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Executive Summary
Project rationale The ongoing invasion of Indo-Pacific lionfish (Pterois volitans/miles) is now a
major threat to marine ecosystems and livelihoods across the Caribbean. Predation by dense
populations of lionfish have been documented to cause substantial declines in the biomass of native
fishes, from commercially exploited and ecologically important groupers, snappers, and
parrotfishes, to smaller-bodied reef fish families including wrasses, gobies, and damselfishes.
While the vast geographic extent of the invasion makes complete eradication unlikely, recent
research shows that reducing lionfish densities—in the form of manual removal by divers—can
prevent and reverse impacts to native fishes at local scales. To develop effective and efficient
control programs, three key research questions must be addressed: 1) What level of control is
sufficient to mitigate ecological impacts? 2) How much effort is required to achieve and sustain
control? 3) Where should control efforts be prioritized? An ecological model of lionfish predation
(the lionfish removal target model, or LRT model)—which estimates ‘threshold’ densities at which
lionfish begin to over-consume their prey on invaded sites are emerging as a promising method
for setting ecologically-based targets for lionfish removal.
Objectives The goals of this project were to 1) utilize the LRT model to estimate threshold densities
for invasive lionfish on invaded coral reefs in Buck Island Reef National Monument, St. Croix, U.
S. Virgin Islands, an Marine Protected Area and unit of the National Park Service, and 2) evaluate
the ability of volunteer SCUBA divers to suppress and maintain lionfish densities below target
‘threshold’ levels. This work is part of a regional study of lionfish control taking place in multiple
federally managed coral reef areas: South Florida (Biscayne National Park and Florida Keys
National Marine Sanctuary), and in the Virgin Islands (Buck Island Reef National Monument).
Study design Between February 2013-April 2014, we conducted a lionfish removal experiment on
16 invaded reefs within Buck Island Reef National Monument which represent three habitat types
(hardbottom, fringing reef, and patch reef). At the outset of the study, we gathered data on the
biomass and diversity of native prey fishes via visual surveys at the study sites, and used these
data, along with data on the sizes of resident lionfish and water temperature, which affects rates of
biomass production and consumption, at each location, to model the densities at which lionfish are
predicted to over-consume their prey base at each site. We then tracked ability of volunteer divers
to suppress lionfish below threshold levels via bi-monthly culling at half of the sites, and the status
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of native fish communities at both removal and reference (i.e. non-removal) sites were surveyed
over time through underwater visual census.

Results We found that the density of lionfish forecast to cause declines in native fish biomass
varies greatly among sites in Buck Island Reef National Monument, corresponding to large
differences in reef fish productivity among habitat types. This ‘threshold’ density of lionfish varied
between 1-6 lionfish per 2,500m2 of habitat, on average. Lionfish densities exceeded these levels
for all 16 sites at the outset of the study. Volunteer divers removed an average of 60-90% of
lionfish sighted during bi-monthly visits over the duration of the study, resulting in post-cull
densities that were below threshold levels. However, lionfish recolonized to a level that exceeded
threshold values between bi-monthly visits on patch reefs and hardbottom sites (but not fringing
reef sites), suggesting that the visitation rate was not frequent enough to maintain sufficient
suppression on these habitat types—at least at the spatial scale at which we conducted removal (50
x 50m area per dive). Patch and fringing reefs were able to tolerate higher densities of lionfish
before impacts were forecast to occur, owing to relatively high levels of standing prey fish
biomass, compared with hardbottom sites. The rates at which lionfish returned to study sites
following removal varied among habitat types, with lionfish recolonizing patch reef sites at rates
an order of magnitude greater than to fringing reef and hardbottom sites. The majority of colonists
were greater than 23cm total length (TL) and the average size of lionfish in each habitat type
remained constant or increased across the study, suggesting that adult movement from adjacent
sites was the main mechanism of recolonization. We found that the density of prey fishes
commonly consumed by lionfish declined on patch reef and hardbottom sites across the course of
the study. However, the biomass of prey fishes initially declined and then moderately recovered
on fringing reefs sites; fringing reef sites were the only sites in the study in which bi-monthly
culling dives consistently suppressed lionfish densities below target levels.

Implications Our study revealed that lionfish had already reached densities that exceeded levels
forecast to cause substantial declines in native reef fish biomass across all study sites within Buck
Island Reef National Monument by the start of this project in 2013, and will likely continue to
exceed these levels in the absence of management intervention. Ongoing lionfish removal—at a
frequency and spatial scale greater than was achieved during this study—is required to suppress
4

and maintain lionfish densities below levels that cause declines in native fishes within the
monument. The frequency and scale of removal required will vary by habitat type; in this study,
the only sites at which prey fish biomass stabilized were within fringing reef habitat, where bimonthly removals were sufficient to suppressed and maintained lionfish below predicted threshold
densities over the course of the study period. In general, the efficacy of our removal efforts were
linked to 1) the productivity of the resident fish community (which determines sensitivity to
lionfish predation pressure), and 2) the rate at which lionfish recolonize following removal. Further
research on the ecological and environmental drivers of lionfish recruitment and movement
patterns is essential for identifying priority areas for control activities, as well as defining the
spatial scale at which removal is most effective.
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Project rationale
The lionfish invasion
Indo-Pacific lionfish (Pterois volitans and P. miles) have swiftly invaded the western Atlantic
north to North Carolina, the Gulf of Mexico, and Caribbean basin to the coast of South America,
where they now occupy virtually all marine habitat types from shoreline to at least 1,000 feet
deep [1, 2]. Well-defended from predation themselves by their venomous spines, lionfish
consume a wide array of native marine species [3, 4]. Dense lionfish populations have rapidly
depleted native fish biomass at several invaded coral reef sites [4-6], and exponential increases in
abundance continue across the region [7]. Over the past two years lionfish have rapidly
colonized US coral reef, mangrove and seagrass habitats off South Florida, in the Gulf of Mexico
and around the US Caribbean territories of Puerto Rico and the Virgin Islands. Their abundance
is now increasing rapidly across all locations [7, 8]. Without prompt management action,
widespread impacts from lionfish pose a serious threat to the integrity of US coral reef
ecosystems, and the coastal human populations which depend on them [9,10].
Management action
To mitigate the effects of lionfish, managers across the region are currently designing and
implementing control programs [11]. To be effective, these programs must make efficient use
limited management resources, necessitating a pragmatic approach to lionfish control. The vast
geographic extent of the invasion makes complete eradication of lionfish from the Atlantic
unlikely [12, 13]. However, local control—in the form of manual removal by divers, snorkelers
and fishers— is proving effective in reducing lionfish densities at many locations [11]. Local
control is now emerging as the primary strategy for preventing ecological impacts within priority
marine areas invaded by lionfish, such as MPAs (i.e., national parks, marine sanctuaries and
special protected areas).
Information needs
Three major questions emerge when designing lionfish control plans: 1) What level of control is
sufficient to mitigate ecological impacts? 2) How much effort is required to achieve and sustain
control? 3) Where should control efforts be prioritized? Priority locations for control can be
6

identified by considering ecological and socioeconomic value, logistic constraints and legal
mandates within specific jurisdictions. However, an effective method for setting quantitative
lionfish removal targets within these priority areas, and estimates of the resources required to
achieve removal, are urgently needed to guide management action.

Objectives
Objective 1: Identify ecological thresholds for lionfish suppression across invaded habitats.
An empirical model recently developed by Green et al. [14] provides the basis for a broadlyapplicable method for estimating location-specific targets for lionfish removal. The Lionfish
Removal Target Model (from here on referred to as the ‘LRT Model’) quantitatively links the
density of local lionfish populations to the severity of their impact on native marine fish
communities by estimating two essential rates: prey consumption by invasive lionfish and
biomass production by native fishes that are potential prey for lionfish. Targets for control are
estimated as the threshold densities at which lionfish over-consume native fishes, causing
declines in their biomass. Maintaining local lionfish densities at or below the target ‘threshold’
density can thus prevent predation-induced declines in native fish biomass (Appendix 1). Prey
consumption rates for lionfish are estimated from field observations of predation behaviour and
account for the effects of varying lionfish body size and water temperatures on invaded coral
reefs [15-17]. Production rates for native fish or lionfish prey are estimated by converting
standing fish biomass to annual production rates, using known scaling constants between fish
body size, water temperature and net rate of biomass production (i.e. somatic growth plus
reproduction, minus natural mortality) [18,19; Appendix 1]:
The LRT Model uses location-specific data on native prey fish, lionfish and water
temperature gathered through monitoring programs. As a result, control targets (expressed as
lionfish per unit area) are relevant to the local scale at which both impacts and removals occur.
While the approach has been applied and validated for coral patch reefs in the Bahamas, the
general structure of the LRT Model may be applicable across habitat types and environmental
conditions. This project aimed to extend the use of the LRT model as a general approach for
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setting ecologically-based targets for lionfish control on invaded marine habitats within Buck
Island Reef National Monument.
Objective 2: Determine the effort required to meet and maintain lionfish removal targets
Once we established targets for control, we next sought to determine the resources (i.e.,
personnel and logistics) required to suppress lionfish below threshold levels, as well as the
success of culling activities over time and between habitat types.

Methodology

Study design
We selected 16 study locations in three habitat types (hardbottom, fringing reef, and coral patch
reefs) within Buck Island Reef National Monument (BIRNM), St. Croix, U.S. Virgin Islands
(Figure 1) for this lionfish removal study, where lionfish had been observed in pre-project
surveys by BIRNM staff. Of these, 8 sites are patch reefs located to the southeast of Buck Island
at depths between 45 and 60ft; 4 are hardbottom sites to the northwest of Buck Island at depths
of ~50ft, and 4 are along the south forereef, seaward of Buck Island contiguous barrier reef at
depths between 20 and 45 ft. Both targeted removal and reference sites were visited on a bimonthly basis to gather time series data on lionfish density, size distribution and colonization
rates in relation to habitat factors and removal effort (Table 1). To delineate survey areas in
continuous habitats (fringing reef and hardbottom), we ran two- 50 x 20m transects parallel to
the reef crest each site, starting at an installed rebar marker at the west end of the site. Patch reef
sites were all selected to be <50m in diameter, and were clearly distinct habitats separated by
sand and seagrass on all sites from adjacent reef.

Modelling targets for lionfish control
In February 2013, we gathered data on native prey fish biomass and lionfish body sizes to
parameterize the LRT Model for the 16 study reefs using standard methodologies developed for
monitoring lionfish and their prey on continuous and patch reef habitat types (Green 2012 in
`Monitoring for Ecological Impacts' in JA Morris Ed. 'Invasive lionfish: A guide to control and
8

management'; [18]). We then used our site-specific field data on native prey fish biomass and
lionfish body sizes, along with annual local water temperature data (which affects rates of
biomass production and consumption in fishes; Appendix 1) from the NOAA National Buoy
Center, to generate parameterize the LRT model for each of the 16 study sites (Table A1).

N

Figure 1. Study reefs within Buck Island Reef National Monument (BIRNM) within three
habitat types (hardbottom, fringing reef, and patch reef). Dot color indicates experimental
treatment: red (lionfish monitoring and removal on a bi-monthly basis) and white (no lionfish
removal; monitoring only).
Testing control targets through lionfish removal and monitoring
Over the project period, volunteer divers conducted bi-monthly dives at each of the 8 removal
sites to survey for and remove invasive lionfish. Our protocol for monitoring and culling lionfish
followed the standard methodologies developed for continuous and patch reef habitat types
(Green 2012 in `Monitoring for Ecological Impacts' and Akins 2012 “Lionfish control’ in JA
Morris Ed [18]; See Appendix 2 for lionfish survey protocol and data collection).
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Table 1. Schedule of lionfish removal activities at Buck Island Reef National Monument over
the project period (2013-2014).
Year

Month

2013

February
March
April
May

2014

June
July
August
September
October
November
December
January
February
March
April

Project activity

No. sites visited

Lionfish removal
8 (removal sites)
Prey fish surveys 16 (removal + reference sites)
Lionfish removal
Prey fish surveys 16 (removal + reference sites)
Lionfish removal
8 (removal sites)
Lionfish removal

8 (removal sites)

Lionfish removal

8 (removal sites)

Prey fish surveys 16 (removal + reference sites)
Lionfish removal
8 (removal sites)
Prey fish surveys 16 (removal + reference sites)

Monitoring native fish community response to lionfish control
Every six months during the project period, we collected data on native reef fish communities at
all study sites (Table 1). Methods for native reef fishes followed the standard methodologies
developed for monitoring on continuous and patch reef habitat types (Green 2012 in `Monitoring
for Ecological Impacts' in JA Morris Ed. 'Invasive lionfish: A guide to control and management';
[19]). At continuous sites, we conducted 4 replicated belt transects surveys of 20 x 2m, on which
we counted and estimated total length (to the nearest 1cm) of all native fishes. During a first pass
of the transects we recorded the identity, size and abundance of all fish species greater than 15cm
total length, and on a second pass we recorded the identity, size (total length [TL] to the nearest
cm) and abundance of all reef fishes less than 15cm total length. At patch reef sites, we
conducted 4 replicated belt transects surveys of 10 x 2m, on which we counted and estimated
total length (to the nearest 1cm) of all native fishes.
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Results
Invasion status
The density of lionfish forecast to cause predation effects to native prey fish biomass varies greatly
among sites in Buck Island Reef National Monument, corresponding to large differences in reef
fish productivity among habitat types (Figure 2A). This ‘threshold’ density of lionfish varied
between 1-6 lionfish per 2,500m2 of habitat, on average, across the 16 sites we studied (Figure
2B). Patch and fringing reefs are able to tolerate higher densities of lionfish before impacts are
forecast to occur, owing to relatively high levels of standing prey fish biomass, compared with
hardbottom sites. Lionfish densities exceeded these levels for all 16 sites at the outset of the study
(Figure 2B).

Removal efficacy and effort
Volunteer divers removed an average of 60-90% of lionfish sighted during bi-monthly visits to the
8 removal sites over the course of the study (Figure 3), resulting in post-cull densities that were
below threshold levels at all sites following each removal event. Although changes in the
susceptibility of lionfish to culling have been observed in other studies (e.g. Côté et al. 2013 in the
Bahamas [19]; Green et al. in prep in South Florida), the number of minutes spent capturing
lionfish, attempts per fish and proportion removed did not change substantially across the course
of culling events at Buck Island Sites. However, lionfish recolonized to a level that exceeded
threshold values between bi-monthly culling events on patch reefs and hardbottom sites (Figure
4A), suggesting that visitation was not frequent enough to maintain sufficient suppression in these
habitat types, at least at the spatial scale at which we conducted removal.

Response of native fish communities to invasion suppression
The biomass of prey-sized fishes declined on all patch reef and hardbottom sites (Figure 4B),
with the magnitude of decline not significantly different between sites where we conducted
culling events, compared with reference sites where no culling took place—indicating that our
removal visits were not sufficient to keep lionfish below impact thresholds at these sites.
However, the prey biomass initially declined and then moderately recovered on fringing reefs
that were culled bi-monthly (Figure 4B); this was the only habitat in which bi-monthly culling
dives consistently suppressed lionfish densities below target levels during the study (Figure 4).
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A.

B.

Figure 2A. Mean (± CI) prey fish productivity as predicted by the LRT model based on
estimates of standing reef fish biomass for 16 study reefs within BIRNM. Bar colour denotes
habitat type: red = fringing reef; green = hardbottom; blue = patch reef. B. Mean (± CI) lionfish
density, by habitat type, for the 16 study reefs. Black bars denotes observed densities of lionfish
at the start of the study, grey bars denote threshold densities at which lionfish are predicted to
begin depleting prey fish at sites within that habitat type.
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A

B

C

Figure 3. Mean (± CI) A. minutes to successfully capture each lionfish, B. proportion of lionfish
captured, and C. attempts per lionfish for the 8 removal sites over the course of the lionfish
removal study at Buck Island National Monument.
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A.

B.

Figure 4. A. (Mean ± CI) density of lionfish at the 8 removal sites across the course of the study.
Dark grey bands indicate the median predicted threshold density at which lionfish cause
predation impacts in each habitat type, bounded by the 25th and 75th percentiles of model
predictions. B. (Mean ± CI) biomass of prey-sized native fishes at the 8 removal (solid line) and
8 references sites over the course of the study.
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B.

A.

Figure 5. A. Mean (± CI) rate of lionfish recolonization to the 8 removal reefs, by habit type, over the course of the study. B.
Distribution of lionfish sizes (TL in cm) sighted at the 8 removal sites, by habitat type, over the course of the study. Boxes indicate
median, first and third quartiles; whiskers indicate the 5th and 95th confidence interval of each distribution.
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Figure 6. Mean (± CI) rate of lionfish recolonization to the 8 removal reefs over the duration of
the study (Feb 2013-Feb 2014). Circle size corresponds to the magnitude of recolonization for
each site.

Recolonization rates among habitats
The rates at which lionfish returned to study sites following removal varied among habitat types
(Figure 4A; Figure 5A), with lionfish recolonizing patch reef sites at rates an order of magnitude
greater than to fringing reef and hardbottom sites (Figure 5 & 6). The majority of colonists were
greater than 23cm total length (TL; Figure 5). The average size of lionfish differed between
habitat types at the start of the study (Figure 5B), with individuals sighted on fringing reefs and
hardbottom sites significantly larger than those sighted on patch reefs (25 ± 8 cm TL and 27 ± 5
cm TL, and 16 ± 5 cm TL, respectively [mean ± SD]; Figure 5B). The size of lionfish decreased
significantly across all sites in August/October 2014, but then increased steadily in all three
habitat types (Figure 5B). By the end of the study, the size of lionfish sighted on fringing reefs
and continuous hardbottom were not significantly different from initial conditions (Figure 5).
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However, the size of lionfish sighted was considerably more variable on fringing reefs (27 ± 6
cm TL [mean ± SD]) compared with hardbottom sites (all individuals at 30 cm TL). Densities
were also significantly higher on fringing reefs owing to greater rates of recolonization than on
continuous sites (Figure 5A & 6), which increases the likelihood of encountering lionfish of
variable ages (and thus size classes). The average size of lionfish on patch reefs increased
significantly by the end of the study from 16 cm to 25 ± 4 cm TL (mean ± SD). The consistent or
increasing size of lionfish on all habitat types suggests that adult movement from adjacent sites
was the main mechanism of recolonization (Figure 5).

Implications
Our study reveals that lionfish had already reached densities that exceeded levels forecast to cause
substantial declines in native reef fish biomass across all study sites within Buck Island Reef
National Monument by the start of this project in 2013. Given that lionfish recolonization occurred
rapidly following removal, densities will likely continue to exceed levels that cause predation
effects in the absence of management intervention. Ongoing lionfish removal—at a frequency and
spatial scale greater than was achieved during this study—is required to suppress and maintain
lionfish densities below levels that cause declines in native fishes within the monument.
The frequency and scale of removal required will vary by habitat type; in this study, the
only sites at which prey fish biomass stabilized were within fringing reef habitat, where bi-monthly
removals were sufficient to suppressed and maintained lionfish below predicted threshold densities
over the course of the study period. By contrast, the biomass of native fishes declined substantially
within patch reef and hardbottom habitat over the course of the study. Additional monitoring is
urgently needed to evaluate whether this pattern holds for the balance of marine habitat that we
did not investigate within this project within the Monument, and on nearshore marine habitats
across the Virgin Islands which are likely experiencing the same level of invasion. To our
knowledge, removal activities conducted for this project were the only culling events that occurred
within Buck Island Reef National Monument between 2013-2014; by contrast, the volunteer dive
organizations that worked on this project continued to cull lionfish from other territorial waters
around St. Croix. Engaging volunteers in suppressing lionfish, both through targeted removal
events and annual activities such as derbies- is proving effective in helping to meet the effort level
17

required to sufficiently suppress lionfish in other regions, such as South Florida (e.g. Green et al.
in prep).
In general, the efficacy of our removal efforts were linked to 1) the productivity of the
resident fish community (which determines sensitivity to lionfish predation pressure), and 2) the
rate at which lionfish recolonize following removal. Further research on the ecological and
environmental drivers of lionfish recruitment and movement patterns—which likely include
current patterns, habitat quality, prey availability and conspecific density—is essential for
identifying priority areas for control activities, as well as defining the spatial scale at which
removal is most effective. In particular, our analyses shows that patch and fringing coral reef sites
could support greater densities of lionfish before ecological impacts were forecast to occur,
compared with low-biomass

and less structurally-complex continuous hardbottom sites.

Differences in habitat complexity and rugosity are known to drive differences in fish community
biomass across the Caribbean [20], and may also be responsible for differences observed here.Our
analyses show that, in the absence of management intervention, invasive lionfish are reaching
densities capable of causing continued declines in the standing biomass of native coral reef fishes
within BIRNM. Studies of Caribbean reef communities on which lionfish densities have persisted
beyond predation impact limits have measured significant declines in standing biomass of
numerous fish families [4, 14]. Taken together, this study and other published works indicate that
ongoing intervention to suppress lionfish populations is now in integral part of management
strategies to maintain and restore the biomass of native reef fishes on reef habitats in the Caribbean.
Currently, manual removal by divers and snorkelers is the most effective tool for culling invasive
lionfish [11], suggesting that increased capacity for such activities within the Monument will be a
key approach for harnessing the effort needed for sustained and successful intervention.
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Appendix 1: LRT model specification
Green et al. (2014)1 estimate prey biomass production and lionfish biomass consumption rates in order to
devise threshold densities at which lionfish begin to deplete the standing biomass of their prey.
Specifically, individual prey fish biomass production (P) was estimated via the relationship:
𝑍≈

𝑃
𝑗𝐵𝑞
= 𝐸/𝑘𝑇
𝐵
𝑒
(Equation 4 in Green et al. [2014])

where the scaling exponent (q) has been theoretically proposed as -0.25, and j empirically validated as
e26.25 (Brown et al. 20042; Table 1). The equation 𝑒 𝐸/𝑘𝑇 describes the effect of environmental temperature
on prey fish production rates, where E is the activation energy, k Boltzmann’s constant and T is ambient
water temperature, expressed in degrees Kelvin. The body mass (B) of each prey fish species i was
estimated using the allometric scaling function:
𝐵 = 𝑎𝑖 𝐿𝑏𝑖
(Equation 5 in Green et al. [2014])

Individual biomass production rates (P from Equation 4) were summed across prey sizes and species, and
averaged across transect surveys at each study site to give average site-specific prey productions rates:
1
𝑃̅ = ∑ ∑ ∑ 𝑃𝑣,𝑖,𝑧
𝑧
∀𝑧

∀𝑖

∀𝑣

(Equation 2 in Green et al. [2014])

This method for estimating individual prey fish biomass production was used to model threshold lionfish
densities (𝑑̅) at which prey consumption equals prey production as, which can be used as targets for
lionfish suppression:
𝑗(𝑎 𝐿 𝑏𝑖 )𝑞
1
∑∀𝑧 ∑∀𝑖 ∑∀𝑣 ( 𝑖 𝑣,𝑖,𝑧
) 𝑎𝑖 𝐿𝑣,𝑖,𝑧 𝑏𝑖
𝐸
𝑧
𝑒 𝑘𝑇
𝑑̅ =
ℎ
1
1
∑∀𝑚(𝑎𝑙 𝐿𝑚 𝑏𝑙 ) 𝑝̅ (9x10−22 𝑒 0.16𝑇 ∑𝑚(𝑎𝑙 𝐿𝑚 𝑏𝑙 ) )
𝑚
𝑚
(Equation 9 in Green et al. [2014])

1

Green, S.J., et al. (2014) Linking removal targets to the ecological effects of invaders: A predictive model and field
test. Ecological Applications. 24: 1311-1322.
2

Brown, J.H. et al. (2004). Towards a metabolic theory of ecology. Ecology. 85(7): 1771- 1789.
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Table A1. Parameters used to parameterize the LRT model for 16 reef sites within Buck Island
National Monument, USVI.

Model
component

Parameter
Lv,i,z

Data source

1 -13cm (individualspecific)

++Field survey

q =-0.25; j = e26.25

Brown et al. 2004

Species-specific

www.fishbase.org

0.65eV
8.06 x 10-5
299.25 ± 3 oK (26 ±
3°C)

Brown et al. 2004

E
k
T

*water temperature

al, bl

lionfish-specific
length-weight
scaling constants

al = 0.00497;bl =
3.291

Green et al. 2012

Lm

*lionfish length

6-390mm
(individual-specific)

++Field surveys

0.29

Côté and Green
2012

ai, bi

h
Lionfish prey
consumption
(𝐶̅ )

*prey fish length

Value

*metabolic biomassproduction
scaling constants
species-specific
length-weight
scaling constants
activation energy
Boltzmann's constant

j, q
Prey fish
production
(𝑃̅)

Meaning

x
p
T
r
y

*prey consumption
scaling constant
scales daily rate to
annual rate
*proportion of diet
composed of fish
*water temperature
*radial distance of the
area over which
lionfish forage
constant scaling daily
to annual consumption
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NOAA 2015

365.4 days year-1
0.7± 0.07

++Stomach
contents

299.25 ± 3 oK (26 ±
3°C)

NOAA 2015

Radius of reef area

++Field surveys

365.4 days/year

Appendix 2: Lionfish Survey Protocol

During each site visit, two buddy teams of divers (4 divers total) made a systematic search for
lionfish and native predator species (potential competitors with lionfish) within 1- 50x 20m
transect area on continuous sites, or along 1/2 of each side for patch reefs, taking ~30-40mins for
the search. At the removal sites, any lionfish sighted were removed by spear or net by one of the
buddy team members. The second buddy recorded data on lionfish location, size, behaviour, and
search/removal effort, including the time spent locating each lionfish, number of attempts at
capture, whether the fish was caught successfully, and the type of gear used for collection.
Information recorded by each dive buddy pair will be used to calculate catch per unit effort over
time and across sites (Objective 2a). All collected lionfish specimens were measured, dissected
and prepared for analysis as part of this study at the University of the Virgin Islands, St. Croix
campus, St. Croix, Virgin Islands.
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