender.Male.Male

0.0402 *
0.1044
0.1252
NA
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Chapter 3: Survey questions

Supplementary material 3.1
1) Face-to-face interviews on fisher perceptions of the blne swimmer crab recreational

fishery

A. Crabbing experience

What year did you first go crabbing in xxx [name of the survey location]?

How often do you go crabbing in Xxx [#ame of the survey location)?

Who taught you how to fish for crabs?

If you don’t go crabbing in Xxx [#name of the survey location] anymore, what year did you stop?

Do you fish for crabs in places other than xxx [name of the survey location)?

B. Perceptions of changes in catch over time

B.1. Abundance (numbers of crabs)

From the time you first started crabbing in xxx |namse of the survey location] until the present day
or until the time you stopped crabbing, would you say that the abundance of crabs xxx [name
of the survey location) has:

O Increased

O Decreased

O Not changed

If you reported any change in the abundance of blue swimmer crabs in xxx [name of the survey
location] since when did you notice this change (in years)?

If you noticed a decline in the abundance of blue swimmer crab fishing from the time you first
started crabbing in xxx [name of the survey location] until the present day or until the time you
stopped crabbing, would you say there has been a...:

O >90% decline in the number of crabs

O 70-90% decline in the number of crabs

O 50-70% decline in the number of crabs

O 30-50% decline in the number of crabs

O 10-20% decline in the number of crabs

O <10% decline in the number of crabs

With the two following questions, and considering your previous answers regarding crab
catches, we would be interested in knowing how you would rate the state of the fishery in xxx
[2ame of the survey location|:

When you started crabbing:

At the moment:
O Excellent
O Very good O Excellent
O Good O Very good
O Fair O Good
O Poor O Fair
O Very poor O Poor
O Terrible O Very poor

O Terrible
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Over what consecutive 5-year period did you see the greatest number of crabs per crabbing
trip in XXX [name of the survey location]?

Over what consecutive 5-year period did you see the lowest number of crabs per crabbing trip
in XXX [name of the survey location)?

B.2. Size (i.e.: Carapace width - cm)

From the time you first started crabbing in xxx [name of the survey location] until the present day
or until the time you stopped crabbing, would you say that the size of crabs has:

O Increased

O Decreased

O Not changed

If you reported a change in the size of blue swimmer crabs in XXx [name of the survey location
since when did you notice this change?

What crab size (on average) did you expect to catch when you first started crabbing?

What crab size (on average) do you expect to catch now/when you stopped crabbing in xxx
[name of the survey location)?

B.3. Other species

Do you know of any species in xxx [namse of the survey location] that have disappeared during the
time you have been fishing?

Do you know of any species in the area that have increased in numbers during the time you've
been fishing xxx [n#ame of the survey location|?

. Perceptions on changes in the environment

Since you started crabbing in xxx [name of the survey location] have you noticed a change on the
season/time of year when you find sized crabs in xxx [name of the survey location]? EXPLAIN

How many other recreational crab fishers did you see in the past, when you first started
crabbing in xxx [name of the survey location|?

How many other recreational crab fishers do you see now/when you stopped catching crabs
in XXX [name of the survey location)?

Have you observed any other trends or changes in the environment where you fish for blue
swimmer crab since you started?

Is there anything else you would like to tell us about the blue swimmer crab fishery?

. Demographics and close up

Age: 18-24  25-34  35-44 45-54 55-64 65+
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e Gender: Male  Female Other

e Where do you live most of the time?
O Mandurah region
O Other Perth Metro region
O Other (specify)

e How long have you lived here for?
e Highest level of education:

e Do you fish from:
O Boat
O Land
O Both but mostly boat
O Both but mostly shore
O Both equally

2) Online survey on_fisher perceptions of the blue swimmer crab recreational fishery

We are interested in your opinion about current state of the blue swimmer crab fishery compared
to when you first started fishing. The following list includes different aspects of the blue swimmer
crab fishery. Using the options provided, please indicate your opinion about the current state of
the fishery.

1. Crab size has:
a. Decreased
b. The same
c. Increased

2. Crab amount has:
a. Decreased
b. The same
c. Increased

3. The number of people fishing has:
a. Decreased
b. The same
c. Increased

4. The abundance of other species has:
a. Decreased
b. The same
c. Increased

5. The number of sites where you fish regularly has:
a. Decreased
b. The same
c. Increased
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6. The amount of time spent at one site to catch the same amount of crabs has:
a. Decreased
b. The same

c. Increased

7. The distance travelled to get to a good fishing location has:
a. Decreased
b. The same

c. Increased
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Chapter 3: Supplementary material

Supplementary material 3.2. Summary of the Chi-square test conducted in this study and

results obtained for the face-to-face interviews. Note that * denotes statistical significance.

Method Statistical analysis results
Dependent Independent . Degrees of  p-
variable variable chi-sq freedom value
size change estuary 18.03 1 <0.01*
size change education 3.70 16 1.00
size change fishing experience 1.39 6 0.97
‘g size change age class 5.43 6 0.49
2 size start estuary 0.66 1 0.72
ol size start education 18.69 14 0.18
£ 3 size start fishing experience 4.08 4 0.40
§ ? size start age class 7.69 4 0.10
E = size end estuary 15.26 1 <0.01*
3 size end education 13.39 14 0.50
& size end fishing experience 9.18 4 0.06
size end age class 411 4 0.39
abundance change estuary 4.36 1 0.23
abundance change education 15.55 24 0.90
abundance change fishing experience 451 10 0.92
abundance change age class 6.15 10 0.80
size change education 3.62 7 0.82
" size change fishing experience 1.47 2 0.48
% % size change age class 0.84 2 0.66
S>3 size start education 22.73 14 0.06
g & size start fishing experience 11.68 4 0.02*
oD Size start age class 7.11 4 0.13
§ % size end education 24.25 14 0.04*
oT size end fishing experience 9.79 4 0.04*
g E size end age class 2.63 4 0.62
& o abundance change education 12.02 21 0.94
abundance change fishing experience 7.27 8 0.51
abundance change age class 5.68 8 0.68
size change education 2.86 6 0.83
size change fishing experience 2.01 6 0.92
‘£ g size change age class 6.58 6 0.36
'g % size start education 4.20 4 0.38
ou Size start fishing experience 5.02 4 0.29
'E E’ size start age class 10.50 4 0.03*
§ % size end education 3.62 4 0.46
5'3 © size end fishing experience 2.96 4 0.56
¢ 3 size end age class 3.44 6 0.49
3 U;) abundance change education 5.81 9 0.76
abundance change fishing experience 6.33 8 0.61
abundance change age class 4.47 8 0.81
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Supplementary material 3.3. Summary of Kruskal-Wallis test conducted in this study and
results obtained for the data sourced from Trove. Note that * denotes statistical

significance.
Method Statistical analysis results
Dependent Independent . Degrees of
i . chi-sq p-value
@ variable variable freedom
o5 abundance location 4.27 1 0.04*
E 2 abundance article date 187.96 179 0.31
= § abundance date bracket 11.11 8 0.20
< size location 10.98 1 <0.01*
size date bracket 20.64 7 <0.01*
0.3 2 abundance article date 60.00 59 0.44
5322 abundance date bracket 10.12 6 0.12
i size date bracket 10.31 3 0.02*
o £ 2 abundance article date 136.34 132 0.38
cSco2 abundance date bracket 8.49 8 0.39
Foo g size date bracket 8.92 7 0.26
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Chapter 6: Supplementary material

Supplementary material 6.1.

Social Values Survey — Blue Swimmer Crab fisheries

1) Initial Open Question Survey for Recreational Fishers
Importance of the fishery in the region

Q1. What is your main motivation to fish for Blue Swimmer Crabs?
Q1l.b. How long have you been fishing for crabs?

Qlc. Thinking about when you go fishing for Blue Swimmer Crab, in your opinion, what makes
your fishing trip successful?

Q2a. Do you fish for crabs in any places other than the (change location depending on
survey site), if yes where? Do you fish for any other species? If yes, which one(s)?

Q2b. Do you feel this species is key to your identity, or to your survival?
Q3. If the Blue Swimmer Crab fishery was not available, what activity(s) would you do instead?
Changes in catch over time

Q4. Has the average size of Blue Swimmer Crab you caught increased/decreased over the
time you have been fishing?

Q5. Have you changed the method/gear/bait used to catch Blue Swimmer Crab over time?

Q6. Have you always targeted Blue Swimmer Crab or did you use to target other species
before?

Q7. In your opinion, has the effort needed to catch the same quantity of Blue Swimmer Crab
per fishing day /trip increased, decreased, or not changed in the last:

a) 5-10yearsi) Increased ii) No change iii) Decreased

b) 10-20 years i) Increased ii) No change iii) Decreased

Q8. In your opinion, has the effort needed to catch a big Blue Swimmer Crab per fishing day
/trip increased, decreased, or not changed in the last:

a) 5-10yearsi) Increased ii) No change iii) Decreased

b) 10-20 years i) Increased ii) No change iii) Decreased

Q9. Have you observed any other trends or changes in the catch of Blue Swimmer Crab or
other crab species in that timeframe?
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Fish as food

Q10. Do you eat the Blue Swimmer Crab you catch?

Q11. Do you buy seafood/fish in the supermarket besides what you catch?

Q12. (IF THEY BUY) Do you look at where the product comes from in the supermarket?
Q13. Would you prioritise a local product or a cheaper product?

Relation between the recreational and commercial sector

Q14. Are you aware that there is a commercial fishery for Blue Swimmer Crab?

Q15: If yes, do you know anyone working for the commercial Blue Swimmer Crab fishery?
Q16. What do you think of this fishing industry?

Q17. Would you rather buy their product than a product coming from abroad?

Views on fishery management methods

Q18. Were you aware of what fishery restocking is before this interview? (if they don’t know
or get it wrong - explain)

Q19. Are you aware of any past fishery restocking events?

Q20. What do you think are the advantages or positive outputs that could occur if restocking
is used to manage the Blue Swimmer Crab fishery in the estuary (change location
depending on survey site)?

Q21. What do you think are the disadvantages or negative outputs that could occur if
restocking is used to manage the Blue Swimmer Crab fishery in the estuary (change
location depending on survey site)?

Q22. Do you think other management options could be implemented for Blue Swimmer
Crabs instead of a restocking program? If so, what?

Perception of issues affecting the fishery

Q23. Do you have any concerns on the status of Blue Swimmer Crab populations the
estuary? (change location depending on survey site)

Q24. Are there any political, economic or environmental factors that negatively affect your
activity as recreational fisher?

Q25. What do you think are the main issues affecting the Blue Swimmer Crab fishery?
Q26. Is there anything else you would like to tell us about the Blue Swimmer Crab fishery?

Demographic Questions

Age: 18-24 25-34 35-44 45-54 55-64
65+
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Gender: Male Female  Other
Where do you live most of the time:
a) In Australia
b) Outside Australia
[If Live outside Australia:] Please indicate which country you live in:
[If live in Australia] Please indicate which Australian state or territory you live in:

ACT

NSW

NT

Qld

SA

Tas

Vic

WA

Other

[If live in WA:] Please indicate which suburb or town in Western Australia you live in:

OO0O0O0OO0oOooOno

b) Type in suburb or town:
c) Whatis your main occupation:

What is your usual weekly income (or annual income), which includes all types of income that
your household usually receives before tax is removed:

[0 Negative income (less than S0)

no income ($0)

$1-$399 ($1-520,799)

$400-5799 ($20,800-541,599)
$800-$1199 ($41,600-562,399)
$1200-1599 (5$62,400-583,199)
$1600-51999 ($84,000-$103,999)
$2000-52749 ($104,000-5142,999
$2750-$3499 ($143,000-5181,999
$3500-54499($182,000-$233,999)
$4500-$5499 ($234,000-5285,999)
$5500-56499 ($286,000-5337,999)
>$6500 ($338,000 - >)

OO0O0O00OO0O0OO0O000O00O

What is your highest level of education:

Primary school

Secondary school

Technical or Further educational institution
University or other Tertiary Institution
Other

Not stated

OoOoOoooao
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Do you fish from:

OooOoood

Boat

Land

Both but mostly boat
Both but mostly shore
Both equally

When you go fishing, do you:

oo

Oood

Fish less than the allowed limits

As much as | can fish legally
Sometimes more than the legal limits
All the answers (depending on the day)
| don’t know
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