Where to go?
Using Social Media to Assess the Spatial
Distribution of Recreation on the
Great Barrier Reef

Charlie Howarth
September 2014
A thesis submitted in partial fulfilment of the requirements for the degree of Master of
Science and the Diploma of Imperial College London
Submitted for the MSc in Conservation Science
i

Declaration of own work

I declare that this thesis,

“Where to go: Assessing the Spatial Distribution of Recreation on the Great Barrier Reef
using Social Media”

Is entirely my own work, and that where material could be construed as the work of others,
it is fully cited and referenced, and/or with appropriate acknowledgement given.

Signature:

Name of student:

Name of Supervisor(s):

Charlie Howarth

Dr. Andrew Knight and Dr. Pertina Part

ii

Table of Contents
DECLARATION OF OWN WORK

II

TABLE OF CONTENTS

III

TABLE OF FIGURES

V

LIST OF TABLES

V

LIST OF ACRONYMS

VI

ABSTRACT

VII

ACKNOWLEDGMENTS

VIII

1

INTRODUCTION

1

1.1

Valuing Ecosystem services and recreation

1

1.2

Social media use

1

1.3

Great Barrier Reef and Tourism

2

1.4

Project Aim and Objectives

3

2

BACKGROUND

4

2.1

Coral reefs

4

2.2

The Great Barrier Reef

5

2.3

Recreation Ecosystem Services

11

2.4

Modelling Recreation Ecosystem Service

12

3
3.1

METHODS
Framework

15
15

iii

3.2

Recreation Model.

15

3.3

Modelling Google Panoramio Data

17

4

RESULTS

19

4.1

Invest Models of Recreation on GBR.

19

4.2

4.2 Great Barrier Reef Marine Park Zoning and Predicted Visitor Distribution

23

4.3

4.3 Panoramio and Flickr Data and model comparison

23

5

DISCUSSION

27

5.1

Importance of planning for recreation

27

5.2

Patterns of recreation on the Great Barrier Reef

27

5.3

Comparison of Flickr and Panoramio datasets

30

5.4

Methodological considerations when modelling recreation

30

5.5

Management implications of results

32

5.6

Recommendations and conclusion

32

6

BIBLIOGRAPHY

34

7

APPENDICES

40

Appendix 1

40

7.1

iv

Table of Figures
Figure 2.1 Map of Great Barrier Reef ................................................................................... 6
Figure 2.2: Millennium Ecosystem Assessment Conceptual Framework (MA, 2005) ....... 11
Figure 3.1 Geolocated Photo from Flickr ............................................................................ 15
Figure 3.2 Geo-located photo from Flickr (Davide il fotografo) ........................................ 16
Figure 3.3 Photo taken from Panoramio.............................................................................. 17
Figure 3.4 Geolocated Photo from Panoramio .................................................................... 18
Figure 4.1 Map showing the predicted user-days from OSM vairables .............................. 21
Figure 4.2 Map showing the predicted user-days from OSM and reef variables ............... 21
Figure 4.3 Map showing the predicted userdays from osm and dry reef vairables ............. 22
Figure 4.4 Map showing the predicted user-days from OSM vairables and settlements .... 22
Figure 4.5 Map of Panoramio photos taken within the GBRMPA ..................................... 25
Figure 4.6 Map of user-days from Panoramio data ............................................................. 25
Figure 4.7 Map showing probability of a photo getting taken at a particular location ....... 26
Figure 4.8 Map shoiwing provability of a user-day at a particular location………………27
Figure 5.1 Zoning map of the GBR (GBRMPA) ................................................................ 29

List of Tables
Table 1.1 Objectives of the study .......................................................................................... 3
Table 2.1: Threatened marine species known to occur in the GBR (GBRMPA, 2009) ....... 7
Table 2.2 Marine park zone activities, permitted, not permitted and under permit .............. 9
Table 3.1 User inputted shapefiles used as predictors for the model .................................. 16
Table 4.1 Areas of different zoning types in which there are more than 0.5 User-days per
year with the total area of the zone ...................................................................................... 23
Table 4.2 Model parameter table for models made with Panoramio data ........................... 24

v

List of Acronyms
AOI

Area of Interest

ARIES

Artificial Intelligence for Ecosystem Services

AU$

Australian dollar

GIS

Geographical Information System

GBR

Great Barrier Reef

GBRMP

Great Barrier Reef Marine Park

GBRMPA

Great Barrier Reef Marine Park Authority

InVEST

Integrated Valuation of Environmental Services and Tradeoffs

OSM

Open Street Maps

vi

Abstract
Use of recreational ecosystem services has increased over recent decades with more people
deciding to use the environment in their leisure time. However measuring recreation
ecosystem services is time consuming and expensive as it has mostly been done through
surveys and other empirical means. This study uses a novel method – social media images
– to map recreational use of the Great Barrier Reef.

Using two photographic online databases Flickr and Google Panoramio the spatial
distribution of recreation was modelled using linear regression and binomial models.
While some models suggested the reef was used, use always increased along the coast.
The areas around tourist infrastructure such as Townsville and the Whitsundays were
estimated to be most used.

The results show that recreation is concentrated in certain locations with islands being
heavily used. Model results should be treated with caution. However, this could become
a really useful tool to quickly assess the relationship between recreation and the ecosystem.

Word count: 10,731
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1.1

Introduction

Valuing Ecosystem services and recreation

Ecosystem services are the services that people get from the environment including food,
such as fisheries, coastal protection, climate regulation and aesthetic enjoyment (MA,
2005). Recreation, which includes tourist and resident activities, is a major cultural
ecosystem service with increasing use of the natural environment for recreation over the
past 30 years (Harriott, 2002; Coghlan & Prideaux, 2012). Recreation can impact human
well being with the role of nature based recreation thought to have a positive effect on
peoples mental and physical state (Balmford & Bond, 2005).

Over the past 15 years there

has been increasing interest in valuing the service benefits that we get from the
environment including recreation with a exponential increase of papers published on
marine and coastal ecosystems after 2006 (Liquete et al., 2013).

Valuing ecosystem

services is complex for a variety of reasons including not having financial values, having
differing values to people and through being used at different scales in the literature on the
subject (Norgaard, 2010). When valuing ecosystem services there is a need to map the
spatial distribution of those benefits however this has proved difficult especially in marine
ecosystems where, the systematic review by Liquete et al (2013), found just 4 studies
which mapped these ecosystems.

Over the past 5 years it has become apparent that Social Media is becoming a useful
research tool because of the amount of data it holds.(Kaplan & Haenlein, 2010). Using
social media datasets to examine recreational choices is one of the many practices being
used (Jankowski et al., 2010; Zheng et al., 2012; Arase et al., 2010). The potential to use
social media in the mapping of recreational ecosystem services has been realised by
Wood et al. (2013) and Guerry et al (2012). This study uses social media to examine
recreational ecosystem services on the Great Barrier Reef (GBR) a global icon and one of
the seven natural wonders of the world (Coghlan & Prideaux, 2009).
1.2

Social media use

The use of the Internet has exponentially increased over the past 20 years. Social media, in
which people create share, exchange and share information in a virtual way (Ahlqvist et
al., 2008), has a truly global reach with 1 in 4 people globally having a social media
1

account (KM, 2014). Facebook has amassed over 1.3 billion users since 2004, while
Twitter has over 250 million users (Facebook, 2014; Twitter, 2014). One use of social
media is to share photographs of people and places. Almost all social media websites
allow individuals to upload photographs with varying levels of privacy allowing a variety
of audiences to access their photos (Zheng et al, 2012; Arase, et al., 2010). With digital
cameras and smart phones containing cameras gaining popularity between 2002 and 2010,
the number of photos being posted on social media websites has also exponentially
increased (Kaplan & Haenlein, 2010). With digital photographs metadata such as time and
date of capture, file name, aperture and shutter speed are also commonly taken.
Increasingly the location is also noted using a global positioning system that is built into or
attached to the camera or smart phone (Prideaux & Coghlan, 2010). This data can be used
to later locate where and when the photograph was taken.

Several of the social media websites have been specifically designed for uploading and
sharing photographs including Yahoo Flickr, Google Picasa and Panoramio and more
recently Apple iPhoto with iCloud. Photos uploaded with location data are then geolocated so that users of those web sites can see where that particular photo was taken.
Flickr and Panoramio both have publicly available images that allows anyone on the
internet to access them giving a wealth of information as Flickr now has 6 billion photos
uploaded to its database (Wood et al., 2013).
1.3

Great Barrier Reef and Tourism

As the largest coral reef on the planet the GBR attracts over 2 million marine tourists a
year and over 85% of coastal residents use the Great Barrier Reef Marine Park (GBRMP)
one or more times a year (GBRMPA, 2014a). There are a number of habitats that make up
the GBR including the 2900 coral reefs, seagrass meadows, lagoon and mangrove swamps
(GBRMPA, 2009).

The GBR is a World Heritage Area and was designated as a marine

park in 1975 (GBRMPA, 2014b). Recreation and tourism have grown in importance over
the past 30 years with tourism connected to the reef currently bringing in over AU$5
billion per year. This is by far the largest commercial activity to occur on the reef with
commercial fishing, the next largest sector bringing in AU$150 million(Deloitte Access
Economics, 2013). Over the course of the past 30 years there has been an increasing
knowledge that the GBR is under threat from a wide variety of sources including climate
change, water pollution and loss of coastal wetlands (GBRMPA, 2014b, 2009).

2

The Great Barrier Reef Marine Park Authority (GBRMPA), the park management
authority, have a range of measures in place to protect the reef ecosystem, including: a
zoning system - in which multiuse and no take areas exist; plans of management to protect
certain highly used areas of the park; and agreements with a range of other organisations
such as the Parks and Wildlife Service of the Queensland government (Fernandes et al.,
2005; Day, 2008; GBRMPA, 2014a).

1.4

Project Aim and Objectives

Using geo-located photos from the social networking websites Flickr and Panoramio This
study aims to establish how recreational ecosystem services are distributed on the GBR.
This will be the first time such a study has been published on the marine environment. The
objectives of this study are set out in Table 1.1. The first two objectives will use only the
Flickr database while the third will use both Flickr and Panoramio.

Table 1.1 Objectives of the study

Objective 1

Objective 2

What is the spatial distribution of recreation in the GBRMP?


To what extent is the distribution of recreation associated with the
location of coral reefs?



To what extent is the distribution of human settlements adjacent to
the park able recreation within the park?

How does the GBRMP rezoning compare with the distribution of
recreation

Objective 3



To what extent do centres of tourist pressure occur within marine
national park (MNP) zones?



Do general use zones have the least recreational pressure?

Do online photograph databases provide a good proxy for looking at the
distribution of recreation in the GBR?


What differences are there in using Flickr and Panoramio datasets
to predict the distribution of recreation in the marine park?

3

2
2.1

Background

Coral reefs

Tropical coral reefs are the most biodiverse marine ecosystems in the world often being
compared to tropical rainforests on land. They are “shallow marine habitats defined by
both physical structure and the organisms that live on them”(Spalding et al., 2001, p.15).
Corals are simple animals that filter feed and live in colonies that build skeletons of
calcium carbonate (Spalding et al., 2001). Reef growth occurs at a rate of millimetres per
year and the process relies on a symbiosis with zooxanthellae, single celled plants that
provide energy through photosynthesis (Baker, 2003; Rowan, 1998; GBRMPA, 2009).
Reefs provide habitat for a multitude of marine animals including many, non-coral
invertebrate, fish, reptile, and mammal species because their structures have an extensive
range of ecological niches(Sale, 1977; GBRMPA, 2009). There are a number of different
types of reef including fringing reefs, located just off shore, barrier reefs, which have a
lagoon between the reef and land, and atolls which normally occur in the open ocean
(Veron, 2014). Coral reefs are found in all oceans covering an area of at least 255,000 km2,
with the highest concentration in South-East Asia (Spalding & Grenfell, 1997).

Coral reefs are under threat with more than a quarter having been seriously degraded due
to human activities and climate by the year 2000 (Evans et al, 2002). There are a number
of direct and indirect threats including overfishing and over exploitation, habitat
destruction, shoreline modification and dredging, anchoring, disease outbreaks, water
pollution from runoff, and climatic change(Evans et al., 2002; GBRMPA, 2009). Climate
change is one of the most severe threats to reefs with increased water temperatures leading
to increased frequency and severity of coral bleaching events, a rise in sea levels leading to
loss of sunlight needed for photosynthesis increasing frequency of tropical cyclones known
to cause extensive reef damage, and ocean acidification (GBRMPA, 2009). Urban
development, tourist resort development, port development, such as Abbot Point, and
population growth along the coast have destroyed over 70% of coastal wetlands in the
GBR which are where many marine species breed (GBRMPA, 2009).

Coral reefs provide a multitude of ecosystem services. They provide coastal protection by
creating a barrier that waves break on, as well as a habitat from which multiple seafood
4

products are derived including fish, crustaceans and mussels. 12% of the worlds fisheries
are provided by coral reefs which provide fish and plankton to pelagic ecosystems
(Moberg & Folke, 1999). Reefs are also mined for the minerals that the corals contain e.g.
lime which is used for building and agriculture (Moberg & Folke, 1999). Mangroves that
grow within coral reef ecosystems provide a water purification service, supplying clean
clear water to the rest of the ecosystem (Stoeckl et al., 2011).

2.2

The Great Barrier Reef

As the largest coral reef ecosystem in the world, the GBR (Figure 2.1) is made up of 2900
individual reefs (making up about 10% of the entire world’s coral reef assets) with the
Marine Park covering an area of approximately 344,400km2 (GBRMPA, 2009).
Established in 1975, it is managed by the GBRMPA and was listed as a World Heritage
site in 1981. The GBRMPA works in partnership with the Queensland Parks and Wildlife
Service in the operation of an education, compliance, and enforcement service that protect
the ecosystem (GBRMPA, 2011a).

For thousands of years Aboriginal people and Torres Straight islanders have lived along
the coast of the GBR building up a cultural heritage, with knowledge of the Ecosystem and
all the responsibility to maintain species diversity being passed down through the
generations (GBRMPA, 2014a). Several different aboriginal groups have their own sacred
sites within the park including Worrungu Bay where the Juru women traditionally meet
and the mangroves of Cape Hillsborough National Park which is a sacred site for
Aboriginal spirits and known to contain burial grounds of the Yulbera Clan. The GBR’s
natural beauty and diversity have also made the area important for modern Australians
with the reef’s heritage values now including those in the World Heritage Criteria, and
Commonwealth Heritage Criteria (GBRMPA, 2014a).
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Figure 2.1 Map of Great Barrier Reef
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The GBR is one of the most biodiverse regions in the world with 1625 bony fish, 411
species of coral, 6 species of marine turtle, and more than 30 species of whale and dolphin
(GBRMPA, 2009). A significant number of species that inhabit the GBR are of
conservation concern, a list of which is in Table 2.1. There are a large variety of habitats
within the park including mangroves, sea-grass meadows, islands and cays, beaches, the
lagoon floor and coral reefs providing a wealth of opportunities for species.
Table 2.1: Threatened marine species known to occur in the GBR (GBRMPA, 2009)

Marine Reptiles

Sea Birds

Flatback turtle (Natator depressus), Green

Grey-headed albatross(Thalassarche

turtle (Chelonia mydas), Hawksbill turtle

chrysostoma), Herald petrel (Pterodroma

(Eretmochelys imbricata), Leatherback

heraldica), Little tern (Sternula albifron),

turtle (Dermochelys coriacea), Loggerhead

Northern giant petrel (Macronectes halli),

turtle (Caretta caretta), Olive Ridley turtle

Red-tailed tropicbird (Phaethon

(Lepidochelys olivacea), Estuarine crocodile rubricauda), Sooty albatross (Phoebetria
(Crocodylus porosus)

fusca), Southern giant petrel (Macronectes
giganteus), Wandering albatross (Diomedea
exulans)

Marine Mammals

Sharks and Rays

Blue whale (Balaenoptera musculus),

Speartooth shark (Glyphis glyphis), White

Dugong (Dugong dugong), Fin

shark(Carcharodon carcharias), Green

whale(Balaenoptera physalus), Humpback

sawfish (Pristis zijsron), Grey nurse shark

whale(Megaptera novaeangliae), Sei whale

(Carcharias taurus), Whale shark

(Balaenoptera borealis), Sub-Antarctic Fur

(Rhincodon typus)

seal(Arctocephalus tropicalis)

The GBRMP is a multi-use park supporting a wide range of industry including marine
tourism, recreation, shipping, fishing, scientific research and indigenous use which are
managed thorough the use of zoning, management areas and, in areas of high demand,
plans of management (GBRMPA, 2014a). Zoning, whereby certain activities are
prohibited, within marine parks is a integral management tool used by authorities to
control certain activities (Smallwood et al., 2012). Since the first zoning of the GBRMP
took place in 1981, it has gone through considerable changes including a complete rezoning in 2004 (Day, 2008). The primary outcome of this scheme was to increase the no
7

take zones from under 5% to over 33%, making the park the largest network of no take
zones globally (Day, 2008). The park’s no take areas are designed to be ecologically
representative covering 20% of each bioregion within the park (Fernandes et al., 2005). .
The zones and activities permitted are displayed in table 2.2 (GBRMPA, 2011b).

There is extensive literature on the main threats facing the GBR at present, with a 24
chapter report on climate change (Johnson & Marshall, 2007), and a report on water
quality effects on biota for the GBRMPA, examining water pollution from increased runoff
and coastal development(De’ath & Fabricius, 2008). Other threats include coral bleaching,
which is caused by a change in water temperature or quality, and Crown of Thorns
Starfish, Acanthaser planci (COTS) outbreaks of which are known to severely damage
coral reefs (MA, 2005; Devlin, et al., 2012).
The Great Barrier Reef is one of Australia’s premier tourist attractions with over 1.5
million visitors annually, adding an estimated AU$5.2 billion to Australia’s economy in
2012 (Deloitte Access Economics, 2013). Recreational use of the marine park includes an
enormous range of activities including: scuba diving, snorkelling, fishing, swimming,
camping, bailing, boating, wildlife watching, scenic flights, sightseeing and photography
(Marshall, et al., 2013). 80% of tourists used 50 tour operators to access the reef in 2012
meaning that 83% of tourism occurred in just 7% of the reef(GBRMPA, 2014a).

The GBRMPA, have listed threats from recreational activities as: interference with species
of conservation concern, damage caused by diving or snorkelling, anchoring of vessels,
waste discharge, litter and marine debris, clearing or modifying coastal habitats, decreasing
water quality in coastal environments, introduction of alien species through ballast waters
and dredging (GBRMPA, 2012). Damage by snorkelers and divers has been studied
extensively and found to be reasonably low below a threshold of 5000 visits per year.
There are so many good quality sites on the GBR that the risk of damage from divers is
quite low (GBRMPA, 2009). Other threats such as anchoring and grounding vessels are

8

Table 2.2 Marine park zone activities, permitted, not permitted and under permit (GBRMPA, 2011b)
Zone

Activities Permitted

Activities not permitted

Allowed with permit

Buffer

Boating, diving, limited impact research,

Fishing excluding trolling,

Research, tourism program, shipping,

trolling

traditional use

Commonwealth Island (GBRMPA)

Low impact (non- extractive) activity

N/A

N/A

Commonwealth Island (Other)

Low impact (non- extractive) activity

N/A

N/A

Conservation Park

Bait netting, boating & diving, limited

Harvest for sea cucumber and tropical rock

Aquaculture, harvest fishing for aquariums,

collecting, limited spearfishing, trolling,

lobster

research, shipping, tourism, traditional use

limited impact research
General Use

Bait netting, boating & diving, crabbing,

Aquaculture, harvest fishing, research,

limited spear-fishing, limited collecting,

tourism, traditional use

limited impact research, netting trawling,
trolling, line fishing
Habitat Protection

Bait netting, boating & diving, limited

Trawling

Collecting, limited impact research, limited

Aquaculture, harvest fishing, research,
tourism, shipping, traditional use

spear fishing, line fishing, netting, trolling
Marine National Park

Limited impact research, boating & diving

Preservation

Aquaculture, fishing

Research, shipping. tourism, traditional use

Aquaculture, fishing, shipping, tourism,

Limited impact research, research

traditional use
Scientific Research

Limited impact research

Aquaculture, fishing

Research, tourism, shipping, traditional use

Scientific Research (closed to Public

Limited impact research

Aquaculture, fishing

Research, tourism, shipping, traditional use

access)
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greater as most recreational vessels that enters the park will put down an anchor at some
point risking damage to corals through careless placement of anchors or grounding boats
on reefs (Waddell & Clarke, 2008). Permanent offshore pontoons also have the potential to
cause damage during their installation and movement of their chains after installation and
coral disease is thought to be 15 times more prevalent on reefs where they are located than
on reefs nearby (Lamb & Willis, 2011; Harriott, 2002; Hardiman & Burgin, 2010).
Recreational infrastructure such as marinas, pontoons, jetties and resorts can also impact
on the reef by removing mangroves and sea-grass beds, leading to a decline in fish
abundance, as mangroves provide a major breeding ground for a large number of marine
species including Silver biddy Gerres argyreus (Robertson & Duke, 1987). Decreasing
water quality in coastal environments is a major threat causing the loss of seagrass
meadows and coral reefs. This is mostly being caused by agricultural runoff but a
proportion of the damage is attributable to waste discharge from sewage works processing
waste from tourism businesses and from boats and tourism pontoons (GBRMPA, 2009).
Coral reef structures can also be damaged by the movement of mid ocean pontoons, chains
and mooring blocks (Hardiman & Burgin, 2010). However some activities that are
typically thought to be harmful such as reef trampling actually do minimal damage to
corals (Kay & Liddle, 1989).

There has been no study of the spatial distribution of recreation in the GBRMP for several
reasons: there is no reliable data source to measure all recreational use of the GBR. The
environmental management charge only charges those paying for their recreational activity
and therefore misses out on the recreation done by local residents who operate private
boats and people who use the coast and islands within the park (GBRMPA, 2014a). The
value of recreation has been analysed several times since 2000 including by Carr and
Mendelshon (2003), Rolf et al (2011) both of whom estimated recreation benefits based on
travel costs, Stoeckl et al (2010) surveyed 1000 tourists to estimate the economic impact of
live aboard dive boats sailing from Cairns and Rolf and Gregg (2011) surveyed the local
population to try and establish the value of beaches.
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2.3

Recreation Ecosystem Services

According to the Millennium Ecosystem Assessment there are four categories of
ecosystem service, provisioning, regulating, cultural and supporting, all of which fit into a
conceptual framework (see figure 2.2, MA, 2005). Measuring ecosystem services is not
straightforward but this has generally been attempted by two different methodologies have
been used, valuation and mapping(Vigerstol & Aukema, 2011). Valuation of ecosystem
services has become increasingly important because of its relevance to the decision making
process and there is an extensive literature on the concepts behind this (de Groot et al.,
2010; Tallis & Polasky, 2009). In order to value ecosystem services their spatial
distribution needs to be assessed which is one of the main reasons for ecosystem service
mapping (Maes et al., 2012).

Figure 2.2: Millennium Ecosystem Assessment Conceptual Framework (MA,
2005)

Recreational ecosystem services is one of a number of cultural ecosystem services (see
figure 2.2) including landscape aesthetics, Spiritual significance and cultural heritage (MA,
2005; Daniel et al., 2012). Cultural ecosystem services tend to be less well studied than
other categories of ecosystem services, including provisioning and regulating, because of
11

their interdisciplinary nature, being on the cusp of social and natural sciences, and the fact
that they can be more difficult to measure due to their non-material values (Chan et al.,
2012).

Recreational ecosystem services are easier to assess than other cultural services with
contingent valuation or travel-cost methods utilised in most studies on valuing ecosystem
services in areas such as the GBR (Farr et al., 2014; Kragt et al., 2009; Rolfe & Gregg,
2012). Willingness to pay has been used in many studies with Scarpa et al. (2000)
investigating the recreational use of forests in Ireland, and Visutdhi et al (2009) who
studied willingness to pay for the existence of a coral reef as well as surveying the travel
costs of snorkelers.

A growing interest in the recreational value of coral reefs over the past 15 years has
coincided with the growth of marine based recreation and tourism (Brander et al 2007) and
since the beginning of the 1990s there has been sustained growth in ecotourism with nature
based tourism often quoted as being a really fast growing sector (Balmford et al., 2009).
Balmford et al (2009) found that there was an increasing trend to visit protected areas.
However, in some richer countries PA visitation was not growing in the way it was with
accessibility of poorer countries making it easier for richer nature tourists to get to them.
Overall, This increase has lead to a proliferation of ecotourism based businesses with
increasing demand for eco-certified tourism resulting in a 7 fold increase in Blue Flag
Labels between 1987 and 2010 (UNEP, 2013).

Tourism can damage biodiversity through the clearance of vegetation for infrastructure
development resulting in loss of habitats, increased wildlife harassment, change in wildlife
behaviour and increased turbidity in marine environments (Leung & Marion, 2000;
Pickering & Hill, 2007). These, and impacts such as trampling vegetation, have given rise
to an emerging field recreation ecology which has tried to enable managers to maximise
the sustainable use of the environment (Monz et al., 2013).
2.4

Modelling Recreation Ecosystem Service

Ecosystem-based management, a science based approach to natural resource management
where the heath diversity and resilience of ecosystems is maintained, has been increasingly
implemented over the past ten years as it has several advantages over other management
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practices, including recognising the importance of species for ecosystem approaches, a
location-based specific ecosystem focus and the integration of social, economic and
ecological function (Tallis & Polasky, 2009; Kappell, 2011). A large number of studies
that have employed this method (for a review see Barbier, 2007; Pagiola et al., 2004),
However they have mostly been either at a small scale or single service, and if ecosystem
services are not given monetary values they can be underestimated (Tallis & Polasky,
2009).
The Nature Capital Project has come up with a toolkit, Integrated Valuation of
Environmental Services and Tradeoffs (InVEST), which tries to embody the principles of
ecosystem based management. The intention is to bring biophysical and economic
information forward and integrate them into decision making processes(Tallis & Polasky,
2009).
Tallis and Polasky (2009) suggest that the InVEST toolkit has a number of advantages:


It is designed to be used with multiple services giving the best opportunity to help
dispel incorrect assumptions, minimise tradeoffs and achieve a situation where all
objectives can be raised relative to the status quo.



InVEST is a biophysical system and ecosystem service modelling toolkit, which
combines supply side models with ecosystem service demand. This allows the
ecosystem function to be connected to the beneficiaries so that it becomes a
service.



InVEST models are spatially explicit, enabling the role of heterogeneity in the
landscape and the role of scale to be assessed for ecosystem services.



The ecosystem service can be scenario driven, allowing a variety of future
outcomes to be assessed

Artificial Intelligence for Ecosystem Services (ARIES) is similar to InVEST in that it
allows multiple ecosystem services to be modelled and compared thereby giving managers
and researchers the opportunity to visualise the overall utility of a set of ecosystem
services (Bagstad et al., 2011).

The Recreation Ecosystem Service has been modelled in a range of different ways. Sen et
al. (Sen et al., 2011) made a three-stage model predicting day trips to sites in England and
then extrapolated these to encompass the whole of the UK. They first estimated the
number of sites and how often these are visited before carrying out a meta-analysis of
13

recreational values of specific habitats. Their results show the highest visitation rates are
around large urban areas as only day visits are used in the model. Good as the model may
be for the UK, it would not be appropriate to use on the GBR as it does not incorporate
tourism and would be difficult to use in a marine environment with fewer land use/land
cover predictors.
The ARIES recreation model maps the capacity of an ecosystem to support a particular
recreational activity instead of the attributes which contribute to recreational enjoyment
(Bagstad et al, 2011). Bagstad et al (2011) used Aries, to calculate the value of scenic
views from mountaintops to hikers in Vermont as well as birding, hunting and wildlife
viewing in San Pedro watershed in Arizona. A recreational flow model was created for
both case studies by calculating the likelihood of recreational use and distributing the data
gathered in the above step over the road network. The ARIES recreational model is again
built for terrestrial purposes. It takes into account factors such as road networks that do not
exist in marine environments. As Bagstad et al. (2011) state, there is a need to be very
careful with many of the assumptions behind recreational models because ultimately it is
personal choice where one spends one’s leisure time. Someone may have even moved to
be nearer his or her preferred activity or site.
The InVEST Recreation Model predicts rates of recreation based on the number of
photographs uploaded to Flickr. Wood et al (2013) used this technique to examine the
visitation rates at 831 tourist sites in 31 countries and found that the number of
photographs was a suitable crowd sourced proxy when the empirical data was compared
with the indicator. The study had considerable variation between sites in the concordance
of empirical and proxy based data but the authors suggested that photographs could be
used to explore marginal changes to and absolute visitation rates (Wood et al., 2013). This
ability to extract visitation data without having to take time surveying people about where
they were recreating means the technique could have a high value to managers of
recreational attractions (Wood et al., 2013). The recreation model has been used in Belize
where the natural capital project has been assisting the coastal zone management authority
and institute to create a coastal zone plan and in Vancouver Island, British Columbia it has
been used in combination with other InVEST Models to investigate a range of different
scenarios (Clarke et al., 2012; Guerry et al., 2012)
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3
3.1

Methods

Framework

This study uses the Integrated Valuation of Environmental Services and Tradeoffs
(InVEST) Recreation model. InVEST is a suite of 16 models developed by the Natural
Capital Project at Stanford University, to quantify and map values of ecosystem services.
With relatively little data it provides information about how changes in ecosystems may
affect people’s benefits. In order to quantify the value of natural environments the
recreation model predicts person days of recreation over an area, based on locations of
habitats, accessibility, and other constructed features that factor into decisions about where
to recreate (Sharp et al., 2014). The model produces a map showing recreational use which
was then compared to the current zoning under the GBR management plan to see whether
recreation is taking place in no-take areas or areas of usage.

3.2

Recreation Model.

In the absence of actual visitor data, the model parameterizes visitation using geo-tagged
photographs posted to Flickr (figures 3.1 and 3.2) as a proxy. The model then uses a linear
regression that estimates the contribution of landscape attributes to visitation rate.
Yi = ß0 + ß1x1 + ... +ßpxip for i = 1…n
Where xip is the coverage of each attribute in each cell, i, within an area of interest
containing n cells. Before the linear regression a log transformation of all Yi values is
performed, by taking the natural log of the average photograph user-days per cell +1
(Sharp et al., 2014). A user-day occurs when
a photo is taken within a grid cell on a
particular day.
The model assumes that visitation rates can
be approximated by the number of days
when people took photographs that were
uploaded to the photo-sharing site Flickr.
Using geo-tagged photographs along with
Figure 3.1 Geolocated Photo from Flickr
(SF_knitter)

username and date, the Model computes the
total number of days when at least one photo
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was taken by a user in each cell, returning
average annual number of photo user-days from
2005- 2012 (Sharp et al., 2014). The model
includes predictor variables Open Street Map
(OSM) features broken down into categories
(Cultural, Natural and Miscellaneous), global
population distribution and land use/land cover
maps. GIS shapefiles of different reef features,
and settlements were also uploaded to explain the
Figure 3.2 Geo-located photo from Flickr
(Davide il fotografo)

majority of the variations in user days. Table 3.1
shows the GIS shapefiles used as predictors.

Table 3.1 User inputted shapefiles used as predictors for the model

Predictor

Description

Source

Year

GBR_reef_arc

Outline of individual

GBRMPA

2014

GBRMPA

2014

Polygons of

Australian Bureau of

2013

Australian

Statistics

reefs
GBR_dry_reef

Reefs that emerge at
low tide

Settlements

settlements

The model was run using one area of interest (AOI), a polygon shapefile covering the
entire marine park. To ensure that the grid covered as much of the park as possible, a
buffer was added to the AOI, as the grid does not extend to the border of the AOI. The
buffer size depended on the size of the grid cell. Starting with a 5,000 meters hexagonal,
cell the size was increased by 5,000 meters and then 2,000 metres as not enough cells
contained photos for the model to return accurate results. After several iterations 22000
meters, with a buffer of 12000 meters, was found to be the smallest appropriate size of cell
for the reef.

To calculate the area of the zones within the resulting InVEST grid the model predicting
user-days using reef and OSM predictors was used. The grid covered 342053 km2 or more
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than 99% of the marine park. The grid shapefile was intersected with the zoning map of the
GBR in ESRI ArcGIS software. This resulted in a shapefile with the grid cells split by the
GBR zones. To get the most used areas of the park the cells with estimated average yearly
user-day values over 0.51 were used as this meant that places with less than 1 user day
every 2 years were not used. The areas were then calculated from this shapefile by
summarising the zone type attribute. To enable percentages to be made the entire grid was
also summarised.
3.3

Modelling Google Panoramio Data

An additional photograph dataset was downloaded from Google Panoramio (figures 3.3
and 3.4) using the Panoramio REST application programming interface on Advanced
REST Client Google Chrome extension. Using 1 degree latitude and 12 degree longitude
rectangles photo metadata was obtained from the GBRMP and surrounding areas. The
URL to get this data is

http://www.panoramio.com/map/getpanoramio.php?set=full&from=0&to=100&minx
=-142.545&miny=11.4&maxx=154.548&maxy=10.4&size=medium&mapfilter=false

This was repeated at the same latitude until fewer than 100 photos were returned. The data
was returned in a JSON format, which was converted, to a CSV format using an online
JSON to CSV converter http://www.convertcsv.com/json-to-csv.htm before being
downloaded. The metadata included: photo height and width, longitude and latitude,
owner identification number, owner
name, owner URL, photo file URL,
photo identification, photo title, photo
URL, and upload date. A shapefile was
made with that data and then cropped
to the GBRMP, giving 3600 photos
within the park. Assuming that the date
uploaded was the date taken the dataset
Figure 3.3 Geo-located photo from Panoramio

was filtered so that it showed one photo

(Giuseppe Caterina)

taken in grid-square by each user per

day. This was to make the modelling below correspond more closely with the InVEST
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model. A grid that was made as part of
an InVEST model was then used to
make a grid of where Panoramio
photographs were taken and where userdays occurred. The distances from each
grid-square to the reef and settlements
were calculated as predictors in order to
Figure 3.4 Geo-located photo from Panoramio

model how many days were used with

(Ziafedora)

each photograph. The resulting datasets

were taken and modelled in R. The data was over dispersed, with a large number of zeroes,
so a binomial model was fitted to the settlement distance predictor on the Panoramio photo
dataset and a quasi-binomial model was fitted to the user-day dataset.
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4
4.1

Results

Invest Models of Recreation on GBR.

Four versions of the InVEST model were run. The model was run with the significant
values from Open Source Map (OSM) the categories provided by InVEST natural,
miscellaneous and culture. The models should not be trusted as the assumptions for the
linear regressions were not met; the data did not have a normal distribution and the residual
values were not evenly distributed (see appendix 1 for diagnostic plots).

The model outputs show similar results with some differences. The areas with the heaviest
use are the Whitsundays, and areas around Townsville. The areas with the least use are the
areas beyond the continental shelf, which is particularly clear in the northern part of the
marine park on the maps. This is as expected as there is little scope for photography in the
open ocean. On each model features of each of the OSM categories were significant so
none were taken out.

The result of the OSM model (Figure 4.1) shows greater user-days on near the coast in the
southern two thirds of the Marine Park. (See appendix 2). The highest concentrations of
user-days are around the Whitsundays with the areas surrounding Cairns and Townsville
also having high levels of use. This would suggest that locations around urban areas and
islands, which have major tourist infrastructure, have more user days.

Using the user day model predicted by the location of the reef (Figure 4.2) the reef comes
out as a significant predictor (see appendix 2). This is displayed, as areas of the reef, which
have a lighter shade of blue meaning a higher number of user days. The model predicting
user-days from Dry Reef (the parts of the reef that emerge from the sea at low tide) and
OSM variables showed a significant relationship between user-days and Dry Reef. This is
shown by some of the grid covered by the reef having more user-days .

The user day model prediction with settlements as one of multiple predictors (Figure 4.4)
did not show up any statistical relationship between the settlements and user-days. Figures
4.1 and 4.4 would however suggest that urban areas that are alongside the GBRMP would
influence the location of recreation and the OSM miscellaneous and cultural predictors are
19

highly significant in both models suggesting settlements do influence where user-days are
taken.
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Figure 4.1 Map showing the predicted user-days from OSM variables

Figure 4.2 Map showing the predicted user-days from OSM and reef
variables
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Figure 4.3 Map showing the predicted user-days from OS|M and dry reef

Figure 4.4 Map showing the predicted user-days from OSM vairables and

variables

settlements
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4.2

Great Barrier Reef Marine Park zoning and predicted visitor distribution

According to the InVEST model, areas in no take zones are used less by recreationalists
than other zones. Spatial analysis (table 4.1) shows that the marine national nark zones, in
which fishing and other non-recreational activities are prohibited, have less recreational
activity than general use and habitat protection zones, in which very few activities are
prohibited. The commonwealth island, conservation park and scientific research zones
have much higher percentages as a result of having smaller total areas.

Table 4.1 Areas of different zoning types in which there are more than 0.5 User-days per year with the
total area of the zone
Zone

Area of Zones
Within Grid in km2
9824.91

Percentage

Buffer

Area of Zones User-days
> 0.51 in km2
84.74

Commonwealth Island (GBRMPA)

4.80

9.88

48.56

Commonwealth Island (Other)

85.01

97.98

86.76

Conservation Park
General Use

2140.93
7390.66

4955.11
115845.22

43.21
6.38

Habitat Protection

4557.34

96922.30

4.70

Marine National Park

3081.97

113538.44

2.71

Preservation

65.54

706.38

9.28

Scientific Research

37.65

96.45

39.04

Scientific Research (closed to public
access)
Total

4.27

56.52

7.55

17452.90

342053.19

5.10

4.3

0.86

4.3 Panoramio and Flickr Data and model comparison

The metadata of 3600 photos within the marine park was downloaded from Google
Panoramio. This data (Figure 4.5) is distributed in a similar way to the Flickr user-days
with most of the Panoramio photos located in the Cairns, Townsville and Mackay and
Capricorn management areas with concentrations of photos around Cairns Townsville and
the Whitsundays. When reduced to user-days (Figure 4.6) the density of photographs is
relatively concentrated along the reef adjacent to Cairns and the Whitsundays. There is a
more even distribution of photos taken on the reef in the Panoramio photo dataset although
this is not the case when comparing user-days from Panoramio and Flickr.
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The Binomial model of user-days fig 4.8 show that there is a greater likelihood of a userdays where distance to reef and distance to settlements decreases (see table 4.2) for both
reef and settlement distances. The relationship between where Panoramio photos were
taken and settlement distance (figure 4.7) is significant (see Table 4.2).
Table 4.2 Model parameter table for models made with Panoramio data
Dependent variable:
User-days

Photos Taken

glm: quasibinomial Glm: Binomial
link = logit
(1)
Constant

-0.439

(2)
*

(0.247)
Reef Distance

-0.324***
(0.098)

-0.0002***
(0.0001)

Settlement Distance

-0.00002***
(0.00000)
-0.00001***

Settlement Distance

(0.00000)

Observations

1,913

1,913

Log Likelihood

-866.525

Akaike Inf. Crit.

1,737.049

Note:

* ** ***

p p p<0.01
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Figure 4.5 Map of Panoramio Photos taken within the GBRMPA

Figure 4.6 Map of user-days from Panoramio data
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Figure 4.7 Map showing probability of a photo being taken at a

Figure 0.8 Map showing probability of a photo getting taken at a

particular location

particular location
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5

Discussion

There is a need to find a economically viable solution to mapping recreational ecosystem
services (Wood et al., 2013). This is true for many ecosystems including the GBR where
limited research has been done to research the spatial distribution of Recreational activities
though Coghlan and Prideaux (2009) presented results of visitor surveys done in the
Whitsundays and Tropical North Queensland. However, they did not break this down any
further and did not cover the entire park. Social media photography is a good potential
solution to this problem because of its free nature, ease of access and capacity to provide a
wealth of data that can be utilised. Through using a spatially explicit proxy (geo-located
photos) this study presents the first spatially explicit recreation maps for the whole reef.

5.1

Importance of planning for recreation

Marine and coastal recreation takes many forms including swimming, scuba diving and
snorkelling, boating, fishing, wildlife viewing and walking relaxing and surfing on beaches
(Smallwood et al., 2012). These activities underpin tourism, the largest single industry
connected to the GBR which gives full time employment to more than 50,000 people
(Rolfe et al., 2011; Deloitte Access Economics, 2013). Planning has long been seen as a
requirement for managing recreation so that minimal environmental damage is done
(Inskeep, 1987) and when the GBRMP was set up its responsibility was to protect the
reef’s natural heritage (Day, 2008). Recreational values on the GBR would not be
maintained if the health of the ecosystem that they rely on were reduced(Fernandes et al.,
2005).

5.2

Patterns of recreation on the Great Barrier Reef

Recreational activities in the GBRMP is not equally distributed with higher use nearer the
coast in the southern two thirds of the park and less than ten percent of vessel based trips
occurring north of Cooktown because of the highly sparse population in that area
(GBRMPA, 2012). The InVEST models results suggest that no more than 2 user-days per
year are and less than 10% of Panoramio photos taken of the reef came from the Far
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Northern Management Area. Areas that are furthest from the coast have the lowest use
probably because there is a lack of recreational interest once you go beyond the continental
shelf. Only 5 % of cells have over 1 user-day per year which would agree with the
GBRMPA who suggest that a small area has the majority of recreational use (GBRMPA,
2009, 2012, 2014a). The most user-days occur either on or adjacent to coastal locations,
such as Townsville and Cairns, which has both a resident population and recreational
infrastructure to support the recreation and tourism industries. Recreation is concentrated
around popular islands in the park such as the Whitsunday Island group, Magnetic Island,
and Lizard Island suggesting that marine recreation requires land based infrastructure in
order to succeed. This correlates well with the GBR’s plans of management which are used
to manage the areas of intensive recreational use See Figure 2.1 GBRMPA, 2009).
Predicting recreational use from multiple variables including reef location and dry reef
clearly shows the reef’s location but also suggests use of several areas including the
Whitsundays, Townsville and Port Douglas are greater than other sections of reef. This
would agree with Smallwood et al (2012) who found a concentration of recreational diving
and fishing at coral reefs. Given the substantial number of user-days around Cairns this
study would have expected a higher estimate of user-days in that region. This may be
because the photos are reasonably evenly spread across this particular part of the reef.
Predicting recreational use when using OSM variables suggests that areas close to large
settlements are used to a far greater degree. It could be suggested that the cultural and
miscellaneous OSM categories of variables occur more in populated places, which could
skew the results positively towards larger settlements (see Sharp et al., 2014). There
appears to be no statistical relationship between settlements and recreational activities,
when using settlements as a predictor, which may be because of the OSM variables
included in the model. These models suggest the location of large populations is the
greatest factor in determining the distribution of recreation as suggested by Colwell et al.
(2002). Location of natural features such as coral reefs may be a secondary factor in the
location of recreational activities. The location of permanent pontoons and highly visited
dive and snorkel sites such as Agincourt Reefs influences the number of user-days
although this may be due to tourist operators all choosing very similar locations to go to.

The area of the three largest zones, which have more than one user-day every two years
was not expected. The General Use zone had the largest areas as the coast where most of
the photos get taken is largely taken up by this (see figure 5.1). A likely reason for this is
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that the zone just off the coast is mostly lagoon the least studied and deepest part of the
ecosystem within the reef (GBRMPA, 2014a) meaning that it is relatively safe from human
activity. It may be worth increasing the protection along some vulnerable sections of coast
near urban areas in light of these results. Marine National Park, no take, zones are located
in areas of less recreational pressure being either off the coast or in the north of the Marine
park which may account for the low area recorded. When the GBR was rezoned ten years
ago social media had yet to reach the mainstream and neither Flickr or Panoramio existed
meaning that this kind of data was unavailable for use. Photographs from social media
could provide some very interesting insights into where it is most intensively used.

Figure 5.1 Zoning map of the GBR (GBRMPA)
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5.3

Comparison of Flickr and Panoramio datasets

The data photo metadata downloaded from Panoramio shows a similar distribution to the
Flickr user-days with more photos nearer islands, coastal locations and urban areas.
The Panoramio models assume that if a photo was taken in a particular grid-square, there is
a higher probability that that grid-square is used for photography and recreational
activities. The results are similar to the results that the InVEST models produced with the
most recreation being located nearer the coasts in the southern two thirds of the park.
While the model produced by InVEST should not be directly compared to the model run in
R because of the techniques and predictors used it is interesting to see the similarities
between the results. There are also substantial differences between the results with the
binomial model suggesting a high chance of use for areas where the InVEST model
suggested there would be hardy any use. The central part of the coast in the Far Northern
Management Area is an area which has high use according to the user-day model. This is
probably due to the fact that there have been photos taken there and settlements exist in the
area. The areas closest to major population and infrastructure centres such as Cairns,
Townsville and the Whitsundays are predictably highly used due to the large number of
photographs that were taken in those locations. The predictors used in the user-day model
were both highly significant indicating that there was a relationship between where people
went to take photographs and the location of recreational attractions.

5.4

Methodological considerations when modelling recreation

This study has shown that the InVEST model has the capacity to model recreational
activities for a large area such as the GBR with little need for the user to input additional
data. This will enable tourism providers and authorities to gain potentially useful
information about the distribution of recreation. However there are a number of
methodological challenges in using the current version of the Model.
Using photographs taken to measure recreational use may work for small site based studies
such as Wood et al, (2013) but care needs to be taken interpreting this over a large area
especially where most of the AOI is uninhabitable as is the case here. As we can not live in
marine environments there could be a trend towards land-based photography. Where
photos are taken in marine environments they are either taken from a boat or pontoon, or
while snorkelling and diving not far from them. Wood et al (2013) also suggest that
certain activities such as surfing may bias the results because the participants do not want
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to take photos. This could also be true for things like jet skiing and could be biased the
other way for sports like diving, which are popular with photographers. Geo-located
photographs may have been geo-located once uploaded to the computer or social media
website leading to incorrect photo locations which this work relies upon.

The InVEST model uses a linear regression which should only be used on normal datasets
which causes problems when trying to model large areas such as the GBR which did not
have a normal distribution when the assumptions were checked. While the global study
done by Wood et al. (2013) suggested that the assumptions could be met for tourist
attractions with small areas but did not test the model on a single large scale region. The
results of the models in this study suggest that the model may be less suitable for assessing
recreational activity over a region. For marine environments where fewer photos are taken
this is even more likely to be true. Currently this InVEST model should be used with
extreme caution when planning in marine environments as it maybe giving results that are
not accurate due to the assumptions used within the model.

Secondly InVEST only allows users to upload a maximum file size of 20 megabytes,
which does not allow users to upload a lot of data and may stop some users from uploading
certain predictors that they feel are important. It does not allow for interactions between
different datasets that the user has to be examined.

The InVEST recreation model does not give access to the data that it is downloading from
Flickr. It produces a processed grid showing the result of its calculations of average userdays per year. To get access to the Flickr data takes programming skills and knowledge of
the Flickr application programming interface as photo metadata is not readily available for
download. This becomes a problem if the model assumptions do not work and the user
wants to download the data to use in other software such as R.

It is not possible to carry out model selection on OSM predictors within InVEST as it
presents three predictors for each category that you can select with the programme. The
results presented in this study have therefore not been modelled with just the significant
predictors.
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Given there is a general lack of photographs for marine environments this study was able
to download a dataset containing 3600 photos from Panoramio for the entire reef through
taking photos from one degree latitude strips covering the reef. However the methodology
used could be improved with some programming skills as the number of photos captured is
not likely to be all the possible photos. Given the fact that this has not been done to date
the method has proved useful for research.

5.5

Management implications of results

This study has broad implications for managing recreation on the reef, as extrapolating the
data to gain management implications would be challenging. As the possibilities of
underwater photography become better the increasing interest mean the impact of
recreational diving may need more careful management given that underwater
photography is one of the most common ways in which recreational divers break corals
(GBRMPA, 2014a; Rouphael & Inglis, 2001; Uyarra & Côté, 2007).

Using images to explore recreational patterns has been done at the small scale, Jankowski
et al (2010), and at a global scale, Crandell et al (2010) and Arase (2010). This study
which applied a technique used on a global dataset in Wood et al (2013) to a highly visited
marine park. It has proved that digital photography could be used to map recreation in the
GBR even if it is not ready to do this at the moment. A model that could incorporate
highly dispersed data would need to be developed for this to become a useful management
tool in the future.

5.6

Recommendations and conclusion

I would strongly recommend that more work be done to develop a suitable model for nonnormal data such as this study had for the GBR. Using a binomial model on the Panoramio
dataset this study has found that there are other ways of predicting recreational use. With
further work this could be improved upon and a more suitable model produced that
actually produced a count of actual user-days rather than predict the probability of a
recreational user-day occurring in a particular location.
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This study has highlighted that the potential for social media to give insights to
recreational ecosystem services is present and could be useful in the future if further work
is done. Given the difficulties and costs involved in gathering empirical data in most
situations this kind of data represents a possible major breakthrough in the capacity to
research relationships between ecosystems and recreational activities.
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Appendices

Appendix 1

OSM predictors diagnostic plots

40

OSM and reef diagnostic plots
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OSM and dry reef diagnostic plots
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OSM and settlement diagnostic plots

43

Appendix 2:

OSM levels table

Estimate
Intercept
linecult
linemisc
linenat
pointcult
pointmisc
pointnat
polycult
polymisc
polynat
landscan
predictor_

-814.2
3.00E-06
8.01E-05
8.97E-06
0.004298
0.1136
-0.07947
2.59E-06
4.96E-08
-3.21E-10
7.08E-09
-7.15E-08

Std. Error

t value

584
8.58E-07
2.30E-05
1.52E-06
0.002655
0.01124
0.03716
1.86E-06
1.46E-08
4.39E-10
1.37E-09
3.79E-08

Pr(>|t|)
-1.394
3.496
3.482
5.914
1.619
10.11
-2.139
1.394
3.387
-0.731
5.178
-1.886

0.1636
0.0004912
0.0005161
4.45E-09
0.1058
4.64E-23
0.03267
0.1635
0.000731
0.4649
2.66E-07
0.05951

OSM and reef levels table

Estimate
Intercept
GBR_REEF_a
linecult
linemisc
linenat
pointcult
pointmisc
pointnat
polycult
polymisc
polynat
landscan
predictor_

-771
1.85E-06
3.15E-06
7.73E-05
9.14E-06
0.005016
0.1053
-0.08229
2.45E-06
4.98E-08
-7.54E-10
7.07E-09
-6.19E-08

Std. Error
578.6
3.93E-07
8.51E-07
2.28E-05
1.50E-06
0.002635
0.01127
0.03681
1.84E-06
1.45E-08
4.45E-10
1.35E-09
3.76E-08

t value

Pr(>|t|)
-1.332
4.716
3.701
3.392
6.079
1.904
9.34
-2.235
1.333
3.435
-1.695
5.222
-1.646

0.183
2.70E-06
0.0002248
0.0007186
1.66E-09
0.05716
5.06E-20
0.0256
0.1829
0.0006145
0.09038
2.11E-07
0.1001
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OSM and dry reef levels table

Estimate
Intercept
GBR_DRY_RE
linecult
linemisc
linenat
pointcult
pointmisc
pointnat
polycult
polymisc
polynat
landscan
predictor_

Std. Error

-745.3
3.22E-09
3.04E-06
7.65E-05
9.12E-06
0.004396
0.1128
-0.0787
2.37E-06
4.93E-08
-3.99E-10
7.04E-09
-6.93E-08

t value

583.2
1.25E-09
8.56E-07
2.30E-05
1.51E-06
0.002649
0.01121
0.03706
1.86E-06
1.46E-08
4.39E-10
1.36E-09
3.78E-08

Pr(>|t|)
-1.278
2.574
3.555
3.328
6.022
1.66
10.06
-2.123
1.278
3.372
-0.9084
5.164
-1.832

0.2015
0.01017
0.0003941
0.0009024
2.34E-09
0.09722
7.37E-23
0.03394
0.2014
0.0007707
0.3638
2.86E-07
0.06719

OSM and settlements levels table

Estimate
Intercept
GBRSetteme
linecult
linemisc
linenat
pointcult
pointmisc
pointnat
polycult
polymisc
polynat
landscan
predictor_

-821.6
6.68E-09
2.71E-06
8.05E-05
9.10E-06
0.003577
0.1132
-0.0742
2.61E-06
4.55E-08
-3.08E-10
6.87E-09
-6.88E-08

Std. Error
584.2
7.37E-09
9.16E-07
2.30E-05
1.52E-06
0.002772
0.01125
0.03761
1.86E-06
1.53E-08
4.40E-10
1.38E-09
3.80E-08

t value

Pr(>|t|)
-1.406
0.9071
2.96
3.499
5.973
1.291
10.06
-1.973
1.407
2.97
-0.701
4.966
-1.808

0.1599
0.3646
0.003142
0.0004855
3.13E-09
0.1971
7.27E-23
0.04875
0.1598
0.003039
0.4835
7.92E-07
0.07083
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