Identifying Risk, Exposure and Vulnerability to Ecological Change: A Framework Analysis of Dive Tourism and Invasive Lionfish in Barbados

Introduction

This research works to address identified gaps in the existing literature on dive tourism and

invasive species. The proliferation of the venomous Indo-Pacific Lionfish (Pterois volitans) has

been a growing threat to the ecological health of invaded marine areas throughout the
Caribbean. Coral reef habitats, and the wildlife upon which they depend, are major tourist
destinations and sources of livelihoods that are invaluable to local economies and cultures.
The invasive lionfish, then, are considered a major threat to the to the integrity of reef

ecosystems and are capable of negatively impacting commercial fisheries, tourism industries,
and a region's overall socioeconomic and environmental health. This is particularly important

for Caribbean and other small island states because the coral reef system under threat from
these invasive species is central to two key industries: fishing and tourism — both of which
represent the primary entry point for many of these countries into the global economy.
Therefore, since the potential fallout of a lionfish invasion extends well beyond concerns of
just ecological integrity, there is an imperative to understand and address socioeconomic
vulnerability in these countries, including how to how to support successful adaptation
initiatives while reconciling such efforts with aspirations of development.
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Figure 1.1: Reports of Lionfish Sightings as of 2013

Figure 1.2: Potential Future Distribution of Lionfish, Assuming Ocean

Temperatures Will be the Only Limiting Factor

Research Objective

The goal of this project is to monitor the exposure to, and proliferation of, invasive lionfish in
Barbados by conducting aquatic density surveys. In addition, in order to gain insights of the
knowledge, perceptions, risks and adaptive capacity that exists among dive community, local
dive operators were consulted on how they respond to these perturbations in an effort to

help maintain their livelihood resilience and decrease their vulnerability. With these insights,
possible solutions or remedial initiatives that can help bolster the prosperity and resilience of

affected dive tourism industries are explored.

Conceptual Fra

mework

The analytical framework below highlights that the extent to which vulnerability is affected
depends on: (i) the exposure of a unit to an ecological perturbation, (ii) the sensitivity of an
actor, institution or system to the exposure, and (iii) the capacity, and willingness, of the
affected unit of analysis to adapt. Understanding that there are a multiplicity of natural and
anthropogenic stressors that operate at multiple different scales and timelines, this
framework also allows for either a positive or negative feedback response depending on
which strategies and response initiatives are pursued by a particular affected unit under
analysis. The vulnerability framework and its components, which are used to help guide the
objectives of this research, not only works to correct for the dynamic processes operating at

different scales which can affect sensitivity and adaptive capacity in different ways, but it also

informs whether the initial ecological perturbation will be expected to lessen or intensify
based on any biotic or abiotic adjustments. Therefore, it is imperative to better understand,
why and what decisions are made in response to severe ecological perturbations, including
the roles of individuals, communities, government institutions and the private sector.

Exposure can be defined

as the degree of stress upon a
particular unit of analysis.
There are two main elements
to consider: (1) the various
things that ca be affected by

a ecological perturbation,

and (2) the magnitude and
Frequency of the change itself
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Sensitivity can be defined as the
degree to which a system or unit
of analysis will be affected by, or
responsive to, ecological stimuli.
This extends beyond biophysical

realm to include socioeconomic

changes and behaviours that can
alter a unit’s sensitivity.
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Research Design

In order to examine the exposure to, and proliferation of, invasive lionfish in Barbados,
population data and morphometric measurements were gathered in order to help estimate
current lionfish densities around the island. A total of 140 transects over 14 different dive sites
were documented throughout the duration of the research, using a combination of SCUBA (n=
100) and snorkelling (n= 40). Sites were chosen based on consultation with expert staff at the
Coastal Zone Management Unit (CZMU) and professional local divers who regularly encounter
lionfish in Barbados. Together, the surveyed dive locations consisted of a mixture of different
depths, reef types, previously surveyed and unsurveyed locations, known lionfish "hotspots’,
and habitats with cultural and ecological importance. Lionfish population and morphometric
data was gathered using 30m-long line transects, spaced 5-7m apart, allowing for ten transects
for each dive site. Divers laid out the transect line and followed along it at a slow pace and at a
consistent depth whilst extensively surveyed all holes, ledges and crevices for lionfish within 2m
on either side of the centre line. During the dive, when a diver spots a lionfish, the depth,
habitat, size, number of specimens, and time of day are recorded onto pre-marked underwater
slates, which are then photographed and electronically archived on return to shore. As a
method to help avoid double-counting lionfish observations, once the necessary data has been
collected during a lionfish observation, the diver, where possible, would remove the
specimen(s) with the help of a spear and place it in a zookeeper.

List of population and morphometric data recorded during transect surveys

Data Recorded Description

Depth Depth the lionfish were observed at
Cluster/Aggregation Whether the lionfish was found single, in a pair, or in a group
Size Approximate total length of the lionfish in cm (rounded to nearest cm)
Habitat Association Whether the lionfish was found associated with a particular substrate

such as coral, sand, rubble, sponge, and artificial reefs/shipwrecks
Location Coordinates and name of dive site where lionfish were observed

# of Lionfish Observed Counts of lionfish observed per transect and per location (used to calculate aggregate density)

30m length

Time of Day Time of day that observations occurred

Twenty professional divers were interviewed from different diving and watersports companies
throughout various parts of the country. The size of these diving establishments varied in terms
of the amount of professional divers each one employed. Relative to their smaller counterparts,
the larger dive companies on the island tend to naturally employ more full-time divers, are in
greater proximity to popular tourist destinations, operate on a year-round basis, and ultimately
service a larger segment of the tourist diver population. Therefore, due to their greater overall
presence in the dive tourism community, a sizeable segment of the sample population for this
study hailed from these larger establishments. A series of semi-structured questions were
devised in order to: (1) help further our understanding of the dynamic impacts that these
invasive species have on the dive tourism industry and its direct stakeholders; and (2) to help
inform future research and management policies by better understanding the perceptions,
adaptive capacities and obstacles that professional divers in the tourism sector must now
navigate. Therefore, by consulting these local stakeholders, not only is there an immeasurable
source of information to be gained in terms of understanding the impacts that are occurring to
local reef ecosystems, but also, and perhaps more importantly, there is an opportunity to
identify what kind of response efforts, if any, are being pursued within the community, and to
consult local opinions as to what types of initiatives they feel should be prioritized or which
management strategies will be most practical / effective based on their experience and
expertise. The semi-structured interviews were broadly split into three topic segments
focussing on: (i) preliminary background information of the participant, (ii) local stakeholder
perceptions and awareness of the lionfish invasive and its subsequent impacts, and (iii) the
different types of adaptive and mitigative response initiatives that are pursued or would like to
be pursued among local dive professionals.
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Figure 1.3: Location and details of the first confirmed lionfish sightings Figure 1.4: List of surveyed dive sites, detailingthe number of lionfish observations, Figure 1.5: A visual rendering thatillustratesthe different dive sites that were surveyed
in Barbados prior to this research, shown by date of reporting depth,and habitattype for lionfish in this research, using both SCUBA (yellow) and snorkelling (green)
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Results and Interpretation

Lionfish were observed in 85.71% of the sites surveyed (n=12/14), but only occurred in 52% of
all SCUBA transects (n=52/100) and 12.5% of all snorkel transects (n=5/40). A total of 88
lionfish were observed within the 140 transects (density: 0.52/ 100m?2), and of the 12 sites
where lionfish were observed, the density ranged from 0.17 — 1.75 lionfish per 100m?2. Dottins
reef, located up along the west coast, exhibited the highest lionfish densities, while both
Payne’s Bay and Carlisle Bay, more towards the south coast, had zero presence of observed
lionfish. The average size/length of observed specimens was approximately 17.3 cm, while
Dottins reef (18.85 cm) and the Jolly Roger Shipwreck (12.7 cm) were the two dive sites which
exhibited the highest and lowest average lionfish length, respectively. The morphometric data
that was collected indicates a relatively similar length profile for lionfish observed over each of
the twelve dive sites where specimens were observed, meaning no particular location seemed
to have a dramatic difference in species size. However, different types of habitats that were
surveyed seemed to present a stark difference in observed lionfish populations; snorkelling
sites, including shallow patch reefs and artificial hard-bottom habitats, were each shown to
have the smallest lionfish densities, while the deeper transects done with SCUBA, like those
conducted at fringing and bank reefs, registered substantially higher densities. In total, only
two of the 14 different dive sites surveyed had exhibited high lionfish densities (>0.75/100m ?2),
while six dive sites were found to have medium densities (0.34-0.75/100m 2) and another six
sites demonstrated low lionfish densities (<0.33/100m 2). Mean density figures collected for
this study appear to register lower than other northern-positioned Caribbean islands, and
instead are more in-line with figures documented from their native indo-pacific range.
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All 20 of the local dive professionals that were interviewed had indicated they noticed the
presence of lionfish on their dives, some of whom said were readily visible (n=12) , while
others said that finding them required an conscious effort (n=8). When asked whether any
noticeable increase or decrease in lionfish numbers were observed in the past two years,
about half (n=11) of our respondents indicated they’ve witnessed an increase in abundance,
while others (n=6) observed only an increase in size. However, when asked whether any
noticeable changes in lionfish numbers were observed more recently, a large proportion of
divers (n=14) indicated a noticeable decline in numbers over the past two or three months.
Interestingly, only two respondents indicated they felt their livelihood as a professional dive
operator was currently threatened by the subsequent impacts of lionfish proliferation.
However, when asked if they felt their livelihoods could or would be threatened by lionfish
later in the future, over half (n=11) responded affirmatively. Yet despite whether they feel
their livelihoods are threatened now or expected to be the future, a large proportion of local
divers that were interviewed have demonstrated a heightened awareness for the ongoing
changes in their environment which helps them to understand how to appropriately mitigate
and adapt to the situation in a way that strengthens their livelihood resilience. Cited as the
primary method of response to the proliferation of lionfish, almost all of the divers that were
surveyed (n=17) indicated that they intentionally seek out and kill lionfish, sometimes as
frequently as three times a day. In addition, a rather large proportion of divers (n=14) said they
kept their catches for their own consumption/subsistence, while a much smaller proportion of
respondents were involved in the selling of lionfish (n=3). Those who were involved in the sale
of lionfish said they could fetch anywhere between $10 to $12 BBD per pound for their catch.
In addition, smaller lionfish deemed too small for consumption are often either thrown away
or fed to a variety of other aquatic species roaming the surrounding dive site, including moray-
eels, mature groupers, and small octopi.

Conclusion

By incorporating an iterative and inclusive process which strives to consult local stakeholders
at the forefront of these cross-scale ecological perturbations, we can begin to uncover
different tools, understandings and pathways through which the negative environmental
impacts of invasive lionfish can be addressed while simultaneously empowering social and
economic sectors. As lionfish populations seek to strengthen throughout the Caribbean, it is
imperative that Barbados and other already-affected countries react accordingly to serve as a
model for South American and other small island states which are bracing for their first
encounter with the invasive species. Therefore, identifying and mainstreaming adaptation as a
viable coping measure, as well as understanding which factors impact stakeholders’ decision
framework, will need to be a priority within this domain of research as we move forward.




