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A B S T R A C T   

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 and can be limited temporally and spatially. Alternative 
methods include the use of local fisher knowledge (LFK) to identify observed changes in 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 its long- 
term sustainability. To understand if fishers’ perceptions of change provide useful information on actual changes 
in the fisheries, a triangulation approach was used to assess changes in size and abundance of crabs in two es-
tuaries (Peel-Harvey and Swan-Canning). Three types of data were used: (i) fisher recollections from 1940s to 
2010s, including face-to-face interviews and online surveys; (ii) historical records from newspaper articles from 
1900 to 2000; and (iii) quantitative data on size between 2006/07 and 2018/19. Results identified: (i) crabs were 
smaller in the Peel-Harvey, a consistent difference identified in all data sources; (ii) crab size was perceived to 
have decreased in the Peel-Harvey; (iii) inter-generational differences in fishers’ perceptions regarding size 
changes over time; and (iv) historical evidence of persistent fishers’ concerns and perceptions of changes in the 
fishery and wider environment. These findings are evidence of a likely decline in the average size of crabs in 
south-western Australia over the last century, particularly in the Peel-Harvey, and demonstrate that LFK may be 
a valuable source of information particularly when other data sources are lacking.   

1. Introduction 

Globally, anthropogenic pressures on coastal environments are 
increasing, resulting in the degradation of complex and dynamic systems 
including the social-ecological systems (SES) associated with fisheries 
[1-3]. 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 (i.e., 
stocks). As Paterson [4] stated “Such assessments, however, are data 
intensive and rely largely on costly methods, such as extensive at sea 
surveys”. However, recently developed data-limited methods are recti-
fying many of these limitations [5-8]. The engagement of local com-
munities in resource management and particularly the inclusion of 
natural resource user observations (i.e., local fisher knowledge – LFK, 
also called Fisher Ecological Knowledge) has been a useful method of 
monitoring systems at different temporal and geographical scales [9]. 
This is particularly the case with data-poor fisheries and/or small-scale 

fisheries (SSF). The diversity of SSF has precluded developing a uni-
versally accepted definition [10,11]. One definition by the Food and 
Agriculture Organisation of the United Nations (FAO) is that these 
fisheries are "Traditional fisheries involving fishing households (as 
opposed to commercial companies), using relatively small amount of 
capital and energy, relatively small fishing vessels (if any), making short 
fishing trips, close to shore, mainly for local consumption” [12]. 

Fishers have often reported declines in catches before a change is 
recognised by fishery managers and scientists [13]. Although LFK has 
been used to provide comprehensive information on historical changes 
in local fisheries catches where biological data were incomplete [9,14], 
fishers’ perceptions are often seen as anecdotal, rather than reliable 
information [15]. 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 conser-
vation planning [16-18]. 

Fishers’ perceptions and recollections can be acquired through 
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personal logbooks, library newspaper collections and government ar-
chives, as well as by interviewing the fishers themselves. Information 
gained from interviews with fishers may have certain biases such as 
‘memory illusion’. Papworth et al. [15] define memory illusion as “the 
power of narratives and expectations to alter memory”. This was pre-
viously described in other fields, for example, for the creation of false 
childhood memories through mental imagery [19], as well as to explain 
the reasons behind academic nostalgia [20]. In fisheries, it is possible 
that if the fishing community had a narrative of depletion, fishers may 
recall this rather than the real past, as an instance of memory illusion 
[15]. Despite the potential for such biases, LFK can help to identify the 
occurrence of shifting baseline syndrome (SBS), which refers to in-
dividuals’ change in perception of a SES due to a failure in memory of 
how the system used to be in the past [15,21,22]. 

To identify the occurrence of SBS, LFK should be triangulated with 
identified biological change based on quantitative data. Failing to vali-
date fishers’ perceptions with quantitative data reinforces the difficulty 
of integrating qualitative data into fisheries assessment and manage-
ment decisions [23], and undermines the identification of SBS. Yet, 
studies have successfully demonstrated that LFK can be used to reliably 
identify change across time. For example, Johannes et al. [9] showcased 
several examples of small-scale or artisanal fisheries lacking long-term 
data, such as the skipjack tuna (Katsuwonus pelamis) in the Solomon 
Islands, beluga whales (Delphinapetrus leucas) in the Canadian Arctic, 
and the shortjaw bonefish (Albula glossodonta). They maintained that in 
these cases, experienced fishers were able to provide relevant informa-
tion on historical changes affecting targeted stocks, and information on 
changes affecting environmental conditions [9]. Another study in the 
upper Gulf of California demonstrated that shifts in perceptions on 
ecosystem degradation, combined with other indicators such as river 
flow or nutrient abundance, provided supportive evidence of population 
trends and relative abundance changes [14]. In particular, several 
fishery resources such as shark species (Carcharhinus spp. and Hetero-
dontus spp.), corvinas (Cynoscion spp. and Totoaba macdonaldi) among 
other species in this region had declined by up to 60 % in the last 50 
years [14]. More recently, Thurstan et al. [24] studied Australian rec-
reational fishing records since the 19th century, by searching newspaper 
articles relating to the Noosa Estuary region in south-eastern Queens-
land. They found that the information available in these articles 
enhanced the understanding previously available on the historical use of 
natural resources, recreational activities in that region and ecological 
change [24]. 

Globally, recreational catches are often not accounted for when 
assessing the state of fisheries [25], with Arlinghaus et al. [26] stating 
that “for too long, the considerable importance and impacts of recrea-
tional fisheries have been ignored.” This has been recognised as a major 
issue for sustainable fisheries as in some fisheries, recreational catches 
potentially outweigh commercial catches [26-30]. There are, however, 
cases where recreational catches have been included in stock assess-
ment, e.g., the Atlantic cod Gadus morhua, [31], and the leopard coral 
grouper or common coral trout (Plectropomus leopardus) in Queensland, 
Australia [32]. 

Fisheries agencies in Australia aim to apply ecosystem-based fish-
eries management (EBFM), yet data on the impact of recreational fishing 
on resources have often been lacking [26,33]. Recreational fishing is an 
integral part of Australian lifestyle, with the number of recreational 
fishers in Western Australia (WA; ~700,000) greatly exceeding those 
directly or indirectly working in the commercial sector (~9000; [34]). 
Historically, few studies on recreational fishing activities have been 
undertaken by the states and territories of Australia, which have man-
agement responsibilities for these fisheries [35,36,34,37-39], or na-
tionally [40]. However, over the last decades, Australia has made 
substantial efforts to survey recreational fishing activities, with an 
increasing number of studies highlighting the importance of monitoring 
recreational catches. Broad-scale recreational fishing surveys are very 
costly, time consuming, and in WA do not include shore-based 

recreational fishing, only those catches obtained by people fishing from 
boats. Recently, pilot studies using novel technology (such as drones and 
thermal cameras) have tried to better estimate shore-based fishing effort 
in WA (and also to reduce costs) and are currently being validated [41, 
42]. 

The blue swimmer crab (Portunus armatus, formerly P. pelagicus) 
supports small-scale commercial fisheries in WA, and is also one of the 
most popular target species for recreational fishing in this state [34], 
with over 100,000 fishers targeting this species [43]. 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 crab fishers (mainly with traps) in WA land 
as much as ~36–50 tonnes per year, which is about half of the 2018/19 
total annual commercial catch of ~70 tonnes [28]. Shore-based recre-
ational fishing with scoop nets or traps is likely to also take substantial 
catches of crabs, particularly from shallow estuaries, such as the 
Peel-Harvey (hereafter, the Peel) and Leschenault, where crabs are 
readily available to fishers walking through their extensive shallow 
waters. In 1997/98, the shore-based crab catch was estimated to be 33% 
of the total catch of crabs in the Peel [44] and with increasing numbers 
of recreational fishers combined with an increase in recreational 
boat-ownership, this may now be considerably higher. 

This study aimed to (i) empirically identify any inter-generational 
differences in recreational fishers’ perceptions of change in size and 
abundance of crabs; (ii) assess if these perceptions align with docu-
mented historical changes in newspaper catalogues and data from 
commercial monitoring surveys; and (iii) provide a historical back-
ground of development and changes in the P. armatus fishery in south- 
western Australia. Four data sources were used to triangulate informa-
tion on change in crabs in the Peel and Swan-Canning (hereafter, the 
Swan) estuaries following [45] and [46]. These data sources included: 

1) An online survey of recreational blue swimmer crab fishers’ per-
ceptions of changes in size, catches and views on management.  

2) Face-to-face interviews with recreational blue swimmer crab fishers 
about changes in size and abundance of crab stocks, as well as 
environmental changes.  

3) An investigation of historical records sourced primarily from the 
State Library of Western Australia microfilm collection and National 
Library of Australia digitised collections (i.e., Trove) on the size and 
abundance of blue swimmer crabs since the beginning of the 20th 
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.  

4) Published data on the mean size of blue swimmer crabs in various 
estuaries, collected from fishery monitoring programs in the two 
estuaries. 

Finally, the study aimed to assess if the trends apparent in each data 
source aligned and led to similar conclusions on changes in the size and 
abundance of crabs. Note that as no records specific to Indigenous 
exploitation of crabs were found, Noongar crab fisheries were not 
included in this study. 

2. Materials and methods 

2.1. Study area 

Two estuaries in south-western Australia, located adjacent to major 
urban centres, were selected for this study, i.e., the Swan and Peel 
(Fig. 1). These estuaries are both hotspots for recreational blue swimmer 
crab fishing. However, they have quite large differences in characteris-
tics between each SES and the fishery they support (i.e., scale of com-
mercial and recreational sectors; [47]). The Swan is located within WA’s 
capital city, Perth (population ~2,039,200). It supports commercial and 
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recreational fishing for crabs, although since 2008 the commercial 
sector has been reduced to one active commercial fisher [48]. The Peel, 
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 emerged as the most popular 
estuary for recreational fishers targeting blue swimmer crab in 
south-western Australia [48]. All commercial fishers operating in this 
fishery (11 prior to 2020, and six active commercial licences since 2020) 
are members of the Mandurah Licenced Fishermen Association (MLFA). 

2.2. Data collection 

2.2.1. Online survey 
Eight questions from a comprehensive 46-question online survey 

were included for the current study (for full details of the survey and its 
administration see [49]). These questions covered the topics of views on 
management; concerns over the fishery status; fishery values, general 
demographics, and distance travelled to catch crabs within the estuary 
(see Supplementary Table S1). The questionnaire was distributed via 
Surveygizmo, an online survey tool (Widgix 2005) and was accessible 
from December 2017 to July 2018. Survey participation was promoted 
via newspapers, social media and flyers posted at popular fishing sites. 

Fig. 1. Map of the study region, showing the location of the Peel-Harvey and Swan-Canning estuaries in south-western Australia. Survey sites are indicated in pink.  
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2.2.2. Face-to-face interviews 
Recreational crab fishers were interviewed on-site at popular crab 

fishing spots, including jetties, boat ramps and other shoreline locations 
with easy access to the water. All selected sites (n = 5 in the Swan and 
n = 7 in the Peel, Fig. 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 (see 
Supplementary Table S1) and lasted on average 10–15 min. Interviews 
were conducted under Murdoch University Human Ethics Permit 2017/ 
228. 

During the face-to-face interviews, respondents were asked to indi-
cate their perceptions of any potential changes in 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 estimate the 
extent of this change, through a series of follow-up questions composed 
of both open-ended and categorical questions. For example, if changes in 
size were mentioned, they were asked to recall the average carapace 
width (CW) of crabs in mm (i.e., open-ended question) 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 discussed 
with recreational fishers during the interviews to clarify what those 
fishers considered an average size crab, compared to a greater than the 
average size crab. Following these clarifications, researchers derived 
four size categories for use, based on fisher terms of “undersized” as 
< 127 mm CW; “sized” as 127–129 mm CW; “big” as 130–200 mm CW; 
and “monster” as > 200 mm CW. Note that the minimum legal size for 
crabs is 127 mm, the length of a standard 375 ml soft drink can, which 
makes this size easy to estimate for fishers. The maximum size reported 
for blue swimmer crabs in south-western Australia is ~220 mm CW 
[50]. 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 %. 

In addition to demographic information on the fishers, information 
on their fishing experience, size and abundance of crabs, their percep-
tions of changes in the distance travelled to catch crabs within the es-
tuary were also elicited. No identifying personal information (e.g., 
names, address) were requested or collected. 

2.2.3. Historical records 
Historical records of crab size and abundance in the Swan and Peel 

estuaries were sourced from newspaper articles available at the State 
Library of Western Australia and 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 [51]. Newspapers were targeted as they provided 
readily available information (i.e., qualitative descriptions on the size 
and abundance of crabs). Other information sources such as images, 
were considered but were excluded because of inherent limitations, for 
example the difficulty of estimating the real size of a crab from a 
newspaper image [52]. Newspaper articles digitally available on Trove 
included information from the early 1900s to the year 2000 (Table 1). 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; [53]). To overcome this limitation, we used the data 
extracted from articles in the Sunday Times fishing column from its 
commencement in January 1957 until December 2000, scanned from 
the original microfilm at the State Library of Western Australia. 

To enhance access to potentially relevant records, two researchers 
identified a range of keywords used to describe crab fishing by the 
general public as well as by management authorities (i.e., “crabbing”; 
“blue manna”; “blue swimmer crab” and “fishing”; and “crabs”). Qual-
itative 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 information regarding the catches, sizes and other elements asso-
ciated with recreational fishing activities were also extracted from the 
newspaper articles. 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. 

Qualitative data obtained from newspaper records included: (i) 
abundance of crabs (Table 2); and (ii) size of the crabs caught. Infor-
mation on abundance was classified into four different categories: 
“excellent” (i.e., very abundant), “good”, “fair” and “poor”, according to 
the descriptions extracted from newspapers. Examples of newspaper 
descriptions of abundance are given in Table 2. 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., “undersized” to “monster”). 

2.2.4. Published data on crab size 
Quantitative data on the average annual size of crabs (i.e., CW in 

mm) in the Swan and Peel estuaries were sourced from the resource 
assessment report by the state’s fisheries department (DPIRD; [48]), 
which covered the years from 2006/07–2018/19 (spanning the months 
of November to January the following year). These data were collected 
by researchers during commercial monitoring surveys of crab catches in 
each estuary [48]. 

2.3. Data analyses 

Changes in the size and abundance of crabs were assessed between 
the four data sources using the built-in statistical tests in R (RStudio, 
version 3.6.3). 

2.3.1. Online survey 
Chi-square tests were used to examine if recreational fishers’ per-

ceptions, 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 among demographic groups of 
fishers (age and level of education) and between estuaries. 

2.3.2. Face-to-face interviews 
Face-to-face interview data on fishers’ perceptions of change in 

average crab size (i.e., decrease, increase, not changed, seasonal); 
perceived size of crabs (in mm) and abundance (i.e., decrease, increase, 
not changed, seasonal) were formatted as three different contingency 
tables to compare the perceptions between estuaries (one table) and 

Table 1 
Summary of the number of newspaper articles extracted from Trove, per estuary 
and decade. “N total” = total number of articles included; “n size” = number of 
articles providing information on crab size; “n abun.” = number of articles 
providing information on crab abundance.   

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  1 1  1 
1970–1979 11 5 6  5 2  2 
1980–1989 30 16 26  12 7  9 
1990–2000 25 15 19  21 11  15 
Total** 78 39 61  217 49  138 

**Numbers might not equal the sum of the values on size and abundance per site 
because records were also recorded if other types of information were high-
lighted in the article, such as management or environmental issues. Some years 
might have also records for both, the size and the abundance. 
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within each estuary (one table for each estuary). Chi-square tests were 
used to test the association between the different variables in each 
contingency table, including the estuary, fishing experience (i.e., how 
many years 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 cat-
egories: “very experienced” (people with >30 years crab fishing), 
“moderately experienced” (10–30 years’ experience) and “less experi-
enced” (<10 years’ experience). 

2.3.3. Historical records 
A contingency table was used to compare the historical data 

extracted from newspapers on size and abundance of crabs recorded 
between estuaries and among decades. Publication dates were grouped 
by decadal period so that each period would have ≥ 5 records, except for 
the years 1908–1919, which were grouped into a single “<1920′′ period 
(Table 1). One-way Kruskal-Wallis tests were used to determine whether 
crab size and abundance differed significantly (p < 0.05) between es-
tuaries or among decades. Qualitative data, such as those on perceived 
environmental conditions, or management approaches, were used to 
identify perceptions of the fishery, including concerns and the signifi-
cance of these, by recreational fishers and other members of the 
community. 

2.3.4. Published biological data 
Annual data on the mean CW of crabs caught in the Peel and Swan 

were obtained from a 2020 assessment report for crabs in south-western 
Australia [48]. A Kruskal-Wallis test was used to determine whether 
there were significant differences between the average CW from 
2006/07–2018/19 in each estuary. Trends in mean CW over time were 
also examined in each estuary using Pearson correlation coefficients. 

3. Results 

The online survey was completed by 572 recreational fishers, while 
90 participated in the face-to-face interviews. The majority of online 
respondents (55 %) went crabbing most often in the Peel, 37 % in the 
Swan, with only 8 % predominantly fishing in other estuaries. These 
latter fishers were not included in this study. A total of 62 % of the online 
survey participants responded to all questions, while 73 % responded to 
all questions in the face-to-face interview. 

3.1. Respondent demographics 

Online survey respondents were mainly male (87 %) and ranged 
from 18 to over 65 years of age, with most (61 %) belonging to the 
middle-aged category (35–64 years old). Around one third of the re-
spondents (36 %) had completed tertiary education. Face-to-face in-
terviewees were also mostly men (91 %). This is consistent with the 
findings from previous recreational fishing surveys which showed that 
> 80 % of recreational fishers in WA and nationally were male [40,36, 
34]. About 30 % of fishers had been crabbing since the 1980s (i.e., more 
than 40 years), and around 15% for less than 10 years. Most respondents 
(49 %) in the face-to-face surveys had completed tertiary studies. 

3.2. Online survey 

Most online survey respondents (i.e., 54 % in the Swan and 56% in 
the Peel) reported a decrease in the overall average size of crabs caught 
in both estuaries since the year they started crab fishing. Furthermore, 
over 70 % of respondents in each estuary reported a perceived decrease 
in the overall abundance of 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) though some trav-
elled even further (42 % of recreational fishers in the Peel and 38 % in 
the Swan). 

The perceptions of change in the size and abundance of crabs did not 
differ between estuaries (χ2

1 = 1.12, and χ2
1 = 0.05, p = 0.98, respec-

tively), or with fishing frequency or age of the fishers (all p ≥ 0.38 for 
frequency and ≥0.21 for age, Supplementary Table S2). 

3.3. Face-to-face interview 

3.3.1. Size 
Recreational 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 (>90 %) than in the Swan (55 %), where one 
third of fishers perceived that size had not changed (Fig. 2). Overall, the 
perceptions of change by different age categories and fishing experi-
ences did not differ significantly between estuaries (p = 0.49 for age and 
p = 0.97 for experience) across the studied estuaries. However, signifi-
cantly more fishers perceived a decrease in crab size in the Peel than the 
Swan (p < 0.01, Fig. 2, Supplementary Table S2). 

Most recreational fishers in the Peel (60 %) recalled catching big 
crabs in the year they first started fishing, with 26 % recalling catching 
“sized” crabs and 13 % “monster” crabs (Fig. 3a). No “undersized” crabs 
were recalled when describing past catches in this estuary. This con-
trasts with their descriptions of the current size categories of crabs, 
where most caught “sized” crabs (56 %) but a large proportion caught 
“undersized” (40 %) crabs (Fig. 3b). Less than 5 % of interviewees re-
ported “big” crabs, and none reported “monster” sized crabs (Fig. 3b). 

Similarly, in the Swan, the average size of crabs in the past (i.e., when 
fishers first started fishing) was perceived as “big” (50 % of re-
spondents), while about 32 % of respondents described crabs as “sized”, 
and 18 % as “monster” (Fig. 3a). No undersized crabs were reported for 
the periods when fishers started fishing (Fig. 3a). In contrast to the Peel, 
the current average size most frequently mentioned in the Swan was 
“big” (43 % of respondents), followed by “sized” (30 %), and lastly 
“undersized” (26 %; Fig. 3b). Like in the Peel, perceptions of current 
catches did not include “monster” crabs in the Swan (Fig. 3). The current 
average size of crabs was perceived as being significantly smaller in the 
Peel than in the Swan (p < 0.01, Supplementary Table S2). Analysis of 

Fig. 2. Perceived changes in blue swimmer crab size since fishers started 
fishing to current (2018/19) average sizes in the Swan-Canning (SC, n = 42) 
and the Peel-Harvey (PH, n = 46) estuaries in south-western Australia. Data 
based on face-to-face interviews of recreational fishers between November 
2018 and February 2019. 
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the current average carapace width (CW) of crabs identified that most 
fishers in the Peel recalled catching “sized” crabs (52 %), followed by 
“undersized” crabs (37 %). On the other hand, those in the Swan recalled 
catching mainly “big” crabs (23 %) followed by “sized” crabs (16 %). 

In the Peel, the recollections on the current and past average sizes of 
crabs differed between fishing experience categories (χ2

4 = 11.68, 
p = 0.02 and χ2

4 = 9.79, p = 0.04; Fig. 4c, d, Supplementary Table S2). 
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; Fig. 4a). On the 
other hand, the group of less experienced fishers reported the highest 
number of “undersized” crabs as part of their current catch (75 %), 
whereas moderately and very experienced fishers mainly caught “sized” 
crabs (61 % and 59 %, respectively). A minority of moderately experi-
enced fishers (15 %) reported currently catching “big” crabs. When this 
study was conducted, very experienced fishers recalled catching “big” 
crabs now, i.e., 2018/19, (Fig. 4b). 

Perceptions among recreational fishers in the Swan regarding the 
past and current size of crabs did not differ significantly between fishing 

experience categories (Fig. 4c, d; χ2
4 = 5.02, p = 0.29 and χ2

4 = 2.96, 
p = 0.56 respectively, Supplementary Table S2). However, the percep-
tions of past sizes differed significantly between age groups (χ2

4 = 10.50, 
p = 0.03; Supplementary Table S2). Young individuals reported seeing 
mostly “undersized” crabs the year they first started fishing, whereas 
middle-aged individuals reported seeing mainly “big” crabs at the same 
time (i.e., year) (Fig. 4d). 

3.3.2. Perceived abundance patterns 
Most fishers in the Peel (67 %) reported a perceived decrease in the 

number of crabs caught over time (i.e., perceived abundance). Of the 
fishers reporting a perceived decrease in abundance, 37% said that 
abundance had declined by ≥ 50 % compared to when they first started 
crabbing, whereas 15% reported a decline of 30–50 %, and 6 % a decline 
of less than 30%. Similarly, 52 % of fishers in the Swan reported a 
decrease in perceived abundance. Of these, 23 % of respondents sug-
gested that abundance had decreased by 30 % or less, similar to the 27 % 
reporting a decrease of ≥ 50 %. Chi-square tests of differences in 
perceived changes in abundance in estuaries, found no significant dif-
ferences with age (χ2

8 = 5.68, p = 0.68 and χ2
8 = 4.47, p = 0.81 for the 

Peel and Swan respectively) or fishing experience (χ2
8 = 7.27, p = 0.51, 

χ2
8 = 6.33, p = 0.61 for the Peel and Swan respectively; Supplementary 

Table S2). 

3.4. Historical records 

Approximately 35,000 newspaper records were obtained from Trove 
in the initial search. From these, 404 newspaper articles (which combine 
articles freely available on the Trove digital library [n = 282] as well as 
the digitised Sunday Times fishing columns [n = 122]) were found that 
included information on the fishery or description of the size and/or 
abundance of the crabs caught in south-western Australia between 1908 
and 2000. Note that the information available for the period between 
1954 and 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). 

3.4.1. Size 
The first newspaper records on the size and abundance of crabs in the 

Peel were from the 1950s (Fig. 5, Supplementary Table S3) and gener-
ally described the crabs caught as “big”. However, from the 1980s on-
wards, newspaper records described crabs as “sized”, or even 
“undersized”, with a minority being classified as “big” and the propor-
tion of articles describing crabs as “big” declined from 60 % in 
1970–79–6 % in 2000–10, while those reporting undersized crabs 
increased from 0 % in 1970–79–50 % and 30 % in the two decades after 
1979 (Fig. 5). Newspaper records on crab sizes and abundance in the 
Swan go back to 1908, with three articles prior to 1940 (Fig. 6). Most 
articles focusing on crabs during this period classified crabs as “big” (57 
%). Crabs described as “sized” and “undersized” were not mentioned for 
this estuary until the 1940s and were mentioned more often in the 
following decades (Fig. 6). The proportion of articles describing crabs 
described as “sized” and “undersized” was higher in the 1990s (~45 %) 
than in the 1980s (~30 %) and the converse was true for “big” crabs – 55 
% were described as “big” in the 1990s compared with 70 % in the 1980s 
(Fig. 6). No articles reported “monster” crabs after 1960. 

Overall, crabs from the Peel were perceived as being significantly 
smaller on average than in the Swan (χ2

1 = 10.98, p < 0.01, Supple-
mentary Table S3). In the Peel, the newspaper records showed a 
consistent decline in size over time from the 1970s to 2000 (χ2

3 = 10.31, 
p = 0.02, Supplementary Table S3), suggesting that the average size of 
crabs has declined since the 1950s. No significant differences in size of 
crabs over time were detected in the newspaper records for the Swan (χ2

7 
= 8.92, p = 0.26, Supplementary Table S3). 

Fig. 3. Perceived size categories of blue swimmer crab size categories from 
interviews with recreational fishers fishing in the Swan-Canning (SC) and the 
Peel-Harvey (PH) estuaries, south-western Australia, (a) in the past, when 
fishers started fishing (SC: n = 44; PH: n = 46); and (b) in 2018/19, when the 
interviews were conducted (SC: n = 44; PH: n = 46). 
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3.4.2. Abundance 
In the Swan, the frequency of “good” fishing seasons decreased with 

time, the last one being between 1940 and 1950 (Fig. 7). There was a 
greater proportion of fishing seasons categorised as fair or poor in 
abundance in the Swan, compared to the Peel (Fig. 7; Kruskal-Wallis 
p = 0.04, Supplementary Table S3). The proportion of good fishing 
seasons in the Peel was 83 % in the 1950s. Few articles reported “poor” 
fishing seasons in this estuary, ranging from 6 % perceived as “poor” in 

the 1950s to 2 % in the 1990s (Fig. 8). The proportion of “good” fishing 
seasons mentioned in articles decreased from 83 % in the 1950s to 45 % 
in the 1990s (Fig. 8). Despite these differences, crab abundance records 
in this estuary did not vary significantly through time (Table 2 and 
Supplementary Table S3). 

Fig. 4. Perceived size of blue swimmer crabs for fishers with different levels of experience in the Swan-Canning (SC, a - past, b - current) and Peel-Harvey estuaries 
(PH, c - past, d - current) of south-western Australia. Past (a, c) = perceived size when interviewees started fishing; Current (b, d) = at time of interview in 2018–19. 
Very experienced = >30 years crab fishing; moderately experienced = 10–30 years crab fishing experience.; Less experienced = <10 years crab fishing experience. 

Fig. 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 historical newspaper records. 
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3.5. Quantitative data on size 

Data from Johnston et al. [48] show that the mean of CW of crabs in 

the Swan ranged from 144 mm to 161 mm between 2006/07 and 
2018/19 (i.e., “big” size category), with an overall mean ( ± 1 SD) of 
153.1 ± 5.41 mm (Fig. 9). The mean sizes in the Swan were significantly 

Fig. 6. Perceived changes in blue swimmer crab size in the Swan-Canning Estuary, in south-western Australia between 1910 and 2000, from newspaper articles 
sourced from historical newspaper records. 

Fig. 7. Perceived changes in blue swimmer crab abundance in the Swan-Canning Estuary, in south-western Australia between 1910 and 2000, sourced from his-
torical newspaper records. 

Fig. 8. Perceived changes in blue swimmer crab abundance in the Peel-Harvey Estuary, in south-western Australia between 1910 and 2000, sourced from historical 
newspaper records. 
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greater than those in the Peel by ~15–30 mm, depending on year: the 
mean CW in the Peel ranged only from 130 mm to 136 mm (i.e., “sized” 
to “big” size categories), with an overall mean of 132.7 ± 1.96 mm, 
~20 mm smaller than that of the Swan (Fig. 8). The findings that, on 
average, crabs in the Peel are generally smaller than the crabs in the 
Swan (Fig. 9) support the findings from fisher recollections during 
face-to-face interviews and in the historical newspaper records. 

The mean CW of blue swimmer crabs in the Swan was inversely 
correlated with year (R2 = 0.57, p < 0.001, n = 13) indicating a decline 
in CW over time. However, the mean CW in 2018/19 (150.6 mm) was 
still 27 mm wider than the legal minimum size of 127 mm. In contrast, 
the mean CW of crabs in the Peel was not correlated with year (R2 

= 0.01, p = 0.834, n = 13) and was always < 10 mm wider than the 
legal-minimum-size. 

3.6. Insights on historical changes in the fisheries and estuaries 

Qualitative data from Trove newspaper records showed that recre-
ational blue swimmer crab fishing in the Swan started shortly after 
European colonisation in 1829 (Smith, 2006). Since the beginning of the 
20th century, Western Australians organised crabbing parties during 
summer in this and other estuaries, where they fished crabs and cooked 
them on the shorelines (Sunday Times, 1939, p. 84; South Western 
times, 1949, p.16; Sunday Times, 1976, p. 105). Therefore, fishing for 
crabs became a relatively easy and cheap way of “getting a meal” for 
Western Australians, as well as a popular social activity. This is very 
similar to recreational prawn fishing (Metapenaeus dalli) in the Swan 
[54,55]. 

The perceived fishing effects and associated changes in sizes and 
abundance of crabs have been a concern for the recreational fishing 
community since as early as the 1940s. At the time, letters by 

Table 2 
Examples of information extracted from newspaper articles containing blue swimmer crab abundance descriptions in the Swan-Canning and the Peel-Harvey estuaries.  

Source Date Decade Estuary Description Category 

The Daily News 28/09/ 
1914 

1910–1920 Swan- 
Canning 

"…small supplies [of crabs] and fair demand" Poor 

The West Australian 23/04/ 
1930 

1921–1930 Swan- 
Canning 

"Supply was fair and demand was dull" Fair 

The West Australian 3/03/ 
1945 

1941–1950 Swan- 
Canning 

"Crabs abundant, prices fell at Metropolitan markets" Good 

The Daily news 14/01/ 
1949 

1941–1950 Swan- 
Canning 

"Prawns are plentiful but crabs are poor" Poor 

South Western Advertiser 26/05/ 
1949 

1941–1950 Peel-Harvey “Hoards of crabs are drifting seawards every night” Excellent 

The Daily news 7/10/ 
1949 

1941–1950 Swan- 
Canning 

"Large catches of good sized crabs" Good 

The West Australian 13/12/ 
1949 

1941–1950 Swan- 
Canning 

“Thousands of crabs have come into the river in unprecedent numbers” Excellent 

The Sunday Times 5/09/ 
1954 

1951–1960 Swan- 
Canning 

"Last summer was a poor one for crabs" Poor 

Sunday Times (Perth, WA 
1902–1954) 

25/03/ 
1984 

1981–1990 Swan- 
Canning 

"Some monster blues, but numbers are down. Crabs are hard to find and no reports of 
good hauls" 

Poor 

Sunday Times (Perth, WA 
1902–1954) 

8/04/ 
1984 

1981–1990 Peel-Harvey "Crabs have not been plentiful and water has a fairy floss type weed which should turn 
any self respecting crab off" 

Poor 

Sunday Times (Perth, WA 
1902–1954) 

6/09/ 
1987 

1981–1990 Peel-Harvey "Continuing to pick up good hauls of crabs from the old bridge" Good 

Sunday Times (Perth, WA 
1902–1954) 

13/02/ 
1994 

1991–2000 Peel-Harvey "(…) Mandurah bulge with crabs" Good 

Sunday Times (Perth, WA 
1902–1954) 

19/02/ 
1995 

1991–2000 Peel-Harvey “Plagued with undersized crabs” Excellent 

Sunday Times (Perth, WA 
1902–1954) 

31/12/ 
1995 

1991–2000 Peel-Harvey “Crabs threaten to take over Mandurah – thousands” Excellent 

Sunday Times (Perth, WA 
1902–1954) 

9/04/ 
2000 

1991–2000 Swan- 
Canning 

"Many big blue mannas have delighted drop netters (…)" Good  

Fig. 9. Changes in the mean carapace widths (CW) of blue swimmer crabs in the Peel-Harvey (PH) Estuary (solid line) and the Swan-Canning (SC) Estuary (dashed 
line) caught in research sampling in south-western Australia in the 13 years from 2006/07 to 2018/19. 
These data were obtained from the most recent resource assessment report in the region for this fishery resource (Figures 9.45 and 9.51 in [48]). 
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recreational fishers to the local newspapers reported that small crabs (i. 
e., described as reaching ~70–110 mm CW) caught in the Swan were 
being sold. These letters generally included a call for the introduction of 
regulations to manage crab fishing activities, such as setting 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 “to 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 
in the Swan reported “thousands of crabs are being eaten … often with the 
help 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 [49]. 

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 (Daily News, 1934, p. 4). In 
1952, a recreational fisher wrote “40 years ago the [Swan] 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, these 
concerns became more and more common from the 1980s onwards [55, 
56]. In 1994, the Dawesville Channel (commonly called “The Cut”), a 
second, artificial entrance channel into the Peel, was constructed in an 
attempt to solve the negative effects of the increasing frequency of algal 
blooms [57]. 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 changes in the estuary. “Anglers 
and crustacean collectors at Mandurah are asking themselves … what will 
happen when the $64 million Dawesville Channel goes through?” (Sunday 
Times, 1994, p. 84). 

4. Discussion 

Two conditions are required to identify SBS: (i) a biological change 
in the SES, and (ii) a parallel between the perceptions of change and age 
or experience-related differences [15]. In this study, we investigated 
changes in crab size and abundance in two estuaries in south-western 
Australia (Peel and Swan) using four main sources of information: one 
was traditional summary data on mean CW from commercial fishing 
surveys and three non-traditional sources – an online survey, 
face-to-face interviews with recreational fishers, and a review of news-
paper articles held in digital archives. The quantitative survey data 
spans 13 recent years of the fishery (2006/07–2018/19), which with the 
addition of the non-traditional sources extends to the 1960s from local 
fisher knowledge and back to the early 20th century from the newspaper 
search. 

4.1. Size changes 

All sources of data analysed suggested that crabs caught in the Peel 
are, on average, smaller than those from the Swan. Recreational fishers 
perceived a decrease in the overall average size of blue swimmer crabs 
since the late 1960s, particularly in the Peel. These perceived changes 
are consistent with the records obtained from newspaper articles and 
with the findings 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 [22]. 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 dramati-
cally decreased in 50 years [24]. Even though previous studies of crabs 

have shown that growth can be quite variable within and between sys-
tems and influenced by levels of chlorophyll a and density of juvenile 
crabs [58], our study suggests that the size of crabs in the Peel is now on 
average smaller than 70 years ago (based on fisher perceptions and 
newspaper records). 

The responses from face-to-face interviews showcased inter- 
generational differences in perceptions of change based on fisher 
experience: the most experienced fishers perceived a greater decline in 
average size of crabs than those with the least experience. These dif-
ferences in perceptions may be influenced by loss or lack of knowledge 
on how the system used to be in the past, reflecting the syndrome called 
generational amnesia, a type of shifting baseline syndrome [15,21]. In 
contrast to the perceptions reported by recreational fishers, the biolog-
ical data extracted from commercial monitoring surveys showed that 
since 2006/07, the crabs decreased significantly in size in the Swan 
rather than in the Peel. However, it should be noted that the mean size of 
crabs was still ~20 mm wider than the minimum legal size and 15 mm 
wider than the mean size in the Peel. Biological data also showed a 
fluctuation in the average size of crabs in both estuaries, though more 
marked in the Swan. It is important to note that the time frames covered 
by the biological data available (only from 2006/07), and the infor-
mation from interviewing fishers (over 50 years of fisher perceptions) 
differed, rendering the integration of both datasets and the identifica-
tion of system change through LFK challenging [23,59,15]. Addition-
ally, this inter-annual variation in crab size was previously highlighted 
by the commercial fishers in the Peel [47]. 

Such differences in perceptions between the commercial and recre-
ational crab fishers emphasise the potential value of including Local 
Fisher Knowledge (LFK) from various stakeholders involved in a fishery 
[47] and highlight the need to understand which factors influence such 
perceptions. Fisher perceptions may be obtained in decadal ranges, 
whereas biological sampling is much more specific and can be obtained 
seasonally or even monthly [60]. It is therefore possible that the un-
derstanding of environmental variables that may affect stocks varies 
between the members of commercial and recreational sector. In addi-
tion, fisher perceptions were not linked with any major event affecting 
the studied sites. For example, in 1994, the Dawesville Channel was 
opened, resulting in an ecological shift towards a less variable and more 
marine estuary and provided an additional source of recruitment into 
the estuary for marine species such as the blue swimmer crab [57,61]. 
Ten years after opening the Dawesville Channel, the size structure and 
sex ratio of crabs had not changed [60]. However the increased 
recruitment pathway for crabs and other marine species into the estuary 
[57,60] is likely to have influenced the distribution of crab catches in the 
estuary and fisher perceptions of these before and after the construction 
of the Dawesville Channel. This points to an opportunity for managers 
and researchers to connect more with the community and particularly 
share research findings and recent fishery knowledge with recreational 
fishing communities [49]. 

4.2. Abundance changes 

Fisher recollections in both the Peel and Swan showed a decline in 
crab abundance, with a greater decline in the former than the latter 
system. Historical newspapers also showed a decline in number of ar-
ticles describing good and high abundance of crabs. A previous study on 
the crab fishery in WA showed that some commercial fishers reported 
that abundance changed between years but not in a consistent trend 
[47]. Overall biomass may be maintained but individual catches of 
recreational fishers reduced because of greater numbers of recreational 
fishers. Given the alignment between LFK, and newspaper records on the 
decline of crab sizes in the Peel, and due to the less detailed information 
on abundance in the scientific literature, we suggest that perceived 
trends in abundance of crabs identified by recreational fishers may be 
reliable. However, a recent management review has restricted crab 
fishing by extending a seasonal closure for the Peel by one month from 
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1st September until the 30th November (previously 1st September to 
31st October) and reducing the bag limit per person, per day in the Peel 
and in the Swan [62]. These actions indicate concerns about recreational 
fishing pressure on the sustainability of crab stocks in south-western 
Australia. 

The use of LFK should be viewed as a potentially reliable source of 
information as evidenced by other studies, such as those on several 
small-scale fisheries in the upper Gulf of Mexico [14] and the pink 
snapper fishery (Chrysophrys auratus, formerly Pagrus auratus) in 
Queensland, Australia ([63]a). LFK is generally used with data-poor 
fisheries to fill in the information-gap on fishing impact on stocks, and 
current fishery status. However, it has also been observed that under-
standing stakeholders’ biases and collecting LFK can help address SBS by 
improving understanding of historical changes affecting the fishery, 
making management decisions more informed and increasing the 
number of opportunities to develop co-management between managers 
and stakeholders [59,64]. When including LFK, it is important to have 
an insight into potential factors or historical events that may influence 
perceptions. Combining different sources of information to identify el-
ements that may influence stakeholder perceptions of biological, and 
environmental change is one way of tackling this issue. 

4.3. Insights into 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 early 20th 
century, 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 study on the human dimensions of crab fisheries in south-western 
Australia, which found that recreational fishers were concerned about 
overfishing, fishing pressure, and compliance with regulations in the 
estuaries [49]. Notably, newspaper articles indicate that the crabs have 
been a target for fishing in south-western Australia since at least the 
early 20th century. Commercial fishing for crabs started around the 
1830s, shortly after European settlement in the region [48], though it 
was a minor activity as the market did not grow until the 1900s [65]. 
Not only has this fishery been targeted by commercial fishers in the 
region, but since at least 1910, it has also provided food and recreation 
for the local residents [48]. Overall, the socio-cultural importance of the 
crab fishery to the local community is clearly supported by the consis-
tent and frequent reporting of crab catches, crab fishing parties orga-
nized by local groups, and recreational fishing community concerns 
about the status of crab stocks over the years. This is partly an outcome 
of the accessibility of crabs to fishers – crabs are found in relatively 
shallow waters (<1 m deep) and are easily fished from shore or in small 
boats. As such, crabbing is one of the cheapest and easiest forms of 
recreational fishing to engage in. 

Concerns about the unregulated catch of crabs emerged during the 
1940s, when regulations on netting as well as size limits were estab-
lished by the then Department of Fisheries. From then on, concerns 
seemed to focus on compliance with these regulations, rather than 
overfishing. 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. Austra-
lian fisheries management was non-existent until the early 20th century 
[66,67]. Later on, and in parallel with other nations worldwide [68], 
management prioritised production of seafood rather than its conser-
vation. In the period after World War II, efforts continued to be made to 
increase the production of seafood for high value exports and local food 
production [69]. The concerns identified in the newspaper 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 [49]. Further research on the history of changing perceptions 
amongst recreational fishers in the twentieth century would be valuable 
to understanding the consistency of these concerns among different 
species fished recreationally such as dhufish Glaucosoma hebraicum, pink 

snapper Chrysophrys auratus, Australian herring Arripis georgianus and 
whiting Sillago spp. and Sillaginodes punctatus. 

4.4. Limitations of the LFK data 

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 news-
paper 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 ac-
tivities through time in Australia, for example, a study on pink snapper 
fishing on the east coast of Australia [63]. Another consideration is that 
fishers might modify their responses to match what they imagine to be 
socially desirable answers about their past catches, leading to a 
social-desirability response bias [70,71]. 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 of the changes in sizes 
and abundances, as well as other characteristics of the fishery. 

5. Conclusion 

The status of a fishery is generally assessed on a time series of catch 
and effort data sourced from independent surveys and the fishery. In 
most regions, quantitative fisheries data are often available only for 
commercial fisheries over a few decades, and are rarely available for 
recreational fisheries [25,26]. 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 some-
what uncertain. The current study provides evidence that fishers’ 
perception, combined with historical records and data from research 
surveys provides evidence for a significant difference in the historical 
average size of crabs in the Peel compared to the Swan. Additionally, 
fishers’ perception (from 1940–2010s), combined with historical re-
cords (from 1900s to 2000s) highlight a decline in the average size of 
blue swimmer crabs through time, in at least one of the examined es-
tuaries, the Peel (note that this was not consistent with the more recent 
findings from research surveys). The comparison of the findings from 
different data sources has 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 sources 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 crabs in south-western Australian 
estuaries, particularly for the Peel. Additionally to biological change, 
archival records can also be used to complement data on the human 
dimensions of a fishery (i.e., perceptions and LFK), which is often lacking 
for fisheries worldwide [72]. Moreover, these can provide a more 
detailed picture of the importance of the fishery for the local commu-
nity, the understanding of environmental issues by resource users 
affecting the fishery, as well as their concerns over the fishery and its 
management. 

Fisher associations and small-scale fisheries have gained greater 
attention in fisheries management through provision of historical 
knowledge. Even so, management frameworks and decision-making are 
primarily driven by biological and ecological science and economics, as 
governed by international guidelines, such as the EBFM [16]. 
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Small-scale fisheries, as complex social-ecological systems, require a 
comprehensive range of data for effective management. As such, LFK 
can play a central role in enabling more robust decision-making. How-
ever, further research is required to evaluate the impact of historical 
events on fisher perceptions, among other factors, and the influences on 
recall bias. 
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