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Recreational fisheries are of global socio-ecological importance and contribute 10 

significantly to local economies and fisheries harvests. In some regions of Australia, 11 

organized recreational fishing activities have existed for over 150 years. However, 12 

historical understanding of the spatio-temporal development and resource usage of 13 

recreational fisheries has been hampered by the lack of continuous time-series catch 14 

and effort data. This study used historical newspaper articles of reported landings by 15 

fishing clubs to reconstruct catch rate trends and evaluate changes in catch 16 

composition of marine recreational fishing activities in Moreton Bay, Queensland, 17 

Australia, from 1920 to 1984. Using generalized additive mixed models (GAMMs), two 18 

catch rate metrics (number fish fisher-1 trip-1; kg fish fisher-1 trip-1) were constructed as 19 

functions of time and distance travelled. Significant nonlinear relationships were found 20 

for n fish fisher-1 trip-1. Fluctuations in n fish fisher-1 trip-1 were strongly influenced by 21 

time, while increases in distance travelled predicted larger n fish fisher-1 trip-1. Kg fish 22 

fisher-1 trip-1 was tightly linked to increases in distance travelled but did not vary with 23 

time. Spatial analysis revealed shifts in areas fished, from inshore reefs during the 24 

1920s and 1930s (pre-WWII), towards isolated offshore island systems in later 25 
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decades (>1950s; post-WWII). Reported catches pre-WWII were strongly associated 26 

with reef species, while reported catches post-WWII were predominantly 27 

characterized by demersal coastal fish. Spatially resolved time-series fisheries data 28 

can be reconstructed from archival sources, providing valuable information about the 29 

development of recreational fishing activities and explaining the historical social-30 

ecological dynamics that led to current ecosystem states. 31 
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1. INTRODUCTION 40 

Recreational fishing is a popular leisure activity which contributes significantly to local 41 

economies and fisher’s welfare (Arlinghaus et al. 2015, Griffiths et al. 2017). It is 42 

estimated that approximately 120 million people engage in marine recreational fishing 43 

activities globally, generating economic revenue of USD$39.7 billion annually 44 

(Cisneros-Montemayor & Sumaila 2010, Roberts et al. 2017, Hyder et al. 2018, 45 

Arlinghaus et al. 2021). Participation rates vary regionally, with general trends showing 46 

signs of declines over time (Brownscombe et al. 2014, Hyder et al. 2018, van der 47 

Hammen & Chen 2020). Nonetheless, landings by recreational fishers can match or 48 

exceed commercial harvests, particularly in nearshore areas (West & Gordon 1994, 49 

Coleman et al. 2004), contributing substantially to total fishing mortality (Radford et al. 50 

2018). 51 

 52 

To evaluate the effects of fishing on marine populations, catch and effort data are 53 

commonly used in stock assessments to estimate population trends and provide 54 

sustainable fisheries strategies (Punt 2019, Maunder et al. 2020). Historically, 55 

commercial fisheries have been subject to mandatory documentation of fishing 56 

activities (i.e. total catches, vessel and gear types, locations and hours fished). 57 

Fisheries data have been used to improve our understanding of ecosystem-level 58 

responses to fishing by evaluating the ecological impact of commercial fishing and 59 

inform about fishing spatial expansion due to local depletion of marine resources (e.g. 60 

Thurstan et al. 2010, Cardinale et al. 2011, Buckley et al. 2017, Watson & Tidd 2018). 61 

Fisheries-dependent research has highlighted how severe depletion of high trophic 62 

level species can disrupt complex ecosystems leading to declines in overall species 63 

diversity, and reduction in species’ geographical ranges (Jackson et al. 2001, Estes et 64 
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al. 2011, Maxwell et al. 2013). Conversely, recreational fisheries are rarely subjected 65 

to mandatory documentation of their fishing activities, and often have fewer spatial 66 

and temporal effort limits than commercial fisheries (Camp et al. 2018). Despite recent 67 

efforts by governmental agencies to collect recreational fishing data (Griffith & Fay 68 

2015), lack of long-term fisheries data can make assessments of the cumulative 69 

impacts of recreational fishing extremely challenging (Pitcher 2001, Post et al. 2002).  70 

 71 

Compared to their commercial counterparts, recreational fisheries are characterized 72 

by their greater temporal and spatial heterogeneity, with effort distributed across large 73 

geographical areas (Haab et al. 2012, Hunt et al. 2019). Therefore, systematic 74 

compilations of recreational fisheries statistics are often logistically demanding and 75 

expensive due to the temporally and spatially diffuse nature of these fisheries (Griffiths 76 

& Fay 2015). While fishing effort is commonly concentrated in coastal areas that offer 77 

easy access points (Cooke & Cowx 2004), fishers’ spatial distribution can vary 78 

significantly depending on the species targeted, fishers’ motivation, and personal 79 

definition of what constitutes a positive fishing experience (Johnston et al. 2010, 80 

Beardmore et al. 2015, Pokki et al. 2020). For example, some fishers might value 81 

landing greater numbers of fish over larger-sized fish, while others might seek 82 

relaxation or an outdoors experience (Johnston et al. 2010, Griffiths et al. 2017). 83 

Spatial heterogeneity of fishing effort can also be influenced by non-fishing motives, 84 

such as accessibility, travel costs, uncrowded surroundings, nature, and regulations 85 

(Hunt 2005, Johnston et al. 2010, Arlinghaus et al. 2014, Koemle et al. 2021). When 86 

the spatial and temporal complexity of fishing activities can be accounted for, impacts 87 

from recreational fisheries can be useful for assessing the effectiveness of 88 

management strategies (e.g. catch or size limits regulations), delineating boundaries 89 
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of marine protected areas, avoiding conflicts among stakeholders, and informing 90 

strategies for conservation and restoration of essential fish habitats (Lorenzen et al. 91 

2010). 92 

 93 

Whilst some data exists for recreational fisheries, they are frequently characterized as 94 

data-limited (Griffiths & Fay 2015). Commonly, management agencies collect fishing 95 

effort data over relatively short time periods (e.g. one survey every two or four years), 96 

through telephone surveys or boat ramp interviews (QDAF 2017, Ryan et al. 2019, 97 

Teixeira et al. 2021). These 'snapshots' are valid representations of the fishery at a 98 

particular time and place but might not capture the overall variability of the fishery, 99 

such as participation rate fluctuations, landing trends, or environmental changes 100 

(Gartside et al. 1999). As such, short-term fisheries perspectives can provide 101 

inaccurate representations of the state of the fishery, and potentially underestimate 102 

the cumulative impact of recreational fisheries on marine resources (Post et al. 2002, 103 

Thurstan et al. 2015). 104 

 105 

In the absence of long-term historical fisheries data, unconventional data sources can 106 

provide useful information for reconstructing fishery trends and help to fill gaps in 107 

historical knowledge (Lotze & Mcclenachan 2013). Fishing club records, newspapers, 108 

magazines, and logbooks have been used to reconstruct catch rate trends, catch 109 

compositions, and spatial usage of marine resources through time (e.g. McClenachan 110 

2009a, Young et al. 2015, Buckley et al. 2017, Thurstan et al. 2017). Moreover, 111 

qualitative data derived from open-access news media (e.g. newspapers, magazines) 112 

can inform about societal and cultural drivers that have led to current fisheries states 113 

(Thurstan et al. 2017, Chong-Montenegro et al. 2021). Historical reconstructions of 114 
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recreational fisheries have described catch rate declines of popular recreational fish 115 

species, including bonefish (Albula vulpes: Santos et al. (2017)) and, Atlantic goliath 116 

grouper (Epinephelus itajara: McClenachan (2009b)), as well as changes in overall 117 

ecosystem productivity (Altieri et al. 2012, Lawson et al. 2021). Documenting past 118 

ecosystem states provides valuable information about the ecological footprint of 119 

fisheries and can provide context for choosing appropriate recovery targets for species 120 

and ecosystems at risk (Goodall 2008, Thurstan et al. 2015, Beller et al. 2020). 121 

 122 

Recreational fishing in Australia ranks among the most popular leisure activities in the 123 

country, with approximately four million Australians participating in fishing activities, 124 

generating economic revenue of AUD$2.56 billion annually (Colquhoun 2015). In 125 

Queensland, written documentation of organized fishing activities (e.g. social fishing, 126 

fishing club competitions) can be traced back as early as the 1870s via recreational 127 

fishing excursions, charter businesses (Thurstan et al. 2016), and the establishment 128 

of local and regional fishing clubs (i.e. The Amateur Fishermen's Association of 129 

Queensland, founded in 1904). Despite the existence of recreational fishing activities 130 

for at least 150 years in Queensland, government-based recreational catch and effort 131 

data are limited to four statewide annual surveys and one boat-based survey, the 132 

earliest of which commenced in 2000-01 (Webley et al. 2009, Teixeira et al. 2021). 133 

Additional literature exists on catch and effort in individual species including summer 134 

whiting (Thwaites & Williams 1994) and a few species of mackerel (Cameron & Begg 135 

2002, Zischke et al. 2012) but studies into long-term trends in multi-species 136 

recreational catch rates remain rare. Using records of fishing excursions submitted by 137 

clubs to newspapers, this study aimed to quantify and reconstruct the development of 138 

marine recreational fishing activities in Moreton Bay, Queensland, since its earliest 139 
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inception. More specifically, we aimed to i) reconstruct and evaluate trends of two 140 

catch rate metrics (i.e. number of fish per fisher per trip and the amount of kilograms 141 

of fish per fisher per trip) of recreational fisheries in Moreton Bay, ii) evaluate temporal 142 

changes in distance travelled to fishing grounds, iii) identify historical fishing hotspots, 143 

and iv) identify shifts in catch composition over time. Finally, we acknowledge the 144 

Traditional Owners of the land on which carried out our study, the Turrbal/Jagera and 145 

Quandamooka people and the long history of Aboriginal fishing practices in 146 

Quandamooka Sea Country (Moreton Bay). We note that no written records specific 147 

to Indigenous recreational fishing were found, and therefore Aboriginal fisheries were 148 

not included in this study. 149 

2. METHODS  150 

2.1. Study area 151 

The Moreton Bay catchment region is located adjacent to the city of Brisbane in 152 

Southeast Queensland, the third most populous city (c. 2.5 million people) in Australia 153 

(ABS 2021). Covering an area of c. 1,500 km2 Moreton Bay is a relatively shallow body 154 

of water (max. depth ~30 m) bordered by four large sand islands (i.e. North and South 155 

Stradbroke Island, Bribie Island, and Moreton Island) (Lanyon 2019). A range of 156 

marine ecosystems exist in the region, including inshore reefs, seagrass meadows, 157 

mangroves, and sand flats, which provide suitable habitats for a large diversity of fish 158 

species (Olds et al. 2019) (Fig. 1). Moreton Bay has experienced a long history of 159 

fisheries exploitation by Indigenous, commercial, and recreational groups (Thurstan et 160 

al. 2019). Currently, the Moreton Bay catchment region is the most heavily fished area 161 

across the state of Queensland, supporting c. 12% (combined commercial and 162 

recreational) of the total fish catches of the state (Thurstan et al. 2019). 163 
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 164 

In Queensland, fisheries regulations commenced during the 1870s for the commercial 165 

and recreational fishing sectors, with the establishment of catch size limits for eight 166 

fish species [The Queensland Fisheries Act 1877] and mandatory licensing for 167 

commercial fishers (Thurstan et al. 2019). Since that time, size limits have been 168 

adopted for several fish species in line with the following legislations: The Fish and 169 

Oyster Act of 1914, Fisheries Act of 1957 and the Fisheries Act of 1994 170 

(supplementary material). The latter piece of legislation introduced regulations on bag 171 

limits (i.e. in-possession limits), a first for recreational fisheries in Queensland 172 

(Thurstan et al. 2019). Subsequently, in 2009, a zoning plan was introduced in 173 

Moreton Bay with no-take zones (i.e. green zones) (QDAF 2020). Although not 174 

fisheries legislation, it does restrict fishing activities and access to specific grounds.     175 

 176 

At present, there are no restrictions on the number of participants that enter the 177 

recreational sector (i.e. marine recreational fishing is open access). Between 2019 and 178 

2020, it was estimated that approximately 943,000 Queenslanders participated in 179 

recreational fishing activities, with 43% of the fishing effort (1.2 million fishing days) 180 

occurring in the Moreton Bay catchment fishing region (Teixeira et al. 2021). The 181 

primary fishing gear used by recreational fishers is lines (i.e. rod and line), commonly 182 

used to target finfish, such as whiting (Sillago maculata) and yellowfin bream 183 

(Acanthopagrus australis) (Teixeira et al. 2021). 184 

 185 

2.2. Data collection  186 

Historical fishing records were systematically sourced from local and state libraries, 187 

including digitized collections from the National Library of Australia TROVE repository 188 
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(NLA 2019). A combination of keywords was used to maximize the number of relevant 189 

recreational fishing articles resulting from online and library catalogue searches. 190 

These keywords included: "fishing" AND "club". Results were filtered to popular 191 

newspapers from the Brisbane metropolitan area between the 1900s and the 1980s, 192 

including all subsequent name variations. The newspapers were: i) The Courier (1861-193 

1864) (later titles: The Brisbane Courier (1864-1933); The Courier-Mail (1933-1954)), 194 

ii) The Telegraph (1872-1947) (later title: Brisbane Telegraph (1948-1984)), iii) The 195 

Daily Mail (1903-1926), and iv) Daily Standard (1912-1936). The temporal extent of 196 

the digitized material was limited to pre-1954, hence, more recent newspapers were 197 

manually searched from microfilm archives from the Queensland State Library. All 198 

articles were reviewed in a chronological matter to avoid potential double counts.  199 

 200 

Due to the large quantities of newspaper issues per year, a stratified random sampling 201 

approach was implemented to maximize temporal coverage. This approach consisted 202 

of sampling newspaper articles covering four months within every other year (even 203 

years) between 1900 and 1984 inclusive. To account for any potential catch variability 204 

related to weather, we chose the months of January, April, August, and December to 205 

be representative of the two predominant seasons in southeast Queensland: the wet 206 

season (November-March), and the dry season (April-October). Newspapers after 207 

1984 were excluded due to a lack of publicly available archives (e.g. paywall 208 

restrictions to newspaper articles, and overcoming hesitancy in information/data 209 

sharing among recreational fishing clubs), and to avoid potentially catch biases from 210 

fishing legislation such as the Queensland Fisheries Act 1994 that introduced bag 211 

limits for several fish species in the state of Queensland.  212 

 213 
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2.3. Catch rate standardization 214 

From each recreational fishing article, quantitative and qualitative fisheries data was 215 

extracted, including information on: location fished; total number of fish caught; total 216 

weight of the catch; number of fishers per fishing trip; hours fished; fishing club name; 217 

and list of species caught (Fig. 2). While Moreton Bay is a popular fishing location for 218 

international and interstate travelers, here we focused on fishing clubs located in and 219 

around the Brisbane metropolitan area and assumed that most fishers were local 220 

members of these clubs and were commonly residents of the area.  221 

 222 

Locations fished were geo-referenced based on historical fishing and boating guides 223 

(supplementary material). Catch rate metrics were defined as number of fish fisher-1 224 

trip-1 and kg of fish fisher-1 trip-1 based on data availability. Effort was estimated as the 225 

number of hours fished per fishing trip. This value was taken from articles that explicitly 226 

mentioned the starting and end time of the fishing trip. For records in which fishing 227 

effort was not explicitly stated, a conservative value of 5 hours was estimated based 228 

on a priori data estimation of the mean hours calculated from completed articles.  229 

 230 

For fishing records in which number of fishers was not explicitly stated, a multivariate 231 

imputation by chained equations (MICE) approach was implemented to complete this 232 

missing data (Rubin 1987). This approach assumes that the data are missing at 233 

random and uses multiple imputations (m times) to generate missing values based on 234 

observed data (i.e. when number of fishers was provided), and relationships between 235 

that observed data and a set of variables included in the imputation model (i.e. year 236 

and club name variables) (Schafer & Graham 2002, Azur et al. 2011).  237 

 238 
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Catch rates were analyzed using generalized additive mixed models (GAMMs) to 239 

evaluate trends in the number fish fisher-1 trip-1 and kg fish fisher-1 trip-1 over time 240 

(Maunder & Punt 2004). Using smoothing functions (e.g. splines), this modelling 241 

approach evaluates nonlinear relationships between a given response variable and 242 

various covariates (i.e. explanatory variables), and quantifies the variance found in the 243 

model. Two catch rate models (n and kg) were performed using the gam function from 244 

the mgcv R package (Wood 2017). The response variable for each catch rate model 245 

was number fish fisher-1 trip-1 and kg fish fisher-1 trip-1. Each model was constructed 246 

with two covariates, ‘year’ and ‘distance’ (i.e. distance between fishing location and 247 

closest access point, such as boat ramps or jetties), with ‘fishing club’ as a random 248 

factor. Both models were fitted using a gamma distribution with a log link function. 249 

Model assumptions were validated by inspecting the distribution of the residuals 250 

against the fitted values (homoscedasticity) using the DHARMa R package (Hartig 251 

2020).  252 

 253 

Given that fishing origin (i.e. point of departure) was missing from fishing articles, 254 

distance to fishing grounds was assumed to begin from the closest access point to the 255 

fishing location. Distance travelled was calculated as geodesic distance from fishing 256 

locations to the coordinates of the nearest access point. Estimates of distance were 257 

calculated using the st_distance function from the sf R package (Pebesma 2018). 258 

Geo-referenced access points were obtained from the Queensland Spatial Catalogue 259 

(QDTMR 2019). A non-parametric Kruskal-Wallis (KW) test followed by a Dunn's post 260 

hoc test was applied to test for significant differences distance travelled by recreational 261 

fisheries in Moreton Bay at a decadal scale. All statistical analyses were run in R 262 

(version 4.0.3). 263 
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 264 

2.4. Geographical distribution of fishing hotspots  265 

Historical fishing hotspots were identified by overlaying a 0.05 degree (5 km) grid over 266 

the area of Moreton Bay (152.9°S, 28°E to 153.7°S, 25°E). This resolution was chosen 267 

to account for spatial distribution of effort surrounding fishing grounds. Hotspots were 268 

identified as areas experiencing more than 5% of the total reported trips that occurred 269 

per decade, that fell within each fishing location. For visualization purposes, raster files 270 

were created for each decade and stacked for standardization. All spatial analyses 271 

were performed using the raster and stack functions from the raster R package 272 

(Hijmans 2020). 273 

 274 

2.5. Species catch composition  275 

Changes in catch composition were analyzed using a presence-absence (Jaccard) 276 

dissimilarity matrix for species mentioned in each sampled year. The dissimilarity 277 

matrix was used to create a non-metric multidimensional scaling ordination plot 278 

(nMDS) to identify and visualize shared and unique species among groups (i.e. 279 

decades, years). Given the information derived from most fishing articles, fish were 280 

identified to the lowest possible taxonomic level. In most instances, identification to 281 

genus was possible (i.e. flathead = Platycephalus spp.; whiting = Silago spp.). Species 282 

were assigned to a habitat type according to information published in the Fishes of 283 

Australia atlas (i.e. coastal, reef, and pelagic) (Bray 2018). For species that could be 284 

assigned to more than one habitat, the preferred habitat was chosen based on the 285 

location described in the fishing article.  286 

To test for significant differences (p < 0.05) in catch composition among decades, a 287 

permutational multivariate analysis of variance (PERMANOVA) was used with 999 288 
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permutations. Multivariate analysis was performed using the adonis function from the 289 

vegan R package (Oksanen et al. 2020). 290 

3. RESULTS 291 

We searched approximately 41,000 articles from digitized newspaper articles and 292 

microfilms for recreational fishing in Moreton Bay, of which 8,800 articles were 293 

subsampled for review. Of these, 913 articles contained quantitative and qualitative 294 

information on recreational fishing in Moreton Bay, spanning from the 1920s to the 295 

1980s. 296 

3.1. Catch rate reconstruction  297 

Quantitative and qualitative data derived from 913 articles allowed us to reconstruct 298 

catch rates over six decades. Six hundred and thirty-three articles mentioned the 299 

number of fish caught, and 339 articles mentioned total catch in weight (kg). Two 300 

hundred and ninety-eight articles explicitly reported the number of hours fished (effort), 301 

and 496 articles mentioned the number of fishers participating in the fishing activity. 302 

Using imputation, the number of fishers increased from 496 observations to 592. Five 303 

hundred and eighty-eight articles subsequently provided completed information on 304 

number of fish caught, number of fishers, and hours fished, the three variables used 305 

to reconstruct number fish fisher-1 trip-1, while 331 articles provided completed 306 

variables for kg fish fisher-1 trip-1. 307 

 308 

The number fish fisher-1 trip-1 catch rate GAMM explained 23.1% of the deviance in 309 

the data. The model showed a significant nonlinear trend in n fish fisher-1 trip-1 through 310 

time (F = 4.8, p < 0.05, Table S1) (Fig. 3A). In 1920 (at the beginning of the time 311 

series), the mean n fish fisher-1 trip-1 was estimated as 3.61 (95% confidence intervals 312 



14 

 

= 3.02 - 4.31). The n fish fisher-1 trip-1 peaked in 1930 (4.01 n fish fisher-1 trip-1, 95% 313 

CI = 3.53 - 4.55) pre-WWII, then sharply declined to 2.63 (95% CI = 2.29 - 3.02) in 314 

1950. From approximately 1960, the mean n fish fisher-1 trip-1 increased again, with 315 

average catch rates of 3.10 n fish fisher-1 trip-1 (95% CI = 2.61 - 3.67) in 1980. In 316 

addition, the model predicted a slight but significant increase in n fish fisher-1 trip-1 for 317 

trips as distance away from the closest access points increased (F = 3.07, p = 0.04) 318 

(Fig. 3B). For example, for a fishing trip that took place one km away from the closest 319 

access point, an average of 2.15 n fish fisher-1 trip-1 (95% CI = 1.87 -2.48) was 320 

expected, while for a trip of 35 km away, 2.84 n fish fisher-1 trip-1 (95% CI = 2.01 - 4.02) 321 

was expected. 322 

 323 

The kg fish fisher-1 trip-1 catch rate GAMM explained 35.5% of the deviance in the data. 324 

The model found no significant trends in the kg fish fisher-1 trip-1 through time (year 325 

covariate, F = 2.61, p = 0.06, Table S2), but values clearly declined between 1920 and 326 

1960 (Fig. 3C). However, the model showed a significant nonlinear, but overall 327 

increasing, trend in kg fish fisher-1 trip-1 with distance from the closest access points 328 

(F = 5.02, p < 0.05) (Fig. 3D). For example, for a fishing trip that took place five km 329 

away from the closest access point an average of 0.71 kg fish fisher-1 trip-1 (95% CI = 330 

0.55 - 0.91) was expected, while for a trip 30 km away 1.43 kg fish fisher-1 trip-1 (95% 331 

CI = 0.92 – 2.22) was expected. 332 

 333 

Distances travelled by recreational fishers significantly differed among decades (KW, 334 

chi2 = 74.41, p < 0.05). The mean distance travelled in the 1920s was 5.41 km (± 4.93 335 

sd), while in the 1950s, the mean distance travelled was 10.9 km (± 8.63 sd), a two-336 

fold increase. The post hoc test revealed significant differences in distance travelled 337 



15 

 

between the 1920s and 1950s (z = -5.59, p < 0.05), and between the 1920s and 1960s 338 

(z = -7.56, p < 0.05) (Fig. 4). The 1930s significantly differed from the 1950s (z = -3.15, 339 

p = 0.02) and 1960s (z = -4.52, p < 0.05). The 1940s were excluded from this analysis 340 

due to the low number of observations (n = 7). This might be due to a shift in publication 341 

focus, from local news to more global news events such as World War II (1939 - 1945). 342 

 343 

3.2. Historical fishing hotspots 344 

Spatial analysis revealed a shift in the reported areas fished, from inshore reefs during 345 

the 1920s and 1930s to island areas with sandy and seagrass habitats (i.e. Moreton 346 

and Stradbroke Islands [North and South]) in the 1950s through the 1980s (Fig. 5). In 347 

the 1920s and 1930s (pre-WWII), most of the reported fishing trips (24% and 18%, 348 

respectively) took place around the inshore reefs of Moreton Bay, such as Peel Island. 349 

Additional fishing locations included the southeast of Bribie Island (15%) in the 1920s 350 

and Jumpinpin (16%) in the 1930s. In the 1950s, Jumpinpin (37%) was the most 351 

heavily fished location, followed by Tangalooma (16%) and Comboyuro (7%) on 352 

Moreton Island, areas whose habitats are primarily sandy flats. In the 1960s, most of 353 

the trips were to Jumpinpin (36%), Tangalooma (13%), Donnybrook (9%) and 354 

Comboyuro (7%). In the 1970s, most of the fishing trips were to Jumpinpin (23%), 355 

Comboyuro (9%), Reeders Point (5%) and Caloundra heads (5%). In the 1980s, most 356 

fishing trips took place at Jumpinpin (19%), Caloundra heads (15%) and Hayes Inlet 357 

(7%). Overall, Jumpinpin was consistently the most heavily fished location during the 358 

1950-1980s. 359 

 360 
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3.3. Species composition of catch 361 

Reported catch composition significantly differed among decades (PERMANOVA, F = 362 

4.6, p < 0.05, Table S3). To maximize information on catch composition and due to 363 

the low number of fishing articles in the 1940s (n = 7) and 1980s (n = 27), articles in 364 

these decades were pooled with the 1950s, and 1970s, respectively. Overall, the non-365 

metric multidimensional scaling (nMDS) ordination plot showed two clusters 366 

associated with the catch composition: the 1920s and 1930s (pre-WWII) grouped 367 

distinctly from the 1950s, 1960s, and 1970s (post-WWII) (Fig. 6A). The pre-WWII 368 

period was strongly characterized by the reported capture of reef species such as 369 

Chrysophrys auratus (snapper), Argyrosomus japonicus (mulloway), Choerodon spp. 370 

(parrotfish), and Epinephelus spp. (cod) (Fig. 6B). The post-WWII period was primarily 371 

characterized by the demersal species Platycephalus spp. (flathead), Sillago spp. 372 

(whiting), and Acanthopagrus spp. (bream).  373 

4. DISCUSSION 374 

Recreational fisheries are often characterized as data-limited due to a general lack of 375 

continuous catch and effort fisheries data. In this study, we highlight the use of 376 

newspaper articles as valuable data sources to fill gaps in historical knowledge about 377 

the spatial and temporal development of recreational fishing activities over the span 378 

of six decades in Moreton Bay, Australia. We demonstrate that detailed spatially 379 

resolved fisheries data derived from open-access sources (e.g. historical newspapers) 380 

can be used to reconstruct historical catch rate trends and evaluate social-ecological 381 

changes in recreational fishing activities. Catch rate models (n fish fisher-1 trip-1, kg fish 382 

fisher-1 trip-1) showed highly dynamic nonlinear trends strongly associated with time 383 

and distance travelled by recreational fishers. In addition, quantitative and qualitative 384 
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data obtained from fishing articles allowed for spatial reconstructions of fishing 385 

hotspots, demonstrating the historical heterogeneity of fishing activities in Moreton 386 

Bay, as well as detecting shifts in the targeted fish reported species through time.  387 

4.1. From quantity to quality, changes in fishing club targets 388 

Catch rate reconstructions showed a significant increase in n fish fisher-1 trip-1 in pre-389 

WWII decades, followed by a sharp decline post-war, while kg fish fisher-1 trip-1 390 

displayed a steady decrease throughout the study period. Fluctuations in catch rates 391 

models might be attributed to a combination of factors such as changes in fishing 392 

club's rules/aims, increases in fishers’ participation, fishers’ behavior and attitudes 393 

towards fishing.  394 

In the early 20th century (i.e. pre-WWII), recreational fishing clubs incentivized the 395 

landing of the greatest numbers of fish and the heaviest cumulative weight (e.g. Daily 396 

Standard, 17 December 1920). Fishing reports commonly included a list of the total 397 

number of fish caught and total weight of the catch for each participant. For example, 398 

on 21 October 1921, The Telegraph published a list of all fishers and their respective 399 

catch and weight, such as the landing of “93 fish weighing a total of 15 kg by Mr H. 400 

Shaw”. The goal of landing as many fish as possible was prevalent into the 1930s, 401 

and is reflected in catch rates trends during this period. A similar temporal pattern in 402 

catch rates, where n fish fisher-1 trip-1 was higher pre-WWII and was followed by a 403 

significant decline in later decades, was found for recreational fishers in the Noosa 404 

Estuary (approximately 140 km north of Brisbane) (Thurstan et al. 2017). This 405 

incentivization by fishing clubs statewide likely explained the increase in catch rates 406 

(n and kg) in pre-WWII decades. 407 

The subsequent decline in catch rate trends (n and kg) which began in the late 1930s 408 

and early 1940s might be attributed to changes in fishing clubs aims driven by the 409 
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public’s perceptions on the effects of fishing on fish populations. For example, toward 410 

the latter half of the 1930s, fishing columnists began to report concerns about the 411 

landing of undersized fish (e.g. “Throw back undersized fish”, The Telegraph, 24 April 412 

1936). Articles about the ecological consequences of landing undersized fish were 413 

concurrently being reported statewide (e.g. Noosa, Thurstan et al. (2017); 414 

Rockhampton, Chong-Montenegro et al. (2021)), and in other regions of Australia (e.g. 415 

Western Australia, Christensen and Jackson (2014)) and around the world (e.g. North 416 

America and England, Policansky (2002)). Following public concerns, fishing articles 417 

transitioned to highlighting the largest fish in a given catch, rather than the greatest 418 

number of fish (e.g. “Light gear experts land big fish”, The Telegraph, 5 August 1938; 419 

“Big game fishing association had notable first year” The Telegraph, 26 August 1938). 420 

The observed decline in catch rate trends from the late 1930s and early 1940s 421 

onwards might be attributed to shifts in fishing clubs aims and incentives which 422 

influenced fishers’ decisions to catch fewer but larger fish during this period.  423 

 424 

In addition, catch rates are also influenced by the number of actively participating 425 

fishers. After World War II ended in 1945, Australia saw a period of economic and 426 

infrastructure growth, with high levels of employment in addition to receiving a large 427 

number of European immigrants (Clark 2017). Increases in disposable incomes 428 

combined with cheap, accessible, and effective fishing gear allowed more people to 429 

engage in fishing activities more readily (Clark 2017, Thurstan et al. 2018). Fishing 430 

reports showed an increase in the number of fishers per club from the 1950s onwards 431 

(Fig. S1), likely influencing fluctuations in catch rate trends, as total catches in terms 432 

of number of fish caught and total weight was shared among more individuals. 433 

 434 
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By the end of the time series, an era of growing environmental consciousness became 435 

apparent in the 1980s and 1990s, as fishers’ attitudes shifted towards the conservation 436 

of nature (Young et al. 2014, Young et al. 2015, Thurstan et al. 2018). This attitude 437 

might have been influenced by global and local public awareness on issues related to 438 

a changing climate, such as the Kyoto Protocol, an international treaty committed to 439 

the reduction of greenhouse gas emissions, signed by 192 countries (including 440 

Australia) in 1997 and the later introduction of the Environment Protection and 441 

Biodiversity Conservation Act 1999 that focuses on the protection of species and 442 

ecological communities in Australia. During this period, catch-and-release fishing 443 

became increasingly popular (Thurstan et al. 2018). Awareness of the ecological 444 

impacts of fishing was common among other branches of recreational fishing, such as 445 

spearfishing. For example, Young et al. (2014) found that spearfishing-themed 446 

magazines would report concerns of declining fish populations and encouraged self-447 

regulation, even prior to the establishment of governmental regulations. Changes in 448 

overall fishers’ attitudes towards nature in combination with catch-and-release 449 

practices might have influenced the relatively low catch rates from the later years of 450 

the time-series, despite the fact that some fishers were still driven to catch large 451 

numbers of fish if they could (Claydon 1996, Thurstan et al. 2018). 452 

 453 

4.2. Spatial and temporal expansion of fishing effort 454 

Fishers’ site choice is associated with travel costs, accessibility to fishing grounds, 455 

environmental conditions, encounters with other fishers, and fishing regulations (Hunt 456 

2005). Given the limitations in the qualitative information derived from the fishing 457 

articles, determining the specific reasons and motives of Moreton Bay fishers falls 458 

outside the scope of this research. However, our spatial analysis combined with the 459 
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catch rate models suggests overcrowding and technological advancements as 460 

possible factors influencing the expansion of fishing effort through time.  461 

 462 

In the 1920s and 1930s, the inshore reefs experienced the highest levels of fishing 463 

effort in Moreton Bay, becoming hotspots for many fishing clubs. These reefs are 464 

located in proximity to populated urban areas and have easy access points to the Bay 465 

via public boat ramps and jetties. The popularity of these reefs might have led to 466 

overcrowding, boosting the need for fishers to travel farther distances to enhance or 467 

maintain their fishing experiences. In addition, engine power and car ownership 468 

increased rapidly after WWII, allowing fishers to reach more distant access points and 469 

fishing grounds (Clark 2017, Thurstan et al. 2018). Detailed evaluations of the effects 470 

of fishing gear by recreational fishers could not be achieved due to minimal data on 471 

vessels and gear used. However, Thurstan et al. (2018) investigated the transition and 472 

adoptions of technological innovations of recreational and commercial fishers over the 473 

span of 140 years (1870-2010) in Moreton Bay. During the post-WWII era vessel 474 

engine power and the adoption of eco-sounders and GPS increased significantly, 475 

allowing fishers to discover new productive fishing grounds (Thurstan et al. 2018). In 476 

addition, changes in fishing gear from natural fiber lines and cane rods to 477 

monofilament line and cheap but durable fiberglass rods made fishing gear more 478 

efficient and accessible (Clark 2017, Thurstan et al. 2018, Chong-Montenegro et al. 479 

2021). Ultimately, improvements in refrigeration and cold storage systems allowed 480 

fishers to keep fish fresh for extended periods (Clark 2017), enabling extended trips 481 

and greater spatial coverage.  482 

 483 
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4.3. Shifts in catch composition and broader ecological changes in Moreton Bay 484 

Fishing reports demonstrated a shift in catch composition over time, from reef fish to 485 

demersal fish. Deriving species-specific information from newspaper articles was 486 

challenging due to the common use of generic fish names to report catches and the 487 

early confusion associated with names of fish. For example, the Brisbane Courier, 28 488 

June 1886, published this confusion: “It is greatly to be regretted that so much 489 

confusion exists with regard to the names of fish - that is the common or popular 490 

names… It is when the common name is used that uncertainty and vagueness 491 

prevails”. However, identification of the catch was possible during the 20th century, 492 

when columnists would clarify the fish species. The Sunday Mail, 26 November 1933, 493 

published an article referring to the Queensland groper (Epinephelus lanceolatus) 494 

using various common names: “The groper, or giant perch is the largest fish we 495 

possess, and is sometimes taken of an enormous size, as much as 6 ft long and 450 496 

lb in weight”. These general descriptions allowed for identification of fish, generally to 497 

the family level, providing an opportunity to understand ecological changes from a 498 

broad functional perspective.  499 

 500 

Catches in the 1920s and 1930s (pre-WWI) consisted mostly of groupers 501 

(Epinephelidae) and parrotfish (Labridae). Groupers are often the first group of reef 502 

species to succumb to fishing pressure due to their particular life history 503 

characteristics: they are relatively long-lived (>30 yr) top-predators, with late maturity, 504 

high site fidelity, and complex reproductive strategies (e.g. protogynous 505 

hermaphrodites) (Sadovy de Mitcheson et al. 2020). High fishing selectivity of 506 

groupers, such as the targeting of the largest fish (e.g. trophy size fish) can lead to 507 

reproductive failure, jeopardizing the sustainability of the population (Alonzo & Mangel 508 
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2005). The historical targeting of the largest Atlantic goliath grouper (Epinephelus 509 

itajara) by recreational fishers in Florida led to severe local depletions and changes in 510 

the age and sex structure of the population (Bullock et al. 1992, McClenachan 2009b).  511 

 512 

Large marine predators (e.g., groupers) are important in marine ecosystem, often 513 

playing  significant roles in the structure of fish communities (Stallings 2008, Sadovy 514 

de Mitcheson et al. 2013), and can have positive physical effects on habitat structure 515 

(Coleman et al. 2010). The mass removal of large predatory marine species can 516 

significantly impact complex ecosystems, causing declines in overall species diversity, 517 

reduction in geographical ranges, and alteration of trophic structures (Estes et al. 518 

2011, Maxwell et al. 2013). Subsequently, severe overfishing can lead to local and 519 

functional extinctions, jeopardizing the long-term sustainability of fisheries (Jackson et 520 

al., 2001). 521 

  522 

While temporal shifts in the catch composition from reef species to demersal species 523 

might have been a result of exploitation, it is also possible that the observed trends 524 

are responses to wider ecological changes in Moreton Bay (Lybolt & Pandolfi 2019, 525 

Richards 2019). Since the settlement of non-Indigenous people in the 1820s, the entire 526 

Moreton Bay catchment has undergone major ecosystem changes (Richards 2019). 527 

Over the past 200 years, the inshore coral reefs assemblages shifted from fast-528 

growing branching (i.e. Acropora) to slow-growing massive corals (i.e. Favia) as a 529 

response to long-term anthropological impacts, including increases in sedimentation 530 

and nutrient runoff associated with European colonization (Lybolt & Pandolfi 2019). 531 

Loss of structural complexity of reef systems can significantly reduce fish density and 532 

biomass (Graham & Nash 2013). Thus, overall declines in reef structure and habitat 533 
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quality caused by declines in water quality probably acted in combination with fishing 534 

mortality of reef species to drive fishers' decisions to target more readily available 535 

demersal species such as whiting, bream, and flathead.  536 

5. CONCLUSION 537 

This work demonstrated that long-term spatially resolved catch and effort data can be 538 

derived from unconventional data sources, thus filling significant knowledge gaps on 539 

social-ecological drivers and trends in recreational fishing activities over decadal time 540 

scales. Despite the challenges associated with interpreting historical data, we 541 

presented evidence of ecological and societal changes in recreational fishing activities 542 

in Moreton Bay since the 1920s. Readily available archival sources provide 543 

opportunities to uncover broad social-ecological processes that have led to the current 544 

fisheries state and have the potential to inform fisheries management about the 545 

cumulative impact of fishing on marine resources and ecosystems. Ultimately, this 546 

study highlights the importance of archival data for fisheries science and management 547 

and its potential to contribute to knowledge gaps about the historical development of 548 

recreational fisheries. 549 

Acknowledgments  550 

The authors would like to thank the Marine Palaeo lab members of The University of 551 

Queensland for providing helpful comments on previous versions of this manuscript. 552 

This study was supported by the QUEX Institute scholarship to CCM and the 553 

Australian Research Council Centre of Excellence for Coral Reef Studies grant 554 

(CE140100020) to JMP and others. RHT acknowledges support from the European 555 

Research Council (ERC) under the European Union’s Horizon 2020 research and 556 

innovation programme (grant agreement No 856488 – ERC Synergy project 557 



24 

 

“SEACHANGE: Quantifying the impact of major cultural transitions on marine 558 

ecosystem functioning and biodiversity”). 559 

 560 

References 561 

Alonzo SH, Mangel M (2005) Sex-change rules, stock dynamics, and the performance of 562 

spawning-per-recruit measures in protogynous stocks. Fishery Bulletin 103:229-245 563 

Altieri AH, Bertness MD, Coverdale TC, Herrmann NC, Angelini C (2012) A trophic cascade 564 

triggers collapse of a salt-marsh ecosystem with intensive recreational fishing. 565 

Ecology 93:1402-1410 566 

Arlinghaus R, Beardmore B, Riepe C, Meyerhoff J, Pagel T (2014) Species-specific 567 

preferences of German recreational anglers for freshwater fishing experiences, with 568 

emphasis on the intrinsic utilities of fish stocking and wild fishes. Journal of Fish 569 

Biology 85:1843-1867 570 

Arlinghaus R, Tillner R, Bork M (2015) Explaining participation rates in recreational fishing 571 

across industrialised countries. Fisheries Management and Ecology 22:45-55 572 

Arlinghaus R, Aas Ø, Alós J, Arismendi I and others (2021) Global Participation in and Public 573 

Attitudes Toward Recreational Fishing: International Perspectives and 574 

Developments. Reviews in Fisheries Science & Aquaculture 29:58-95 575 

Australian Bureau of Statistics (ABS) (2021) Regional population. Statistics about the 576 

population and components of change (births, deaths, migration) for Australia's 577 

capital cities and regions. 578 

https://www.abs.gov.au/statistics/people/population/regional-population/latest-579 

release (accessed November 2021) 580 

Azur MJ, Stuart EA, Frangakis C, Leaf PJ (2011) Multiple imputation by chained equations: 581 

what is it and how does it work? International Journal of Methods in Psychiatric 582 

Research 20:40-49 583 

Beardmore B, Hunt LM, Haider W, Dorow M, Arlinghaus R, Ramcharan C (2015) Effectively 584 

managing angler satisfaction in recreational fisheries requires understanding the fish 585 

species and the anglers. Canadian Journal of Fisheries and Aquatic Sciences 72:500-586 

513 587 

Beller EE, McClenachan L, Zavaleta ES, Larsen LG (2020) Past forward: Recommendations 588 

from historical ecology for ecosystem management. Global Ecology and 589 

Conservation 21:e00836 590 

Bray DJ (2018) Fishes of Australia. Museums Victoria and OzFishNet. 591 

http://fishesofaustralia.net.au/ (accessed December 2021) 592 

Brownscombe JW, Bower SD, Bowden W, Nowell L, Midwood JD, Johnson N, Cooke SJ 593 

(2014) Canadian Recreational Fisheries: 35 Years of Social, Biological, and Economic 594 

Dynamics from a National Survey. Fisheries 39:251-260 595 

Buckley SM, Thurstan RH, Tobin A, Pandolfi JM (2017) Historical spatial reconstruction of a 596 

spawning-aggregation fishery. Conservation Biology 31:1322-1332 597 

https://www.abs.gov.au/statistics/people/population/regional-population/latest-release
https://www.abs.gov.au/statistics/people/population/regional-population/latest-release
http://fishesofaustralia.net.au/


25 

 

Bullock LH, Murphy MD, Godcharles MF, Mitchell ME (1992) Age, growth, and reproduction 598 

of jewfish Epinephelus itajara in the eastern Gulf of Mexico. Fishery Bulletin 90:243-599 

249 600 

Cameron D, Begg G (2002) Fisheries biology and interaction in the northern Australian small 601 

mackerel fishery. Final report to the Fisheries Research and Development 602 

Corporation. Projects 92/144 & 92/144.02., Queensland 603 

Camp EV, Ahrens RNM, Crandall C, Lorenzen K (2018) Angler travel distances: Implications 604 

for spatial approaches to marine recreational fisheries governance. Marine Policy 605 

87:263-274 606 

Cardinale M, Nugroho D, Jonson P (2011) Serial depletion of fishing grounds in an 607 

unregulated, open access fishery. Fisheries Research 108:106-111 608 

Chong-Montenegro C, Thurstan RH, Campbell AB, Cunningham ET, Pandolfi JM (2021) 609 

Historical reconstruction and social context of recreational fisheries: The Australian 610 

East Coast Barramundi. Fisheries Management and Ecology:1-13 611 

Christensen J, Jackson G (2014) Shark Bay Snapper: Science, Policy, and the Decline and 612 

Recovery of a Marine Recreational Fishery. In: Christensen J, Tull M (eds) Historical 613 

Perspectives of Fisheries Exploitation in the Indo-Pacific. Springer Netherlands, 614 

Dordrecht, p 251-268 615 

Cisneros-Montemayor AM, Sumaila UR (2010) A global estimate of benefits from 616 

ecosystem-based marine recreation: potential impacts and implications for 617 

management. Journal of Bioeconomics 12:245-268 618 

Clark A (2017) The Catch: The Story of Fishing in Australia, Vol. National Library of Australia 619 

Claydon W (1996) Remembering Len Thompson: The Legend of Bait Spinning, Vol. 620 

Department of Primary Industries, Brisbane 621 

Coleman FC, Figueira WF, Ueland JS, Crowder LB (2004) The impact of United States 622 

recreational fisheries on marine fish populations. Science 305:1958-1960 623 

Coleman FC, Koenig CC, Scanlon KM, Heppell S, Heppell S, Miller MW (2010) Benthic habitat 624 

modification through excavation by red grouper, Epinephelus morio, in the 625 

northeastern Gulf of Mexico. The Open Fish Science Journal 3 626 

Colquhoun E (2015) Measuring the economic value of recreational fishing at a national level. 627 

FRDC Project No. 2012/214, Brisbane 628 

Cooke SJ, Cowx IG (2004) The role of recreational fishing in global fish crises. Bioscience 629 

54:857-859 630 

Department of Environment and Science (DES) (2008) Moreton Bay broadscale habitats 631 

2008. In: Queensland Spatial Catalogue (ed) 632 

Estes JA, Terborgh J, Brashares JS, Power ME and others (2011) Trophic Downgrading of 633 

Planet Earth. Science 333:301 634 

Gartside DF, Harrison B, Ryan BL (1999) An evaluation of the use of fishing club records in 635 

the management of marine recreational fisheries. Fisheries Research 41:47-61 636 

Goodall H (2008) Riding the Tide: Indigenous Knowledge, History and Water in a Changing 637 

Australia. Environment and History 14:355-384 638 

Graham N, Nash K (2013) The importance of structural complexity in coral reef ecosystems. 639 

Coral reefs 32:315-326 640 

Griffiths SP, Fay G (2015) Integrating recreational fisheries data into stock assessment: 641 

implications for model performance and subsequent harvest strategies. Fisheries 642 

Management and Ecology 22:197-212 643 



26 

 

Griffiths SP, Bryant J, Raymond HF, Newcombe PA (2017) Quantifying subjective human 644 

dimensions of recreational fishing: does good health come to those who bait? Fish 645 

and Fisheries 18:171-184 646 

Haab T, Hicks R, Schnier K, Whitehead JC (2012) Angler Heterogeneity and the Species-647 

Specific Demand for Marine Recreational Fishing. Marine Resource Economics 648 

27:229-251 649 

Hartig F (2020) DHARMa: residual diagnostics for hierarchical (multi-level/mixed). 650 

Regression models. R package version 0.4.3. http://florianhartig.github.io/DHARMa/ 651 

Hijmans RJ (2020) raster: Geographic Data Analysis and Modeling. R package version 3.4-5. 652 

https://rspatial.org/raster 653 

Hunt LM (2005) Recreational Fishing Site Choice Models: Insights and Future Opportunities. 654 

Human Dimensions of Wildlife 10:153-172 655 

Hunt LM, Camp E, van Poorten B, Arlinghaus R (2019) Catch and Non-catch-related 656 

Determinants of Where Anglers Fish: A Review of Three Decades of Site Choice 657 

Research in Recreational Fisheries. Reviews in Fisheries Science & Aquaculture 658 

27:261-286 659 

Hyder K, Weltersbach MS, Armstrong M, Ferter K and others (2018) Recreational sea fishing 660 

in Europe in a global context—Participation rates, fishing effort, expenditure, and 661 

implications for monitoring and assessment. Fish and Fisheries 19:225-243 662 

Jackson JBC, Kirby MX, Berger WH, Bjorndal KA and others (2001) Historical Overfishing and 663 

the Recent Collapse of Coastal Ecosystems. Science 293:629-637 664 

Johnston DF, Arlinghaus R, Dieckmann U (2010) Diversity and complexity of angler 665 

behaviour drive socially optimal input and output regulations in a bioeconomic 666 

recreational-fisheries model. Canadian Journal of Fisheries and Aquatic Sciences 667 

67:1507-1531 668 

Koemle D, Beardmore B, Dorow M, Arlinghaus R (2021) The Human Dimensions of 669 

Recreational Anglers Targeting Freshwater Species in Coastal Ecosystems, with 670 

Implications for Management. North American Journal of Fisheries Management 41 671 

Lanyon JM (2019) Chapter 6 - Management of Megafauna in Estuaries and Coastal Waters: 672 

Moreton Bay as a Case Study. In: Wolanski E, Day JW, Elliott M, Ramachandran R 673 

(eds) Coasts and Estuaries. Elsevier, p 87-101 674 

Lawson KN, Letendre H, Drew JA (2021) Historical Maps provide insight into a century and a 675 

half of habitat change in Fijian coasts. Ecology and Evolution 11:15573-15584 676 

Lorenzen K, Steneck RS, Warner RR, Parma AM, Coleman FC, Leber KM (2010) The spatial 677 

dimensions of fisheries: putting it all in place. Bulletin of Marine Science 86:169-177 678 

Lotze HK, Mcclenachan L (2013) Marine historical ecology: informing the future by learning 679 

from the past. Marine community ecology and conservation:165-201 680 

Lybolt MJ, Pandolfi JM (2019) Holocene history of Moreton Bay reef habitats. In: Tibbetts I, 681 

Rothlisberg P, Neil D, Homburg T, Brewer D, Arthington A (eds) Moreton Bay 682 

Quandamooka & Catchment: Past, present, and future. The Moreton Bay 683 

Foundation, Brisbane, Australia, p 153 – 162 684 

Maunder MN, Punt AE (2004) Standardizing catch and effort data: a review of recent 685 

approaches. Fisheries Research 70:141-159 686 

Maunder MN, Thorson JT, Xu H, Oliveros-Ramos R and others (2020) The need for spatio-687 

temporal modeling to determine catch-per-unit effort based indices of abundance 688 

and associated composition data for inclusion in stock assessment models. Fisheries 689 

Research 229:105594 690 

http://florianhartig.github.io/DHARMa/
https://rspatial.org/raster


27 

 

Maxwell SM, Hazen EL, Bograd SJ, Halpern BS and others (2013) Cumulative human impacts 691 

on marine predators. Nature Communications 4:2688 692 

McClenachan L (2009a) Documenting Loss of Large Trophy Fish from the Florida Keys with 693 

Historical Photographs. Conservation Biology 23:636-643 694 

McClenachan L (2009b) Historical declines of goliath grouper populations in South Florida, 695 

USA. Endangered Species Research 7:175-181 696 

National Library of Australia (NLA) (2019) TROVE. https://trove.nla.gov.au/ (accessed 10 697 

December 2019) 698 

Oksanen J, Blanchet FG, Friendly M, Kindt R and others (2020) vegan: Community Ecology 699 

Package. R package version 2.5-7. https://CRAN.R-project.org/package=vegan 700 

Olds AD, Gilby BL, Connolly RM, Tibbetts IR and others (2019) Fishes of Moreton Bay: 701 

ecology, human impacts and conservation. In: Tibbetts IR, Rothlisberg PC, Neil DT, 702 

Homburg TA, Brewer DT, Arthington AH (eds) Moreton Bay Quandamooka & 703 

Catchment: Past, present, and future, Brisbane, Australia, p 379 704 

Pebesma E (2018) Simple Features for R: Standardized Support for Spatial Vector Data. The 705 

R Journal 10:439-446 706 

Pitcher TJ (2001) Fisheries managed to rebuild ecosystem? Reconstucting the past to salvage 707 

the future. Ecological Applications 11:601-617 708 

Pokki H, Jacobsen JB, Olsen SB, Romakkaniemi A (2020) Understanding angler profiles in 709 

cases of heterogeneous count data – A travel cost model. Fisheries Research 710 

221:105377 711 

Policansky D (2002) Catch-and-Release Recreational Fishing: A Historical Perspective. In: 712 

Pitcher TJ, Hollingworth CE (eds) Recreational Fisheries. Blackwell Science Ltd, p 74-713 

94 714 

Post JR, Sullivan M, Cox S, Lester NP and others (2002) Canada's recreational fisheries: the 715 

invisible collapse? Fisheries 27:6-17 716 

Punt AE (2019) Spatial stock assessment methods: A viewpoint on current issues and 717 

assumptions. Fisheries Research 213:132-143 718 

Queensland Department of Agriculture and Fisheries (QDAF) (2017) Monitoring 719 

Queensland's boat-based recreational fishing: Baseline report for Fisheries 720 

Queensland's recreational boat ramp survey program, State of Queensland 721 

Queensland Department of Agriculture and Fisheries (QDAF) (2020) Queensland 722 

recreational boating and fishing guide 723 

Queensland Department of Transport and Main Roads (QDTMR) (2019) Recreational 724 

Boating Facilities Queensland 725 

Radford Z, Hyder K, Zarauz L, Mugerza E and others (2018) The impact of marine 726 

recreational fishing on key fish stocks in European waters. PLoS One 13:e0201666 727 

Richards J (2019) Historical changes of the lower Brisbane river. In: Tibbetts IR, Rothlisberg 728 

PC, Neil DT, Homburg TA, Brewer DT, Arthington AH (eds) Moreton Bay 729 

Quandamooka & Catchment: Past, present, and future. The Moreton Bay 730 

Foundation, Brisbane, Australia, p 137 731 

Roberts A, Munday M, Roche N, Brown A and others (2017) Assessing the contribution of 732 

recreational sea angling to the English economy. Marine Policy 83:146-152 733 

Rubin DB (1987) Multiple imputation for nonresponse in surveys, Vol. John Wiley & Sons, 734 

New York 735 

https://trove.nla.gov.au/
https://cran.r-project.org/package=vegan


28 

 

Ryan K, Hall N, Lai E, Smallwood CB, Tate A, Taylor S, Wise BS (2019) Statewide survey of 736 

boat-based recreational fishing in Western Australia 2017/18. Fisheries Research 737 

Report No. 297., Western Australia 738 

Sadovy de Mitcheson Y, Craig MT, Bertoncini AA, Carpenter KE and others (2013) Fishing 739 

groupers towards extinction: a global assessment of threats and extinction risks in a 740 

billion dollar fishery. Fish and Fisheries 14:119-136 741 

Sadovy de Mitcheson YJ, Linardich C, Barreiros JP, Ralph GM and others (2020) Valuable but 742 

vulnerable: Over-fishing and under-management continue to threaten groupers so 743 

what now? Marine Policy 116:103909 744 

Santos RO, Rehage JS, Adams AJ, Black BD, Osborne J, Kroloff EKN (2017) Quantitative 745 

assessment of a data-limited recreational bonefish fishery using a time-series of 746 

fishing guides reports. PLOS ONE 12:e0184776 747 

Schafer JL, Graham JW (2002) Missing data: Our view of the state of the art. Psychological 748 

Methods 7:147-177 749 

Stallings CD (2008) INDIRECT EFFECTS OF AN EXPLOITED PREDATOR ON RECRUITMENT OF 750 

CORAL-REEF FISHES. Ecology 89:2090-2095 751 

Teixeira D, Janes R, Webley J (2021) 2019/20 Statewide Recreational Fishing Survey Key 752 

Results, Brisbane 753 

Thurstan R, McClenachan L, Crowder L, Drew J and others (2015) Filling historical data gaps 754 

to foster solutions in marine conservation. Ocean & Coastal Management 115:31-40 755 

Thurstan RH, Brockington S, Roberts CM (2010) The effects of 118 years of industrial fishing 756 

on UK bottom trawl fisheries. Nature Communications 1:15 757 

Thurstan RH, Campbell AB, Pandolfi JM (2016) Nineteenth century narratives reveal historic 758 

catch rates for Australian snapper (Pagrus auratus). Fish and Fisheries 17:210-225 759 

Thurstan RH, Game E, Pandolfi JM (2017) Popular media records reveal multi-decadal trends 760 

in recreational fishing catch rates. PLOS ONE 12:e0182345 761 

Thurstan RH, Buckley SM, Pandolfi JM (2018) Trends and transitions observed in an iconic 762 

recreational fishery across 140 years. Global Environmental Change 52:22-36 763 

Thurstan RH, Fraser K, Brewer D, Buckley S and others (2019) Fishers and fisheries of 764 

Moreton Bay. In: Tibbetts IR, Rothlisberg PC, Neil DT, Homburg TA, Brewer DT, 765 

Arthington AH (eds) Moreton Bay Quandamooka & Catchment: Past, present, and 766 

future, Brisbane, Australia, p 521-536 767 

Thwaites A, Williams L (1994) The summer whiting fishery in southeast Queensland. 768 

Memoirs of the Queensland Museum Brisbane 35:249-254 769 

van der Hammen T, Chen C (2020) Participation rate and demographic profile in recreational 770 

angling in The Netherlands between 2009 and 2017. Fisheries Research 229:105592 771 

Watson RA, Tidd A (2018) Mapping nearly a century and a half of global marine fishing: 772 

1869–2015. Marine Policy 93:171-177 773 

Webley J, Taylor S, Mayer D, Dew K, Olyott L (2009) Survey of marine boat-based 774 

recreational fishing in south-eastern Queensland (2007–08), Queensland 775 

Government, Brisbane 776 

West R, Gordon G (1994) Commercial and recreational harvest of fish from two Australian 777 

coastal rivers. Marine and Freshwater Research 45:1259-1279 778 

Wood S (2017) Generalized Additive Models: An Introduction with R, Vol 2. Chapman and 779 

Hall/CRC 780 



29 

 

Young MA, Foale S, Bellwood DR (2014) Impacts of recreational fishing in Australia: 781 

historical declines, self-regulation and evidence of an early warning system. 782 

Environmental Conservation 41:350-356 783 

Young MAL, Foale S, Bellwood DR (2015) Dynamic catch trends in the history of recreational 784 

spearfishing in Australia. Conservation Biology 29:784-794 785 

Zischke MT, Griffiths SP, Tibbetts IR (2012) Catch and effort from a specialised recreational 786 

pelagic sport fishery off eastern Australia. Fisheries Research 127-128:61-72 787 

 788 

  789 



30 

 

Figures 790 

Figure 1. Map showing Moreton Bay region and major benthic habitat types. Black 791 

dots are access points to the water. Inset map showing the study area location in 792 

Australia (black square). Moreton Bay habitat shapefiles were obtained from the 793 

Department of Environment and Science (DES) (2008). 794 
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 796 

Figure 2. Example of newspaper articles reporting recreational fishing information in 797 

Moreton Bay through time. 798 

  799 

A) The Telegraph 1921 B) The Courier-Mail April 1934 

C) The Telegraph April 1960 
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Figure 3. Fitted generalized additive mixed models (GAMMs) of two catch rates 800 

metrics (number of fish fisher-1 trip-1 [A,B], and kg of fish fisher-1 trip-1 [C,D]) and the 801 

additive effects of year and distance (km) for recreational fishing in Moreton Bay. Mean 802 

catch rate (n and kg) estimates are shown in the black solid line. Blue and green 803 

shading represents the 95% confidence intervals of the mean for each catch rate 804 

model. The grey bar represents War World II period (1939-1945). Within each plot, the 805 

short vertical tick marks (known as “rug”) along the x-axis represent the relative density 806 

of data points.  807 
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Figure 4. Boxplots showing the distance travelled between the closest coastal access 809 

point and fishing location (kilometers) by recreational fishers per decade in Moreton 810 

Bay. Asterisk above the boxplots indicates that distance travelled significantly differed 811 

among decades according to the Kruskal-Wallis test, followed by a Dunn’s post hoc 812 

test. NS = not significant. 813 

 814 
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Figure 5. Recreational fishing hotspots represented by the fishing intensity 816 

(percentages) per decade in Moreton Bay. Fishing locations inside white rectangles 817 

are mentioned in the text. P = Peel Island, BI = Bribie Island; J = Jumpinpin; T = 818 

Tangalooma; C = Comboyuro; D = Donnybrook; CH = Caloundra Heads; RP = 819 

Reeders Points; HI = Hayes Inlet. 820 
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35 

 

 

Figure 6. Non-metric multidimensional scaling (nMDS) ordination plot for historical 

catch composition of recreational fisheries in Moreton Bay. A) Recreational catch 

composition by decade (convex hulls), and B) vectors and magnitudes of significant 

fish species (p > 0.05) in the nMDS.  


