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About the Marine Sanctuaes Conservation Series

The Office of National Marine Sanctuaries, part of the National Oceanic and
Atmospheric Administration, serves as thastee for a system of 14 marine protected
areas encompassing more than 170,000 squdles of ocean and Great Lakes waters.
The 13 national marine sanctuaries and omarine national monument within the
National Marine Sanctuary System represamas of America’s ocean and Great Lakes
environment that are of spial national significance Within their waters, giant
humpback whales breed and calve their young, coral colonies flourish, and shipwrecks
tell stories of our maritime history. Habitats include beautiful coral reefs, lush kelp
forests, whale migrations corridors, etacular deep-sea canyons, and underwater
archaeological sites. Theseespal places also provide homesthousands of unique or
endangered species and are importamAmerica’s cultural hetage. Sites range in size
from one square mile to almost 140,000 square miles and serve as natural classrooms,
cherished recreational spots, and are teota valuable commeial industries.

Because of considerable differences in settings, resources, and threats, each marine
sanctuary has a tailored management rpla Conservation, education, research,
monitoring and enforcement programs vary accordingly. The integration of these
programs is fundamental to marine peoted area management. The Marine
Sanctuaries Conservation Series reflects angports this integrain by providing a
forum for publication and discussion of thexgqaex issues currently facing the sanctuary
system. Topics of published reports vary substantially and maydaadescriptions of
educational programs, discussions onsgarce management issues, and results of
scientific research and monitowg projects. The series fatdtes integration of natural
sciences, socioeconomic anditatal sciences, educatiorand policy development to
accomplish the diverse needs NOAA’s resource protecin mandate. All publications

are available on the Office of National Marine Sanctuaries Web site
(http://www.sanctuaries.noaa.gov).
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Summary

The explosion of the Indo-Pacific lionfisRterois volitansandPterois mile} is a serious threat
to Atlantic, Gulf of Mexico, ad Caribbean coral reefs, with patial long-term consequences
affecting native fish communities and hatstd.ionfish are well-known for their venomous
spines, rapid colonization rate, and generalistgpences for both habitand diet. Invasive
lionfish are capable of causing sifitant impacts to biodiversitgnd recovery of coral reefs, a
result of their high densities and predation rates on native fish communities.

The National Marine Sanctuary Actsiurce protection mandate aims toaintain the natural
biological communities in the national maris@nctuaries, and to protect, and, where
appropriate, restore and enhance natural hapgapulations, and ecological processes.” As it
relates to the lionfish invasn, the goal of NOAA’s Nationdlarine Sanctuaries Lionfish
Response Plan is to minimize ecosystem degiaadan affected sanctuaries so that benthic
habitat does not degradedasanctuaries continue serve as refuges for native reef fish species.
Lessons learned from the lionfish invasion willkmananagers better capable of dealing with
future invasions by other species, should they occur.

This plan aims to identify critical actions needednioimize the impact of this unprecedented
marine invasion. Four national marine sanctgani@e been invaded by lionfish — Gray’s Reef,
Florida Keys, Flower Garden Banks, and Moniitne plan recommends science, service, and
stewardship activities for the first three sanctusigs, as activities dhe Monitor are much

more limited and will only be discussed brieflrior actions by the sanctuaries to deal with
lionfish, as well as future activities, rely oollaborations among agency programs and offices,
as well as partners outside NOAA, includintgrnational collaborations around the wider
Caribbean.

This response plan summarizes information orstiope and status ofationfish invasion, the

threats posed to national marine sanctuariesth@ndhallenges to managing the invasion. It also
summaries current activities taking place, as altalls for actions to be planned, coordinated,

and supported nationally or regiolyadnd actions specific to thedividual marine sanctuaries

within the invaded range. lRactions are directed at magement measures that viiinimize

impacts caused by the invasion, speally in the area of monitoring, combl, research, and
educatiorand outreach. These actions are consistent with those called for in the National Ocean
Policy Implementation Plan and other local, oegil and national plans specific to the lionfish
invasion.
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Chapter 1. About this Plan

1.1 Purpose

The purpose of this plan is to guide natiomarine sanctuaries and their partners in
addressing the invasion of the lionfish in nagl marine sanctuariegthin the southeast
region of the United States. The plathis guiding document f@rotecting national
marine sanctuary resources and is intendéddbtate collaboratin in national marine
sanctuaries by:

x Implementingmonitoring
activities to track the
invasion and evaluate
effectiveness of manageme
actions,

x Controlling invasive
lionfish populations where
possible, using coordinated
and effective methods,

x Establishingesearch & ,
priorities to guide g
investigators by identifying g Vo % s .
highest priority research Figure 1. Lionfish are invasive species native to the Indo-
guestions and science need®acific region. Phob: FGBNMS/Schmahl.

x Usingeducation and outreachapproaches that genergublic support and
foster stewardship,

x Providing mechanisms faollaboration among regional sanctuary staff and
partners, and

x Adaptingmanagementactions in response to information learned from
monitoring, research and control activities.

This plan acts as a guide for lionfish manageinag national marine sanctuary sites in the
southeast region of the United Statex] aomplements existing response plans,
including the Regional Strategy for the Qmhbf Invasive Lionfish in the Wider
Caribbean (Gomez Lozano et al. 2013),Nagional Invasive Lionfish Prevention and
Management Plan (Invasive Lionfistotrol Ad-hoc Committee of the Aquatic

Nuisance Species Task Force, 2015), the NOA\Asive Lionfish Action Plan (Morris

and Harmonin prep, the National Park Service Liash Response Plan (McCreedy et
al. 2012), and the Invasive Lionfish Contamld Management Action Plan of Florida
Keys National Marine Sanctua(NOAA 2011). While this plaspecifically applies to
national marine sanctuariesis recognized that clos@ardination and cooperation with



other organizations and agencies across domestic and inteational boundaries and
jurisdictions is essential for success.

1.2 Rationale

Two species of Indo-Paatfilionfish (Red LionfishPterois volitansand Devil Firefish,
Pterois miley have become established on tooental shelf areas throughout the
southeast United States, the Caribbean Sehpaich of the Gulf of Mexico. The range
of these invasive predators is still expandengy they are expected reach areas as far
south as Uruguay (Morris and Whitfield 2009).

While these are not the %
first invasive marine fish 3
species to be documented
in the region, they are the
most successful (Schofielg-=-.
et al. 2009). The Indo- -
Pacific lionfish invasion &
may become one of the AP GulfofMeio
top transformative human
impacts to occur on e
Atlantic coral reefslt _ _ ‘}

follows on the heels of pogd - i
recent acute stressors sug S SN

as several high impact { soke

coral disease and SR v,
bleaching events since therigure 2. Confirmed lionfish sightings throughout the Atlantic, Gulf
late 1970s and the mass of Mexico, and Caribbean. Map: USGS, 2015.

die-off of the long-spined

sea urchin@iadema antillarunin the early 1980s; some tifese stressors are also
correlated to changing climate and ocean conditidi lionfish invasion also
exacerbates the impacts of historical and ongoiregfishing. Each of these stressors has
unmistakably and dramatically altered reemmunities and their interactions may
compound to produce irreversible ecological and economic damage to reef communities
of the Atlantic.

>

Lionfish eradication is considered imptiaal with current knowedge and technology
given the species’ high densities, broad Hepstribution (surface to 300 m), and rapidly
growing populations. However, controllingfifish densities ahe local scaled.g.,
individual reef up to hundreds of square Rileters) can be successful and may lead to
the recovery of biodiversity and ecosystem serviEeszer et al. 2012; de Ledn et al.
2013; Green et al. 2014As it relates to invasive specjabe Office of National Marine
Sanctuaries aims to prevent marine sangtaaosystem degradation within the invaded
range so that they contintie serve as refuges foative species. Interagency



collaboration across the entire invaded rawdkebe required forsuccessful large scale
control of the invasive species.

1.3 Scope

The Office of National Marine Sanctuaries\&s as the trustee for a network of 14
marine protected areas encompassing rti@e 170,000 square miles of marine and
Great Lakes waters. The network includesstesy of 13 national marine sanctuaries and
the Papakraumokukea Marine National Monument.

NATIONAL MARINE SANCTUARY SYSTEM

Olympic Coast i Thunder Bay
Cordell Bank 2 Stellwagen Bank
Gulf of the Farallones e e Monitor
Papahanaumokuakea 2 ol Gray's Reef
Hawailan Islands Humpback Whale £ : [ Florida Keys
Monterey Bay . ® Flower Garden Banks
Channel Islands

American Samoa (U.S.)
vdapled from National Geagraphic Maps.

The Office of National Marine Sanctu: erves as the trustee for a system of 14 marine protected areas encompassing more than 150,000
square miles of marine and Greal from Washington state to the Florida Keys. and from Lake Huron to American Samoa. The
system includes 13 national mari aries and the Papahanaumokudkea Marine National Monument. For more information on the
National Marine Sanctuary System, visit: http://sanctuaries.noaa.gov

Figure 3. Map of the National Marine Sanctuary System. Map: NOAA/ONMS.

The area targeted by this plan is the soutireggon within the national marine sanctuary
system. The current sites gffecific concern include:

x Gray’s Reef National Marine Sanctyab7 kmz2, 32 km off Sapelo Island,
Georgia

x Florida Keys National Marine Saneity, 9,933 km? area surrounding the Florida
Keys archipelago

x Flower Garden Banks National Mae Sanctuary, 146 km?, 110-170 km
southeast of Galveston, Texas

A fourth marine sanctuary, the Monitor,shalso reported liorgh, but there are no
specific plans to respond to the invasion, asnbisexpected to affect the value or quality
of maritime heritage artifacts on the Monitor,the shipwreck site itself. That site,
therefore, is not included this plan. It is worth notig, however, that the sanctuary
issues permits for diving onghMonitor, and requests thagrmitees report and provide
images or video of lionfish, if seen. Huetmore, lionfish coulaffect access to the
wreck, as they pose an acute safety thieedivers, includingecreational divers,
sanctuary staff, and researchers. Sanctsiafy currently discusses the lionfish problem



at outreach events as a way of informing the public about on-going ocean conservation
and safety issues. An action plan for tenitor sanctuary will be developed, and for

any newly designated marine sanctuary sitéberregion, if a decision is made that the
invasion significantly threatens sanctuaryorgses or safety, and specific activities are
needed to address it.

1.4 Issues, Concerns, and Threats

With the globalization of commerce and traim@asive species have become a concern in
virtually all marine ecosystems. Transfadion of goods by largeand faster ships,
international trade in live animals and glrand changing oceaonditions caused by
pollution and climate change, for example pait ecosystems at greater risk of invasions.
This is particularly true for ecosystemsealdy under pressure from local sources of
pollution, overuse, climate change, anber stressors (Albins and Hixon 2011).

The lionfish invasion in the northwest AttasOcean occurred sldyafter the initial
discoveries around 1985, then rapidly ag@00 (Schofield 2009). Primary reasons for

the invasion’s success includenfiiic breeding and an appardatk of Atlantic predators

or other controls (Mumby et al. 2011; Hackeet al. 2013). The inw&on is resulting in
declining native fish biomass in certain places because of extremely high predation rates
by lionfish on native species, and rapighpwing populations thaiccur over a wide

depth distribution (Albins and Hixon 2008; Grestral. 2012). This disrupts food webs

and alters critical ecosystem functions, thus reducing an ecosystem’s resilience (the
capacity for maintenancend self-renewal) (Bsser and Slattery 2011). The high

abundance and lack of effective tools and techniques to remove lionfish from deep water
make eradication impractical.

The first evidence of invasion in GrayReef National Marine Sanctuary was in 2007,
Florida Keys National Marine Sanctuary2609, and Flower Garden Banks National
Marine Sanctuary in 2011. Concern over ¢kelogical effects of lionfish in marine
sanctuaries has increased as new findirey®e emerged. Ecological impacts are
expected to occur mainly through the reductof native reef fish and invertebrate
populations caused by lionfish predation. Congtiom of juveniles ofarge native reef
fish may also hamper stock recoverykef economically and ecologically important
species (Morris and Whitfield009). It has become cleaattthe integrity of reef
ecosystems in national marine sanctuarige®foutheast Atlantend Gulf of Mexico
region is at considerable risk fraime lionfish invasior{Albins and Hixon 2011;
Ruttenberg et al. 2012).

Though the lionfish invasion represents a majmlogical threat to national marine
sanctuaries, there are also short and kengr social and economic consequences for
communities that depend on sanctuary resources and the ecosystem services they provide.
Some of these includeovisioningservices, like food and ornamental spediegulating

services, such as biodiversity; andtural services, like tourisnrgcreation, science, and
education (Gittings et al. 2013). Lionfish remesa safety risk to recreational divers,
snorkelers, swimmers, and anglers becauskenf venomous spines. In some areas,



lionfish may also contribute to the declioecommercially and recreationally important
fish and invertebrates, including species catighkocal consumptin (Green et al. 2012,
2014). Tourism is also potentially affecteg the reduction in biodiversity, which can
lead to declines in popularity of divesdmations. Thus, controlling the impacts of
lionfish is among the higher priorities for sanctuarynagement in this region.

National marine sanctuaries are focal afeasesearch, educat and outreach, and
enforcement, all of which could facilitate liasth control. They also allow for adaptive
management, whereby action plans can heldped and altered to address emerging
threats. Sanctuaries serve as sentined,sithere sustained observations of ecosystem
conditions allow for a greater understandingioflerlying drivers othange, as well as

an early warning capacity to enable rapisb@se and intervention. Together, the high
ecological value, iconic status, and existoagabilities make national marine sanctuaries
priority areas for conservation the face of this significarthreat to reef communities of
the northwest Atlantic Ocean and Gulf of Mexico.

1.5 Challenges Hampering Effective Lionfish Control

Science and conservation communities, including national marine sanctuary staff, have
worked to understand, trackydirespond to the lionfish invasi. To date, the affected
national marine sanctuaries have implemeigtivities that could lead to effective

controls of lionfish
populations, but
additional and
sustained efforts are
required for long-term
success. Competing
priorities and a lack of
capacity have hindered
control efforts through |
2015. For example,
the lack of techniques
available for lionfish
removal below no- _
decompression diving [#®
depths and challenges [
involving logistics and
funding in remote

T o

locations have Figure 4. Lionfish observed during a ROV survey over deep coralline
hindered large-scale algae reefs on banks in the Northwestern Gulf of Mexico at
implementation of approximately 120 meters.Photo: FGBNMS/UNCW-UVP.

control measures.

In addition, there are still many unanswege@stions about what approaches may be
most effective in controlling the invasion. rRaps the most important is whether natural
controls will emerge with time as the irstf@an progresses, reducing the need for, or



working in concert with human intervieon. For example, an undisturbed, highly
diverse ecosystem, such as a marine protests] may be more resistant than a system
that is already stressed and lacks protectimra stressors, such as fishing pressure.
Predation, parasitism, and diseases would @apjeebe the most likely mechanisms for
natural population control. Observatiagggesting natural diic resistance via
predation by large groupers and other sge(Mumby et al. 2011) raise the idea of
closures to, or reductions irsking, in order to restore largeedators. Recent work has
not supported this concept (Hackerott eR@all3; Valdivia et al. 2014), but it could be
further tested in national marine sanctuanmegional parks, and other marine protected
areas, where marine reserve research andtonioig efforts provide a foundation for this
research. There is also a need to contstudies to better underaththe level of effort
required to control local popations and to explore newntested control measures.

1.6 Connections and Relevance

The consequences of the lionfish invasiom @t just a conceffior national marine
sanctuaries. The unprecedensedle of this invasion has taéention of higher levels of
governments across the United States SoutlaaasCaribbean regidiMorris 2012). It

is a problem of international dimension wébonomic effects that are likely to be felt by
recreational and commercialglers, dive operators, resgrhotels, restaurants, and
countless other coastal stakdéders. Internationally, seral island nations have
developed plans for action. In theitéd States, the National Ocean Policy
Implementation Plan calls for federal agencies to take actiotsimprove our ability

to detect and reduce invasive speciesoastal and ocean habitats to protect commercial
and recreational fish stocks, help sust#ie jobs and industries that depend upon
healthy coastal aquatic ecosystems, and saillons of dollars in lost revenue and
avoided infrastructure damagéNational Ocean Council 2013).

A similar call for action also appeared in the Commerce, Justice, Science, and Related
Agencies Appropriations Bill in 2013 (H.B326) and two House Resolutions raising
awareness and capacity building needs speliyfita invasive lionfish (H.R. 132 of the
112" Congress and H.R. 67 of the ¥13ongress)The National Park Service developed
and implemented a Lionfish Response Plax ithentified the treat of lionfish to

national parks and instructions for devetapcontrol plans tailockto specific park

needs (McCreedy et al. 2012). Recently,Nlational Invasive Lionfish Prevention and
Management Plan (2015) was prepared bgadhoc group with representatives from
state, regional, and federal governmenitiest academia, non-pibbrganizations, and
industry. Its purpose is tois@ as a guide to the Aquatituisance Species Task Force
(ANSTF) and other interested parties invalve managing lionfistand natural resources
in U.S. waters.

The need for the NOAA National Marine Samaries Lionfish Response Plan is to
respond to these calls for action, and to aatkpecific actions to be taken within
sanctuaries based on guidance provided byethed other planning efforts. In proposing
these actions, however, the plan also supmailts for interagency coordination and all



eight goals of the interagency Aquatic Nanse Species Task Force Strategic Plan (2013-
2017) (Aquatic Nuisance Species Task Force 2012), and all seven goals of the National
Fish, Wildlife, and Plants Climate AdaptatiBitrategy (2012). Thiglan most directly
supports Goal 7:Reduce non-climate stressordelp fish, wildlife, plants, and

ecosystems adapt to a changing clinfatghis plan’s actions draw heavily on the draft
NOAA Invasive Lionfish Action PlanMorris and Harmonin prep and address its five
goals:

x Develop and implement localized lionfish control plans,

X Enhance research on lionfish ecoldagymprove and develop methods for
lionfish population control,

x Develop and implement the use of standard monitoring methods,

x Implement lionfish sociocultural aretonomic assessments across impacted
sectors, and

x Improve lionfish ecological impact assessments.

A number of the research priorities lisiadhe National Invasiveionfish Prevention

and Management Plan (2015) are also idesttiis priorities for the national marine
sanctuaries. In addition, thidan contributes to the Nation@cean Services priorities to
enhance place-based conservation and resiliamceaddresses research priorities of both
the National Centers for Coastal Ocean Science and the Office of National Marine
Sanctuaries.



Chapter 2. A Plan for Action

The actions proposed in thisapl will provide guidance and enable each affected national
marine sanctuary to continue to respond, mnand adapt to thieonfish invasion. They
take advantage of the assets available ainemaanctuary facilities to focus removal,
monitoring, and research effertand strengths in eduaatiand outreach to engage the
public and support the need to spread inftram about this problem. Because of its

high profile and the likely impacts of the ligsth invasion, this issueas the potential to
invigorate public attentionral action on behalf of marire®nservation in general - a
potentially significant positive outcome from ttwésis. It also provides an opportunity to
highlight NOAA'’s science, service and stedship roles on behalf of the American

public.

The actions proposed (Table 1) are sepdriat® groups coordinated primarily by the
national and regional offices, and thoselfeted by the individual national marine
sanctuary sites. It is recognized, however, that many of the same people will be working
at multiple levels, and considerable integratof activities will occu The actions are

further divided into four caigories: monitoring, contralesearch, and education and
outreach.

Table 1.Priority actions by staff working nationally, regionally, or at one of the three national
marine sanctuaries responding to the lionfish invasin (see following sectionfor descriptions).
Symbols are characterizedas: ¥ completed, > ongoing, + needed or planned.

. . Flower .
National &  Florida Garden Gray's

Regional Keys Banks Reef

> >
> +
> >
>

Category FocusArea/Project

Tracking Protocols
Impact Protocols
Condition Reports
NCRMP*
Tortugas Reserve
Reef Environmental Education Foundation (REEF
Volunteer Fish Survey Project
FGB Long-Term
Monitoring
Stetson Bank Long-
Term Monitoring
Research Area >
Invertebrate Disturbance
Acoustic +
Identify Priority Areas + ¥
Permitting Mechanisms > ¥ ¥ +
¥
+

V|V|+|V
VIVIV]|V]|V

Monitoring

\%

Regulatory Impediments +
Capture/Trap
Technologies
Control MarketDevelopment +
IncentivizingControl +
Permitted Volunteers
Derbies > +

\
\
+

Targeted Removals

“Eat Lionfish”
Campaign
Diets + > > +
Resistance & Resilience + +
Research Biological Controls + +

Ciguatera > >

KAPs** + +




. . Flower ,
Category FocusArea/Project Nathnal &  Florida Garden Gray's
Regional Keys Reef
Banks
Biology & Ecology Removal Effectiveness > >
Recolonization > + >
Impa(_:ts to Native N S
Species
Habitat Utilization > >
Age & Growth > >
Research Attraction Devices +
Impacts of Hunting +
Movement + +
Seasonal Variation >
Tissue Collection > > >
Spiny Lobster Fishery >
Socioeconomics Economic Sector Impacts >
Impact on Perceptions ¥
Training + > > >
Lionfish Messaging > > > >
Curriculum +
. Conservation Messaging > > > >
gilt"rcezzt:;n & New web co_ntent +
NOAA Working Group +
Partnerships > > > +
Handling Workshops > > ¥
Events & Materials > > >

* NCRMP — National Coral Reef Monitoring Pr@gn administered by the NOAA Coral Reef
Conservation Program

** Studies on knowledge, attitudes, and perceptions about lionfish and their impacts

2.1 National and Regional Response Actions

To date, the primary respondesthe lionfish invasion in national marine sanctuaries
have occurred at the local level, andadlve removal, resean, monitoring, and

education and outreach. However, there aversé activities that would benefit from
regional, national, or international cdaration, planning, or support. The lionfish
problem is widespread, yet the drivers ofradpaare fairly consistent across the affected
range, so there may be economies ofesoadlized by regional and national actions.
There are also agency and interagency ivga that can boteupport and benefit from
these actions.

A responsibility of the National Marine Sanaty (NMS) system is to protect ecosystem
integrity in marine sanctuaries, @source protection is mandated by Naional

Marine Sanctuaries Act (NMSADnNe of the specified purposes of the NMSA is to
“...protect, and where appropriate, restoa@d enhance natural habitats, populations,
and ecological processesf the marine sanctuaries. The Act also calls'famodels of,
and incentives for, ways to conserve arahage these areas, incling the application

of innovative management technique3.hese purposes, including provisions of the
NMSA and regulations of the individual mag sanctuaries must be considered in
dealing with the lionfish issue. NMSA alsaithorizes the issuance of permits for
otherwise prohibited activities. For expl®, where a bannexttivity such as
spearfishing at Gray’s Reef, Flower Garden Banks, or some areas of the Florida Keys



National Marine Sanctuary, is deemed thestadficient lionfish removal technique,
permits may be issued for tatgd removals. The same is true for removals related to
research.

At both Flower Garden Banks and Gray’s RBational Marine Sanctuaries, regulations

that may influence lionfish response inclyehibitions on anchamng, injuring biota or

bottom formations (this could occur durirgmovals), and the use or possession of
spearfishing equipment, traps, or fish caught using them. Pertinent prohibitions in Florida
Keys National Marine Sanctuary include injuoycoral or live rock, alteration of the

seabed, and harvesting of marine life, anddrain areas, prohibitions on anchoring,
spearfishing, trapping, and collecting any organisms. The national and regional offices of
ONMS will work with all three sanctuariés develop clear messaging and approaches

for facilitating lionfish response, regnizing site-specific regulations.

Monitoring, control, research, and eduoatand outreach activities that could be
coordinated at the regionait national level taespond to the lioigh invasion include:

|. Monitoring

Monitoring is a critical part of adaptive management for lionfish control, as trends
provide an indicator of howonfish populations and thfesh community are responding
to management actions or biotic controBecause lionfish are a new stress in marine
sanctuaries, monitoring thigpgopulations and effects may require new techniques, or
adapting protocols in current monitoring programs.

x Work with individual marine sanctuaseo identify or emblish appropriate
protocols for tracking progress of the isi@n and evaluating status and change in
impacts associated with lionfish.

x Work with sanctuaries to incorporaterfish information and discussions into
invasive species sections of condition reports.

x Develop or adopt monitoring protocolsatiwill allow comprison of lionfish
populations and impacts at various sites.

x Provide access to and sharing of regiatah and protocols to enhance adaptive
management.

[l. Control

Based on current research and availédt@nology, it is generally accepted that
eradication of lionfish throughotite region is not feasiblelowever, recent research is
showing that local control dionfish populations to level$at will minimize ecological
and economic impacts in priority areas maybssible (Frazer et al. 2012; Green et al.
2014). Control measures are likely taywdepending on the level of invasion,
measurable impacts to the native coral ceshmunity and human health, and available
control resources. Furthermore, regulatonpediments to public involvement in
removals must be reduced and the devetapgrof new technologies for lionfish control
must be considered.
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x Work with sanctuary sites to develop agply criteria to identify priority areas
for removal, removal frequency, monitoring, and outreach.

x Consider ways to facilitate permitting while ensuring safe and effective removals
(e.g., evaluate use of a call-in permigtisystem based on experiences of the
Florida Keys National Marine Sanctuary).

x Consider whether other currently reseuttactivities should be allowed, such as
granting exceptions to no-take resergepermitting spearfishing in restricted
areas.

x Develop responsible capture technologied enable contt@f populations in
both shallow and deep water habitatthout causing harm to the natural
resources (e.g., bycatch, maruhebris, entanglement).

x Incentivize technology and other control measures through innovative means,
such as awards, market development, and social networking.

Ill. Research

Despite a decade or more of valuable reseamndionfish in invaded areas, there is still
much to be learned about lionfish biologydaecology that will inform the methods and
approaches to population control. Resedsalso needed to understand the invasion’s
impacts on both natural and human systemd the response of these systems to control
actions.

x Track temporal changes and selectivitiyhim lionfish diets in relation to prey
availability and impacts to native species.

x ldentify factors influencing resistance and resilience of different sanctuary
ecosystems, and marine protect aaa tool for natural control.

x Facilitate and encouragesearch in lionfish population ecology to better
understand the variation in lionfish control efficacy.

x Assess relative impact of control apaches, including the development of
adaptive control plans.

x Facilitate investigations of biologicabotrols such as pration, disease, and
parasites, as well as interventioptions (e.g., genetic modification).

x Facilitate and encourage research imingsanctuaries related to comparative
toxicology, ciguatera testg), and social sciencedated to ciguatera fish
poisoning.

x Track changes in knowledge, attitudes, and perceptions of sanctuaries and
conservation issues resulting from aera@ss generated by the lionfish invasion
(e.g., Scyphers et al. 2014).

V. Education and Qutreach

Dealing with the lionfish invasion witlequire broad support from the public,
necessitating a significant investment in outreasd education. But the lionfish issue is
also an excellent tool for educating the publout invasive specigas well as a starting
point for other topics such as coral reaflogy and marine consetion more generally.
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Encourage and promote best practioedraining conducted in the region.
Identify and convey important messagestealao lionfish impacts, controls, and
consumption (e.g., the risk ofgtiatera from eating lionfish).

Support the development of curriculum telg lionfish to ecological principles
about invasive species for both national aitél levels. Thisauld be part of a
larger curriculum on invasive specibsit applies more broadly (e.g., “Respond,
Control, and Adapt”).

Promote conservation behavior througltreach focused on the human role in
causing and exacerbating the lionfiskiasion, as well as highlighting the
successes of ongoing contréfioets and partnerships.

Work with NOAA invasive species initizes, and create a lionfish working
group at NOAA to coordinate agency response activities.

Conduct evaluations of education andreath efficacy for individual programs.

Figure 5. The Celebrity Chef Lionfish Challenge, hosted by the National Marine
Sanctuary Foundation, the Office of Natioml Marine Sanctuaries, and Seaweb as
part of the 2015 SeaWeb Seafood Sumh#015, allowed for a unique outreach
opportunity for guests to sample lionfish dishes, and learn about the invasion as well
as national marine sanctuaries. Photos: Michelle Johnston and Brian Barber.
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Chapter 3. Florida Keys Naional Marine Sanctuary

3.1 Status of the Invasion

Florida Keys National Marin8anctuary (FKNMS) is one diie largest marine protected
areas in the United States, encompas8j883 square kilometers. Marine zones for
multiple uses, including highly protected "no-take" areas (currently 6% of the sanctuary),
have been in place since 1997. Approximately @%he sanctuary is State of Florida
waters, and 40% is federal waters. FKNBtfares boundaries with three national parks
and overlaps with four nationaildlife refuges, six state jples, and three state aquatic
preserves. FKNMS surrounds the Floridayg&eommunity of more than 72,000 year-

round residents and 3-million annual visit¢@ffice of National Marine Sanctuaries

2011).

FLORIDA KEYS NATIONAL MARINE SANCTUARY

Figure 6. Bathymetric map of the Florida Keys National Marine Sanctuary.
Map: NOAA/ONMS.

Lionfish were introduced off the Atlantic cdasd Florida in thel980s, but did not reach
the FKNMS until 2009 (Schofield 2009, 2010;tRumberg et al. 2012). Between January
and September 2009, thirteen lionfish sightingse reported in FKNMS, of which ten
were confirmed; eight of those werecsassfully captured and removed. Shortly
thereatfter, lionfish populations exploded in fHerida Keys, as elsewhere. They are now
present in nearly all habitats where natarananmade relief provides structure. Lionfish
abundance has increased in FKNMS since 2009isgmeedicted to affect the native fish
population. In some shallow reefs of ther® Bahamas for example, lionfish represent
up to 40% of reef fish biomass, and hagduced native biomagy 65% (Green et al.
2012).
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3.2 Resources at Risk

FKNMS helps protect more
than 6,000 species of maring
life, including the world’s
third largest barrier reef, andt
one of the largest seagrass
communities in this
hemisphere. The sanctuary
surrounds approximately
1,700 islands and includes
mangrove, seagrass,
hardbottom, and coral reef
habitats in coastal and
oceanic waters. This I8
ecosystem support fisheries e
and recreational activities [
that provide income for localiEs e ) # ——
economies and recreational Figure 7. F|sh swim abovethe reef at the Florida KQ/S National Marine
opportunity to millions of ~ Sanctuary. Photo: NOAA/FKNMS.

people, annually. NOAA

estimates that coral reefssoutheast Florida have asset value of $8.5 billion,
generating $4.4 billion in locaales, $2 billion in locahcome, and 70,400 full and part-
time jobs (Office of NationaWarine Sanctuaries 2011).

How much economic impact the lionfish isi@an may have on the Florida Keys is

unknown, but there is ample evidence to sugthedithe threat to ecosystems is large,

and the economic impact could be as welbnfish compete for space and food with
commercially and recreationally important réieh species, such as snapper, grouper,
hogfish, and others. They also consume juveniles of these and many other species, which
poses significant risk for redish populations and threateto prevent stock rebuilding

efforts. Herbivorous fisheare also lionfish prey, whiiccould lead to uncontrolled

growth of algae on reefs, exacerbating aaay stressed coral reef ecosystem. And
because the lionfish prey base includes dist invertebrates, their impact on reef food

webs could be pervasive and severe.

3.3 Sanctuary Response Actions

Lionfish were first observed in FKNMi& 2009, and numerous response actions have
taken place in an attempt to control this invasion. Table 2 lists past and some current
responses, projects, and areas of focus ohdtiésh invasion involving density control,
research, monitoring, and eduoatand outreach through 2014.
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Table 2. Activities conducted by staff and parters at Florida Keys National Marine Sanctuary.

Category Focus Area/Project Brief Description
Permitting FKNMS provides research pésrfor monitoring and tagging lionfish.
CRCP NCRMP National Coral Reef Monitoring Program. Lionfish abundance and size
conducted along reef-wide random belt transects.
Monitoring Various projects of opportunity (S)tgl';ie(z)rn[;rmects that record lionfigpresence while sampling/monitoring
Citizen science Citizens are encouraged to report sightiofonfish to either REEF or the
Marine Ecosystem Event Response and Assessment (MEERA) program.
Lionfish derbies Data are regularly gatherecpopulations, size structure, and removal effdrt.
FKNMS Invasive Lionfish . | NOAA, REEF, and Mote Marine Lab developed action plan over a two-ygar
Control and Management Actio .
Plan period (2011).
FKNMS permits people who have betmough a sanctioned workshop to
Permittin remove lionfish from 18 SanctuaryeRervation Areas. Over 800 permits
9 issued to date. FKNMS permits on-wapeofessionals to remove lionfish
from no-take areas using pole spears.
Control Derbies FK_NI\/I§ anq R!EEF have partnered to promote lionfish removal and contfol
using ‘derbies.
Florida law has been updated to addthsdionfish invasion: 1) there is no
fishing license required to harvest lionfish, 2) there is no bag or size limit
within State waters, 3) participargse permitted in approved tournaments
State of Florida laws changed | and other organized events to spear Iglnbr other invasive species in areds
where spearfishing is not allowed, with exceptionsha)vest of lionfish is
allowed when diving with a rebreath&),import of live lionfish and breeding
for the aquarium trade is banned
U.S. Geological Survey (USGS) Testing and reporting of mercury concatins of lionfish with researchers
— Hg Concentrations from USGS and University of Florida.
;J;Sli;enon-nanve species Sightings reported and entered itit8GS non-native species database.
Nova Southeastern University (NSwrked in Tennessee Reef Special Uge
Tag recapture Area on tag and capture resea@idetermine habitat utilization
Research characteristics.
Stephanie Green at Oregon State University researeffiecfiveness of
N . lionfish removals in priority areasd recolonization rates to set removal
Lionfish target density
frequency targets.
L . Data are gathered on populations, sizacture, fecundity, age/growth, and
Lionfish derbies removal effectiveness.
Non-native species guide REEF, USGS, NOAA - Published 2012
Education & Regular lionfish outreach and | REEF and FKNMS — FKNMS permiequirement for removing lionfish
Ouu(;?eggh training workshops within Sanctuary Preservation Areas.

Social media (e.g., Facebook
and twitter)

Regular updates to the public aboutrinag workshops, derbies, and specia
events.

In addition to the primary responses abdkliere are numerous activities and research
needs that would benefit the sanctudignitoring, control, resarch, and education and
outreach activities that are in place, ould be coordinated to help respond to the
lionfish invasion, are further described in detail below.
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l. Monitoring

Purpose: Collect information to monitor tomin lionfish populations in FKNMS and the
effectiveness of control programs in ortlzassess and adjwsttions through adaptive
management.

Several key questions marine resource marsawill need to address through lionfish
monitoring include:

x How is the lionfish population, inclirg distribution, demographics, and
condition, changing over time in FKNMS?

X What locations (depths, habitat types;.) are colonized or recolonized most
quickly?

x How effective is removal in controlling lionfish abundance and how are native
fish and invertebrate populationspeading over time frames from months to
years?

x How much effort is required to contionfish in FKNMS, and what capacity
needs to be in place to makestbffort sustainable?

Currently, a range of monitoring projects occur&KNMS. Those tht can be or have
been adapted to includeomitoring for lionfish are:

1. NOAA National Coral Reef Monitoring Plan. NOAA'’s Coral Reef Conservation
Program (CRCP) implemented the Nationatal&®eef Monitoring Plan (NCRMP) in
2013. Itis designed to support conservatibthe Nation’s coral reef ecosystems
through documenting and understanding thaistahd trends of the Nation’s reefs.
Through NCRMP, NOAA will clearly and corsely communicate results of national-
scale status and trends moniitg to national, state, andrtigorial policy makers, as well
as resource managers and the general petdicy four years. The NCRMP focuses on
the following four priority themes: bemt communities (especially corals), reef-
associated fish communities, climate chaagd ocean acidification, and socioeconomic
human dimensions related torpeptions of and interactions with coral reef ecosystems.
Benthic and fish monitoring will be condied on a biennial basis in the U.S.
Atlantic/Caribbean, red every three years in the U.S. Pacific.
Status Beginning 2014
Implementation Benthic and fish monitoring using a stratified random
sampling design throughout shallow wateral reefs (B0m) in Florida
(Martin to Monroe Counties) is sathéled to begin in 2014 and continue
on a biennial basis. NCRMP will monitor coral cover, coral community
structure, rugosity, incidence of btdang and disease, and associated
measures of fish community stture (abundance, diversity, size
structure, key species) as quantifiesing the reef visual census method
(RVC). Lionfish abundance and siadl be documented in the FKNMS
fish surveys, along with associateabitat type and depth in benthic
surveys.
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2. Tortugas Ecological Reserve MonitoringThe FKNMS Tortugas Ecological Reserve
(TER) is located at the westernmost exterthefsanctuary. In partnership with NCCOS,
NOAA Fisheries, and FloralFish and Wildlife Conseation Commission (FWC),
FKNMS has continued to monitor the performa of the TER, including the response of
fishes to this the current level of protectiprovided by the reserve. Monitoring is also
underway in the adjacent Dry Tortugas Matl Park, where lionfish abundances and
distribution have been documedtfor the last two years.
Status Initiated 2000 / Ongoing annually
Implementation Benthic and fish monitoring using a stratified random
sampling design throughout shallow wateral reefs (BOm) in TER is
conducted every two years. dafish abundance and size are now
documented in the TER fish survegéyng with associated habitat type
and depth in benthic surveys. Ligsif are also removed during this
survey, to the extent practicablefdrmation gained from fish surveys
may provide insight on whether biotic resistance will limit lionfish
populations in the TER.

Figure 8. Fish survey caducted within the TER. Photo: FGBNMS/Nuttall.

3. REEF Marine Zone Monitoring. Starting in 1997, REEF Baconducted fish counts
using its Advanced Assessment Team (AAT) as part of the FKNMS Zone Monitoring
Program. The main purpose of this project is\taluate the effect dfarvest restrictions
on the fish assemblages at no-take zones within FKNMS.
Status Initiated 1997 / Ongoing, but oppaortistic and no longer annual
ImplementationReef fish populations were regularly surveyed for
comparisons between fully protectedrine zones and reference sites
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from 1997 to 2002, and opportunistigesince 2003. The AAT conducted
a minimum of 6 roving diver surveysedch no-take site, and at reference
areas that are similar to the protecsgtes but where harvest has not been
restricted. Lionfish are included inviog diver surveys to determine if
there are differences in lionfish aldlance in no take-sites and reference
sites.

4. Florida Keys Reef Fish Monitoring.NOAA’s Southeast Fishes Science Center, in
cooperation with the University of Mianft|orida Fish and Wildlife Conservation
Commission, and the National Park Servammduct annual scubarseys of the coral
reef fish communities along the Florida Keys coral reef tract.
Status: 1980-2013
Implementation: Using a habitat stratified sampling design, the program
included approximately 350 sites annyalProject information has been
used in stock assessments for reef-associated species, evaluating efficacy
of marine zones in FKNMS, and assessment of changes in fish
communities over the past 30 yea@ommunity-level effects of the
lionfish invasion are of particular noern to sanctuary management, and
those effects are now monitored as part of NCRMP.

[l. Control

Purpose: Develop measures to assess effectiveness and maximize efficiency of lionfish
control strategies leading to more effectiesource protection in F¥MS. The activities
below depend on and address the ne¢ds actively involved public responding
cooperatively to the lionfish invasion. Besaleradication is unlikely, our response will
require a continual commitment to control, and for area the size of the FKNMS, this will
require a large number of participants.

1. Identify and prioritize FKNMS marine zones requiring active lionfish control.
The lionfish invasion requires assessmerdritical and priority habitat towards which
mitigation resources should be focusedis firudent to prioritize FKNMS habitats (or
marine zones) that should become focused removal areas.
Status Initiated 2009 / Currently under review
Implementation Combining community sentiment with best available
science, develop a map of theMS highlighting priority lionfish
removals areas, consistent with NOAA policy and FKNMS management
plan.

2. Establish permitting requirements and opportunity for removing lionfish from
fully-protected (no-take) marine zonesFKNMS uses 24 “no-take” zones (Sanctuary
Preservation Areas, Ecological Reserves, arsk&eh Only Areas) to facilitate multiple-
use and to protect coastal and ocean ressuncluding coral reefs, seagrass meadows,
mangroves, and shipwrecks. There are fmures types, one of which is called a
Sanctuary Preservation Area or SPA, allegviegular visitatiotby the public, who
primarily engage in snorkeling and divingiaties. Reporting and removing invasive
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lionfish from these zones is a management priority. A special permit was developed to
allow the general public to remove invashanfish from the 18 SPAs with hand nets and
slurp guns. Over 800 divers have been permitted as of 2014.

Status Initiated 2009/ Ongoing
annually

Implementation After
completing an FKNMS
approved lionfish workshop,
members of the publiare
authorized via a sanctuary
permit to remove lionfish from
the 18 SPAs (gear restrictions
apply). FKNMS permit is not
required to remove lionfish from . —
areas outside the no-take zoney Tuesday, August 20

Photo by Tim Grolimund S8

6:30 p.m.

0

(94 /0 Of FKN MS)’ bUt gear Florida Keys Eco-Discovery Center
reStrICtI o ns are appl I Cable " Truman .n’\nnz: \E:ts;r‘?rg;y ?;S:YF‘S’;Z;:;;_?_::& State Park

AS the InvaSIO n prog I’eSSGS, Learn about lionfish biotogy, research, and safe capture and handling techniques.
This free workshop is required for a Florida Keys National Marine Sanctuary

pe rmlttl ng I'eq U | re me ntS may permit to remove lionfish from Sancluary Preservation Areas with hand nets,

need to be re_eval u ated and For more infarmation, contact Todd. Hitchins@noaa.gov or 305-B08-4700 »230.
[B==_S== === === = smms s=as s

additional resources for foridakeys a0
. . .. facebook.comffloridakeysnoaagov
improving efficiency of twitter com/floridakeysnms

collection strategies and

reducing impacts of collections Figure 9. Lionfish safe handlirg and collection

workshops are free trainings. They are a

to th? FKNMS may be ) requirement for a Sanctuary permit to
considered. This may include remove lionfish from SPAs with handnets).
adjusting gear restrictions. Photo: NOAA/FKNMS.

3. Conduct targeted removals to caotrol lionfish densities. By educating and training
the public, partners, and resource manaigeest collection ad handling practices,
community involvement in opportunistic remdwd lionfish from sanctuary waters is
facilitated.

Staff and Permitted Volunteer Removals

Status Initiated 2009/ Ongoing annually

Implementation Individuals including sti#, volunteers, and researchers
are trained to respond and safely remove lionfish, as well as gather
important ecological and biologicdata through dissections, tissue
sampling, and archival of specimeR&rmits are required to remove
lionfish from the FKNMS zones. Dais available to be shared with
MEERA, REEF, and National Centers for Coastal Ocean Science
(NCCOQOS), etc., for further distribution.
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Lionfish Derbies

Status Initiated 2010/ Ongoing annually

Implementation FKNMS partners with EEF to train key users and
derby participants to safely andexfively remove lionfish from sanctuary
waters. Geographic and morphometriefistic data are recorded for each
lionfish removed and entered inteetREEF lionfish database. Focused,
intensive removals are repeated ongular basis in an attempt to keep
lionfish densities low in local areas.

In 2013, REEF in
partnership with Dr.
Stephanie Green
(OSU), with funding
from FL Sea Grant,
began assessing
effects of single-day
lionfish removal
events on lionfish
population and size
structure. Lionfish
density and size are
being assessed beforg
and after derby events
at a total of 64 sites in
the upper Florida
Keys and Biscayne
National Park to
determine percentage
of the population
removed and effects
on size structure of the
population. Quarterly 4 £
surveys are Figure 10. REEF receives permits from the FKNMS

documenting and the state of Florida to host derbies in the
recruitment following sanctuary. Photo: REEF.

derby removals.

Bycatch in the Trap Fishery

Status Ongoing

Implementation Significant numbers of lionfish are removed through
bycatch in the Florida Keys lobsteap fishery. One fisherman reported
over 6,000 Ibs of lionfish captured in a single year. Data are reported to
FWC as part of the SaltwatBroduct Licensing requirements.
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Ill. Research

Aquarium Trade

Status Ongoing

Implementation Lionfish are being collecteand sold through the marine
life trade in the Florida Keys, no longieom overseas. Data are reported
to the FWC.

Purpose: Increase research\aies to better understaridnfish biology and ecology,
and further advance methods for lionfish popolattontrol in FKNMS.Research is also
needed to understand the associated impactatural and human systems in the Florida

Keys.

1. Lionfish ecology and impactsLingering questions abothe ecology of lionfish still
hinder the development of long-term controlaseres. Additional research is needed to
better understand the following:

x Research on aging and genetics of lionfish

Status Initiated 2009/ Ongoing

ImplementationResearch is underway at NCCOS Center for Coastal
Fisheries and Habitat Researcld&velop aging methods for invasive
lionfish. Otoliths and tissue s®les are sent to the NOAA NCCOS
Lionfish Tissue Repository in Beaufort, NC and archived for studies on
age, growth, diet, geneticand stable isotope analysis.

x Study ecological impacts on native fighdabenthic communities in shallow and
deep reefs

Status Initiated 2010/ Ongoing

ImplementationDr. Stephanie Green (Oregon State Universltgp

Akins (REEF), and NSU are examining the response of native reef fish
community structure to lionfish pomatlon density at 12 nearshore patch
reefs (~5m) and 14 offshore contiusoreefs (~20m) between Tennessee
ROA and Carysfort SPA. The relatidnig between lionfish densities and
native fish populations will be usé¢d calibrate an edogical model of
predicted density thresholds$ which lionfish deple&t their fish prey base,
which can be used to identify targdor population control. An extension
of this study is also taking plageBiscayne National Park and Buck
Island Reef National Monument.

x Determine habitat utilization characteigs of lionfish on both shallow and deep

reefs

Status Initiated 2010/ Ongoing

ImplementationDr. Stephanie Green (Oregon State Universltgp

Akins (REEF), and NSU are also exaimg drivers of recolonization in

the sanctuary, which vary with habitat structure and connectivity, fish
community assemblage, and oceanographic processes. An extension of
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this study is also taking place in Basme National Park and Buck Island
Reef National Monument. REEF, prartnership with Dr. Green, is
assessing microhabitat occupancy anduigwent fidelity at eight sites in
the upper Florida Keys. Data will lnsed to determine microhabitat
preference, recruitment and use patewrith varying lionfish density at
removal and control sites.

Figure 11. Lionfish spotted during a transect survey. Photo: REEF.

x Determine effectiveness of lionfish remdsvan priority areas and recolonization
rates to set removal frequency targetsftectively mitigate ecosystem impacts

Status Initiated 2012/ Ongoing
ImplementationDr.
Stephanie Green
(Oregon State
University) and Lad
Akins (REEF), in
partnership with NSU
and funded through
Mote, NOAA CRCP,
Florida Sea Grant
and the David. H.
Smith Conservation
Program are
assessing 1) factors
affecting catch per
unit effort of lionfish Figure 12. Lionfish removal can be an effective control
by divers over time method in priority areas. Photo: Alex Mustard.

and across sites,
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including gear type, fishehavior and the effecf habitat on catch, in
order to determine the level of effegquired to keep lionfish densities
below target impact thresholdsich2) habitat and biotic community
characteristics driving recolonizatiorteéa. An extension of this study is
taking place at Biscayne NationalrR@and Buck Island Reef National
Monument. Tagging and re-sighting ligstf at sites in the Florida Keys
Research Only Areas (ROA) is providing information on lionfish
movement in response to removalsadjacent sites. These data will feed
into a model to provide resource managers guidance on frequency of
visitation and level of removal need to minimize lionfish predation
impacts.

x Investigate the effectiveness of differeméthods of attracting lionfish in support
of trap development

Status Initiated 2013/ Ongoing
ImplementationPreliminary research has beeitiated at NCCOS Center
for Coastal Fisheries and Habitat Research, REEF, and the Office of
National Marine Sanctuaries towop lionfish attraction devices.
Researchers at Biscayne National R#nkstian Rogers) and University of
Miami (Dr. Evan D’Alessandro) am@ssessing the efficacy of a lionfish-
specific trap device as compared taditional diver removal in waters of
the Park and FKNMS.

X Assess deepwater lionfish populations ilatien to lobster fishery bycatch of
lionfish

Status Initiated 2014/ 12 months
Implementation:
Through a Sea
Grant funded
project, Lad
Akins (REEF)
working with
Dr. Stephanie
Green (OSU)
and Dr. James
Morris (NOAA)
are using a ROV
to assess
deepwater (40-
60 m) lionfish
populations in
comparison to  Figure 13. REEF staff deploya ROV to conduct surveys
catch of lionfish assessing lionfish populations neaieep water lobster traps off
in the same areaxey Largo, Florida. Photo: REEF.
in the lobster
trap fishery.
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x Assess impact to reefs caused byeds and others hunting lionfish
Status Research needed

2. Socioeconomic impactslhe lionfish invasion represents a socioeconomic threat,
contributing to the decline of ecologicallgdahcommercially importargpecies of fish in
the Southeast U.S. Socioeconomic impacts remain largely undge@dndind analyses are
needed across all potentialiypacted economic sectors, including commercial fishing,
recreational fishing, tourism, and food\gees. High priority research questions
investigating lionfisrsocioeconomic impacts in the FKNMS include:

x Assess lionfish impacts on the spiny lobster fishery
Status Initiated 2012
ImplementationResearch underway by graduatedent at the University
of Miami in partnership with REF is documenting the presence of
lionfish in the commercial lobster trdighery in relation to trap location
and by-catch, and effects on the talgbster catch to determine impacts
on the fishery. Data on trap catctbeing recorded and assessed monthly
in the Middle Keys during the lobstBshing season (August — March).
Cameras are being deployed on a subkttaps to asss lobster-lionfish
interactions.

x Assess economic impacts of the lionfistiasion on affected sectors of the
community (fishing, tourism, recrgan, ornamental fish collection,
biotechnology)

Status Research needed

x Determine how perceptions of stakehotd@e.g., recognition and appreciation)
have changed over time, particularlgaeding conservation requirements related
to lionfish.

Status Initiated 2013

ImplementationAn ongoing collaboration between REEF and NSU is
using lionfish derbies to gaugeormmic expenditures and impacts of
participants. The same survey will also assess participant attitudes and
experiences regarding lionfish, inding how these experiences have
changed since thavasion started.

V. Education and Qutreach

Purpose: Conduct outreach and educatiorkid¥S stakeholders and the general public
about invasive species (e.g., lionfish).

1. Continue and strengthen key partnershipskxisting and new partnerships are
needed to educate the puldioout lionfish, enact rapid response protocols and removals,
and to assist with scientific investigans related to invasive marine species.

Status Implemented 2008/ Ongoing annually
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ImplementationSince 2009, REEF has beenrking in close partnership
with FKNMS and partners throughougthegion to help develop lionfish
response plans, train resource managedsdive operators in effective
collecting and handling techniquesdaconduct cutting edge research to
help address the invasion. REEHi€s divers and snorkelers to join
organized lionfish research and m@val projects and encourages public
participation in helping address the invasion.

2. Conduct lionfish handling workshops.Training workshops educate the public on
safe handling practices and promote d#ecand removal of lionfish from FKNMS

waters.

Status Implemented 2010/ Ongoing annually
ImplementationFKNMS partners with REEF to organize and execute
training workshops that promote safetection and removal of lionfish.
Workshops target the general pubtieve operators, lionfish derby
participants, NGOs, and

state and federal agency
field staff. Outreach
materials about lionfish
threats to human health
are distributed to the
public through print, web,
and social media outlets.
Online awareness
modules for the general
public including
awareness and reporting,
safe handling, dissection,
and processing of lionfish
for human consumption
are currently in
development by REEF.
Successful completion of

these workshops is a Figure 14. FKNMS and REEF partner to hold training
requirement of the permit workshops, a requirement fa derby participation.

that allows stakeholders td’hoto: REEF.
remove lionfish from the
FKNMS SPAs.

3. Increase public awareness and gliribute outreach information. Key messaging
Is needed to explain the damaging ecatabimpacts of lionfish and to promote
awareness, detectability anentral reporting of lionfis in the FKNMS (Appendix A
and B). This includes distribution of stickers, flyers, fact sheeis other outreach
materials to dive shops, NGOs, statel federal agencies, and schools.

Status Implemented 2008/ ongoing annually
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Implementation Outreach material is drdbuted by REEF, Mote Marine
Lab, FKNMS, and NCCOS. Social media networks, including Facebook
and Twitter, are also utilized thstribute information. A June 2008
workshop in Marathon, FL, hostdy NCCOS, REEF, and USGS
provided direct outreach on lionfish representatives from over 30
institutions in South Florida. Vepus media outlets have covered the
lionfish invasion along the Southe&ssS. and the Caribbean including
newspapers, magazines, and magtworks news coverage.

4. Consume Lionfishand promote “Eat Lionfish” campaigns
Status Implemented 2009/ Ongoing annually
Implementationlt is unlikely that lionfish will be eradicated from
FKNMS, but their densities can bertrolled locally through removal, and
consumption is a side benetiionfish are a delicious and
environmentally conscientiousafeod choice considering many native
reef-fish species are heavilyggited. REEF recently releasétie
Lionfish Cookbookco-authored by Trish Ferguson and Lad Akins,
providing recipes and information ¢ime invasion and proper handling and
preparation techniques. Recigesm the cookbook, such as lionfish
ceviche, are prepared after REEFyeevents held in the FKNMS. In
addition, lionfish by-catch in lobsteraps has created a small market to
sell lionfish to local resturants. Several lobster fisherman and fish houses
have created a commercial markatlfonfish caught in lobster traps by
selling fresh fish to restaurants frdftorida to New York. Tracking of the
changing market for lionfish coukkrve as a way to evaluate the
effectiveness of these efforts.

Figure 15. Tasty lionfish ceviche andried lionfish served at the Upper
Florida Keys Lionfish Derby. Photo: NOAA/FKNMS.
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Chapter 4. Flower Garden Banks National Marine Sanctuary

4.1 Status of the Invasion

Located in the northwestern Gulf of Megi Flower Garden Banks National Marine
Sanctuary (FGBNMS) includes three sepagatas, known as East Flower Garden Bank,
West Flower Garden Bank, and Stetson Bahlke banks range in depth from 16 to 150
meters, perched atop underwater hills forrogdising domes of ancient salt, and support
several distinct habitats, including the northernmost coral reefs in the continental United
States (Office of National Mane Sanctuaries 2008a).

Stetson Bank is located 113 km south of @aten, Texas, and 48 km northwest of West
Flower Garden Bank. Depths at Stetson rang@ 17 meters to 52 meters. Though reef
corals occur on Stetson Bank, environmental conditions, which include more extreme
fluctuations in temperature and turbiditythat the Flower Gaes, do not support the
growth of reefs like those found at East &dst Flower Garden Banks (FGB) (Office of
National Marine Sanctuaries 2008a).

Figure 16. Bathymetric map of the Flower Garen Banks National Marine Sanctuary.
Map: NOAA/ONMS.
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After their introduction off the Florida coastthe 1980s, lionfish reached the Gulf of
Mexico in 2009 (Schofield 2010; Aguilar-Rea and Tuz-Sulub 2010). In the fall of
2010, lionfish were observed at Sonnier Barke(of numerous shallow banks in the
northwestern Gulf of Mexicadnd nearby oil and gas platfosmn July of 2011, lionfish
were observed on all three banks of thdBNMS. The Flower Garden Banks long-term
monitoring program has helped document thgemrance and rapidrsjad of lionfishes

in the sanctuary, as well as surrounding bankke Northwest Gulf of Mexico. Between
2011 and 2012, lionfish sightings have increal@dold. In additiorto distribution and
abundance changes, researchers are stublgmitsh diet through stomach content
analysis and providing data and samples fe/@ggwth and genetic studies. While fish
biomass at the FGBNMS remains high, tineaision is still in the early stages, and
negative impacts on the remdmmunity may not be seen for several years. The
FGBNMS currently works to remove lionfish when possible. However, a more focused
effort is needed to control the populatemd to understand contitargets and other
effective control mechanisms that would minimize ecosystem-level impacts.

4.2 Resources at Risk

Brain and star corals dominate the coral aafthe East and WeSiGB. There are at

least 23species of coral on the coral cap between 30-40 m, and over 50% coral cover
(Johnston et al. 2013). Somewhat less well km@aithe deepwater habitat of the FGB
that makes up over 98% of the area witthi@ sanctuary boundas. Habitats below
recreational scuba limits include algal nodiigdds, coralline alge reefs, deep coral
habitat, mud flats, mounds, mud volcanoes @rdast one brine seep system (Nuttall et
al. 2013). Different assemblages of sea ligde in these deeper habitats, including
extensive beds of coralline algae pavermeamd algal nodules, colorful sea fans, sea
whips, black corals, and basleetd feather stars.

The benthic habitat of FGBNM@&ovides critical protectig food, and shelter for the
associated fish community. At least 297 speofdsh have beedocumented within the
sanctuary, including colorfukef inhabitants such as parrotfish, wrasse, angelfish,
damselfish, chromis, and squirrelfish. eléonspicuous deeper water fish in the

sanctuary include predators like grouper and snapper, scamp and marbled grouper, and
large schools of smaller prey fish likeughtongue and threadndsass. Commercially
targeted species include the snapper, gnoygeks, and mackerel (Office of National
Marine Sanctuaries 2008a).

Stetson Bank has distinct sataige pinnacles that push outtbe seafloor for 457 meters
along the northwest face of the bank. An asfarred to as the "flats" stretches out
behind the pinnacles region, and it is dotteth low relief outcroppings. The pinnacles
of Stetson Bank were previously dominated by fire coral and sponges, though recent
bleaching and other events have caused dramhetimes in certain species. There are at
least ten coral species at Stat Bank, but with the exception of fire coral and a large
area ofMadracis decactisalgae, sponges and rubble doatenbenthic cover, and the
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bank does not harbor a true coral regponges, gorgonians and black corals dominate
outcroppings at deeper dbpt(50 to 60 m) (DeBose et al. 2012).

Figure 17. A yellowmouth grouper and creoleBh swim above the reef at the FGBNMS.
Photo: FGBNMS/Schmabhl.

4.3 Sanctuary Response Actions

Since the first lionfish was observed a& (B<GBNMS in 2011, numerous actions have
taken place, and many projects adapted oredesd manage this invasive species. To
date, the primary responses, projecats] areas of focus on the lionfish invasion
involving control, research, monitoring, andueation and outreadt the FGBNMS are
listed below (Table 3).

Table 3. Priority activities currently conducted by stdf and partners at Flower Garden Banks
National Marine Sanctuary.

Category Focus Area/Project Brief Description
CRCP NCRMP National Coral Reef MonitoringoBram. Lionfish abundee and size conducted
along reef-wide random belt transects.
FGB Long-Term Lionfish abundance and size documented on Bohnsack fish surveys within stugly
Monitoring Monitoring —— sitgs. - - - —
Stetson Monitoring Lionfish abundance and size damted on Bohnsack fish surveys within study
sites.

Citizen science reporting Lionfish sightings repottiethe Sanctuary through an online report form.

Control Identify Priority Areas Priority areas for lionfislomtrol include buoyed areas on the FGBNMS reef cap
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Category Focus Area/Project Brief Description
Permitting Mechanisms Select individuals are authorizac permit and letter afuthorization to remove
Control lionfish from priority areas.

Targeted Removals Staff and permitted volunteerdramed and issued permits to safely remove
lionfish.

Diet Stomach contents analyzed from all lionfish fish removed from the FGBNMS.

Ciguatera Partner with NOAAGICOS and FDA to test lionfisfer ciguatera fish poisoning.

Mercury Lionfish screened for mercury levels at the FGB.

Habitat Utilization Collect data on density, distrilmutj and habitats utilizeon shallow and deep reefd

Research through diver surveys and ROV surveys.

Age and Growth Partner with NOAAGCOS and TAMU-CC for otolith analysis.

Tissue collection Partner with TAMU-CC and BTor genetic analysis and gene mapping.

Gulf Mapping Partner with TNC for GIS analysisd map products documenting a time series ¢
the Gulf of Mexico invasion.

Training and Handling Partner with REEF, Houston Zoo, and Te&tate Aquarium to host lionfish safe

Workshops handling workshops.

Lionfish messaging Development of messages and famispiorated in presentations given to dive cly
and community organizations. Work wittchd schools on "Host a Lionfish" in you
classroom week.

Education Partnerships Key partners to date haveuidet! Fling Charters, REEF, NOAA NCCOS, TX Std
& Outreach Aquarium, TAMUCC, TAMUG, UTB, The Nature Conservancy, the FDA, Have

and The Houston Zoo.

Special Events

Host Ocean Discovery Day antheawith Houston restaurants to hold special
lionfish dinner events.

Outreach Materials

Develop facts sheets and sighimgs. Partner with Moody Gardens and Gladys

Porter Zoo on aquarium exhibits and provide lionfish for aquaria.

In addition to the primary responses in plabere are additional activities and research
needs that would benefit the sanctudignitoring, control, resarch, and education and
outreach activities that are in place, ould be coordinated to help respond to the
lionfish invasion, are further described in detail below.

|. Monitoring
Purpose: Collect information to monitor td=mof the lionfish population in the FGBNMS
and the impacts of control programs in ortdeassess and adjustiaas using adaptive
management principles.

Several key questions face sanctuary managemém struggle to deal with the lionfish

invasion:

x How is the lionfish population, including agity, distribution, and size structure
changing over time in the FGBNMS?
x What locations (depths, habitat typbanks) are colonized or recolonized most
quickly?
x What is the most effective methodsliohfish control considering the unique
nature of the FGBNMS (e.g., fairly deegefs and large areas beyond recreational
diving limits).

30



x How effective is removal in contrafig lionfish and how are native populations
responding?

x How much effort is required to controbhfish in the FGBNMSand is this effort
sustainable?

Currently, there are two primary annaabnitoring programs conducted by FGBNMS

staff, one occurring at East and West FGB and one specific to Stetson Bank. The national
coral reef monitoring program occurs bianihuaAll programs include fish surveys and
monitoring for lionfish:

1. East and West Flower Garden Banks Long-Term MonitoringThe long-term
monitoring program was initied in 1988 by the Minerals Management Service (now the
Bureau of Ocean Energy Management [BOEM]insure protective measures regulating
potential impacts of offshore oil andggdevelopment. Since 2009, the FGBNMS has
conducted the long-term monitoring and BOEbdhtinues to support the cost of half of
the monitoring effort through an interagency agreement with the FGBNMS. In more than
20 years of continuous monitoring, the doeefs of East and West FGB have
maintained high levels of coral cover (ab&®@0), suffered minimally from hurricanes,
coral bleaching, and disease outbreaks,saipgorted relatively diverse and abundant
fish populations as well as other \edotate and invertebrate species.
Status Initiated 1988 / Ongoing annually
Implementation Single 100 x 100 m study sitasthe East and West FGB
are used to monitor benthic commurstyucture (coral cover, relative
dominance, and species diversigggcretionary anéncrusting growth
rates, water quality parameters, arghfcommunities as indicators of reef
health. Lionfish abundance and sae documented in the fish surveys,
along with associated h#at type and depth.

Figure 18. Random transect taken withirthe East FGB long-term monitoring study
site. Photo: FGBNMS/Schmahl.
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2. Stetson Bank Monitoring.Stetson Bank was firstudied in 1974, but annual
monitoring, first by the GulReef Environmental Action Team (GREAT), and later by
FGBNMS, did not begin until 1993. Over the ceeiof this monitong, a major shift in
community structure occurred, in which thealesponge community was replaced by an
algal-dominated community. During the initigdars of monitoring, the coral community
at Stetson Bank was relatively stable, but in the late 1990s, spoveyebegan to decline
and in 2005, the benthic community underin@significant change when living coral
cover declined from 30% to less than 886l @ponges declined kess than 20% benthic
cover. The combined effects of hurricangaut, elevated temperatures, coral bleaching,
and perhaps the influence of coastadoff, contributed to the shift.
Status Initiated 1993 / Ongoing annually
ImplementationRepetitive photo stations at Stetson Bank are used to
capture images from the same places every year. Currently,
approximately 50 stations are marked by metal pins embedded in the reef,
with number tags attached. Repegtphoto analysis is used to monitor
benthic community structure. Waigmality parameters are measured and
fish community surveys are conduttelionfish abundance and size are
documented in the Stetson Bank f&lrveys, along with associated
habitat type and depth.

3. NOAA National Coral Reef Monitoring Plan. The program was implemented at the
East and West FGB in 2013 to track beotommunities (especially corals), reef-
associated fish communities, climate chaagd ocean acidification, and socioeconomic
human dimensions related torpeptions of and interactions with coral reef ecosystems.
Benthic and fish monitoring will continue on ahbnial basis, as with other reefs in the
U.S. Atlantic/Caribbean.
Status Initiated 2013/ @going biennially
Implementation Benthic and fish monitoring using a stratified random
sampling design at the East and WeSB. NCRMP monitoring protocols
include coral cover, coral commungyructure, rugosity, incidence of
bleaching and disease, and assediaheasures of fish community
structure (abundance, diversity, s&taicture, key species). Lionfish
abundance and size are documenteeééf-wide fish surveys at the East
and West FGB, along with associatebitat type and depth in benthic
surveys.

[l. Control

Purpose: Ensure that populations in priokityations remain below Vels that could alter
ecosystem integrity. This requires devel@minof measures to assess effectiveness and
maximize efficiency of lionfish control.

Implementing control targets (managing p@tigns at levels that will minimize

ecological and economic impacts witliGBNMS priority areas) and allocating
resources according tomeval priorities will provi FGBNMS managers with
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measurable goals for removal activiti€nllaborative efforts among community
stakeholders and partners will promote buy-in and enhance removal activities.

1. Identify and prioritize FGBNMS priority areas requiring active lionfish control.

The lionfish invasion requiresssessment of critical and priority habitat towards which

mitigation resources should be focused. As demonstrated in the Bahamas and some

parts of the Caribbean, lionfigtie capable of reaching highnd#ies within a couple of

years. It is prudent to assess which atddee FGBNMS should be focused removal

areas, especially as the invasion progresses.
Status Initiated 2012/ Ongoing
Implementation Through monitoring and previous habitat
characterization efforts, as well stskeholder use of sanctuary areas,
priority areas for lionfish control ithe FGBNMS include all buoyed areas
on the reef cap of the East FGEB\{en buoys), West FGB (5 buoys), and
Stetson Bank (five buoys). Because the majority of the FGBNMS is below
diveable depths using SCUBAglifish removal/control areas include
diveable areas of a 100-m radius around all mooring buoys. Lionfish
removal within a 100 m radius of aflooring areas was initiated in 2013.
Morphometric/meristic data are recorded for each lionfish removed,
tissues and fins clips are sampladd gut contents are analyzed in
partnership with TAMUCC.

Figure 19. Stomach contentare analyzed from lionfish removed from the FGBNMS to
determine what nativefish fishes are eaten by liongh. Photo: FGBNMS/Drinnen.
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2. Establish permitting requirements for lionfish removal. Proper permitting will
encourage the reporting obfifish and allow the collection of lionfish within buoyed

Zones.

Status Initiated 2012 / Ongoing

Implementation Select individuals are gutrized via permit and a letter
of authorization (LOA) to remove lionfish from the FGBNMS buoy zones.
All researchers with permits are regted to report all lionfish sightings,
along with geographic and morphomefimeristic data, to FGBNMS
management. Gear is restrictech&eis and pole spears. As the invasion
progresses, permitting requirements may need to be re-evaluated and
additional resources for improving effeicy of collection strategies and
reducing impacts of collections the FGBNMS may be considered.
Additional collection geamay also have to be allowed for controlling
populations in new targeteas, such as deep water.

3. Facilitate community involvement in targeted removalsThrough education and
training, members of the public, partnensd aesource managers will be knowledgeable
of best collection and handling practices.

Staff and Permitted Volunteer Removals

Status Initiated 2012/ Ongoing

Implementation Select individals (staff, volunteersesearchers) are
trained and issued permits to respand safely remove lionfish, as well
as gather important ecological adnidlogical data through dissections,
tissue sampling, and archival of specimens.

Figure 20. Permitted lionfish removal at FGBNMS. Photo: FGBNMS/Schmahl.
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lll. Research

Lionfish Derbies

Status To be implemented in 2015

Implementation The FGBNMS will partner with REEF, Oregon State
University, the Texas State Aquariufling Charters, and the National
Marine Sanctuary Foundation to traesearchers and divers from the
community to effectively remove lionfish from sanctuary waters for the
first ever Texas removal event in 2015. The focus will be a four-day
permitted research and removal ewsithin the FGBNMS, using both net
and pole spear collecting methodspbrtant ecological and biological
data will be gathered through dissens, tissue sampling, and archival of
specimens. This pilot project will determine the extent to which focused,
intensive removals repest on a regular basis ckeep lionfish densities
low in the FGBNMS priority areas.

Purpose: Increase research activities to better undefsietods influencing lionfish
population control in the FGBNMS. Reselaiis needed on the biology, ecology, and
potential impacts of the specjiemmely the response of othrearine sanctuary resources
to the invasion. This will help managers dgsappropriate tools and targets for control,
based on best available science.

High priority research in support of adaptive management includes:

1. How relatively undisturbed ecosystembke the FGBNMS respond to the lionfish

invasion

Status To be implemented in 2015

ImplementationFGBNMS staff will investigate whether

relatively undisturbed communitiegth healthy fish communities,
including large predators, respond diéntly to the lionkh invasion than
those of other reefs. Fish surveydl e conducted outside removal zones
(buoy areas) at the FGBNMS 2015 to determine if the FGBNMS
exhibits signs of biotic control, spifically whether consumption by large
predators impedes lionfish population growth.

2. Determine the level of risk from ciguateraassociated with lionfish at the FGBNMS

Status Initiated 2013

ImplementationFGBNMS staff are partmag with the FDA and NOAA
NCCOS to test lionfish from the BBMS for ciguatera fish poisoning
(CFP). Based on several FDA-confed reports of CFP following
consumption of other fish caughttime sanctuary, the FDA advises that
seafood processors avoid purchgsiertain fish species, including
lionfish, from the area. Once tests are complete, the information will be
provided to the FDA for possible-evaluation of the advisory.
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3. Determine effectiveness of lionfish removalis priority areas, as well as

recolonization rates, to set removal frequetacgets that effectively mitigate ecosystem

impacts
Status To be implemented in 2015
ImplementationFGBNMS staff is partnemg with REEF, Dr. Stephanie
Green from Oregon State Universitiie Texas State Aquarium, the
National Marine Sanctuary Foundati and Fling Charters to hold a
lionfish derby and research cruise2@15. The effort will help determine
the effectiveness of removals by divershe Flower Garden Banks, and
the rate of recolonization following removal. Combined with temporal
information on other fish species, inding those that serve as prey for
lionfish, control levels will be determined. This information will help
FGBNMS managers determin@fjuency of removal required protect
key resources.

4. Assess the ecological impacts of lionfighn native fish and benthic communities in
shallow and deep reefs
Status Initiated 2012/ Ongoing
ImplementationAnnual monitoring on the shaw reef cap will provide
information on impacts to native fish and benthic communities through
fish surveys, benthic surveys, di@hfish gut content analysis. Deep
surveys using ROV footage will provide information on fish and benthic
communities in depths below recreational dive limits. Future captures of
lionfish in deep water would enable gut content analysis and comparative
studies of impacts in shallow vs. deep water.

Figure 21. Fish survey conducted at the FGBNMS. Photo: FGBNMS/Eckert.
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5. Determine habitat utilization characteristics of lionfish on both shallow and deep
reefs
Status Initiated 2012/ Ongoing
ImplementationAnnual monitoring and NRMP studies currently
provide information on lionfish dengitdistribution, and habitats utilized
on the coral cap. ROV surveys providéormation on lionfish density and
habitats used in depths below re¢i@aal dive limits. This data can be
used to target removal efforts and inform the design of traps or other
devices to capture or kill lionfish.

6. Research on lionfish movementhrough tagging and photo identification to
determine if lionfish move acss the reef cap or exhibit siidelity, as understanding
site fidelity will help managers target removal efforts and assess the spatial extent of the
threats to potential prey.
Status Research needed

V. Education and Outreach

Purpose: Conduct outreach and edweasibout lionfish and the FGBNMS to
stakeholders and the general public. Lionfsshn excellent subject for educating the
public about invasive species,wasll as a starting point for oth&pics such as coral reef
biology and marine consetion in the FGBNMS.

1. Continue and strengthen partnership wih the Reef Environmental Education
Foundation (REEF) to educate the public about liorifishold lionfish derbies, and assist
with scientific investigations fated to invasive marine species.
Status Implemented 2012/ Ongoing
ImplementationThe Reef Environment&ducation Foundation is a
grassroots organization that seaksonserve marine ecosystems by
educating, enlisting and enabling divarsd other marine enthusiasts to
become active ocean stewards (Scypberd. 2014) and citizen scientists.
Since 2012, REEF has been workinglose partnership with the
FGBNMS and partners throughout tfegion to help develop lionfish
response plans, train resource managedsdive operators in effective
collecting and handling techniquesdaconducting cutting edge research
to help address the invasion.

2. Conduct lionfish handling workshopsto educate and train the public in safe handling
practices to promote detection and oxal of lionfish from FGBNMS waters.
Status Implemented 2013/ Ongoing
ImplementationThe FGBNMS partners with REEF to organize and
execute training workshops to proradafe detection and removal of
lionfish. Workshops target dive oors, lionfish derby participants,
NGOs, and state and federal ageneldfistaff. Outreach materials on
threats to human health are distrdmito the public through print, web,
and social media outlets. In 2013, thst three REEF lionfish handling
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workshops were held in Texasdducate and train the public. Handling
workshops will also be held before each lionfish derby event. Other

partners that could be engageddonilar workshops include Sea Grant,
NOAA Fisheries, and regional aquaria.

Figure 22. Lionfish handling workshop hosed by REEF at the FGBNMS Office in
Galveston , TX. Photo: FGBNMS/Drinnen.

3. Increase public awareness through outreach and informatioan the damaging
ecological impacts of lionfishThis will promote awareness, detection, and central
reporting of lionfish in the FBNMS. It includes participation in events and evaluation
of participants as well asstribution of stickers, flyerdact sheets, and other outreach
materials to dive shops, aquariums, staté federal agencieand schools (Appendix A
and B).
Status Implemented 2012/ ongoing
Implementation FGBNMS staff has given lionfish presentations to local
schools, dive clubs, NGOs, and restanis in Galveston and Houston.
Staff have also partnered witretMoody Gardens Aquarium, Texas State
Aquarium, and Brownsville Aquariutoe create lionfish displays. Social
media networks, including FaceboakdaTwitter, are also utilized to
distribute information. Live lionfislare used for education and outreach
purposes at the FGBNMS office andevhvisiting school groups and at
public outreach events. FGBNMS sigigiforms are made available to the
dive community for reporting purposes.
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Chapter 5. Gray’'s Reef National Marine Sanctuary

5.1 Status of the Invasion

Located 17.5 nautical miles offshore of Sapsland, Georgia, and 40 miles south of
Savannah, Georgia (the second busiest@othe eastern sealsdy Gray’'s Reef
National Marine Sanctuary (GRNMS) encorspes 22 square nautical miles. Gray’s
Reef offers some of the best recreatiorgtlihg and diving to be found in the Southeast
Atlantic region.

Lionfish were first
observed within
GRNMS in 2007, but
were not sighted again
until 2012 when 28
lionfish were observed
by staff, scientific, and
volunteer divers. In
2013, only 15 were
observed, however,
time offshore to
conduct research was
limited. As of mid-
2014, two 3-cm
lionfish were seen
during June. To date,
small numbers of
lionfish have been
observed within
sanctuary boundaries,
and the fish are not
thought to overwinter
due to low
temperatures. It may
be significant,
however, that higher
densities of lionfish
are seen on deeper
reefs offshore of

GRNMS. Figure 23. Bathymetric map of theGray’s Reef National Marine
Sanctuary. Map: NOAA/ONMS.

5.2 Resources at Risk

Gray's Reef National Marine Betuary protects particulariyense patches of productive
hard bottom habitat. Compatalhabitats are sparsely dibuted from Cape Hatteras,
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NC, to Cape Canaveral, FL, on the innard anid-shelf of the South Atlantic Bight.
Influenced by complex ocean currents, thsaaserves as a crossroads for both temperate
and sub-tropical species.

Algae and invertebrates grow on the expase#t surfaces and ledges of Gray’s Reef.
The dominant invertebrates inde sponges, bivalves, barnacks corals and other soft
corals, hard coral, sea stars, crabs, lobsseels, and shrimps. The reef hosts numerous
species of fish including black sea basspgers, groupers, and mackerels. Since Gray's
Reef lies in a transition @a between temperate and toap waters, fish population
composition changes seasonally. Loggerheadusrtles use Gray's Reef year-round for
foraging and the reef is part of thelypknown winter calving ground for the highly
endangered North Atlantic right whale (@#i of National Marine Sanctuaries 2008 b).

Figure 24. Black sea bass at Gray’s Reef National Marine Sanctuary. Photo: NOAA/GRNMS.

5.3 Sanctuary Response Actions

Since lionfish were first observed in the GeReef National Marine Sanctuary in 2007,
several actions have taken place, and propatapted, to manage this invasive species.
To date, the primary responses, projeats, areas of focus on the lionfish invasion
involving control, research, monitoring, aeducation and outreach at the GRNMS are
listed below (Table 4).
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Table 4. Riority activities currently cond ucted by staff and partners atthe Gray’s Reef National
Marine Sanctuary.

Category Focus Area/Project Brief Description
Research Area Monitoring Lionfish abundance and@flected on ledge habitat along 50 meter transects.
Opportunistic Lionfish Surveys Abundance and sizeasffish observed during dive agions conducted for varioug
Monitorin PUIPOSes.
9 Invertebrate Disturbance Lionfish observed during this project are noted and removed when possible
Monitoring
Acoustic Monitoring Lionfish observed during thisoject are noted and removed when possible.
Control Targeted removals Staff and trainedurdkers remove lionfish when encountered.
Habitat utilization Collect data on size, disttiiom and habitats whet®nfish are observed.
Lionfish genetics Collect tissue samplaesnfrlionfish for USGS genetics research.
Research
Lionfish tissue repository Contribute lionfish frad@RNMS to the NOAA NCCOS Lionfish Tissue Repository.
Outreach Materials Siting report form on web site.
Education Lionfish messaging Provide information on lioffig presentations and at special events.
& Outreach

In addition to the primary responses in plabere are additional activities and research
needs that would benefit the sanctudpnitoring, control, resarch, and education and
outreach activities that are in place, ould be coordinated to help respond to the
lionfish invasion, are further described in detail below.

l. Monitoring

Purpose: Collect information to monitawnfish population trends in GRNMS and the
impacts of control programs in orderassess and adjust actions using adaptive
management principles.

Several key questions facing resource managfeBsay’s Reef cahe addressed through

monitoring:

x How is the lionfish population chgimg over time in the sanctuary?

x To what extent do seasonal changesdeanographic condins control lionfish
populations at Gray’s Reef?

x What source populations suppBcruits to Gray’s Reef?

x At what point is removal of lionfish need at Gray’s Reef to limit impacts to
native populations?

x How much effort is required to controbhfish in the GRNMS, and is this effort
sustainable?

Currently, there are three primary monitoririftpgs at GRNMS that are being adapted to
include monitoring for lionfish:
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1. Research Area Monitoring.Under a new regulation that went into effect December
4th, 2011, the southern third of GRNMS is novesearch area where scientists are able
to study the impact of human activities on sla@ctuary's marine resources. Fishing and
diving are prohibited in the research ar&assels are allowed to pass through the
research area, but only Wiut stopping. Monitoring is ectently being conducted to
investigate differences in the benthiaish communities inside and outside the
research area.

Status Initiated 2011/ Ongoing annually

Implementation Benthic and fish monitoring using a stratified random

sampling design began in 2011. Forty tépe sites are visited annually.

Lionfish abundance and size are doeuted in the surveys, along with

associated habitat type and depth.

2. Invertebrate Disturbance Monitoring. GRNMS staff partners with Georgia Southern
University to monitor cleared plots ailsstrate for recruitment and colonization and
succession of invertebrates to determine how longjl take recruits to re-establish on
damaged areas of substrate.
Status Initiated 2013/ Ongoing bi-monthly
Implementation Plot photographs taken Isgientific divers document
change over time. Lionfish observe@ @ocumented in the surveys, along
with associated habitat type and deptbenthic surveys. The data help
track temporal/seasonal changesanfish abundance and distribution.

3. Acoustic Monitoring. Several commercially and rectemally important snapper and
grouper species are found in GRNMS. Scientists have some information on the habitat
preferences of these fish; hever they have little information on their movement
patterns. Therefore, fish are acousticallynitored to determine how long managed fish
species (red snapper, gag grouper, scamoppgt, and black sea bass) reside in the
sanctuary.
Status Initiated 2008 / Ongoing annual{yata downloaded quarterly)
Implementation
Fish are surgically
implanted with
acoustic tags that
emit a unique
signal. Acoustic
receivers placed
around the
sanctuary to listen
for these tags.
When a fish is
detected, the
receiver records
the date and time
that the fish was

in the vicinity of Figure 25. Acoustic tag insertim in the underbelly of a Scamp
at GRNMS. Photo: NOAA/Park.
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the receiver. The tags last for sealeyears. Acoustic receivers are
recovered by divers and datadswnloaded and analyzed. Lionfish
observed during field visits are docanted, along with associated habitat
type and depth, to help determine seasonal variation at GRNMS.

[l. Control

Purpose: Ensure that populations in priokityations remain below Vels that could alter
ecosystem integrity (based ongorstudies and surveys of gattially affected species).
Control measures at Gray’s Reef may vipugh time, as recruitment and abundance
are likely to be highly varide. Measurable impacts tothee species would also be
expected to vary. And because cold terapges may limit lionfish densities in the
winter, lionfish may only be a seasonal concexevertheless, levels of impact could be
high in some years, so controleasures may at times be appropriate.

1. Conduct opportunistic removalsusing GRNMS staff and permitted volunteer divers.

Proper collection and handling practices waltifitate removal of bnfish from sanctuary

waters.
Status Initiated 2012/ Ongoing
Implementation Select individals (staff, volunteersgsearchers) are
trained to respond and safely remdioafish, as well as gather important
ecological and biological data tugh dissections, tissue sampling, and
archival of specimens. Because lighfdensities are currently low at
Gray’s Reef, only opportunistic remdsare conducted both inside and
on structures in waters adjacent to the sanctuary (e.g. Navy towers).
GRNMS will monitor the situation cle$y as the invasion progresses, and
adapt management as needed. Furthermore, GRNMS staff is working
alongside FKNMS and FGBNMS, and wiplartners such as REEF, in
formulating plans for det¢ion, reporting, and monitoring.

Figure 26. Juvenile lionfish removed from GRNMS in 2015.
Photo: GRNMS/Fangman.
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lll. Research

Purpose: Use research activities tttdreunderstand factors influencing lionfish
population control in GRNMS. Though somesearch has begun in the GRNMS, there
are topics that still need twe investigated. High pniby research areas include:

1. Determine the seasonal variabilityof lionfish occurrences in GRNMS
Status Initiated 2013
ImplementationGRNMS staff is currentlynvestigating factors affecting
lionfish seasonality in the sanctuary, as temperature tolerance appears to
control population densities. GRNMScurrently monitoring water
temperatures, and correlating thesthwonfish observations made in the
monitoring studies.

2. Contribute to the NOAA NCCOS Lionfish Tissue Repository
Status Initiated 2012 / Ongoing
ImplementationLionfish removed from GRNMS are sent to the NOAA
NCCOS Lionfish Tissue Repository Beaufort, NC for studies on age,
growth, and stable isotope analys#orphometric/meristic data are
recorded for each lionfish, tissues and fins clips are sampled, and gut
contents are analyzed to determiliet habits and assess consumption
impacts at Gray’s Reef.

3. Contribute to USGS Genetics Investigation
Status:Initiated 2014 / Ongoing
ImplementationTissue samples from lionfish removed from GRNMS are
collected and sent to researcherthatUSGS in Gainesville, FL for
genetics investigations into population connectivity.

V. Education and Qutreach

Purpose: Conduct outreach and education about lionfish and GRNMS to stakeholders and
the general public. Gray’s Reef staff use lishfas a tool to teach constituents about
invasive species. They also use themdress other topics suels hard bottom ecology

and marine conservation generally.

1. Renew partnership with the REEFto educate the public about lionfish and assist
with scientific investigations feted to invasive marine species.
Status Implemented 2013/ Not currently active
ImplementationREEF worked with GRNM&nd partners throughout the
region to help develop lionfish resmaplans, train resource managers
and dive operators in effectivell®zting and handling techniques, and
conduct cutting edge researchhiep address the invasion.

2. Increase public awareness and sliribute outreach information on the damaging
ecological impacts of lionfish. This incluslereating web content, distribution of
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stickers, flyers, fact sheetnd other outreach materialsdive shops, aquariums, state
and federal agencies, and schools (Appendix A and B).
Status Implemented 2012/ Ongoing
Implementation GRNMS staff has given lioigh presentations to local
schools, dive clubs, aldGOs. GRNMS staff have s partnered with the
Georgia Aquarium and University Gfeorgia’s Marine Extension Service
Aquarium to create GRNMS displagad raise lionfish awareness. Social
media networks, including FaceboakdaTwitter, are also utilized to
distribute information. Lionfish inforation is distributed at public
outreach events, such as the Savannah Ocean Film Festival.

Figure 27. The Ocean Film Festival iield annually in Savannah, GA.
Photo: NOAA/GRNMS.

3. Promote “Eat Lionfish” campaigns.
Status Implemented 2002/ Ongoing
ImplementationWhile many native fish species are under immense
fishing pressure and in need obfection, lionfish are a delicious and
environmentally conscious seafood choice. REEF recently reléased
Lionfish Cookbookco-authored by Trish Ferguson and Lad Akins,
providing not only recipes, but infmation on the invasion and proper
handling and preparation techniquésat Lionfish” information is
distributed to local Savannah restanisaand at public outreach events.
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Chapter 6. Recommendations

6.1 The Path Forward

While NOAA'’s national marine sanctuarigsthe Southeast Ren have already
implemented some activities described in fiien, the remaining response actions still
need to be implemented to promote longri@rotection. Recommended actions in this
plan serve as a guide to adss key national marine sanctuariorities for management
including monitoring, control, search, and education and eaicth (see Table 1). Each
national marine sanctuary will deess increases in lionfislopulations by assessing their
distribution through monitoring and safelyneving them in targeted priority areas
through control programs. This requires bimiimediate action and resources at national
marine sanctuary sites, but also regiaral national coordination and support. Each
sanctuary will identify specificeeds, resources, partnershigsd management strategies
that best prepare it for action. The p&ould be evaluated and updated on a regular
basis to include further aotis as the lionfish invasionggresses and needs change at
individual national marie sanctuary sites.

6.2 Resources

With limited budgets and competing prioesi facing national marine sanctuaries, a
response plan clearly identifying needs willthgite managers identify staff members

with the skills needed to carry out new anfiledlent roles. Below are leadership roles we
believe are needed to help execute Iginhctions within NOAA’s Office of National

Marine Sanctuaries. It should be recognized, however, that people may assume multiple
roles depending on avail&btaff and resources.

x Site Coordinator - Responsible for leadalbactivities arising in the course of
monitoring, control, researchnd outreach and education at a sanctuary site. This
person must keep pace with current research and outreach within the area, apply
for funding, and build partnerships withettocal community to increase lionfish
awareness and volunteer pagation, if appropriate.

x Regional Coordinator - Responsible for stgyinformed of lonfish activities at
the national and regional levels, and withll three affected national marine
sanctuaries (Florida Keys, Gray’s Reef, and Flower Garden Banks). When
appropriate, this person will need to cooate efforts with staff and partners at
the sites, including, for example, atting meetings and facilitating partner
collaboration. This persas also responsible for updating the response plan as
new needs arise.

x National Coordinator - Responsible fworking closely with the regional
coordinator to stay abreast of ligstf activities within national marine
sanctuaries. The National Coordinatoalso responsible faaising awareness
about lionfish impacts on national maris@nctuary resources at the national
level, and helping establish partnepshwith other federal agencies, non-
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governmental organizations, foundationsd aniversities to support monitoring,
control, research, and ezhtion and outreach activiiat individual sites.

Together, the coordinators will regularlyfonm program leadership on progress of the
lionfish invasion, the latest understanding of impacts, andtittes of response activities
described in this plan, and recommendtgse allocations (staff, funds, and time)
required for future response.
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Appendix A. NOAA NCCOS Invasve Lionfish Factsheet

Biology

X
X
X

Lionfish may live decades and reagihes up to 47cm (19 inches).

Lionfish inhabit all marine habitat types and depths (shoreline to over 1000).
Lionfish possess venomous spines capabtieterring predators and inflicting
serious stings and reactions in humans.

x Lionfish temperature toleranég approximately ~10 — 35C.
x Lionfish become sexually mature irskethan one year and spawn in pairs.
x A single female lionfish spawns over ~2 million eggs/year.
x Lionfish eggs are held together in dagmous mass and are dispersed by currents.
x Lionfish larval duration is ~25 days.
Ecology
x Lionfish can reach densities higher than 200 adults per acre.
x Lionfish are generaliarnivores that consume >70 species of fish and many
invertebrate species, with preyoeeding half the lionfish’s body size.
x Many lionfish prey are commerciallyeereationally, and ecologically important.
x Native predators have been obseriedxhibit avoidance for lionfish.
x Lionfish have very few parasites compared to native species.
x Lionfish exhibit site fidelity.
x Lionfish have high affinity for structurand feed primarily during dawn and dusk

time periods.

Invasion history

X

Lionfish was first documented as established off the coast of North Carolina in
2000.

Two visually identical species (Pteraisles and P. volitans) of lionfish were
introduced into the Atlantic via the 8. aquarium trade beginning in the 1980’s.
Lionfish are widespread throughout tBeutheast U.S., Caribbean, and are
presently invading the Gulf of Mexico.

Lionfish are expected to invade South émca as far south as the northern coast
of Argentina.

Lionfish have established throughout mokthe Caribbean in less than five
years.

Ecological impacts

X
X

Impacts to biodiversity and resilienceanfral, hardbottom, and artificial reefs.
Potential reduction of ecolagally important species such as cleaners, herbivores,
and forage fishes.

Interactions with other ef stressors could exacetbdionfish impacts (e.g.,

ocean acidification, fishing impacts, etc.)

Cascading impacts across food websassible (e.g., predation on herbivores,
increased macroalgae, decreased coral biomass).

Potential impacts to species of cemn (Nassau grouper, Warsaw groupetr,
speckled hind, striped croaker, key silverside).
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x Scale of ecological impacts is high ingnm&ude and geographically broad (North
Carolina to the Caribbean and the Gulf of Mexico).

Socioeconomic impacts
x Potential impacts to stock rebuilding etofor commercially important species.
x Economic losses for commercial fishermen include loss of fishing days when
envenomation occurs and reductafmative species catch rates.
x Potential economic loss in the tradenative marine ornamental species.

Human health impacts

x Lionfish sting symptoms includa¢hycardia, hypertesion, hypotension,
seizures, chest pain, abdominal pain,|Bag pain, and subdermal necrosis at the
sting site, and temporary paralysis to all extremities.

x Long term health impacts ofgpeated envenomations are unknown.

x Divers, fishermen, and swimmers aremareased risk of envenomation at
locations where lionfish v& reached high densities.

x Envenomation risk to bathers/swimmers @ases at locations with structure such
as piers, breakwaters, aodnfined tidal swimming pools.

x Lionfish, similar to native reef fish, ngacause ciguatera fish poisoning in some
locations.

Control

x Control plans that support sustairredhovals can significantly reduce local
lionfish densities.

x Tools for local lionfish control includeommercial harvesting as a food fish,
harvesting juveniles for the aquarium &adport tournaments, and adopt-a-reef
and other citizen-based removal efforts.

x Based on current technology, liesti eradication at the reznal scale is likely not
feasible given the expansive depéml geography of lionfish habitat.
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Appendix B. National Invasive Lionfish Prevention and Management
Plan Key Messages

In order to capture and retgablic attention, it is important for resource managers to
distill and refine the considerable knowtge about lionfish into a subset of key
messages. Concise messages should bgnéekito elicit the dcnges in perception
and behavior necessary to support proggaais, and it is important that messaging by
all sites and partners is consistenthivi education andutreach activities.

Further, key messages necessarily vary by audience and may change over time in
response to various control strategaesl new understanding. Effective programs
should periodically re-evaluate and uf#hese messages. The following are key
components from the National Invasivehfish Prevention and Management Plan
(2015) for communicatiorpertaining to the lionfish invasion:

Impacts from Invasion

X Lionfish are an invasive species and argioental to native systems. They are
not native to western Atlaictwaters and are capaliécausing negative impacts
to native marine life, ecosysis, economies, and human health.

X Invasion progresses rapidly. Even though initial sightings of lionfish in a new
area can be sporadic over time and spieeinvasion progresses rapidly. Most
countries have experienced invasiongression from the first sighting to
multiple lionfish occurring on most sites in less than two to three years.

x Impacts from lionfish may be severeedent research indicates that lionfish
impacts can be severe and affect broad spectrums of the environment, including
economically important species likgevenile grouper and snapper and
ecologically important species like grazend cleaners (e.g., parrotfish, cleaner
shrimp and fish).

Pathways
X Aquarium releases are a sourcetloé invasion. Genetic research and
monitoring of lionfish distribution suggeéthat the sourcef introduction is
likely to have been multiple releases of aquarium specimens off the coast of
southeast Florida.
x Eggs and larvae are transported via oceaments. Lionfish are distributed to
new areas in this way.

Control Measures
x Natural predation is not controlling thevasion. While some incidental predation
or conditioned feeding on captured lionfish occurs, it appears that these are not
controlling predators ofdinfish in this region.
x Community involvement is necessarfo effectively address the lionfish
invasion, we must develop wide-scalgport and the involveant of the local
communities.
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x We can make a difference: Local control teneffective. Local control efforts,
including adopt-a-reef type programs dhd development of food-fish markets
are showing success. Areas that prtarand conduct regular removals are
showing fewer lionfish than non-removakas, though removals will need to be
long-term in nature due to recruitmaritionfish from upstream populations (see
eggs and larvae message above).

x Eradication is not likely. Under curretechnologies and considering the spatial
extent and severity of the invasion, ecadion is not a likely outcome. Honest
dialogue regarding this issue is importantieveloping accurate and achievable
outcomes and subsequent strategiedditionally, statements regarding the
possible eradication or prevention of lighf establishment will set up a situation
of distrust and damage credlity as these goals are unmet.

Human Safety Concerns

x Lionfish are edible. In #ir native range, lionfish aonsidered a delicacy and
are consumed regularly. Human health eons associated with eating reef fish
include ciguatera poisoning and mercuntake. Some lionfish have been found
to carry the ciguatera toxin in known hots$ locations, thougthe spatial extent
of the toxin is not well understooddanagers should implement the same
caution for lionfish as thego for other reef fish.

X Venom (typically injected to causern@d does NOT equal poison (typically
ingested to cause harm). Lionfishsgess venomous dorsal, anal, and pelvic
spines for defense. The meat of lionfish does not contain poison.
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