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UNESCO World Heritage sites are affected by global change. The Great Barrier Reef (GBR) is an iconic World Heritage site whose values for which the site was inscribed, including its natural beauty, are dramatically declining. However, there is currently no program or documented methods for long term monitoring of aesthetics for coral reefs. Here, Here, we quantified and assessed the drivers of the GBR aesthetic value perception form a survey of 1,417 individuals who rated 181 photos on a 10-point scale for their level of attractiveness. Each photo was rated at least 380 times. Coral topography, fish abundance and visibility were positively correlated 1 with aesthetic ratings. Older people and those with interest in coral reefs and who dived on the reef rated photos more highly. Reporting on aesthetic values of the UNESCO Whorld Heritage Sites will become increasingly as declines in their ecological state continue.

Introduction

The reframing of nature by the Millennium Ecosystem Assessment report (Millennium Ecosystem Assessment, 2003), in particular, as providing goods and services, has enabled a mechanism by which the importance of natural places can be reconsidered [START_REF] Diaz | Linking functional diversity and social actor strategies in a framework for interdisciplinary analysis of nature's benefits to society[END_REF].

The aesthetic services that are provided by nature have become formally acknowledged and valued, where the provision of aesthetic services is strongly related to all other cultural services including recreation [START_REF] Ghermandi | Recreational, Cultural, and Aesthetic Services from Estuarine and Coastal Ecosystems[END_REF][START_REF] Junge | Aesthetic quality of agricultural landscape elements in different seasonal stages in Switzerland[END_REF]. Areas with conditions for recreation and leisure are often valuable due to their aesthetic and cultural heritage and identity qualities (e.g. [START_REF] Chan | Where are Cultural and Social in Ecosystem Services? A Framework for Constructive Engagement[END_REF][START_REF] Comberti | Ecosystem services or services to ecosystems? Valuing cultivation and reciprocal relationships between humans and ecosystems[END_REF][START_REF] Gee | Cultural ecosystem services in the context of offshore wind farming: A case study from the west coast of Schleswig-Holstein[END_REF][START_REF] Jobstvogt | Looking below the surface: The cultural ecosystem service values of UK marine protected areas (MPAs)[END_REF]). Likewise, areas with scenic beauty often provide inspiration and opportunities for education, holding significant existence values (e.g., [START_REF] De Oliveira | What value São Pedro's procession? Ecosystem services from local people's perceptions[END_REF][START_REF] Fletcher | Revealing marine cultural ecosystem services in the Black Sea[END_REF][START_REF] Hashimoto | Mapping and characterizing ecosystem services of social-ecological production landscapes: case study of Noto, Japan[END_REF][START_REF] Martínez-Pastur | Spatial patterns of cultural ecosystem services provision in Southern Patagonia[END_REF][START_REF] Outeiro | Framing local ecological knowledge to value marine ecosystem services for the customary sea tenure of aboriginal communities in southern Chile[END_REF]). Furthermore, De Groot et al. (2002) refers to 'aesthetic information' as an ecosystem service category, provide 'scenery' as an example of an aesthetic service, and a feeling of 'enjoyment' as the benefit of this service. [START_REF] Boyd | What are ecosystem services? The need for standardized environmental accounting units[END_REF] suggest that 'amenity and fulfilment' are examples of aesthetic benefits and 'natural land cover in viewsheds' is the ecosystem service providing the benefits. They argue this differentiation is essential in defining a workable accounting system to facilitate land-use decision-making and management.

For the purpose of this paper, the term aesthetic value(s) has been taken as defined by Context Pty Ltd (2013 p. 33), being: ".. the response (the aesthetic response) derived from the experience of an environment or parts of an environment. Human sensessight, touch, smell, sound, movement -are important in how humans experience an environment. And culture, knowledge, expectations and experience mediate sensory perceptions. Aesthetic response can therefore be said to be linked to:

 the characteristics of an environment  culturally or personally derived preferences." Furthermore, we have summarised the by the many contributing environmental and experiential characteristics that contribute to aesthetic response, satisfaction and derived value in a natural setting (Fig. 1). The natural beauty and aesthetic appreciation of landscapes has previously been studied in various terrestrial ecosystems around the world [START_REF] Arriaza | Assessing the visual quality of rural landscapes[END_REF][START_REF] Beza | The aesthetic value of a mountain landscape: a study of the Mt. Everest Trek[END_REF][START_REF] De Pinho | Influence of aesthetic appreciation of wildlife species on attitudes towards their conservation in Kenyan agropastoralist communities[END_REF][START_REF] Frank | Assessment of landscape aesthetics-Validation of a landscape metrics-based assessment by visual estimation of the scenic beauty[END_REF][START_REF] Gobster | The shared landscape: what does aesthetics have to do with ecology?[END_REF][START_REF] Hoffman | Silviculture and forest aesthetics within stands, The New York center for forestry research and development[END_REF][START_REF] Howley | Landscape aesthetics: Assessing the general publics' preferences towards rural landscapes[END_REF][START_REF] Rosley | Perceiving the Aesthetic Value of the Rural Landscape Through Valid Indicators[END_REF][START_REF] Schirpke | Predicting scenic beauty of mountain regions[END_REF][START_REF] Sheppard | Visual analysis of forest landscapes[END_REF][START_REF] Van Den Berg | Group differences in the aesthetic evaluation of nature development plans: a multilevel approach[END_REF][START_REF] Van Der Jagt | Unearthing the picturesque: The validity of the preference matrix as a measure of landscape aesthetics[END_REF][START_REF] Van Zanten | Continental-scale quantification of landscape values using social media data[END_REF]Wet Tropics Management Authority, 2017;[START_REF] Xu | Valuing Biodiversity, Aesethetics, and Job Losses Associated with Ecosystem Management Using Stated Preferences[END_REF], however very few studies have occurred in marine ecosystems [START_REF] Fenton | Perception and evaluation of the coastal zone: implications for coastal zone planning[END_REF] or more specifically within coral reefs [START_REF] Dinsdale | Assessing coral reef condition: eliciting community meanings[END_REF][START_REF] Fenton | Re-presenting the great barrier reef to tourists: Implications for tourist experience and evaluation of coral reef environments[END_REF]. Coral reef ecosystems worldwide are significant sources of consumptive and non-consumptive economic values [START_REF] Wielgus | Dose-Response Modeling of Recreationally Important Coral Reef Attributes: A Review and Potential Application to the Economic Valuation of Damage[END_REF] and supply vast numbers of people with goods and services such as seafood, tourism and recreational opportunities, coastal protection, as well as aesthetic and cultural benefits [START_REF] Martin | A systematic quantitative review of coastal and marine cultural ecosystem services: Current status and future research[END_REF][START_REF] Moberg | Ecological goods and services of coral reef ecosystems[END_REF][START_REF] Werner | Rapid prioritization of marine ecosystem services and ecosystem indicators[END_REF]. Many attributes have been described as to what contributes to these non-consumptive aesthetic values including the abundance of fish and corals [START_REF] Dixon | Meeting Ecological and Economic Goals: Marine Parks in the Caribbean[END_REF][START_REF] Wilkinson | Global Change and Coral Reefs: Impacts on Reefs, Economies and Human Cultures[END_REF][START_REF] Williams | Differences between Protected and Unprotected Reefs of the Western Caribbean in Attributes Preferred by Dive Tourists[END_REF], existence of iconic species/habitats [START_REF] Jobstvogt | Looking below the surface: The cultural ecosystem service values of UK marine protected areas (MPAs)[END_REF][START_REF] Levin | Developing meaningful marine ecosystem indicators in the face of a changing climate[END_REF][START_REF] Werner | Rapid prioritization of marine ecosystem services and ecosystem indicators[END_REF], and water clarity [START_REF] Dixon | Meeting Ecological and Economic Goals: Marine Parks in the Caribbean[END_REF][START_REF] Hatton Macdonald | Valuing coastal water quality: Adelaide, South Australia metropolitan area[END_REF][START_REF] Lee | Appearance's Aesthetic Appreciation to Inform Water Quality Management of Waterscapes[END_REF][START_REF] Tosic | Selection of parameters in the design of beach coastal water quality monitoring programs[END_REF][START_REF] Wilkinson | Global Change and Coral Reefs: Impacts on Reefs, Economies and Human Cultures[END_REF].

The development of indicators and quantifying the aesthetic value that people place on different landscapes, seascapes, and ecosystems has been approached in a number of ways by researchers over time. Primarily these have focused on using landscape assessment methods which either focus on understanding experiential preferences, the physical attributes/attractiveness of a place [START_REF] Tardieu | From supply to demand factors: What are the determinants of attractiveness for outdoor recreation?[END_REF], landscape preferences, [START_REF] Atauri | Visitors' landscape preferences as a tool for management of recreational use in natural areas: a case study in Sierra de Guadarrama (Madrid, Spain)[END_REF][START_REF] De La Fuente De Val | Relationship between landscape visual attributes and spatial pattern indices: a test study in Mediterranean-climate landscapes[END_REF][START_REF] De Lucio | Landscape preferences and behavior of visitors to Spanish National Parks[END_REF][START_REF] Huang | Visitor responses to the changing character of the visual landscape as an agrarian area becomes a tourist destination: Yilan County, Taiwan[END_REF][START_REF] Múgica | The role of on-site experience on landscape preferences. A case study at Doñana National Park (Spain)[END_REF], scenic quality, or the experience of the place. Two different methodological approaches that assess landscape aesthetics either from an objective or a subjective point of view have been established in the past [START_REF] Frank | Assessment of landscape aesthetics-Validation of a landscape metrics-based assessment by visual estimation of the scenic beauty[END_REF]. More recent approaches such as those by [START_REF] Casalegno | Spatial covariance between aesthetic value & other ecosystem services[END_REF] and [START_REF] Van Zanten | Continental-scale quantification of landscape values using social media data[END_REF] have used crowd-source datasets, machine learning, [START_REF] Haas | Can we measure beauty? Computational evaluation of coral reef aesthetics[END_REF][START_REF] Seresinhe | Quantifying the Impact of Scenic Environments on Health[END_REF][START_REF] Spalding | Mapping the global value and distribution of coral reef tourism[END_REF] and geo-tagged digital photographs uploaded to social media platforms to quantify and objectively measure the perceived aesthetic value of ecosystems.

The emergence of aesthetic values methods in the Australian heritage practice although only new, is important as there is no established World Heritage methodology for assessing natural beauty and aesthetic values under Criterion vii (i.e. contain superlative natural phenomena or areas of exceptional natural beauty and aesthetic importance). In the Great Barrier Reef and Wet Tropics World Heritage Areas in Australia attempts have been made to define and measure aesthetic values (Context Pty Ltd, 2013;Wet Tropics Management Authority, 2017). More recently new methods have been developed utilising non-expert visual assessments [START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF] and innovative technologies using artificial intelligence [START_REF] Becken | Monitoring aesethetic value of the Great Barrier Reef by using innovative technologies and artificial intelligence[END_REF]. Given the importance of the tourism industry in these areas, those features and attributes that currently draw visitors to these areas are important, particularly to tourism operators in the areas. Furthermore, a number of values for which the Great Barrier Reef was originally inscribed for are on the decline after back to back coral bleaching events recently in 2016 and 2017, terrestrial run-off of sediments and nutrients and associated Crown-of-Thorns Starfish (COTS) (Acanthaster planci) outbreaks, acidification associated with climate change, impacts from severe cyclones, and coral diseases [START_REF] Brodie | A critical review of environmental management of the 'not so Great' Barrier Reef[END_REF][START_REF] De'ath | The 27-year decline of coral cover on the Great Barrier Reef and its causes[END_REF][START_REF] Hughes | Securing the future of the Great Barrier Reef[END_REF][START_REF] Hughes | Global warming and recurrent mass bleaching of corals[END_REF], which have all affected the aesthetics and natural beauty of some parts of the Region above and below the water (Great Barrier Reef Marine Park Authority, 2019).

Appealing features of methods which use non-expert rating scores of aesthetic beauty include simplicity and scalability, and as [START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF] and [START_REF] Haas | Can we measure beauty? Computational evaluation of coral reef aesthetics[END_REF] have shown, relevance/correlation to environmental attributes associated with Reef health. However, before such a method can be implemented and used in a management context, managers need to understand the method's sensitivity, extrapolative power, and any potential biases associated with non-expert visual ratings of scenes. In this study we evaluate (a) the sensitivity of rating scores used in [START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF] to compare underwater coral reef scenes, (b) the sampling design requirements to establish appropriate confidence levels, and (c) biases associated with demography and knowledge levels/expertise.

Methods

Study site

The Great Barrier Reef (GBR) of Australia is one of the world's largest coral reef systems. It houses globally-significant biodiversity, a rich diversity of underwater habitats, and a scenic appeal that is universally recognised [START_REF] Hughes | Climate change, human impacts, and the resilience of coral reefs[END_REF]. These values make it an international tourism attraction: in 2013, the Great Barrier Reef received an estimated 53.3M days of use, with 98% of all days comprising tourism visitation [START_REF] Marshall | Advances in monitoring the human dimension of natural resource systems: an example from the Great Barrier Reef[END_REF]. Tourism operators and commercial fishers are particularly appreciative of the natural beauty of the region, with the tourism industry alone worth over $5.2 billion each year [START_REF] Marshall | Advances in monitoring the human dimension of natural resource systems: an example from the Great Barrier Reef[END_REF].

It also holds immense value for local communities, where 'beautiful' is one of the first words that come to local residents' minds when thinking of the GBR [START_REF] Marshall | Advances in monitoring the human dimension of natural resource systems: an example from the Great Barrier Reef[END_REF]. Residents and tourists seek opportunities to appreciate the natural aesthetics of the GBR through experiences such as diving and snorkelling, visiting beaches, boating and scenic flights [START_REF] Marshall | Advances in monitoring the human dimension of natural resource systems: an example from the Great Barrier Reef[END_REF].

Data analysis

We developed a linear mixed effect model to generate expectations of how image scores were related to eight covariables expected to influence the aesthetic score. These included coral size, fish size, fish diversity, presence of algae, coral cover, topography, fish density, and visibility [START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF]. Respondents and images were used as random effects. Variance inflation factor (VIF) scores 3.28, indicating low collinearity among covariates. We then identified XXXX and YYYY, defined as respondents scoring more than two standard deviations higher or lower than expectations from our model, respectively. Our approach thus reveals the respondents that tend to provide more extreme scores given the general characteristics of the images they evaluate. Finally, we assessed the link between socioeconomic characteristics and whether a respondent was XXXX, average, or YYYY using a Fisher's exact test.

In order to help practitioners find a balance between low cost and high accuracy, we examined how error in the image scores varied according to the number of respondents (i.e. sample size). Specifically, we calculated the error (i.e. score's 95% confidence interval) at varying sample sizes (N = 3 to 380 respondents in increments of 2, taken randomly without replacement from the original pool of respondents). This process was repeated 100 times for each of the 181 images in order to calculate the median error each image add at various sample size.

Five indicators were selected that reflected distinct attributes of coral reefs: (i) coral cover; (ii) coral pattern; (iii) coral topography; (iv) fish abundance; and (v) visibility [START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF].

All analyses were implemented in R statistical analysis software v3.4.0.

Results

The average aesthetic score ranged between X and X. Four images (Fig. 2) indicate the frequency and average aesthetic score. 

Discussion

• CHALLENGES Reporting through monitoring, and actively managing, aesthetic quality is potentially a critically useful strategy for natural resource managers that aim to effectively deliver both conservation and social outcomes. The advantages of monitoring aesthetic values lie essentially around the opportunity to better engage with the public, correspondingly achieving conservation [START_REF] Frank | Assessment of landscape aesthetics-Validation of a landscape metrics-based assessment by visual estimation of the scenic beauty[END_REF]. People appreciate and relate to aesthetics more than any other aspect of the natural environment [START_REF] Marshall | Measuring What Matters in the Great Barrier Reef[END_REF][START_REF] Marshall | Advances in monitoring the human dimension of natural resource systems: an example from the Great Barrier Reef[END_REF][START_REF] Marshall | The Dependency of People on the Great Barrier Reef, Australia[END_REF]. Aesthetics is also a unifying value associated with natural places, whilst biodiversity is often a divisive factor [START_REF] Hill | Reconciling Biodiversity Indicators to Guide Understanding and Action[END_REF][START_REF] Lecuyer | Building on common ground to address biodiversity conflicts and foster collaboration in environmental management[END_REF][START_REF] Schmidt | Biodiversity Conservation and Indigenous Land Management in the Era of Self-Determination[END_REF][START_REF] Young | The emergence of biodiversity conflicts from biodiversity impacts: characteristics and management strategies[END_REF]. In the case of iconic places such as the Great Barrier Reef, aesthetic values were a major factor in the establishment of World Heritage Area status, and the reporting of aesthetic quality and its maintenance is likely to become mandatory. For these reasons, efforts are currently underway to explore how aesthetic quality might be recorded and reported on within the Great Barrier Reef (NESP reference).

Perhaps the reason that aesthetic values have not been explicitly used by natural resource managers to further conservation goals and support is because aesthetics are seen as subjective and essentially unmanageable (Context Pty Ltd, 2013;[START_REF] Dramstad | Relationships between visual landscape preferences and map-based indicators of landscape structure[END_REF]. However, preliminary work by the National Environment and Science Program [START_REF] Becken | Monitoring aesethetic value of the Great Barrier Reef by using innovative technologies and artificial intelligence[END_REF][START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF] has strongly suggested that developing indicators to rate aesthetic quality is possible [START_REF] Marshall | Identifying indicators of aesthetics in the Great Barrier Reef for the purposes of management[END_REF]. In sum, the development of aesthetic indicators for use in specific environments such as marine environments are still very much in their infancy, but the momentum supporting the development of aesthetic metrics, or indicators, is growing [START_REF] Belhassen | Evaluating the attractiveness and effectiveness of artificial coral reefs as a recreational ecosystem service[END_REF][START_REF] Haas | Can we measure beauty? Computational evaluation of coral reef aesthetics[END_REF][START_REF] Hein | Coral restoration: Socio-ecological perspectives of benefits and limitations[END_REF][START_REF] Jaap | Coral reef restoration[END_REF][START_REF] Tamayo | Estimates of Values of Philippine Reefs' Ecosystem Services[END_REF][START_REF] Turek | Science and technology needs for marine fishery habitat restoration[END_REF][START_REF] Vercelloni | Using virtual reality to estimate aesthetic values of coral reefs[END_REF][START_REF] Vlami | Cultural landscapes and attributes of "culturalness" in protected areas: An exploratory assessment in Greece[END_REF][START_REF] Wessel | An evaluative tool for rapid assessment of derelict vessel effects on coastal resources[END_REF].

The emerging social-ecological field continues to expand methodologies to improve techniques in monitoring aesthetic heritage values, using potential indicators and computations of aesthetic value. However, ongoing examination of which locations or biophysical elements are the most important to the Reef's spectacular seascapes and scenery, remains an information gap.

Conclusion

There are numerous potential management (and other) uses of aesthetic assessments and monitoring with information needs that vary substantially. The rapid assessment approach is potentially useful for some purpose with statistical design requirements and limitations now better understood. Our findings can help World Heritage site managers better contextualise the results and limitations from such monitoring and ensure that future aesthetic monitoring programs can be designed to meet management and reporting needs.
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