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Understanding the drivers of exploited fish abundance distributions is key to successful natural resource management, but it is costly to obtain this information at large spatio-temporal scales relevant to management. We used small programmable automated cameras (POTBots) deployed in commercial rock lobster fisher’s pots, during normal fishing activities, across ∼750 km of the west coast of Australia (10–120 m deep), to test for relationships between the relative abundance of fishes and both environmental (habitat composition, swell, depth and water temperature) and anthropogenic factors (recreational and commercial fishing effort). Among the six most frequently observed fishes, the abundances of two targeted species, Choerodon rubescens and Epinephelides armatus, were negatively correlated with an index of recreational effort, although this was confounded by the natural abundance distribution of these species along the west coast. For example, a unimodal abundance distribution with latitude was observed for C. rubescens, matching its known distribution. In contrast, the abundances of the commercially important Chrysophrys auratus and Lethrinus miniatus were positively correlated with an index of commercial effort, reflecting the expectation that commercial fishers typically would target areas of greatest abundance that produce higher catches per unit effort. The abundances of two non-target species, Coris auricularis and Neatypus obliquus, were correlated with expected environmental variables (water temperature, depth, habitat composition and swell) but neither recreational nor commercial fishing effort. All but one of these reef species had a strong positive relationship with reef cover, as expected, and three species exhibited a negative relationship with swell. We have developed a highly cost-effective fisheries-independent monitoring tool to understand relationships between species abundance distributions and major environmental and anthropogenic factors. It is easily deployed using existing pot or trap fishery infrastructure and is therefore highly applicable to both developed and developing countries.
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INTRODUCTION

Understanding species abundance distributions is key to successful natural resource management (Stewart et al., 2010). This is particularly important in marine ecosystems due to their socio-economic importance, high biodiversity and potential to be impacted by climate change and anthropogenic influences such as fishing (Stewart et al., 2010; Smale et al., 2012). However, large scale (∼1000s km) ecosystem monitoring and modeling in the marine environment is inherently complex, due to interactions between many biotic and abiotic factors, and is costly, due to the spatial scales and required sampling densities (Langlois et al., 2012a).

Ecophysiology predicts that a species abundance distribution will be unimodal across its range, with maxima where environmental conditions are optimal (Pörtner et al., 2010). In coastal marine environments, complex oceanographic processes typically result in heterogeneous temperature and nutrient gradients and so unimodal abundance distributions are thought to be the exception, not the rule (Sagarin and Gaines, 2002). In contrast, relatively consistent unimodal abundance distributions of fish have been observed along the extensive (∼1,500 km), north-south oriented marine environment of the west coast of Australia (Hutchins, 2001; Langlois et al., 2012a). These distributions have been attributed to the region’s relatively consistent environmental gradient in terms of water temperature (Cresswell and Golding, 1980; Pearce et al., 2000). However, at a finer spatial scale, water depth, habitat type, salinity, swell exposure, substrate, and resource partitioning have all been recorded to correlate with fish abundance distributions (Fairclough et al., 2008; Watson and Harvey, 2009; Travers et al., 2010; Harvey et al., 2013). The relatively consistent environmental gradient at large spatial scales across south-western Australia’s coastal marine environment provides an ideal location to investigate the role of major environmental and anthropogenic factors in the abundances of marine organisms, such as fishes.

Anthropogenic factors such as fishing pressure and habitat modification can impact the abundance and distribution of fish species (Langlois et al., 2012b; Soler et al., 2015; Navarro et al., 2019). In south-western Australia, the commercial and recreational fishing sectors exploit fish resources in a spatio-temporal manner, which also differs between species (Fairclough and Walters, 2019). For example, annual catches of baldchin groper Choerodon rubescens and breaksea cod Epinephelides armatus by recreational fishers have recently been greater than commercial catches, while the opposite is true for snapper Chrysophrys auratus and redthroat emperor Lethrinus miniatus (Ryan et al., 2017; Lethrinidae, Forster, 1801; Fairclough and Walters, 2019). Recreational fishing effort is typically restricted by proximity to access points and typically small vessel sizes (Aidoo et al., 2015), whereas commercial fishers will travel much greater distances to achieve higher catch rates. In south-western Australia, management of these species includes spatio-temporal closures that limit fishing of one or both fishing sectors (Fairclough et al., 2015; Crisafulli et al., 2019). Thus, the activity and effort exerted by those two sectors are expected to differentially influence the abundance distributions of targeted species across the region.

Remote video survey methods, both baited and unbaited, are increasingly being used to study the abundance distribution of fishes in coastal waters globally, in both shallow waters and waters beyond safe diving limits (Langlois et al., 2015). Regularly conducting independent, spatially balanced remote video surveys of fish assemblages and marine habitats in coastal waters can be costly, in terms of ship time and field time using current remote operated video methodologies (Langlois et al., 2015). As an alternative, we developed an inexpensive (∼US$ 400), remotely operated, fisher-deployed camera system (pictures of the bottom; POTBot) for collecting georeferenced video of fish and habitats. Their design and operation allows for easy and inexpensive installation into existing infrastructure (e.g., lobster pots) and the collection of repeated sampling deployments at zero cost whilst fishers conduct their normal fishing operations over weeks or months.

This study focused on the four most abundant targeted reef fishes (C. auratus, C. rubescens, E. armatus, L. miniatus) and two of the most abundant non-target reef fishes sampled using POTBots, i.e., Western king wrasse (Coris auricularis) and Footballer sweep (Neatypus obliquus) (Table 1). These six species have different biogeographic distributions, with C. rubescens (23–34°S), E. armatus (26–35°S), C. auratus (<23–43°S), C. auricularis (23–35°S), and N. obliquus (26–35°S) being subtropical or warm temperate, while L. miniatus (20–28°S) is a tropical species (Hutchins, 2001; van Herwerden et al., 2009).


TABLE 1. Summary of the focus species for this study.

[image: Table 1]This study tested the ability of the POTBot system to identify the variables most correlated and likely to be related to the observed distribution patterns of these abundant species, given the prior expectations reported in published literature (Hutchins, 2001; Langlois et al., 2012a). It was expected that the abundance of each of these reef species will be greatest over reef habitats. It was also expected that with increasing latitude and decreasing average water temperature the abundance of temperate species (such as E. armatus) will increase, while tropical/subtropical species (such as L. miniatus will decrease). The abundance of C. rubescens, a species endemic to the west coast only, is expected to be unimodal, declining to the north and south of a central latitudinal maximum at ∼28°S. We also predicted that species typically targeted by either recreational fishers (such as C. rubescens and E. armatus) or commercial fishers (such as C. auratus and L. miniatus) would be negatively correlated with indices of recreational and commercial fishing pressure.



MATERIALS AND METHODS

This study used automated cameras mounted to commercial lobster fishing pots which were deployed as part of standard fishing practices.


Sampling Strategy

In this study POTBots were deployed along ∼750 km of the south-western Australian coastline spanning 6.5° of latitude (∼26.5°S to 33°S; Figure 1A). The orientation and scale of the study region means that it encompasses the biogeographic overlap zone from sub-tropical to temperate ecosystems (Hutchins, 2001; Figure 1B). In addition, the region also displays a gradient of recreational and commercial fishing effort (Sumner et al., 2008; Ryan et al., 2015; Figures 1C,D).
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FIGURE 1. (A) Locations of deployment of POTBots (gray dots), (B) modeled winter ocean bottom temperature, (C) the recreational fishing index (grayscale, 0.01 degree cell size) and location of boat ramps (black dots), (D) the normalized commercial catch data (grayscale, 0.167 degree [10 min] cell size).


Between April 2013 and August 2014, 20 POTBots were opportunistically deployed inside the pots of 19 different vessels targeting western rock lobster (Panulirus cygnus George, 1962) in water depths of 10–120 m between Kalbarri and Perth, Western Australia (Figure 1A). A single POTBot was mounted inside each pot giving the camera a height of approximately 35 cm from the substrate (Figure 2). POTBots consist of a circuit board on which is mounted a camera, microcontroller, data logger, GPS, thermometer and a battery in a waterproof housing (∼150 mm long, ∼75 mm diameter). Further information on POTBot design and manufacture is available in Supplementary Material 1 and at POTBots.org.
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FIGURE 2. A diagram of a western rock lobster fishery trap with POTBot installed. Wooden batten rock lobster pots have a maximum internal length of 91.5 cm long, 80 cm wide and 42 cm high.


Upon deployment, POTBots were set to record imagery for 10 min to produce a snapshot of the relative abundance of fish species within the immediate deployment area. Collection of data commenced when the pot landed on the substrate. This sampling time is much shorter than typically used in baited remote video systems (60 min – Cappo et al., 2006; 30 min – Harasti et al., 2015) but is comparable to recent recommendations (10–15 min – Coghlan et al., 2017). The shortened video sampling time led to a reduction in the amount of data storage and processing time required, greatly reducing the time and cost of video analysis. After approximately 15 deployments over 1–2 months, each POTBot was replaced with another fully charged unit. A total of 648 videos were collected during the study period and 398 videos (∼61%) were of suitable quality for analysis. Of those not suitable, the most common reason was fisher deployment of pots before dawn (insufficient lighting) and poor positioning of the pot causing a limited field of view.

Analysis of videos was conducted using EventMeasure1. Relative abundance counts for C. auratus, C. rubescens, E. armatus, L. miniatus, C. auricularis, and N. obliquus were obtained from the maximum number of each species present in the field of view of the POTBot at one time (MaxN; Cappo et al., 2004).



Measurement of Environmental and Anthropogenic Variables

Variables to be tested against the relative abundance of each species were recorded or calculated for each sampling location. These included latitude, depth, relative habitat relief, winter/spring bottom temperature, swell, the coverage of kelp (Ecklonia radiata Agardh, 1817), large epibenthic invertebrates, reef, and recreational and commercial fishing effort.

The latitude for each deployment was derived from the POTBots internal GPS. The depth of each deployment was either recorded by the commercial fisher deploying the POTBot or derived using the Australian Bathymetry and Topography Grid of Geoscience Australia (Whiteway, 2009). Relief was visually ranked for each deployment as low, medium or high based on video observations (modified from Polunin and Roberts, 1993). To validate this method, relief categories assigned to a subset of 60 POTBot deployments were compared to fine scale bathymetry data obtained from a multi-beam hydroacoustic (MBH) survey (Hovey et al., 2012). The three-dimensional surface area of the substrate within a 9 × 9 m quadrat around each of the 60 POTBot deployments was derived from the MBH survey data using a digital elevation model (DEM) tool for ArcGIS 10.2 (ESRI 2011). A significant positive relationship existed between the visual ranking from the POTBots and the DEM derived estimates of relief using a linear regression (r2 = 0.384, p < 0.001).

Winter/spring bottom water temperature sourced from the OceanMaps model (Chamberlain et al., 2012) was used for each deployment location. The winter/spring period is when water temperatures are lowest and minimum annual water temperatures have been found to limit the distribution of fish species due to their differing thermal tolerances (Figueira and Booth, 2010). The winter/spring bottom water temperature ranged from 17 to 22°C.

Swell was visually rated from POTBot imagery using a five point scale. Indicators such as vegetation and sand movement were used. To validate this method, swell ratings assigned to a subset of 145 POTBot deployments were compared with total significant wave height recorded within the same hour by the wave rider buoy in Owen Anchorage, Western Australia (WA Department of Transport 2014). A significant positive relationship existed between the swell ratings from the POTBots and total significant wave height using a linear regression (r2 = 0.416, p < 0.001).

For each POTBot deployment, the percent coverage of substrate type (reef or sand/rubble) and biota (invertebrates [ranging from 0 to 80% cover], Ecklonia radiata [ranging from 0 to 100% cover], mixed algae, seagrass, rhodoliths, and coral) were estimated in the field of view. Only the three most dominant biota categories (E. radiata, invertebrates and reef) were used in analysis due to the rare occurrence of others.

An index of recreational effort (IR) was calculated from data collected at each of 26 boat ramps within the study area (Figure 1C) by assuming that the number of boat ramp attendances (launches and retrieves) at each ramp would be relative to the amount of recreational fishing effort at that location and that this effort would decline with increasing distance from a given boat ramp (sensu Stewart et al., 2010). The decline was assumed to occur exponentially down to zero at an “assumed maximum” distance that a recreational fisher would travel to fish, namely 50 km (based on anecdotal evidence from fisher interviews). The IR was based on data collected in 1996/97, 2005/06, 2008/09 and 2009/10 (Sumner et al., 2008; Ryan et al., 2015). The IR was derived using a Linear Model (LM) to produce an index standardized for time of day, weekday/weekend, month and year, and was expressed for each 0.01 degree block throughout the study area, with each POTBot deployment being assigned an IR value. It should be noted that the IR does not account for offshore aggregation of recreational fishers in the region, such as at the Houtman Abrolhos Islands or Rottnest Island. Although this is a shortcoming in the index, there were only eleven (2.7%) POTBot deployments within these areas as the study was focused on the coastline of south-western Australia.

An index of commercial effort (IC) was calculated by assuming that levels of commercial catch would provide a relative index of effort throughout the study region. Compulsory commercial catch returns from five years prior to the study (2008–2013) from the West Coast Demersal Scalefish (Interim) Managed Fishery contain fish catch data and spatio-temporal information such as date and fishing block (10 min of a degree ≈18.5 km2). Catch data of all commercially retained finfish were averaged over five years and aggregated into individual fishing blocks to provide a relative measure of fishing effort across all species. Temporal change in exploitation was not considered and it was assumed the 5-year averages of catches across this multi-species fishery reflected the spatial scales of effort experienced by fish populations considered. The IC value was expressed for each 0.167 degree (10 min of a degree) block as this reflected the scale that this data was recorded at.



Statistical Analysis

Initially, the data were summarized and diagnostic scatter plots were produced between the abundance of each species and predictors to determine whether the predictors should be treated as categorical factors or continuous covariates, with some predictors being allocated into bins to be examined as factors due to distribution in their response and bin widths were adjusted to ensure an approximate balance in the number of samples per bin. There were no strong correlations (>0.75) between any predictor variables. Each deployment was considered an independent sample, as POTBots were always deployed farther than 50 m from the nearest concurrent deployment and the short video length reduced the likelihood of fish traveling between POTBots during deployment (Ellis and DeMartini, 1995; Cappo et al., 2004).

Generalized additive models (GAMs) with full subset model selection (FSSgam, Fisher et al., 2018) was used to determine if any measured environmental or fishing effort metrics or interactions between these predictors best explained variance in the abundance distribution for species of interest. Models containing variable combinations with correlations >0.28 were excluded, to eliminate potential problems with collinearity and overfitting (Graham, 2003). Abundance data was modeled using a tweedie distribution, implemented via a call to the “gam()” function (mgcv, Wood, 2017). Both commercial and recreational fishing efforts were found to be positively skewed, therefore transformations were performed to achieve uniformity in their distributions (Zuur et al., 2010). Model sizes were limited to only three terms (size = 3) and k in the GAMs was limited to 5. Model selection was based on Akaike’s Information Criterion (AIC, Akaike, 1973) optimized for small samples sizes (AICc, Hurvich and Tsai, 1989) and the most parsimonious model chosen was that with the fewest variables but within two units of the lowest AIC. Importance scores of each variable were obtained by summing the AICc weights of each model that each variable occurred within (Burnham and Anderson, 2003) and these scores were then plotted to identify the relative importance of predictor variables across all possible models. The R language for statistical computing (R Core Team, 2018) was used for all data manipulation [dplyr, Wickham et al., 2018), analysis (mgcv, Wood, 2011), and graphing (ggplot2, Wickham, 2009].



RESULTS


Baldchin Groper (Choerodon rubescens)

The most parsimonious model for the abundance distribution of Choerodon rubescens included recreational fishing effort, winter minimum water temperature and the percent cover of reef, which together explained 15% of its distribution (Table 2). Importance scores also indicated some weak support for water depth and coverage of sessile invertebrates as predictors (Figure 3). The abundance of C. rubescens was negatively correlated with the recreational fishing index (Figure 4A), whilst positively correlated with both winter minimum water temperature (Figure 4B) and the percent cover of reef (Figure 4C).


TABLE 2. Top generalized additive models (GAMs) for predicting the abundance distribution of species of interest from full subset analyses.
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FIGURE 3. Variable importance scores from full subsets GAM analyses to predict the abundance distribution of the species of interest. Positive (red), zero (white) and negative (blue) relationships with response variables are indicated and variables within the most parsimonious model for each taxa are indicated (X, see Table 2).
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FIGURE 4. Plots of most parsimonious model found to predict the abundance distribution of C. rubescens (A–C), L. miniatus (D–F), and C. auratus (G–I) from full subset GAM analyses (see Table 2). Solid lines are fitted gam curves, with dashed lines indicating standard error confidence bands; rug plot is used to indicate the distribution of data.




Redthroat Emperor (Lethrinus miniatus)

The most parsimonious model for the abundance distribution of Lethrinus miniatus included commercial fishing effort, percent coverage of reef and the winter minimum sea surface temperature, which together explained 50% of its distribution (Table 2). Importance scores indicated some weak support for recreational fishing effort as a predictor (Figure 3). The abundance of L. miniatus was positively correlated with commercial effort (Figure 4D), winter minimum sea surface temperature (Figure 4E), and percent coverage of reef (Figure 4F).



Snapper (Chrysophrys auratus)

The most parsimonious model for the abundance distribution of Chrysophrys auratus included commercial fishing effort, swell and the percent cover of reef, which together explained 25% of its distribution (Table 2). Importance scores indicated some weak support for water depth and coverage of sessile invertebrates as predictors (Figure 3). The abundance of C. auratus was positively correlated with commercial effort (Figure 4G), percent coverage of reef (Figure 4H) and negatively correlated with swell (Figure 4I).



Breaksea Cod (Epinephelides armatus)

The most parsimonious model for the abundance distribution of Epinephelides armatus included depth and the percent cover of reef, which together explained 26% of its distribution (Table 2). Importance scores also indicated some weak support for recreational fishing effort, minimum winter water temperature, percent coverage of invertebrates and swell (Figure 3). The abundance of E. armatus was negatively correlated with depth (Figure 5A) and positively correlated with percent coverage of reef (Figure 5B).
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FIGURE 5. Plots of most parsimonious model found to predict the abundance distribution of E. armatus (A,B), C. auricularis (C,D), and N. obliquus (E,F) from full subset GAM analyses (see Table 2). Solid lines are fitted gam curves, with dashed lines indicating standard error confidence bands; rug plot is used to indicate the distribution of data.




Western King Wrasse (Coris auricularis)

The most parsimonious model for the abundance distribution of Coris auricularis included water depth and winter minimum water temperature, which explained 42% of its distribution (Table 2). Importance scores also indicated some weak support for percent coverage of reef, percent coverage of sessile invertebrates and swell as predictors (Figure 3). The abundance of C. auricularis was negatively correlated with both water depth (Figure 5C) and winter minimum water temperature (Figure 5D).



Footballer Sweep (Neatypus obliquus)

The most parsimonious model for the abundance distribution of Neatypus obliquus included swell and winter minimum water temperature, which explained 33% of its distribution (Table 2). Importance scores indicated some weak support for water depth, percent coverage of reef and percent coverage of sessile invertebrates (Figure 3). The abundance of N. obliquus was negatively correlated with both swell (Figure 5E) and winter minimum water temperature (Figure 5F).



DISCUSSION

Novel automated cameras (POTBots) deployed during standard commercial Western Rock Lobster Fishery activities successfully collected 398 snapshot video samples of fishes over an 18 month period. They also effectively characterized the abundance distributions of common target and non-target demersal fishes across ∼750 km of the west coast of Australia. This enabled the evaluation and quantification of the extent to which environmental and anthropogenic factors are related to the abundance distribution of each species of interest. All of the measured predictor variables, apart from the coverage of kelp, were related to the abundance distribution of at least one of the species studied. The majority of species (except C. rubescens) had ramped abundance distributions related to latitude, which was expected as this study only encompassed a portion of their known ranges (Hutchins, 2001). The abundance of tropical/subtropical species increased at lower latitudes while the opposite was observed for temperate species, matching previous studies at this scale (Langlois et al., 2012a). The abundance distribution of the range restricted endemic C. rubescens exhibited a unimodal pattern, matching its expected distribution along the temperature gradient of the west coast of Australia (Hutchins, 2001; Langlois et al., 2012a). Current knowledge of species ranges across such a broad geographical area informs research examining any changes to these distributions that may arise through climate change.


Relationships With Fishing Effort

The positive relationship between the index of commercial effort and the relative abundances of the two commercially important targets, C. auratus and L. miniatus, presumably reflects the fact that commercial fishers typically focus their fishing effort in areas where these species are relatively more abundant and where higher catch per unit effort can be achieved (Hutton et al., 2004). In contrast, a negative relationship was detected between the index of recreational fishing effort and the relative abundances of C. rubescens, a species commonly caught by recreational fishers. This may reflect to some extent the historical combined effects of commercial and recreational fishing on stock levels, particularly in the Perth metropolitan area, which is the most densely populated area in the study region and has the greatest recreational fishing pressure (refer to Figure 1) (Ryan et al., 2017) and the lowest catch rate of key recreationally targeted species (Navarro et al., 2019). However, the negative relationship between the abundance of C. rubescens and recreational effort is confounded by the expected decrease in abundance of this species with increasing latitude south of the Abrolhos Islands (at ∼28°S), where it is most abundant within its sub-tropical range, and the fact that recreational effort on the coast is higher toward the southern part of its range (Hutchins, 2001; Ryan et al., 2017). The lack of a relationship between E. armatus and the index of commercial effort is likely explained by this species being a very small component of the commercial catch and that there is no longer any commercial line fishing in the Perth Metropolitan Area (from 31 to 33°S and <250 m deep). The contrasting patterns of abundance in relation to fishing effort of species typically targeted by different sectors may reflect the alternative motivations of commercial and recreational fishers. The motivation of recreational fishing is often related to non-catch elements (e.g., social benefits and the experience), whereas the motivation of commercial fishing is usually directly related to catch and profits (Camp et al., 2016).

The current study did not consider the influence of historical spatial patterns of fishing effort on the relative abundance of fishes and thus only provides a snapshot of relative abundance from one time vs. contemporary data used to parameterize the indices of recreational and commercial fishing effort. The cost-efficient evaluation of representative fisheries species abundance over time using independent monitoring methods such as POTBots, could provide an alternative to those typically derived from fishery-dependent sources, which are commonly used in stock assessments, such as catch per unit effort (Fairclough et al., 2014). This may be particularly relevant as the identification of overfishing of demersal species on the west coast of Australia in the mid-2000s (Wise et al., 2007) resulted in significant changes to management, including the introduction of a spatial closure for commercial fishing and temporal closures for recreational fishing.



Relationships With Environmental Variables

Fish habitat relationships are often studied at small to medium scales (e.g., Howard, 1989; Tuya et al., 2009; Fairclough et al., 2011; Harvey et al., 2013). In contrast, the current study modeled the relationship between the relative abundance of fishes and selected environmental variables over a large spatial scale (∼750 km), which provided information on the broad environmental factors to which the distributions of these species could be related (cf. Hutchins, 2001; Travers et al., 2010; Langlois et al., 2012a; McLean et al., 2010).

In south-western Australia, greater species richness and biomass has typically been found in fish assemblages associated with the patchy limestone reefs typical of this region in comparison with other common habitats (such as sand and seagrass; Howard, 1989; Fairclough et al., 2011). The current study demonstrated that the relative abundance of each species surveyed, except C. auricularis, was greater in reef habitats (88% of sites contained reef) which may provide protection from predators and food resources (Hutchins, 2001; Fairclough et al., 2008; Harvey et al., 2013; Fairclough, 2016). Coris auricularis is known to feed on epiphytic and benthic invertebrates associated with reef and some seagrasses, but is also known to use sandy habitats for foraging and sleeping (Tuya et al., 2009; Lek et al., 2011). Perhaps surprisingly, no significant relationship was found between the abundance distribution of any fish species and the coverage of the dominant habitat forming macroalgae (E. radiata), despite the current study straddling the ecotone between the deepest extent of macroalgal distribution and shallowest mesophotic assemblages. E. radiata is found throughout the range of the current study and depth itself is a good predictor of the ecotone between macroalgal and sessile invertebrate dominated habitats (Smale et al., 2010). Although we endeavored not to include any overly correlated explanatory variables, it is possible that the significant relationship found between depth and the abundances of C. auratus, C. auricularis, C. rubescens, and N. obliquus may be in part due to variation in habitat across the sampled depth gradient.



Influence of Swell/Water Motion

Not all fish species have the same response to swell regimes. For example, distinct fish assemblages have been found to be associated with nearshore, intermediate, and offshore reefs characterized by different levels of water motion and exposure (Denny, 2005). The morphology of fishes are often adapted to the different levels of exposure/swell, with different sizes and shapes of pectoral fins and caudal fork lengths, which allow them to function in different levels of turbulence (e.g., Fulton et al., 2001, 2005). Thus, the fact that the relative abundances of C. auratus, N. obliquus, and E. armatus were negatively related to swell, may indicate poor swimming ability in high swell conditions. Newman et al. (1997) found on the Great Barrier Reef that L. miniatus is associated with lagoonal areas where wave energy and water motion is lower than the windward reef slope and leeward reef slope areas. However, the current study did not detect a significant response of L. miniatus to swell, which may have been related to the fact that lagoonal environments were not surveyed in the study region, where this species has been found to occur in high abundances (McLean et al., 2010). The strong effect of swell demonstrated for two species in the current study suggests that swell and water motion should be carefully considered in observational studies, in particular for important fisheries species such as C. auratus, to avoid confounding the investigation of abundance distribution patterns.



Future Directions

The simplicity of the POTBot technology allowed a large-scale exploration of the relationships between fish abundance distributions and a range of factors, including commercial and recreational fishing effort, oceanographic conditions, habitat, latitude (temperature) and depth. POTBots are assembled using inexpensive and readily available components that are easily installed in existing fishery infrastructure. While volunteer-based sampling can suffer from a potential decrease in motivation over time (Bird et al., 2014), the use of the automated POTBots during standard commercial rock lobster pot-based fishing activities overcame this issue as fishers are financially motivated to fish and indirectly conduct sampling. In addition, this study was conducted at a fraction of the cost of conventional sampling programs that use remote video. For example, the hire of commercial fishing vessels to conduct 30–50 deployments per day can cost US$ 1,500–4,000 and each camera unit can cost up to US$ 3000 (Langlois et al., 2010; Cundy et al., 2017). Furthermore, the relatively short video lengths allowed the detection of patterns in the relative abundance of selected fishes whilst being much faster and thus cheaper to analyze than traditional video samples (30–60 min; Harasti et al., 2015).

Length data derived from remote stereo-video methods has been shown to be useful to further investigate the effects of fishing (Bornt et al., 2015) and contrast with fisheries-dependent data. To obtain such length data, we recommend that POTBot systems be deployed in stereo. Further comparison against spatio-temporal variation in similar fisheries-independent or -dependent indices is required, but this method could provide an alternative means for monitoring relative abundance, and if deployed as stereo cameras, length data for input into weight of evidence stock assessments (Wise et al., 2007). This sampling methodology is highly applicable in both developed and developing countries and could easily be expanded to other fisheries.
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For model comparison, the difference between lowest reported corrected Akaike
Information Criterion (AAICc), AlCc weight (wAICc), variance explained (R?) and
effective degrees of freedom (EDF) are reported. Model selection was based on the
most parsimonious model (fewest variables) within two units of the lowest AlCc.
The predictor variables included; index of recreational fishing effort (RecEffort),
index of commercial fishing effort (ComEffort), percent coverage of reef (% Reef),
winter/spring bottom water temperature (SSTw), swell rating (Swell), deployment
depth (Depth), percent coverage of invertebrates (% Inverts).
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Species Common Name Family Taxonomic Authority Observations
Individuals Videos

Choerodon rubescens? Baldchin groper Labridae GUnther 1862 182 141
Chrysophrys auratus® Snapper Sparidae Forster 1801 165 97
Coris auricularis Western king wrasse Labridae Valenciennes 1839 2625 340
Epinephelides armatus® Breaksea cod Epinephelidae Castelnau 1855 40 36
Lethrinus miniatus® Red throat emperor Lethrinidae Forster 1801 1562 79
Neatypus obliquus Footballer Microcanthidae Waite 1905 648 127

The number of individuals observed is the sum of the MaxN (maximum number of individuals observed at the same time) for each deployment. The number of videos
listed is a count of all videos where the species were observed. Note: © denotes commercially targeted species and R denotes recreationally targeted species.
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