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Abstract: Sustainable tourism involves increasingly attracting visitors while preserving the natural
capital of a destination for future generations. To foster tourism while protecting sensitive environ-
ments, coastal managers, tourism operators, and other decision-makers benefit from information
about where tourists go and which aspects of the natural and built environment draw them to par-
ticular locations. Yet this information is often lacking at management-relevant scales and in remote
places. We tested and applied methods using social media as data on tourism in The Bahamas. We
found that visitation, as measured by numbers of geolocated photographs, is well correlated with
counts of visitors from entrance surveys for islands and parks. Using this relationship, we predicted
nearly 4 K visitor-days to the network of Bahamian marine protected areas annually, with visitation
varying more than 20-fold between the most and least visited parks. Next, to understand spatial
patterns of tourism for sustainable development, we combined social media-based data with en-
trance surveys for Andros, the largest island in The Bahamas. We estimated that tourists spend 125
K visitor-nights and more than US$45 M in the most highly visited district, five times that of the
least visited district. We also found that tourists prefer accessible, natural landscapes—such as reefs
near lodges—that can be reached by air, roads, and ferries. The results of our study are being used
to inform development and conservation decisions, such as where to invest in infrastructure for
visitor access and accommodation, siting new marine protected areas, and management of estab-
lished protected areas. Our work provides an important example of how to leverage social media
as a source of data to inform strategies that encourage tourism, while conserving the environments
that draw visitors to a destination in the first place.

Keywords: sustainable development; marine protected areas; tourism; The Bahamas; Caribbean;
social media data; coral reefs; INVEST; sensitive environments, ecosystem services, Flickr

1. Introduction

Tourism is essential for economic development in many countries around the world,
but it can degrade the very ecosystems that draw visitors in the first place [1-3]. In the
Caribbean, tourism is particularly important for economic growth and employment. The
World Travel and Tourism Council estimates that tourism generated $56.4 B in USD—
about 14.9% of GDP—in 2016 and provided 2.3 M jobs. The unique natural environment
of the Caribbean continues to be one of the region’s biggest draws for visitors. Coral reefs,
mangrove forests, beaches, and blue holes attract millions of international tourists every
year and support local communities [4-9]. However, tourism activities can exacerbate
ecological stressors on these vulnerable ecosystems. Coral reefs are threatened by warm-
ing waters and coastal run-off, as well as breakage from SCUBA divers and anchors [10-
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12]. Blue holes, beaches, mangrove forests, and coastal marshes suffer from unchecked
use by visitors, which results in trampling, pollution, erosion, and the introduction of in-
vasive species [13-15]. The combination of a rapid influx of tourists and little regulation
of ecosystem-associated tourist activities, like diving, snorkeling, and recreational fishing,
has caused ecological damage [15].

Caribbean countries are not alone. Around the world, policy-makers, tourism opera-
tors, coastal planners, and other stakeholders acknowledge that tourism sustainability in-
cludes increasingly attracting visitors and generating profits, while bolstering local liveli-
hoods, and protecting the natural environment and cultural heritage of a destination [16-
18]. A major challenge to achieving sustainability is the availability of practical tools and
data needed to inform tourism policy and decision-making [19]. In this context, the United
Nations World Tourism Organization has explored the potential for big data, in addition
to traditional sources, to improve tourism statistics [20]. A growing body of academic lit-
erature is also investigating the potential of data from mobile phones and social media to
advance spatial analysis of tourism patterns [16,21,22], yet demonstrations are needed that
illustrate how new data technologies can be leveraged to inform different decision con-
texts and planning processes.

To foster tourism while ensuring the long-term viability of coastal systems, countries
throughout the Caribbean are engaging in sustainable development and protected area
planning [23,24]. These coastal management efforts require information about visitation
to be effective [23,24]. For example, sustainable tourism development involves under-
standing what makes a destination attractive [25], where to site new infrastructure to sup-
port tourism, how to provide access and accommodation for tourists while ensuring the
long-term sustainability of a destination, where to invest in training programs for local
businesses and communities [17], and where to enforce regulations and monitor protected
areas. These kinds of management issues require spatial data on visitation and an under-
standing of what features of the natural and built environment draw tourists [16,19]. In-
tegrated planning also benefits from estimates of visitation that are meaningful and easy
to communicate with stakeholders and decision-makers [23,26,27], such as numbers of
days that tourists visit particular locations, tourism expenditures, and tourism-related em-
ployment. Baseline data on spatial patterns of visitation, expenditure, livelihoods, and
visitor preferences inform resource allocation and effective management of commonly
visited areas. Such visitation data will especially be important for informing and encour-
aging tourism as the industry seeks to recover from the COVID-19 pandemic [21] without
degrading sensitive ecosystems [5,16,28].

Some of the information needed for sustainable tourism development is currently
available in the surveys collected by national governments within tourism departments.
Many countries in the Caribbean track numbers of foreign tourists entering their countries
[29]. Airport entrance surveys, for example, allow countries to estimate visitation and
track changes through time. Some countries also survey tourists to ask why they are vis-
iting (e.g., for business or pleasure) and in certain cases what activities they will engage
in (e.g., SCUBA diving, beach-going). However, these surveys typically do not collect in-
formation at fine enough spatial scales to inform decisions about how to manage these
activities or the ecosystems that support them in specific locations. Detailed data about
where visitors go, how much they spend, and why they visit particular locations are fre-
quently lacking in the literature and communities of practice, especially in remote areas,
at the scales required to inform spatial planning [16,21,22,30-32].

Recent technological advancements and the widespread use of mobile phones and
the internet are generating opportunities for understanding patterns of visitation in re-
mote places at finer spatial scales [33]. Social media platforms such as Flickr, Twitter, and
Instagram allow users to share geolocated photos about a person’s location at a particular
time [19,22,34-36]. These data sources are being used to explore visitor preferences for
wildlife [28,37] and other aspects of nature [38,39], to estimate the value of ecosystems,
such as coral reefs for tourism [5], to predict visitors’ responses to marginal improvements
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in water quality [40], and to assess tourism sustainability (see ref [19] and references
within). Many of these studies approximate the popularity of destinations based on the
number of social media posts that are shared from the same location. Studies comparing
the number of geotagged photographs and visitation as measured by other approaches,
such as on-site counts, find that the two measures are correlated for various types of des-
tinations, including lakes, forests, and parks, globally [35,39-42]. However, there have
been few studies that evaluate these approaches for tropical marine destinations or pro-
vide real-world examples of how big data are being used to inform coastal development
and marine protected area (MPA) planning.

Here we test and apply methods for using social media to map visitation by tourists
and use the information to inform protected area management and sustainable tourism in
The Bahamas. The objectives of our study are to 1) explore the potential for social media
to estimate visitation to marine and coastal areas, 2) use social media-based visitation data
in combination with open-source software to produce practical information to support
tourism sustainability, and 3) highlight two examples of coastal management—MPA
planning and sustainable development—where this information is being applied to sus-
tainable tourism. To address these objectives, we conduct several analyses combining so-
cial media-based visitation data with more traditional on-site visitor counts (Supplemen-
tary Figure S1). We first evaluate whether geotagged photographs can be used to estimate
visitation rates within MPAs, based on information gathered from across the Caribbean.
Next, we use the resulting approaches to quantify visitation across the network of Baha-
mian MPAs and visitation and expenditures across the largest island in the country, An-
dros. Finally, we ask what factors influence spatial patterns of visitation on Andros and
explore the implications for the country’s tourism development. Tourism is vital to The
Bahamas, drawing more than six million tourists annually [43,44]. The Bahamian govern-
ment is also engaged in several integrated management efforts across the country’s archi-
pelago, which make it a ripe place for testing and applying new approaches for tracking
visitation [45]. However, the relevance of our study goes beyond The Bahamas and the
Caribbean. The types of results generated in this study have the potential to inform pro-
tected area management and sustainable development in coastal and marine environ-
ments around the world.

2. Materials and Methods
2.1. Study Setting and Existing Planning Efforts

The Bahamas is an archipelago of some 700 islands, cays, and islets that stretches
across more than 650,000 km? of open ocean (Figure 1). The entirety of the country’s pop-
ulation, nearly 400,000 people, live and work within the coastal zone [46]. Marine and
coastal ecosystems in The Bahamas provide numerous benefits to the Bahamian people
along with habitat to a diversity of animals and plants [47—49]. These benefits include pro-
tection from coastal hazards [50], commercial and subsistence fisheries [51-54], carbon
storage and sequestration [55], and especially attractions that draw tourists [6-9]. For ex-
ample, thousands of miles of beach, barrier, and fringing reefs, and the highest density of
blue holes in the world attract millions of tourists each year [56]. The tourism industry
alone contributes to over 60% of The Bahamas GDP [43,44] and supports nearly half of the
Bahamian workforce [43]. While tourism is critical to the economy and human wellbeing,
tourism-related activities such as coastal development (e.g., for hotels and other ameni-
ties), dredging (e.g., to improve boat access), and pollution (e.g., litter and coastal run-off)
also pose risks to the sensitive environments that people visit [45,57,58].

To protect coastal and marine ecosystems, The Government of The Bahamas is col-
laborating with several national and international non-governmental organizations in-
cluding The Nature Conservancy and the Bahamas Reef Environment Educational Foun-
dation (BREEF) on several integrated management initiatives. These efforts include the
Caribbean Challenge Initiative (CCI), which is a regional agenda involving governments
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from ten other countries and territories who, in addition to The Bahamas, committed to
protecting and effectively managing 20% of marine and coastal ecosystems in their respec-
tive countries by 2020. While 10% of nearshore and marine environments are currently
within the Bahamian MPA network, only a few of the 43 parks have finalized manage-
ment plans. To meet its CCI target and capitalize on the benefits of well-managed MPAs,
The Bahamas is expanding its existing network of MPAs and seeking to enhance manage-
ment of existing protected areas (Figure 1). Additionally, a goal of the initiative is to site
and manage MPAs—based not only on their ecological importance, but also on the value
of ecosystems within the network to Bahamians for supporting livelihoods through tour-
ism. However, most of the 43 MPAs lack on-site visitor counts, which makes it difficult to
know the extent to which visitors are using different MPAs and to make the case for in-
vestment in MPAs for tourism development. Thus, an objective of this study was to lev-
erage social media to generate quantitative information on spatial variation in visitation
across the network.

Another effort is Vision 2040, the national development planning process, under
which Andros was the first island to design a sustainable development master plan.
Though Andros is the largest island in The Bahamas (Figure 1) and the fifth-largest in the
Caribbean, it is also relatively unpopulated, with less than 8 K permanent residents [59].
The island contains abundant and diverse natural resources [8,48], yet minimal infrastruc-
ture and accessibility may contribute to a limited number of tourists choosing Andros as
their destination within The Bahamas. Through the Andros Sustainable Development
Master Plan, Androsians and The Bahamian government sought to create a roadmap for
development that would improve economic opportunity while safeguarding the natural
systems that underpin residents’ cultural identity and well-being. A key knowledge gap
in this planning effort was spatial data on visitation across Andros and guidance about
where to target investment in conservation and development to support the sustainable
tourism.

To inform management of tourism activities within the Bahamian MPA network and
across Andros Island, we tackled three main research questions. 1) What is the potential
for social media (Figure 1) to provide data on visitation and expenditure information in
regions with little survey-based data, and at appropriate scales for management? 2) How
do visitation, and other metrics of tourism, such as expenditure and employment in na-
ture-based tourism, vary spatially across the Bahamian network of MPAs and across An-
dros? 3) What factors influence spatial patterns of tourism across Andros?
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Figure 1. The Bahamian archipelago, including the network of marine protected areas (orange
boundaries), geotagged Flickr photos (purple points), and Andros, the largest island in The Baha-
mas. Politically considered a single island, Andros is in fact comprised of three major landmasses,
North Andros (which contains the districts of North Andros and Central Andros), Mangrove Cay,
and South Andros.

2.2. Comparing Social Media Data and On-Site Counts of Visitors in the Caribbean

To evaluate the degree to which the volume of social media posts correlate with sur-
veyed visitation rates in the Caribbean, we compared annual visitation rates derived from
geotagged images shared publicly on the image-sharing website Flickr to on-site visitation
estimates published by the Ministry of Tourism of The Bahamas and by the US National
Park Service ((NPS), Supplementary Figure Sla). The Bahamas Ministry of Tourism re-
ports total visitor-nights to eight islands or island groups in The Bahamas (Table 1) by
year from 2005-2014, based on exit surveys distributed to all passengers on departing
flights [56]. The NPS reports monthly visitation rates at all of their sites, five of which are
located in the Caribbean (Table 1), for all years in this same period. These statistics are
assumed to be quite accurate as they are typically based on counts at controlled access
points [60]. We calculated the average annual visitation for every year from 2005-2014 for
eight islands and five national parks based on the survey data.

Table 1. Bahamas island-groups included by the Ministry of Tourism and US National Park Ser-
vice sites in the Caribbean.

Bahamas Island Groups US National Park Service
Abaco Buck Island Reef National Monument
Andros Dry Tortugas National Park
Bimini Salt River Bay National Historical Park

Eleuthera San Juan National Historic Site

Exuma Virgin Islands National Park
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Grand Bahama

Nassau

San Salvador

We measured visitation rates from social media in units of photo-user-days (PUD
sensu [35]), using the metadata from geotagged photographs shared on Flickr (Figure 1).
Over 250 million public photographs are geolocated to a specific latitude/longitude, usu-
ally based on a GPS embedded in the camera (e.g., a mobile phone). Photographers may
also opt to geolocate photographs by selecting a location on an interactive web map at the
time they upload their photographs. Flickr estimates the accuracy of the geolocation (on
a scale of 1-16) based on the method of geolocation and the scale of the web map or accu-
racy of the GPS when the geolocation was created. This location, along with a unique ID
for the photographer and the date that the photograph was taken, allows PUD to be cal-
culated, where one PUD in a place represents one unique photographer who took at least
one photograph on a specific date [35]. Annual PUD for a place is the sum of PUD values
across an entire year. We used the open-source InVEST Visitation model [61], which pro-
vides an interface for accessing Flickr metadata, and is freely available for download and
application anywhere around the world. We used the model to calculate average annual
PUD, based on images taken from 2005-2014, for each island and NPS site for which we
had corresponding survey-based visitation rates. INVEST requires GIS data representing
the geographic boundaries of these places to query the database of image metadata.

To evaluate the potential for social media to serve as a proxy for visitation, we mod-
eled variability in on-site measures of visitation as a function of PUD in a simple linear
regression. To test whether the relationship between the surveys and PUDs differed be-
tween islands and NPS sites, we tested a model with a second fixed effect to distinguish
the two types of sites. We found no significant effect of the site parameter (3 =-0.194, SE
=0.504, p =0.709) in this model (n =13, F =31.22) and a similar lack of an effect of the PUD
parameter (3 =1.216, SE = 0.178, p <0.0001), as observed in the model presented in Figure
2. S0, we used the combined data to predict visitation rates to the Bahamian MPAs.

2.3. Predicting Visitation Rates to Bahamian Marine Protected Areas

In order to predict visitation rates to each MPA in The Bahamas, including parks
which lack on-site measures of use, we used the combined linear regression model (Sec-
tion 2.2) to estimate average annual visits to each MPA based on the number of PUDs per
site from 2005-2014 (Supplementary Figure S1b). We counted the average annual PUD
within each of the 43 MPAs based on all photographs taken from 2005-2014 and with an
accuracy score of at least 10 (roughly corresponding to “city-scale” accuracy or better),
and predicted average annual visitor-days to these sites.

The photo-based visitation estimates represent all types of visitors, including stopo-
ver and cruise visitors. Because these visitors behave differently, and this factors into de-
velopment planning, we accounted for the relative proportion of stopover and cruise vis-
itors in our estimate of visitor-days. We used the Ministry of Tourism data to identify
three MPAs that can reasonably be visited by cruise passengers during a day-trip excur-
sion: Southwest Marine Managed Area, Lucayan National Park, Peterson Cay National
Park. We then estimated the proportion of visitors that may be cruise passengers using
the Ministry of Tourism’s “arrival mode” dataset, which counts total arrivals by mode
(air, sea, cruise) to each port of entry in the country [56]. We associated the three MPAs
with the port of entry that serves them and multiplied the proportion of cruise visitors for
that port by the estimated visitation rate for that MPA.
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2.4. Distribution of Visitors, Expenditures, and Nature-Based Employment on Andros

To inform sustainable development planning for Andros, we estimated spatial vari-
ation in visitation, expenditures, and nature-based tourism employment across the island
based on visitation estimates derived from Flickr photographs, airport surveys collected
by The Bahamas Ministry of Tourism, and community surveys conducted on Andros [48]
(Supplementary Figure Slc). First, we estimated visitation in 5-km grid cells covering the
land and sea area of Andros. We used a different approach to estimate visitation for An-
dros than we used for the MPAs. For the MPA network we built an equation to estimate
visitor-days from PUDs for each MPA, as we lacked an estimate of the overall number of
visitors to the network. In contrast, for Andros we started with published records of an-
nual visitation rates from the Ministry of Tourism and downscaled them to the 5-km grid
cell scale using the relative number of Flickr PUDs per cell (as in [23]).

The Ministry of Tourism entrance surveys provide a historical record of annual vis-
itor-nights to the Family Islands (also known as Outer Islands and including all islands
except New Providence and Grand Bahama), of which Andros is one. In 2014 visitation
was about 2.5 M visitor-nights to all of the Family Islands. We estimated the percentage
of these 2014 visitors going to Andros as the ratio of average annual PUDs from Andros
to average annual PUDs from all Family Islands (see section 2.2 for a description of aver-
age annual PUD). We did not rely directly on Ministry of Tourism statistics for Andros
because they are known to undercount visitors [62]. Andros is rarely the point-of-entry to
the Bahamas, whereas many of the other Family Islands have a point of international en-
try. We then distributed the estimated Andros 2014 visitor-nights across the island’s grid
cells based on each cell’s proportion of the total PUD summed across all cells.

Next, we estimated average annual expenditures on Andros Island based on our es-
timate of average annual visitor-nights, described above, and an estimated $364 USD
spent per night by stopover visitors [56]. Again, we distributed these expenditures across
the island’s grid cells based on each cell’s proportion of the total PUD summed across all
cells. We report visitor-nights and expenditures per 5-km grid cell and aggregated to the
four administrative districts on Andros. Visitation information is generally reported as
visitor-nights in survey data; however, for the MPA analysis (above) it made more intui-
tive sense to report the data as visitor-days as tourists were generally not staying over-
night in the MPAs. While in some countries, MPAs include multiple use areas, in The
Bahamas most of the area within the MPAs are natural ecosystems, lacking overnight
lodging for tourists.

Finally, we estimated the number of tourism-related jobs on Andros for each of the
four districts. We used information about the number of jobs supported by tourism on
Andros—including staff related to accommodation, meals, and transport, as well as
guides for fishing, diving and other eco-tourism activities—collected through local sur-
veys of communities on Andros conducted in 2009 [48]. These data on numbers of people
employed in a variety of nature-based jobs were collected at the district level. We simply
added together the numbers of people by district to estimate a total number of people
employed in nature-based tourism for North Andros, Central Andros, Mangrove Caye,
and South Andros. Only those jobs related to nature-based tourism (i.e., related to over-
night visitors) were included in the analysis (see reference [48] and Table 15 within).

2.5. Factors Influencing Visitation on Andros

To understand the factors that influence spatial distribution of visitation on Andros,
we used a revealed preference approach. This approach involves estimating the contribu-
tion of predictor variables using a simple linear regression model that explains spatial
variation in PUD visitation rates [23,38,39,43]. The predictor variables consisted of natural
features, measures of accessibility, development, and other human activities (Table 2, Sup-
plementary Figure S1d). The results of the analysis reveal tourists’ preferences for differ-
ent features [23,40], but do not tell us why individuals prefer certain features [25].
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Key natural features were identified by stakeholders as beaches, blue holes, bonefish
habitat, birding areas, coppice forest, pine forest, mangroves, and seagrass. Data for these
habitats were derived from Landsat (2005, 30 km resolution) and Rapideye (2009, 5 km
resolution). Several of the natural features also had amenities associated with them, in-
cluding bathrooms, boardwalks, and other supporting features. In addition, we included
coral reefs and their proximity to the main dive-focused lodge on the island. We measured
this variable as the percent cover of coral in each grid cell multiplied by the distance to
the dive lodge and scaled 0-1. We represented the habitat variables as percent cover of
the grid cell adjusted based on cumulative risk from multiple human activities that pose
stress to the ecosystems (following methodology from [23] and [58]).

Accessibility of each grid cell was measured by the product of that cell’s Euclidean
distance from the nearest port of entry and a custom-made “ease-of-transport” parameter.
This parameter represents the relative ease of transport among seven subregions of An-
dros based on empirical information about the available modes and reliability of transport
(airplane, ferry, roads) and the relative ease of traveling from two tourist origin points
(Nassau, the capital of The Bahamas, and the United States) to each subregion. We con-
structed a weighted network with these nine locations and all available links between
them based on input from local communities, stakeholders, and experts. Link weights are
the sum of weights assigned to each transport method present on that link. Then, for each
of the subregions, we found the least-cost-path to that subregion from the two origin
points, where the total cost of a path is the sum of all link weights along the path. Finally,
a subregion’s least-cost-path score was applied to each grid cell within that region by mul-
tiplying by the distance from each cell to the nearest airport and then scaling it (0-1).

We included developed areas and other human activities in the predictor variables
for the regression model. Tourism depends on infrastructure—hotels, lodges, and roads
to support it, but other human activities, such as agriculture, could be detractors. Under-
standing how various activities on the landscape may relate to visitation can help to in-
form spatial planning by directing certain activities away from, or in proximity to, tourism
areas. For example, including tourism-related infrastructure in the analysis reveals where
investments in infrastructure could bolster tourism development. Our data for developed
areas were based on aerial imagery of private, residential, and commercial infrastructure,
including roads, lodges, airports, factories, housing, and calculated as percent cover of
development in a grid cell. Agricultural areas included both large- and small-scale agri-
culture as digitized through aerial imagery from The Nature Conservancy and The Baha-
mas Department of Forestry. Finally, we included dredged ports (based on aerial imagery
and stakeholder input) as a proxy for ease of boat use.

Lastly, we regressed PUDs against all attributes within each grid cell to estimate the
extent to which visitation depends on all the input variables. We checked the model for
assumptions of normality and multicollinearity among predictors. We found coppice and
mangrove habitat distributions to be over 90% correlated, so we included only one of these
predictors (coppice) in the final model. The resulting regression coefficients reveal how
future changes to habitats and patterns of human activities, access, and infrastructure as
a result of sustainable development decisions and conservation planning will alter visita-
tion rates.

3. Results
3.1. Testing PUD Visitation in the Caribbean

Visitation based on Flickr photographs corresponds well with empirically-derived
estimates for the Bahamian archipelago and US NPS sites in the Caribbean (Figure 2). We
found a significant positive relationship between average annual visitation as measured
by on-site counts compared to PUDs derived from Flickr social media (n =13, R?=0.86, F
= 67.53, P < 0.001)). Although there is appreciable variation across all islands and parks,
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there is a positive relationship between the number of people counted and the Flickr-gen-
erated measure of user-days in the parks and islands.
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Figure 2. Average visitor-days per year (2005-2014) to The Bahamas islands and US NPS sites in
the Caribbean based on estimates provided by The Bahamas Ministry of Tourism and US NPS
compared with the annual visitor-days as measured using photo-user-days. Dotted line is a 1:1
relationship between photo visitation and surveyed visitation. Gray line is the least-squares re-
gression line (R? = 0.86). Shaded area is 95% confidence interval of the ordinary least squares linear
model.

3.2. Visitation to Bahamian Marine Protected Areas

We estimated an average of 383,000 visitor-days to the entire Bahamian MPA net-
work annually, with visitation varying dramatically across the network (Figure 3). Size of
the park explains some of the variation, which is evident by the high estimates of visitation
for large MPAs such as Cay Sal and Southeast Bahamas Marine Managed Area (Figure 3).
Scaling visitation rates by area reveals which places are most visited per unit area. For
example, Crab Cays National Park and Green’s Bay National Park have a large number of
visitors relative to their size (Figure 4). While park size explains some of the variation, it
does not account for all the variation, suggesting that parks have unique characteristics
that draw tourists. For example, the greatest number of people visit Southwest Marine
Managed Area (SWMMA), likely due to its proximity to Nassau and accessible coastal
waters. Our results suggest that sites like SWMMA will require a suite of interventions,
such as signage, designated coastal access sites, and other actions to manage tourism im-
pacts sustainably. In contrast, one of the oldest parks in the network, and the only no-take
area, Exuma Cays Land and Sea Park is the second most-visited area, despite it being
much less accessible. The aesthetic beauty, uniqueness, and ecology of Exuma Cays Land
and Sea Park likely draw tourists [25]. Thus, conservation actions that protect the integrity
of this ecosystem, such as mooring balls or temporal restrictions during periods of sensi-
tive ecological activity, are potentially important components of the long-term competi-
tiveness and sustainability of this destination. We also found that parks differ in the
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relative proportion of cruise ship versus stopover visitors, with only SWMMA, Lucayan,
and Peterson Cay receiving cruise ship visitors, and thus requiring management actions
specifically targeted towards sustainable cruise ship operations.

Southwest New Providence Marine Managed Area 1
Exuma Cays Land & Sea Park 1

West Coast Dive Site 1

Westside National Park 1

Southeast Bahamas Marine Managed Area 1
Marls of Abaco National Park A

Moriah Harbour Cay National Park
South Berry Islands MR A

Conception Island National Park A
Pigeon Creek & Snow Bay National Park
Joulter Cays National Park 1

Cay Sal Marine Managed Area -
Lucayan National Park -

East Grand Bahama National Park 1
Graham's Harbour 1

Fowl Cays National Park

East Abaco Creeks - Cherokee
Pelican Cays Land And Sea Park A
Northshore / The Gap National Park
Little Inagua National Park A

Exuma (Jewfish Cay) MR

Crab Cay MR

Andros Southern Marine Park 1

Hogsty Reef Protected Area A

Bonefish Pond National Park 1

Abaco National Park A

South Abaco Blue Holes National Park 1
Peterson Cay National Park A

No Name Cay MR

East Abaco Creeks - The Bight A
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Figure 3. Average annual visitor-days for each Bahamian MPA estimated based on the relationship
between geotagged photographs and survey-based visitation depicted in Figure 2. Fraction of stop-
over (white) and cruise ship (gray) visitors is based on Ministry of Tourism port statistics.
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Figure 4. Annual visitor-days scaled by area for each Bahamian MPA estimated based on the rela-
tionship between geotagged photographs and survey-based visitation depicted in Figure 2. Frac-
tion of stopover (white) and cruise ship (gray) visitors is based on Ministry of Tourism port statis-
tics.

3.3. Visitation, Expenditures, and Nature-based Employment on Andros

We found that tourists spent roughly 311 K visitor-nights on Andros and the sur-
rounding study area in 2014 (Figure 5). Most of the visitation occurred on the east side of
the island, which is the more developed region. The western side is almost entirely desig-
nated as a national park. Tourism also varied substantially among districts. Visitation was
highest in the Central district with an estimated 125 K visitor-nights and $44.4 M USD in
expenditures in this district in 2014. An estimated 160 staff and guides supported tourism
in Central Andros. After Central Andros, North Andros received the second greatest num-
ber of visitors. We estimated 106 K visitor-nights in 2014 and $38.6 M USD in total visitor
expenditure annually. In North Andros this employed an estimated 134 staff and guides.

Relative to the total size of the district, Mangrove Cay received considerable tourism.
We estimated 17 K visitor-nights and $6.2 M USD in expenditures annually, as well as 38
supporting staff and guide jobs [48]. Finally, we estimated 63K visitor-nights and $23 M
USD expenditures in South Andros in 2014, corresponding to 98 staff and guide jobs.
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Visitor-nights | Expenditures (M $USD) Staff
North Andros 106,082 38.61 134
Central Andros 124,810 45.43 159
Mangrove Cay 16,964 6.17 38
South Andros 62,725 22.83 98

Figure 5. (A) Percent of total visitation to Andros estimated for each 5-km grid cell based on our
approach using geotagged Flickr photographs. (B) Visitation, expenditure, and nature-based tour-
ism employment in each Andros district.
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3.4. Factors that Influence Visitation on Andros

Several variables influence spatial patterns of visitation to Andros. Broadly, these can
be thought of as factors that represent ecosystems that could draw tourists (e.g., coral
reefs, blue holes), factors that facilitate access to sensitive environments for tourists to en-
joy (e.g., distance between lodge and reef, frequency and reliability of flights, and ferries
between districts), and factors that represent development for tourism (e.g., roads and
lodging). Of the eight variables we explored, we found that development explained the
greatest variation in the linear regression model (f = 2.029, p <0.0001). After coastal de-
velopment, access, coral located near dive lodges, beaches, bonefish habitat, dredged
ports, and pine were all significant predictors of visitation (Table 2). Agriculture was a
significant negative predictor.

Notably, this list of important predictor variables includes factors that represent the
combined relevance of natural features and access. For example, corals located near dive
lodges were a significant predictor of visitation. Furthermore, districts with both access
and ecosystems tended to draw tourists. Tourism is supported by a combination of eco-
logical and economic factors in Central Andros including a suite of medium to high-end
eco-tourism lodges, access via a road from North Andros, flights into Fresh Creek airport,
coral reef dive sites relatively close to the main dive lodge on the island, and sandy shore-
lines for beach-going. Access to visitors from Nassau and international ports helps to fa-
cilitate tourism to North Andros, in addition to a large number of boutique lodges to sup-
port guests [48]. In conclusion, the distribution of predictor variables varies spatially and
influences which districts receive the greatest visitation (Figure 5).

Table 2. Parameter estimates for factors influencing visitation on Andros.

Predictor Measurement Estimate  Std. error Statistic p-value
(Intercept) 0.006 0.008 0.691 0.49
Access scaled 0-1 0.160 0.034 4.695 <0.001
Agriculture percent coverage -0.372 0.119 -3.135 0.002
Beach percent coverage 2.302 0.646 3.562 <0.001
Bird areas percent coverage 0.040 0.025 1.600 0.11
Blue holes count -0.063 0.031 -2.035 0.042
Bonefish habitat percent coverage 0.087 0.024 3.671 <0.001
Coppice percent coverage -0.017 0.014 -1.173 0.241
Coral re.ef proximate perce:nt coverage*distance to 0.160 0.076 2110 0.035
to dive lodge dive lodge, scaled 0-1
Development percent coverage 2.029 0.205 9.886 <0.001
Dredged ports presence (1), absence (0) 0.251 0.035 7.103 <0.001
Pine percent coverage 0.181 0.023 7.923 <0.001
Protected areas percent coverage -0.005 0.009 -0.483 0.63
Seagrass percent coverage -0.013 0.018 -0.722 0.471

4. Discussion

Countries around the world are engaging in sustainable tourism development that
aims to increase the competitiveness of a destination while ensuring benefits for local com-
munities and protection of ecosystems that attract visitors [16,17,23,63-65]. To advance
these initiatives, we explored the potential of big data to provide information on visitation
to coastal and marine ecosystems that are often remote or cover prohibitive area for mon-
itoring. We found that visitation estimates derived from social media correspond well
with the survey-based data at two spatial scales in the Caribbean: 1) islands of the Baha-
mian archipelago and 2) protected areas managed by the US National Park service. We
then applied these findings to the Bahamian network of marine protected areas and the



Sustainability 2021, 13, 2427

14 of 19

fifth-largest island in the Caribbean, Andros, to quantify visitation and expenditures at
management-relevant scales and to inform key planning processes. Our results provide
the first comprehensive count of visitation across the current network of 43 MPAs in the
Bahamas, highlighting the importance of MPAs not just for species conservation, but also
for tourism-related benefits. They also demonstrate the combined importance of healthy
ecosystems, access, and infrastructure for influencing spatial variation in visitation to
tropical coastal and marine systems. These results have implications for sustainable tour-
ism, coastal development, and protected area planning in The Bahamas and beyond
[45,66].

Our finding that PUDs correspond well with visitor nights for islands in The Baha-
mas and Caribbean parks managed by the US NPS is consistent with evidence from parks
in Europe [22,28], the US [39,42], and South Africa [41], among other locations. In recent
years, these studies and many others have estimated nature-based recreation and tourism
over large spatial scales [16,67], in many cases by leveraging social media [33]. However,
by and large, the literature focuses on temperate, terrestrial regions (but see [23] and [5]).
Moreover, the literature using social media and mobile phone location data to better un-
derstand spatial variation in visitation is growing, yet it tends to be academic in focus [19].
Our paper helps to advance this body of work by exploring the utility of social media
approaches for tracking visitation in coastal and marine environments and by providing
two examples —MPA planning and sustainable development —of how spatial information
on tourism can be used to inform policies.

Importantly, our application of novel data about nature-based recreation in the Ba-
hamas provides the first comprehensive estimate of visitation across the entire MPA net-
work (Figures 3 and 4) and spatial variation in visitation within Andros (Figure 5). Previ-
ous work on tourism-related visitation in The Bahamas has focused on in-depth analysis
of a couple of key MPAs [44] and airport entrance records by islands [56]. These sources
of information are very important for understanding ecological characteristics, visitor in-
terests, and the needs of specific parks, as well as national patterns of visitation over time.
However, they lack information about relative patterns of visitation to marine protected
areas across the entire network and remote locations on Andros. Understanding spatial
patterns in numbers of visitors is important for prioritizing investments in infrastructure,
enforcement, staff, and other resources to encourage tourism while supporting local com-
munities and protecting sensitive environments. Our results show that social media-based
data has the potential to contribute to MPA management and island development by
providing visitor statistics for remote areas that lack on-site visitor counts and by provid-
ing comprehensive spatial data at management relevant scales.

Our estimates of visitation across the network of MPAs have implications for pro-
tected area management and communications. Management of protected areas has tradi-
tionally focused on conserving coastal and marine species by reducing impacts from hu-
man-induced stressors. By quantifying the number of visitors to MPAs, our analysis
demonstrates that these parks draw tourists and lead to spending in tourism-related in-
dustries. Experiences recreating in nature are important for physical and mental health
[68-70], and nature-based tourism supports the livelihoods of people in surrounding com-
munities [17,71,72]. Our estimates of nearly 400 K visitor-days to MPAs annually can in
turn be used to build local and national support for protected areas. In fact, The Govern-
ment of The Bahamas recently committed to strengthening the management structures for
MPAs through amendments to the Bahamas National Trust and Protected Areas Fund
Bills [66]. Evidence linking visitation and expenditures from tourism to MPAs helps com-
municate the case for incorporating MPAs into comprehensive development planning
and for public investment in MPA surveillance, enforcement, and management.

For Andros, we were able to quantify the relative importance of factors influencing
variation in visitation (Table 2). First, using social media and surveys, we estimated large
differences in visitation and expenditures among the Island’s four districts (Figure 5).
These metrics were useful for communicating with stakeholders and decision-makers
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about the importance of nature-based visitation for supporting local businesses and
providing jobs, and for showing variation among districts in benefits from tourism [17,45].
Second, our analysis of factors that influence spatial variation in visitation indicated that
sensitive environments, such as coral reefs, pines, and beaches, tend to draw tourists. This
finding is consistent with other studies showing that natural features of beauty and recre-
ational opportunities have a positive influence on visitation [25,28,40,73]. Visitors are
likely attracted to natural features because the beauty of a destination involves more than
visual aesthetics. Individuals prefer locations where they can be immersed fully and en-
gage all their senses [25]. Our results also have implications for management of nature-
based tourism destinations. Effectively managing ecosystems and ensuring their long-
term health—and beauty —is important for tourism sustainability, but also requires finan-
cial resources that are often limited. Our results indicate where to prioritize the develop-
ment of best management practices, communication materials, and investments in specific
infrastructure (e.g., boardwalks) to help visitors recreate while minimizing their impacts
to sensitive environments. Effective management of nature-based tourism will be partic-
ularly important in a post-COVID-19 world, as early analyses of visitation patterns sug-
gest that tourists are particularly interested in places where they can appreciate the natu-
ral environment and have the freedom to move around safely [74].

Despite their importance, natural features are not the only factors that tourists con-
sider, especially in a place like Andros where natural resources are so abundant. Our re-
sults show that it is the intersection of nature with factors related to access and accommo-
dation—such as corals near scuba diving lodges and districts with frequent ferries and
flights —that seem to attract visitors. These results concur with studies from very different
environments suggesting the combined importance of natural features and access for sup-
porting visitation [73]. From a management perspective, our data suggest that invest-
ments in infrastructure should be focused in certain locations to reduce risk, and allow
access, to specific habitats: both key aspects of tourism sustainability. Our findings for
Andros also provide insights into why two very different sites are the two most-visited
MPAs in The Bahamas. Exuma and SWMMA are representative of different categories of
highly visited parks [73,75], with the former being the oldest MPA in the network, well
known for its natural beauty despite its remote location, and the latter representing the
importance of access for visitation, especially in highly populated areas [28].

Our study adds value to past efforts to quantify nature-based tourism on Andros by
providing additional site-specific information. Previous work on the Island shows that
tourism comprises over 30% of Andros” economic activity and provides employment for
over 400 Androsians [48]. All tourism on Andros depends in some way on natural re-
sources [48]. Bonefishing in particular comprises 81% of the revenue and employs over 80
people [8]. These past studies are comprehensive and provided a basis for our hypotheses
about what factors may influence spatial patterns of visitation and local data about nature-
based employment (Figure 5). Yet survey-based studies are time- and resource-intensive,
and they provide only a snapshot of estimates for visitation and expenditures for one year.
The large spatial coverage (whole island) and fine-scale (5 km) resolution of PUDs allowed
us to model how potential interventions—such as improved access through upkeep of
roads and boutique lodges—would enhance visitation without degrading sensitive habi-
tat that draw tourists in the first place. An exciting next step for future work would be to
use social media approaches to collect data that would help institutions monitor social,
economic, and ecological indicators of tourism sustainability. Such indicators would be
useful for assessing the sustainability of coastal development plans, nature-based loans
(e.g., Andros Sustainable Development Master Plan [19,45,76]), and efforts that seek to
recover from the COVID-19 pandemic [21], while maintaining the improvements in envi-
ronmental condition that occurred over the same period [77].

Despite the promise of social media for providing estimates of nature-based tourism
and recreation, there are important limitations to consider. For one, our comparison of
PUDs to surveyed visitation was limited to a total of 13 sites (five NPS sites and 8 island



Sustainability 2021, 13, 2427

16 of 19

sites). In addition to the small number of sites, these sites may not be entirely representa-
tive of the MPAs and Andros, where we are applying the approach. Small national parks
may be more similar to MPAs than island regions. Moreover, in remote areas with sparse
social media coverage (e.g., many of the Bahamian MPAs) PUDs may be providing an
accurate ranking of popularity across sites, but less certain estimates of actual visitor num-
bers [41]. Parks in the network of MPAs vary widely in size, proximity to population cen-
ters, and ecological characteristics. It is likely that our estimates of visitation are more ac-
curate for those sites with more visitors overall [33,41]. Furthermore, social media users
are not a random sample of tourists visiting Andros and parks in our study. The magni-
tude of this bias likely depends on site, activity, age, whether the visitors are national or
international, and social media platform [78,79]. The Flickr data we used in the study may
also be biased by the popularity of the website which varies by year, geography and user
groups [28,33]. Future work could build on our results by exploring the relationship be-
tween social media-based visitation and on-site visitor counts for a greater number and
variety of ocean and coastal sites. It would also be interesting to test the value of combin-
ing multiple social media platforms (e.g., Twitter, Instagram) in addition to Flickr for
ocean destinations [33].

Biases and uncertainties are inherent in traditional approaches as well. Our results
suggest that airport surveys account for fewer Andros visitors than Flickr data (see outlier
in Figure 2). Visitation to Andros may be under-represented by the statistics from immi-
gration cards because they record only a visitor’s point of entry to The Bahamas which is
rarely Andros [62]. This may explain why photographs appear to overestimate visits to
Andros—compared to official visitor-night statistics—and underestimate visitation to
Nassau which is the most common point of entry for foreign visitors, but not always their
final destination. This finding illustrates the importance of using multiple sources of in-
formation and complementary approaches with different biases to assess visitation.

5. Conclusions

Our paper highlights the potential to advance conservation and sustainable develop-
ment in the Caribbean by estimating coastal and marine tourism with data derived from
social media. Our results provide the first estimate of visitation for all 43 MPAs in The
Bahamas, demonstrating the applicability of social media as data in coastal and marine
environments. These estimates of visitation across a large network of marine protected
areas (including remote sites) highlight the importance of protected areas for tourism-
related benefits to people, and not just as a fisheries management tool. We also show how
visitation rates based on social media can help to identify factors that influence spatial
variation in tourism on a fine enough scale to inform management and development plan-
ning. Importantly, our paper goes beyond a purely academic analysis of tourism using
two concrete examples of coastal and marine management. For protected areas, we show
that spatial information about visitation can be used to communicate the value of ecosys-
tems within MPAs for providing ecosystem services to people, in addition to the value of
species conservation, thus, helping to encourage public investment in MPAs for sustaina-
ble tourism [66]. At the island scale, our findings were used to help direct investments
towards safeguarding coastal ecosystems, improving access, and priority infrastructure
for tourism development [45]. We believe the results of our work provide a useful exam-
ple for other countries seeking to leverage big data to foster science-policy processes for
sustainable tourism.
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