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Recreational fishing is a popular pastime and multibillion dollar industry in Australia, playing a key economic role, especially in regional areas. In the State of Victoria, Port Phillip Bay (PPB), bordered by Melbourne and its suburbs, is the largest of the State’s marine recreational fisheries. At present, little is known about the spatial and temporal dimensions of angler travel from origins to destinations, and the applicability of such spatial knowledge in fisheries management. To address this lack of information we assessed spatiotemporal dynamics and patterns in fishing trips, based upon travel distances on land and water, to acquire insight into the spatial ranges over which anglers residing in various locations travel to fishing destinations in the environs of PPB. Data for each angler per fishing trip, from 6,035 boat-based creel surveys, collected at 20 boat ramps in PPB during a 10-year period from 2010 to 2019, were analyzed by applying geospatial modeling. Differences were observed in both land and water travel distance by region and popular target species, with anglers who launched from Bellarine region traveling further on land, and those who targeted snapper traveling further on water. It was also evident that most anglers resided within close proximity of PPB, often less than 50 km, although some anglers traveled long distances across the State to access fishing locations, particularly when targeting snapper. This work further highlights the importance of spatially explicit approaches to inform fisheries management by identifying users across different landscape and seascape scales, and out-of-region or State fishing trips, which may especially impact coastal communities and benefit local businesses.
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INTRODUCTION

Recreational fishing is a popular pastime with profound socio-cultural impacts, and it contributes considerably to the world economy (Cisneros-Montemayor and Sumaila, 2010; Cooke et al., 2018; Hyder et al., 2018; Lewin et al., 2019). Globally, more than 100 million people participate in recreational fishing annually, landing ∼0.9 million tonnes per annum with participation and catch rates differing substantially among countries (Pauly and Zeller, 2016; Freire et al., 2020). Although annual recreational landings are not large (∼1%) compared to the commercial catch (> 100 million tonnes per year), value adding derived from recreational activities can create substantial economic onflows (Cisneros-Montemayor and Sumaila, 2010; Potts et al., 2020).

There has recently been concerted effort, mainly in the industrialized world, to develop comprehensive governance structures for recreational fisheries given that most people fishing today do so recreationally (Arlinghaus et al., 2015, 2019). Yet, the recreational fishing sector generally lags behind the commercial sector in their understanding of fisheries policy and management. This can be best redressed by involving recreational fishers in monitoring and decision-making processes and regulatory agencies can improve their engagement of anglers by gaining a better understanding of recreational fisher behavior (Hunt et al., 2013; van Poorten and Camp, 2019). The underpinning operational policy objective is to enable fishing stakeholder needs to be met whilst satisfying community expectations for sustainability and socio-economic benefits1, particularly within proximity of urbanized coastal areas that provide easy access to marine resources. This is of particular importance given that in Australia the amount of recreational catch may exceed commercial catch in highly populated coastal areas, or that angling may be the only, or dominant, recreational activity supporting tourism and holiday visitation within less populous areas (McPhee et al., 2002; McPhee, 2017). In this country, recreational fishing is very popular compared to global norms with > 19.5% of the population partaking, which is facilitated by highly efficient implementation of recreational fisheries policies and promotional initiatives (Cooke and Cowx, 2004; McPhee, 2017; Cooke et al., 2018; Lynch et al., 2019).

A major recreational fishing industry (i.e., tackle, bait, equipment, charter, and boat sales) exists in the State of Victoria and the direct and indirect economic output of its recreational fishing activities was estimated to be about AUD $7.5 billion in 2018/19 arising from more than six million fishing trips, generating > 14,000 direct jobs (Huang et al., 2020; VFA, 2020). Centrally located in Victoria, Port Phillip Bay (PPB; Figure 1) is a large marine embayment bordered by Greater Melbourne and Geelong regions extending along the Mornington and Bellarine Peninsulas on its eastern and western sides, respectively (ASGS, 2021). Due to PPB’s sheltered waters, diversity of habitats, and proximity to Melbourne and suburbs, with a population exceeding 4 million (ABS, 2016), recreational fishing is extremely popular. Thus, PPB plays a key role from both an urban and regional perspective because it creates numerous tourism and economic opportunities (Sampson et al., 2014). Although PPB supports diverse ecologically and economically important species, the main species of interest to recreational anglers are snapper (Pagrus auratus), southern calamari (Sepioteuthis australis), King George whiting (KGW) (Sillaginodes punctatus), and sand flathead (Platycephalus bassensis).
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FIGURE 1. Map of the study area overlaid across the shaded relief of land and sea, zoomed over the State of Victoria and Port Phillip Bay in the lower panel showing the three residential regions of Bellarine, Melbourne and Mornington. Fishing block codes and boat ramp names are also shown.


Little is known about angler behavior and travel characteristics within space and time in PPB. Understanding angler behavior and responses to the implementation of varying policies and strategies is important due to the critical role that some anglers play in many aspects of fisheries governance (Fulton et al., 2011; Hunt et al., 2013; Camp et al., 2018; van Poorten and Camp, 2019). Spatial dynamics in fisheries resources, including spatiotemporal patterns in catch and effort have been widely investigated in fisheries science (McCluskey and Lewison, 2008; Stelzenmüller et al., 2008; Stewart et al., 2011; Post and Parkinson, 2012; Aidoo et al., 2015; Jalali et al., 2015, 2018). However, less attention has been devoted to the anglers’ behavioral dimensions of their recreational fishing activities such as their travel distance, trip dynamics and fishing behaviors, largely due to the paucity of information available in most instances. This is of significance because the spatial context of the socioecological systems in which marine recreational fisheries operate can impose additional challenges to fisheries management and regulatory agencies due to heterogeneity of human uses and biological communities as well as key dynamic processes that maintain them (Pereira and Hansen, 2003; Carpenter and Brock, 2004; Crowder et al., 2006; Crowder and Norse, 2008; Lorenzen et al., 2010).

Economists and human geographers have traditionally used data from angler travel to assess the value of recreational fisheries and to evaluate the impacts of fishing on landscapes (Post et al., 2002, 2008; Hunt, 2005; Post and Parkinson, 2012). However, having a detailed understanding about the spatial dimensions of angler travel patterns is of further significance as it can assist to determine the spatial size, extent, and boundaries of areas targeted by anglers. Spatially explicit marine planning policies have been promulgated as a means for more effective fisheries management delivered at geographic scales that align with fish stock boundaries and varying demographics of anglers that harvest those stocks (Young et al., 2007; Pomeroy and Douvere, 2008; Klein et al., 2010; Lorenzen et al., 2010; Stelzenmüller et al., 2013; Camp et al., 2018). Spatially resolved approaches can more meaningfully engage stakeholders in decision making processes (Pomeroy and Berkes, 1997; Olsen et al., 2011), and the identification of the spatial origins of anglers targeting certain fishing grounds can foster effective allocation of resources. Moreover, given that the statistical properties of angler travel dynamics may differ considerably among target species, across regions, or through time, greater resolution can provide improved insights about how fishing effort distributes across landscapes and how it can contribute to local economies.

Challenges in understanding angler behavior stem from a lack of information which cannot be addressed in the absence of a comprehensive and well-structured monitoring program that acquires detailed multi-year data about travel dynamics. In this context, annual creel surveys collecting a variety of angler demographics and fishing behavior related data in PPB were undertaken. The primary objectives of this study were to use these data to estimate and describe anglers’ travel distances from residential postcodes to boat ramps and from boat ramps to fishing locations, and to find out how these differ temporally, spatially and by target species, to assist resource managers and policymakers in making evidence-based decisions regarding recreational fisheries in PPB.



MATERIALS AND METHODS


Survey Area

Port Phillip Bay (PPB) is centrally located on the southern coastline of Victoria (Figure 1). It is a large marine embayment with an area of approximately 1,930 km2 and 264 km shoreline with an average depth of 13 m, and the deepest part being ∼24 m. PPB connects to Bass Strait through a narrow deep channel (∼3.5 km across but up to nearly 100 m deep × 800 m wide at its most navigable passage) exchanging oceanic water (Holdgate et al., 2001; Sampson et al., 2014).



Creel Survey Data

Creel surveys of boat-based recreational fishing are conducted annually in PPB. The surveys are undertaken at 20 actively used boat ramps (i.e., Clifton Springs, Limeburners Point, St Leonards, Queenscliff, St Helens, Point Richards, Indented Head, Altona, Werribee, St Kilda, Newport, Black Rock, Carrum, Sorrento, Mornington, Rye, Mordialloc, Safety Beach, Frankston, Tootgarook) around PPB’s coastline that can be divided into three regions (Melbourne, Bellarine and Mornington) based on geography and urbanicity (Table 1). The sampling design followed the approach described by Chen and Woolcock (1999) to ensure that estimates of fishing effort are unbiased. Creel surveys are conducted when anglers return from a fishing trip, mostly on weekends and during peak fishing days e.g., public holidays over a 6-month period (November to April), mainly to monitor harvest rates of key recreationally important species (Ryan and Conron, 2019). During survey interviews, anglers are asked to provide their residential postcode and information about their completed trip including fishing block, target species and the amount of time that they spent fishing, and if an angler changed their fishing block or target species during the fishing trip, then the main fishing block or target species was recorded. In this study, creel survey data were obtained from the years 2010/2011 to 2018/19 and only properly completed interviews with all questions answered were used for analyses. Most of the survey data (approximately 85%) related to frequently targeted species: snapper, southern calamari, King George whiting (KGW), and flathead (Platycephalus spp.). Sand flathead and southern bluespotted flathead (Platycephalus speculator), were combined as “flathead” given that the two species are often caught concurrently and most anglers do not differentiate between them. Due to the limited number of fishing trips where other species were targeted, only the four abovementioned species were used to evaluate patterns and differences in travel distance. This resulted in 6,035 of the 7,495 fishing trip records being analyzed across three survey regions (i.e., Bellarine, Melbourne and Mornington) based on residential postcode.


TABLE 1. Fishing area and the proportion of anglers surveyed as well as the proportion of anglers in age groups for each fishing area based on 6,035 fishing trip records in Port Phillip Bay (Victoria) from 2010/2011 to 2018/19.
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Fishing blocks for each trip were assigned to one or more of 40 defined individually numbered rectangular fishing blocks (approximately 7 km by 9 km) in PPB (Figure 1) in order to spatially resolve each angler’s daily activity on water. Every vessel launched from a boat ramp in PPB was assumed to be capable of accessing any of the fishing blocks, yielding 800 potential alternative ramp-block and 1,600 block-block combinations from which each angler might choose (Huang et al., 2020).



Spatial and Statistical Analyses


Spatial

The centroid of each angler’s postcode polygon was generated in ArcGIS (version 10.7, ESRI) to provide proxies for anglers’ residential postcode. Travel distance was calculated across two separate networks of land and water using the origin-destination (OD) cost matrix in ArcGIS Network Analyst. The OD cost matrix identifies and measures the least-cost paths along the network from multiple origins to multiple destinations (Abrahamsson, 1998; Bera and Rao, 2011). To develop a land network, the Vicmap transport road network dataset2 for the state of Victoria was obtained to calculate land travel distance (km) from each angler’s residential postcode to the destination boat ramps. The origins in the road network were the nearest road to the centroid of each postcode polygon and the destinations were the boat ramp locations of the creel surveys. After creating origin-destination routes, results were validated by randomly selecting the network analysis outputs and comparing these with the Google Maps application, a web mapping service developed by Google as a reliable and popular mobile application for route planning3.

A waterway network across PPB was created with polylines connecting each boat ramp to the centroid of each fishing block, and fishing blocks collectively, as there were trip records with anglers targeting two or three fishing blocks, thereby enabling estimation of the entire distance traveled over water. Moreover, nautical charts and a light detection and ranging (LiDAR) bathymetric layer (5 m spatial resolution) were used to check that waterways were correctly defined through the navigable channels due to challenges in navigating some areas of PPB, particularly among sand shoals in its southern region. The OD cost matrix was also applied as per the land network to measure the travel distance on water, and to estimate distances traveled from the boat ramps to the centroid of targeted fishing blocks. The number of anglers from each postcode were spatially joined by their respective postcode polygon to generate a heatmap of angler distribution over the landscape.



Statistical

All statistical analysis were undertaken in R version 4.0.3 (R Core Team, 2021). Multivariate analysis of non-metric multidimensional scaling (nMDS) was used to identify target species patterns among boat ramps. Data were square root transformed and then subjected to Wisconsin double standardization. A Bray–Curtis dissimilarity matrix was set for nMDS, and analyses were performed using the “vegan” package within the suite of R statistical software (Oksanen et al., 2020). Generalized linear models (GLM) were used to model differences in travel distance by region and target species on land and water. A Gaussian distribution was selected to best represent the distortion of the response variable with a log link function. The “ggplot2” data visualization package (Wickham, 2016) was applied to plot temporal (annual) trends in travel distance. In addition, regional and species differences in travel distance over land and water were evaluated using analysis of variance (ANOVA) and the non-parametric Kruskal–Wallis test, depending on the results of Shapiro–Wilk and Bartlett tests for normality and homogeneity of variance. Statistical differences in travel distance were then assessed between regions by applying post hoc Duncan and Wilcoxon tests at 95% confidence intervals (P < 0.05).





RESULTS

Most anglers fishing in PPB were residents from postcodes within relatively close proximity of PPB particularly within Melbourne, Mornington and Southwest Victorian regions as well as Geelong, Bellarine and Surf Coast Shire (Figure 2). The number of anglers aboard each vessel varied widely, from one individual to 12, with an average of 2.1 anglers per trip (Table 2). The amount of time spent fishing in PPB was 4.3 ± 2.0 (mean ± SD) hours on average per trip (Table 2), but there were a limited number of anglers (approximately one percent of fishing trips) who reportedly fished for considerably longer periods of time. Although overnight trips are occasionally undertaken the veracity of these reports of extreme fishing duration is unknown. Variability in effort (time spent fishing) among the fishing blocks was high with anglers typically spending more time fishing in the central areas of PPB (Figure 3).
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FIGURE 2. Classified heatmap showing patterns in the percentage of interviewed anglers targeting Port Phillip Bay, based on their residential postcodes in Victoria with the data being pooled among years and species.



TABLE 2. The average number of anglers per trip and average (±SD) time spent fishing per trip in Port Phillip Bay by residential regions and overall.
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FIGURE 3. Average amount of time (hours) spent fishing per fishing block in Port Phillip Bay based on the data pooled among years and species.


Regional patterns and variability in target species were evident in the nMDS with three clusters identified based on ordination of target species toward boat ramps within the three regions (Figure 4). Snapper were the dominant, or second most popular target species for anglers launching from most boat ramps, especially in the Melbourne and Mornington regions of PPB such as Carrum, Black Rock and Newport. This was followed by KGW and southern calamari, which were among the most popular target species for anglers who launched from the Bellarine and Mornington regions of PPB, particularly at Rye, Sorrento, Queenscliff and St Leonards boat ramps (Figure 4). Targeting of flatheads was more common at boat ramps located in the Bellarine region including Limeburners Point, St Helens and Point Richards. Assessment of anglers’ travel distance and routes revealed that they traveled from throughout the State to fish in PPB (Figure 5). Spatial patterns in anglers’ travel dynamics were related to target species with most fishing trips commencing from postcodes adjacent to PPB or from northern and western residential regions, especially by anglers targeting snapper. By calculating travel distance, we found that average distance traveled on land was 40.5 km per trip, ranging from about one km to over 580 km, with most anglers residing within a proximity of about 50 km from their launch destination. Calculation of distance traveled on water with fishing trips starting from boat ramps to the centroid of fishing blocks showed that anglers traveled 11.1 km on average per trip one way.
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FIGURE 4. Ordinations of nMDS analyses illustrating patterns of four main target species across boat ramps based on the survey data combined across years. Ellipses represent 95% confidence intervals further indicating the clusters of boat ramps deriving patterns in target species.
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FIGURE 5. Map showing land travel routes modeled using network analyst from residential postcodes of anglers to boat ramps throughout the State of Victoria. Data were pooled among species and years. Zoom box is drawn over Port Phillip Bay.


The GLM results indicated significant differences by region and target species in travel distance on land and water (P-value < 0.001, Table 3). Furthermore, anglers who launched from boat ramps in the Bellarine region traveled significantly longer distances on land to access PPB (Figure 6). In comparison, travel distance on water was significantly longer for anglers who launched from boat ramps in the Mornington and Melbourne regions (Figure 6).


TABLE 3. Summary statistics of generalized linear models (GLM) describing travel distance on land and water by region and species, and statistical differences in average travel distance (km) on land and water between regions by target species in PPB.
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FIGURE 6. Regional patterns (Bellarine, Melbourne and Mornington) in angler travel distance on land and water pooled among species and years. Each dot indicates an angler trip.


In terms of travel distance by region and target species, we observed a significant increase in distance traveled via land by anglers who started their trip from the Bellarine region to target snapper (Table 3 and Figure 7). Similar regional differences were observed for other species (i.e., southern calamari, flathead and KGW) with longer distances traveled on land by anglers who launched from boat ramps in the Bellarine region. In contrast, anglers who launched from boat ramps in the Melbourne and Mornington regions traveled significantly further on water for almost all target species (Table 3 and Figure 7). Longest travel distances on water occurred for snapper (14.3 km on average) by anglers from the Mornington region and the shortest fishing trips on water (7.2 km on average) were made by anglers who launched from the Bellarine region to target southern calamari.
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FIGURE 7. Regional patterns (Bellarine, Melbourne and Mornington) in angler travel distance on land and water by individual key species in Port Phillip Bay combined across years. Each dot indicates an angler trip.


Temporal (annual) assessment of travel distance on land and water revealed significant variation by region and target species. Travel distance on land increased through time in the Bellarine region, but the travel distance on water remained shorter compared to the Melbourne and Mornington regions (Figure 8). Relatively similar annual trends were evident when travel distance patterns were compared by region and target species (Figure 9), revealing longer travel distance on land, and shorter distance on water for anglers from Bellarine, though some trends did not appear to vary through time. Interestingly, an increasing annual trend in travel distance on water occurred for anglers launching from Mornington who targeted highly mobile snapper, whereas a decreasing annual trend in travel distance on water was detected for anglers launching from Melbourne who targeted southern calamari and flathead (Figure 9). There were clear consistencies in land and water travel distance trends for anglers from Melbourne and Mornington for flathead and KGW.
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FIGURE 8. GLM plots of temporal trends in the anglers’ average travel distance (km) on land and water by residential region, combined across species. Shaded areas represent the 95% confidence intervals.
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FIGURE 9. GLM plots of temporal trends in the anglers’ average travel distance (km) on land and on water by residential region and target species. Shaded areas represent the 95% confidence intervals.


The most popular fishing trips by postcode to boat ramps and fishing blocks revealed over 80% of fishing trips were the same on water and about 50% the same via land (Figure 10). Most of the popular travel routes over land and water for snapper occurred in the east and north of PPB by anglers residing mostly in the Melbourne metropolitan area. Their fishing trips on water were predominately in the northern and eastern parts of PPB and ventured further into the deeper central areas of PPB (Figure 10). Different trip patterns on land and water were evident when anglers targeted calamari as most of these anglers were from postcodes in the west, north and southeast of PPB, and most of their fishing trips occurred in shallow inshore waters in the south and western areas of PPB (Figure 10). In contrast, fishing trips targeting flathead and KGW were popular among anglers from postcodes from suburbs farther north and west of PPB (Figure 10), and fishing trips on water were also dominated in the north and west, with anglers who were targeting flathead generally traveling further into deeper water.
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FIGURE 10. Map of the most popular fishing trips over land and water (from residential postcode to the boat ramps and fishing blocks) to target the four main recreationally targeted species in Port Phillip Bay combined across years. These routes incorporate around 50% of all fishing trips on land, and over 80% of all fishing trips on water.




DISCUSSION

The present study has improved our understanding of marine recreational fishers’ behavior in PPB, including spatial and temporal attributes of distances traveled on land and water to target particular species. In many instances, travel patterns varied considerably based on all these factors. Such knowledge is useful for managers and policy makers as it identifies the boundaries as well as dimensions of the areas explored by resource users across seascape and landscape scales.

This kind of information has guided planning and implementation of recent initiatives to upgrade boat ramps by adding additional lanes and trailer parking bays, and to improve land-based facilities for anglers, such as fish cleaning tables, fish waste and tackle disposal bins, and boat washdown stations, at the more popular launching locations around PPB (Better Boating Victoria, 2021).

Spatial-based analysis and mapping are useful for better understanding the dynamics of recreational fishing trips because when the results are used in conjunction with stakeholder engagement, they can become a key component of successful fisheries co-management (Pomeroy and Berkes, 1997; Pomeroy and Douvere, 2008; Pınarbaşı et al., 2017). Particular attention has been given to marine spatial planning in recent times, incorporating human activities, for supporting sustainable resource harvest and conservation (Douvere, 2008; Katsanevakis et al., 2011; Rassweiler et al., 2014; Domínguez-Tejo et al., 2016). In this respect, spatiotemporal assessment of anglers’ trip and effort patterns may assist in achieving better user and stock support as some fisheries can transcend spatial boundaries, requiring coordination throughout land and water management areas. For instance, urban residents from Melbourne may travel further by land to target southern calamari and KGW in southern PPB, which can concomitantly generate increased tourism-based spending in regional Victoria whilst imposing further pressure on stocks in those areas. A quantitative understanding of these dynamics will enable resource managers to incorporate these factors into future decision-making processes, which hitherto had not been possible.

In addition, model outputs and maps generated from spatial analyses can reflect the complexity and patterns in the distribution of anglers at local and out-of-region levels. This may help predict how the behavior of these users and its impact on resources change and evolve through space and time, which is not generally well understood in recreational fisheries. Some anglers, especially those who launched their vessels from boat ramps in the Bellarine region to fish the western parts of PPB, traveled longer distances on land throughout regional Victorian to reach fishing destinations. Given such differences, co-management strategies may also differ in how to effectively engage these users as, for example, it has been suggested that stakeholders who are local residents and reside in closer proximity to the resources they use may have a greater tendency to be involved in co-management actions (Gutiérrez et al., 2011). Local users may also be more accessible and easier to engage, whereas more distant users from larger geographic scales may be less apt, or at least more difficult to engage in co-management activities (Hammitt et al., 2004; Cheng and Daniels, 2005; Hart et al., 2015). Distant users may also be less informed about fishing regulations and require different strategies to access information, noting that fishing regulations are provided on a mobile phone application that covers the entire State. In addition, local stakeholders may share more cohesive cognitions and have common preferences or requirements related to a given geographical region to produce greater resource stewardship in contrast to visitors from other residential regions. This may diverge even further between urban and regional residents, for instance, in terms of the levels of dependency, sentiments and attitudes toward local natural resources (Bonaiuto et al., 2002), as people may be more likely to support the protection of the local environment if they feel attached to a given geographic region or place (Faccioli et al., 2020). On the other hand, local people may not perceive resource protection initiatives, like MPAs, as useful, especially whenever a lack of access to former fishing grounds seems to impinge on community livelihood or managerial governance of MPAs is considered to be inadequate (Bennett and Dearden, 2014).

The present study has shown that, unsurprisingly, spatial patterns in anglers’ fishing effort are linked to the target species’ productivity and habitat preferences, as well as their mobility e.g., snapper (Hamer and Mills, 2017), under the assumption that the regions in which fishers are operating are more likely to support higher densities of targeted species. Herein, anglers launching from the Bellarine region were more likely to target KGW and calamari where seagrass and/or reef habitats are more abundant (see Mazor et al., 2021). Previous investigations of KGW habitat suitability indicated high suitability of the western and southern areas of PPB supporting seagrass or seagrass-edge habitats (Morris and Ball, 2006). Reduced fishing trips for KGW were evident in the central and eastern areas of PPB that are less suitable for KGW due to the deeper substratum and/or relatively bare sand habitat (Hamer et al., 2004; Morris and Ball, 2006).

Most fishing trips for southern calamari occurred adjacent to Rye, Sorrento, Queenscliff and to a lesser extent several other boat ramps in Bellarine region. Southern calamari is a demersal species that inhabits shallow inshore waters aggregating on seagrass beds to spawn (Smith et al., 2015). Therefore, shallow reef structures and seagrass beds surrounding the edges of PPB are more likely to be of interest to anglers who do not generally need to travel long distances on water to reach their fishing spots, especially those launching from Bellarine region as was observed in travel distance modeling.

Flathead, as interpreted in the present study, represents an assemblage of species, which are a popular table fish with sand flathead being the most popular among them in PPB because they are easy to catch and delectable (Fishing World, 2021). Flathead also show much higher CPUE in PPB than the other main target species, including snapper and KGW (Conron et al., 2020). Flathead can occupy a range of habitats, being found in estuaries, on bare sandy, muddy and weedy bottoms as well as in deeper areas (Jordan, 2001; Imamura, 2015). Such behavior and habitat preferences could potentially address variability in anglers’ effort patterns throughout PPB and longer distances traveled to facilitate access to intermediate and deep waters, where they are particularly abundant (Parry et al., 1995).

In contrast, anglers’ trips and fishing effort for snapper were spread throughout PPB especially within fishing blocks in the deeper areas in the east and north where the majority of snapper spawn (Hamer and Mills, 2017). PPB is the center of recreational snapper fishing in Victoria, which is highly valued by anglers, and the snapper fishery in PPB varies both spatially and temporally (Hamer and Mills, 2017). In this respect, it has been demonstrated that preferred habitats of adult snapper differ from sub-adult snapper, with the deeper areas being more favorable, whereas shallow seagrass habitat and substrates of coarser sediment less suitable for adult snapper and larger size/age groups (Morris and Ball, 2006). This species’ habitat preference, in turn, influences anglers’ fishing decisions and travel dynamics as revealed in the most popular trip maps with > 80% of fishing trips targeting fishing blocks in the north and east of PPB. Anglers targeting snapper traveled further than those targeting other species, both because snapper frequented deeper waters further from shore, and also because both sub-adult and adult snapper are aggregative and highly mobile, moving considerable distances utilizing a range of habitats (Wilson, 1986; Parry et al., 1995; Conron and Coutin, 1998; Hamer and Mills, 2017). Although spatial and temporal trends in fishing trips can be linked to suitable habitat for each target species, there could also be other factors at play such as travel time at sea and associated costs, suitability of vessels for long range travel, prevailing weather conditions, time constraints, anglers’ knowledge, seafaring experience, and potentially others, that play a role in anglers’ decisions and choices in fishing location. Nevertheless, both the number of anglers, and the time spent fishing, was relatively similar among years regardless of residential region, fishing block or target species, indicating that actual fishing time appears to be independent of travel time to and from the fishing grounds. Thus, it appears that this fishing time is sufficient to satisfy anglers expectations in terms of the overall experience, including the number of fish caught, or persistence if none are caught, and the need to allow sufficient time to return to shore, clean, pack up, and drive home.

Although we did not investigate angler travel patterns from economic perspectives, angler travel dynamics influences the spatial redistribution of their expenditure, which may support local businesses, further highlighting its importance to governing bodies, as has been revealed in other geographies such as Europe and United States (Steinback, 1999; Butler et al., 2009; Hyder et al., 2018; Pita et al., 2018). Given that millions of recreational fishing trips occur annually worldwide across diverse urban, regional and remote geographic regions to access convenient or prime fishing destinations, this pastime can create many direct and indirect job opportunities with substantial economic yield, which may be particularly important for the prosperity of coastal communities (McPhee, 2017; Camp et al., 2018; Pita et al., 2018). Impacts on local market activity will differ by species or region as all fisheries are unlikely to have the same potential spatial impact from the economic benefits derived from angling. It follows that economic investigations are required to provide policy makers with objective information obtained from comprehensive and robust analysis of angler demographics, expenditure patterns and socioeconomic dependencies of local and regional communities.
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Travel distance on land

Variable Standard error Deviance p-value

Region Melbourne 0.039 994,956 < 0.001
Mornington 0.033

Species Flathead 0.041 228,068 < 0.001
KGW 0.038
Snapper 0.035

Travel distance on water

Variable Standard error Deviance p-value

Region Melbourne 0.024 20,099 < 0.001
Mornington 0.025

Species Flathead 0.039 11,246 < 0.001
KGW 0.038
Snapper 0.030

Average travel distance (km) on land

Species Region

Bellarine Melbourne Mornington
Snapper 49.4* 25.8™ 29.6"
Calamari 68.8" 27.7* 54.7@
Flathead 60.0* 31.7m 42,9S
KGW 58.3% 28.9m 37.5™

Average travel distance (km) on water

Species Region

Bellarine Melbourne Mornington
Snapper 11.1* 13.1™ 145808
Calamari 7.2% 12,118 9.4ns
Flathead 7.9% 11.4"8 11778
KGW 7.8* 12.5™ 10.2"

Data are based on anglers’ average travel distance combined across years.
Different symbols (#, *, and @) in each row indicate significant differences in travel
distance between regions for the species in a given row at a 5% level of significance,
with “ns” indicating differences among regions that were non-significant.
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