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ABSTRACT- - -

~ The state of Florida has among the two worst invasive species problems in the USA.
‘Besides the sheer numbers of established exotic .species in Florida, :many present.novel ..

difficulties for management, or have-other characteristics making effective management. = .

extremely chall enfrmg Moreover, initiation of management action - requires more than
‘recognition by experts that a potermally harmfu] species has become estabhshed Ttalse .-
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requires the political will along with concomitant resources and appropriate personnel to-
develop effective methods and apply them. We illustrate various aspects of the situation .~ -
in Florida with examples of invasive vertebrates, the problems they pose(d), and .
management approachies to the problems. ' Vo

" The problems desciibed ‘include long-established widespread and destructive species
requiring intensivé-localized management (feral swine, feral cats); récently established .. - .
species with potentially severe repercussions, but no broad operational removal programs -~ -
yet in'place (Nile monitor lizards, Burmese pythons), highly prolific mammals that could - -
rapidly invade wide areas ‘without co_ntziimﬁent/eradication (Gambian giant pouched rats, ...
black-tailed jackrabbits); recently established, potentially destructive birds that might still. .
be -eradicated '(_pun?‘le"s‘wamp hens); ‘species where sufficient public outery resulted in -

control prograrmis’ ('l_jllz}(;lcspmy'-tailed' iguanas); and rapidly expanding aggressive species .. - e

-for which no practical management actions are available (northem curlytail lizard). A
species subset is used here to exemplify il more detail the amay of invasive vertebrate . .-

‘species situations inh” Florida,  including routes of introduction, impacts, surrounding .. . -

 politics, -and management actions. These examples-tiot only demonstrate the breadth of = -

 the terrestrial invasive vertébrate problems in‘the state, but-they also show the diversity in

resolve and respoise among the many species and the motivating factors. S
* INTRODUCTION

The negative impacts inflicted by exotic species on native species and ecosystems may

only be EXc'eeded-by:'hLiman'fcﬁgius_ezd 'ha’pitat destruction (Parker et al. 1999; Wilcove:et .al.. S
1998). In the USA, exotic species have played a role in the listing of 42% of the species. . -

protected by the Endangered Species Act (Stein and Flack 1996). Invasive species, can-be
considered "pathogens of glo_bali'zation" (Bright 1999) and Florida provides an ideal medium.
in which such pathogens can incubate. In fact, quantitative indicators for assessing non-native .

species situations- are ‘zhalogous. to epidemiological descriptors of disease status in. a ' -

population (Meyerson at'al. 2008). Florida's subtropical climate, its major ports-of entry for

many wildlife species. to the U.S.-(both legal and illegal), its thriving $300 million captive -

wildlife industry, and ifs position in‘an area of destructive hurricanes that can release captive
animals make the state especially susceptible 1o the introduction-and establishment-of a wide
range of species (e.g. Corni et-al. 2002, Hardin 2007). Moéreover, Florida is isolated from land. -

with similar ¢limates, Tésp'lting in'the s’té‘fe'ls',native vgrtebrates typically originating:in-the - . B

southeast U.S. at the: southern extremes ‘of their range. Invaders to Florida therefo:r.q’ﬁﬁd

relatively fewer native Species to contend with than in most tropical/subtropical Jocations™ .-

(Hardin 2007). Florida joins Hawaij as the two States with the most severe invasive species =~ ;.
 problems in the United States (U.S. Congress 1993, Corn et al. 2002). Notably, Florida has TR

rhore introduced animals than any other region of the U:S. and also ranks high in this respect * -+ . i

globally, with breeding populations of new vertebrate species regularly identified (SFWMD -,
Th:e' impaété_ ffom_mafl){ j11tro_c11_jct'ior'is', aiéiunlcnown or._not'readi]y p_é;‘d@ived by, thé
public, while others are immediately apparent-or have their negative potential revealed over - -

time. Even. highly prolific invasive-species. may fester for a considerable time before . -

exhibiting an _explosive expansion ‘of their range (Shigesada and. Kawasaki -1997).

Management of an exotic species requires more than the recognition of a potential problem it . . .

also requires a governmental/public motivation to address the problem. Invasive species often-
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present novel control situations for managers, requiring the acquisition of biological
- knowledge and the development and testing of control technologies and strategies (see, for
example, Engeman and Vice 2001). o - ‘ 4 :
The situation. in Elorida is best understood through avariety of examples. Given Florida's '
climate, it is-n‘o.Apoinc‘idence;that.a' large.proportion of the species discussed here are reptiles..
Overall, the examples not only demonstrate. the breadth of the terrestrial invasive veriebrate’,

"problems in the state, but they also show the diversity in resolve and response against the - -

* many species and the motivating factors.

~ FERALSWINE

" Who let the hiogs out? In Florida, it originally was theSpanish explorer Hernando de Soto

about a half millennium ago in 1539 'wlj'o-‘ introduced feral swine (Sus’ scrofa) to Florida .

" (Towne and Wentworth 1950), and many additional introductions have-followed since. This
s_pecjes has the greatest reproductive potential of all free-ranging large mammals in the .
United 'States (Wood and Barrett 1979; Hellgren 1999), which combined with 2 general

-absence of large predators over much of their ranige results in continued population’increases. .. . ..

~and range expansions. Swine are well-known for their depredations on crops, livestock and

wildlife (e.g., Choquenot 1996; Seward et al. 2004; USDA 2002). In addition, feral swine.in S

~ Florida have ‘been documented to harbor as many as 45 parasites and infectious- diseases
Fomester 1991), e
“Feral swine are 4 recreational game animal in Florida, and consequently would-not be, -

. _targeted for eradication (even.if that was possible), Furthermore, some claim they are a vital .
" food source for the highly endangered. Florida’ parither (Maehr et al. 1990): (Felis concolor .. -

. coryi). Conversely, feral swine are also.a threat to the Florida panther through transmission of

. pseudorabies_virus, as prey-to-panther transmission has"bcejﬁ'.docurﬁgntedi t0 rés,ul_t in the -’
death of the-panther (Glass et al. 1994). - T P L

.« The negative environmental impacts of feral swine often require intensive local control.
", A premium is placed on sanctuaries for protection and, preservatior of habitats and species i1

Fl.o'r'_'ida,' especially _bevcause' much - of the ’nam'r.aiuhabi_t@t in Florida has been Jost 1o

. development. There is an ongding-battle in many. parts of the staté to protect rare ‘habitafs
“from $wine damage.(‘e,gr,.Plofida.Nétural.Areas Inventory 1990). Feral swine in Florida have .

- f’”‘bonjtributéd fo the decline of at least 22 plaﬁ’t species and 4 species 0f aimphibians listed as.

;éré,'thféatelied;' endangered, or of special ‘concern (_U___,SDA.;ZOO2-). Control 'éffqr;s., t_)_(pipz_tlly e
.+ _.concentrate on conserving special habitats or species, especially in parks andrefuges. . .

" Considerable applied research in Florida has been directed towards -development of .;_'.,

- yp}'ac“tis:a'].:in-vﬁe‘ld‘method‘s for .implgme,nting'af‘enharicing"”'ahc']"eyaiuating swine r'emqvalv.‘for,..,m "

PR

" “résouirce protection (Engeman et al. 2007b). ‘Methods have béen-developed fo‘qj"‘char'acf;.eyigipg:

" swine distribution and relative abundance (Engeman et al. 2001, 2007c), and for assessing . -

damage levels in a variety of habitats (Engeman et’al. 2003, 2004b, 2007¢). An important .

complement to-estimating damage levels was 'dévelbpinériit‘-'df ¢redible means to monetarily ..

~ value their environmental damage (Engemén'__ et al. 20042). The ability to place 1noﬁ¢;ary"- ‘
~ values op damage allows the results. of management. actions 1o be evaluated in the same,
_‘metric (dollars).as management expenses. Universally, economic analyses have shown the
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benefits for swine removal to be remarkable compared to management costs (Engeman et al. |

2003; 2004b; 2007c), and to also supersede ‘habitat conservation benefits derived from .
. hunting (Engeman et al. 2007c). ) ' L o
The ability to value the habitat résource provides an effectual economic management tool * .
for evaluating’ conservation approac{he’é}'fECoanié analyses can greatly assist mamgers,foqf,_:ﬂ ‘
how to most efficiently and e‘ffecti{l/.éjly'd]lbdate limited .funds towards habitat conser_\{étib]j
Ultimately, many. ;cdnservation fuﬁd@é ‘decisions are made on a ‘pdlitica] Jevel by 'pepplé, .
" without high levels of training or expertise in biological sciences. While it is essential to. -
obtain high-quality data to understand the biological impacts of management .e'ffortsﬁ_]ylzlcii1g'. "
conservation issues in an econqmic'_é’ontext can greatly enlighten the po
© making .process.,é)_l_)" swine removal. and has been a dri
efforts through swine removal (Engv_e'ma'n et:al. 2007b).

NILE MONITOR LIZARDS
Many exotic arriva_ls "td F]oridé'.dq not appear i .the public _‘_con
" example, the mainstream ‘public is ‘typically una
species breeding in Florida now exceeds the number of native.s

as many exotic specie'g as native in-south Florida (Hardin 2007),
species can eat various life stages-of other lizards ‘(Meshak

and-many ofthe exotjc_:lizard

litical decision” . . -.
ving force for expanding conservation

scientiousness. For. . .
ware that the number of non-native lizard .., =
pecies, with over three times. .. .. .

a et -al. 2004). NQn@th'elcbs'.s', S

" problems with severél'larg‘elllizard’:ﬁpe'giie;s recently have received ptiblié/inedia atten.tior;,”r a-. ..

factor sometimes serving to catalyze action. Notable ‘among thése are problems from a‘x\'BT‘)’:--.,i :

- large (up. to 2.3 m), visible lizard, the Nile monitor (Paranus niloticis), which overthe last” -

15+ years has become firmly established in the Cape Coral area (Enge et al. 2004), and also_ .

’ ,‘now_appea_rsb_established in the Homestead area. (USDA/W ildlife,Services' unpllblishéd. da't:a),m e -

Nile monitors have been CO’mmmly'son-:inF he ‘U.S. pet trade (Bayless 1991, Faust 2_001),,-_'

although thie size and disposition of the adults makes them ill-suited to captivity (Bemett

1995). This species may be on the cusp of no-return. in terms of its potential for eradication . -
from Florida. Its range around Cape Coral is expanding into neighboring wildlands, and it

. also has become established of nearby,Pi_ﬁe Island, and possibly Sanibel Island as Well, where’
it would be a threat to endangered :sea turtles and shore birds (Enge et &l. 2004; Campbell © .

C2005). e AL - SO
The Nile monitor can rapidly ogt‘grgw many;: if.nof most, p.otehﬁial _prédat'ors_ (Meshaka':' ’

" 2006), anid this. large-bodied camivore. is capable.of eating a wide variety of vértebrate prey; .

potentiall)f_ impacting a number gfihrpatengd vandvgnaavngere.d spe_,ciesin the plio_ces's (__Meshﬁkaiv :
2006). For example, the burrowing .owl (dthene cunicularia), a Flofida Species: of Concern,.. "

. has already been’observed as a prey. item-(Hardin 2007): This is 2 prolific species capable of ..

+ reaching high densities (Western 1974): Based-on its native range, this lizard could expand its

range and pose severe threats 1o .nvatl'v'gifa_una'thrfol:lghout Florida, and poséib‘l& bey@nd..(Engé,A
-etal. 2004). - - I R N
An intense :and prompt eradication effort might still eliminate the Nile monitor from -
Florida. Accumulation of useful information for the mzi_n‘a‘gemént of the species has-begun = -
(Campbell 2005). However; this would ‘be a novel species.to subject to control -activities.
Considerable development  of ‘methods: and technologies - would be needed” for . the
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implementation of a practical, broad-based control or eradication program. Basic information
on-diet, baits, and trapping technology exists (Campbell 2005). Considerable testing and .
refinement of additiond]l baits, attractants, and capture methods applicable to large-scale
removal are needed. Building on the successful development of acetaminophen as a toxicant
- for brown tree snakes (Savarie et al: 2001), trials have beén initiated and shown promise for -
this' compound.to also be :effective for Nile monitors (R. Maul Idin.and P.. Savarie, National
“Wildlife Research Center unpublished data). Despite a reasonably high profile and media
“attention, funding has not yet materialized for general development of the needed. control . - ...
~ technologies, nor for initiating ageneral control or eradication effort. Without prompt action, L
~ the Jikelihood for successful’ eradication chmmlshes It lemams to be seen.if denial of "de Nile :
“mionitor" will take placein time. - ’ : ‘ ’ -

BURMESE PYTHONS _

. The Buunese python ( ython molurus bzwfratzzs) is another large exotic carnivore -
- entrenched in Florida (Meshaka et al. 2000). The pathway to invasion for this species has.
“been largely attributed to (illegal) pet releases (e:g., Snow et al. 2006). Howeyver, .the. hlghly .
“destructive impacts from Hurricane -Andrew i 1992 included the release of many . animals
* from captive ‘breeding and holding " facilities.  Recent genetic results showing h‘ttle .
differentiation amiong pythons captured in:south Florida are concrruent w1th this p0531b111ty for
~prec1p1tatmg the popula‘non and the resultant numbers currently observed (Collins. et al,..;
©2008).. ‘ C e
: Slrmlar to the N1le Momtor thereis a dnmmshma probab111ty for successful eradlcatlon -
" as time passes without intensive management action. Its range has been expandmg, althoughA f .
the-total "extent of its ‘potential range in the.U.S. has been the subject of considerable
© controversy (Barker and Barker 2008, Pyron et al” 2008). Nevertheless, containment fo its .
. current range may not rermain realistic without: developlng and broadly implementing control
- methodologies. This very:large snake (up to 7 m) has been found with increasing frequency in
* "and around Everglades National Park on the southern tip of Florida. The possibility that this - '
- -snake might replace the American alligator (Alligator mzsszsszppzenszs) as the top-order
" carnivere in its range cannot be discounted. Inaddition, this is. oné of the six largest snakesin. ", .
~the :world; and a large python could pose a darger to humans espemally in Evervlades_.,_ o
R Natlonal ‘Patk which has over a million visitors annually. : S S
- Controlling* Burmese -pythons in. everglades habitats - of wet sawgrass prairies w1th'

',mtersperéed hardwood hammiocks will be challenging. The. snake appears . vulne1able 10 5

i approaches that take: advantage of its reproductive- behaviors. Telemetly trials, haye alreadyﬁ

~ 7 demonstrated-on-a small scale that female snakes: durmg breedmg season can be used as lures, e

" 16 locate males, and telemetered males can be used:to-locate’ females (Snow et al, 2006)” ‘
; Smce it takes thlee to five years.for Burmese’ pythons to reach sexual maturity, ,contlol based
on leploduchve behav101s would be a mulh—yeal endeavor to captule animals as- they 1each
- sexual maturity. . o TE e : : L
4 set of control tools and st1ateg1es were successfully developed f01 anothe1 destrnctlve,_ L ) e
_invasive snake; the brown tree snake on Guam (Engeman and Vice 2001). Whlle the Burmese . . ;
‘python is a sighificantly different species than the br own tree snake, the same conceptual .. .
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approaches for developing an integrated pest management program can be applied. ‘For
example on small scales, multi-capture traps are being designed and research is being-

conducted on potential -attractants within multiple agencies. Similarly, tests also have been -
initiated into the loxicity o Burmese pythons of acetaminophen, agaiil with promising results 1

{R. Mauldin-and P. Savarie, National Wildlife Res,eamh.=Cerite1‘;unppi_b‘lishe'd data). In Florida, -

bait . placement would reed 1o be specific to-Burmese pythons 10 #void harming nontarget e

species. The amique combination:of the python's:size, dietary.-potentidl, and movement a_bi'li'l‘y’ T

"could be used to make bait delivery specific to the pythons. .
“The research into: control ‘methods and strategies for Burmese pythons lLas received very -

“‘limited funding-to- date, ut-the.techmical expertise. for-developing and implementing.contro)
methods is in place should sufficient funding become available for initiating @ concerted . -
control effort. Hopefully, the snake's increasingly high profile in the media and in political =
circles will lead -to improved funding in the near future. In the meantime, the rang‘é-_o’f'the' o

~ snake continues to expand.-.

© ' *  NORTHERN CURLYTAIL LIZARDS

The northern curlytail lizard (Leiocephalus carinaius armourt) is.endemic to the islands ..
" of the Little Bahama Bank, with-other subspecies found in the Great Bahama Bank, Cayman: . - .

" Islands, and. Cuba (Schwartz and Thomas 1975, Schwartz and Henderson 1991). Asmall -
‘colony ‘established in Palm Beach County through the intentional release of 20 pairg inthe
. Prior to 1968, the range forthis .
. _population had been-expanding north and south along the Atlantic coa$‘[ at an a\ferag'e.ltate_; of .

0.98 km/yr, but from 1968 to 2002 it éx'panded‘atuaﬁmuch greater -average rate of 2.4.km/yr o
“(Smith et al. 2004; Smith and ‘Engeman 2004), and.is' continuing :to.» expénd. Moreover,
curlytail lizards ate also found ‘i disparate parts’ of south Florida through human
" translocations (e.g., Meshaka-et al. 2005). = -~ el
" The primary concern with this species’ {rapid) range ‘expansion is its depredations. on . -

1940s has spread -Wide]y (Duellman and Schwartz 1958)

other (small) lizards (Meshaka et al. 2005). Saurophagy is a component of the northern =+ -

“curlytail's ecology (e.g., Smith and Engeman 2004, Dean et al. 2005),_and the’ widely-

* distributed, also"exotic, brown anole (4nolis segrei) is \a. known prey species -that could .
‘provide expanding populations with a nutritious prey base and a simultaneous reduction i
competitors (Meshaka et al. 2005). The northern curlytail is aggressive towards fauria in-its s
" gize class. and -was even -observed: to attack a’juvenile northern mockingbird _-(]\Jz"m_us ]

" polyglotios) .(Smith and Engeman 2007), the adults of which prey .on porthern curlytails -

- (Smith et al. 2006). This ‘potential-displacer/replacer for-the brown anole likely will pit'the -
‘native lizard. fauna with which- the ‘northern ‘curlytail exists at. risk, including -sta.‘ief'listed; co
- species (Meshaka et-al. 2005). The negative impacts would ‘be especially ,cgit’iCal in:‘huma,n'-x
disturbed habitat where the northern curlytail lizard is:expanding its range. and n}atjfxvfc lizards . .

might already be marginalized. = -+ - ¢ -

~ Although the morthern - curlytail is unlikely to receive. much attention "Bﬁtsidg S

" herpetological circles, it was described in:one-newspaper article as “the T-rex -of. ground
. [ pap - . - 1Y

critters” (Fleshler 2006). Nevertheless,’ thé -northern' curlytail -lizard, like many of ,I?l-'orida‘s

-+ small-to-medium sized invasive lizards, is-unlikely to-be targeted for control .or eradication.
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1ts ubiquity within its extended range, small size, and the difficulty -in isolating it for control
in the presence of native lizard species would make control or eradication difficult,
prohibitively expensive, and without the high profile that would engender public support.

" BLACK SPINY-TAILED IGUANAS (CTENOSAURS)—“OFF TO SEIZE - - . -« ..

o THE LIZA'RD'IZ” .

' Thé black s_pi_nyffail'_éd ‘.ig'uzina (‘Cmﬁbsaum simjliaf‘)biﬁ Qasparil'la Iisland is an example of
an -exotic lizard species (Meshaka et al. 2004) where control was initiated at the behest of

affected residents. Also known as ¢tenosaurs, these large lizards 'bécamé'establishe_d__on‘thvis. _

" 11 kin-long barrier island along Florida's west coast with an introduction of as few as.three

" individuals around, 30 - 35 years. ago (Kryskd et al. 2003). S'ince'then_, the ctenosaur. -
population has saturated the terrestrial habitats on the island in-high numbers, including all .
residential and commercial areas. The boundary line between two counties TURS - ACrOSS.

'_ Gasparilla Island, and the iguanas had become such a nuisance to_ property owners}thr;dug,'h,
damage 1o landscape plantsand homes (especially attics) that residents of both counties voted.
to self-tax to secure funds for-ctenosaur control programs. Moreover, as has been examined.

' “for green iguanas (Iguana z"gu'an_c’z), ctenosaur burrows could:undermine public works, such as.

seawalls and levess, weakening thern for withstariding severe storm events (Sementelli etal. .

" interests on the island. While Gasparilla Island is largely developed, it also is the location.for .

" Gasparilla Island State Pafk_, 49 ha of mostly natural aréa on the southemn &
(FDEP 2002). Also despite  the “development, Gasparilla Island’s. beaches are’-home- or
] of species federally of state-listed as threaténed, endangered
o of coricern (FDEP 2002). The endemic listed species on ‘Gaspatilla Island for which this
“species may pose a threat include eggs and young of nesting shorebirds, beach mice,

" hatchling sea turfles and gopher tortoises (Gopherus polyphemus) (Krysko et al.2003). It may

also pose a threat to éttack snakes on the island (Engeman et al. in press), including some size

Cienosaurs conflict with a“variety of ecological intetests in addition to the economic.: . -

nd of the isleand

classes of eaStem indigo” snakes- (Drymarchon corais couperi), & threatened species (Moler . .

'1992). ‘Further environmental impacts i_hc]udé'é'r'r'iutuali's'tié:-'ass'odiatiqﬁ between ctenosaurs

and Brazilian pepper (Schifius terebinthifolius), the most problematic invasive plant on
" Gasparilla Island (FDEP 2002, Jackson and Jackson 2007). Populations of both species are .

v “enhanced by ctenosaur foraging on" Brazilian pepper(Ja :
plant control is time consuming ard costly, and the ctenosaur serves to increase the problem .
and raise potential remediation 'cosfcs." Lo e
" Adtive iguana Temoval was ‘implemented ‘in Dot counties to-reduce, and ultimately .

" éradicate’if possible, théir populations, albeit differiiig approches have been applied in the. -

q’ké’bri and'JaCkS'On--2007)::’-’1;'1.\/'&_5&\/56, . .

T two C‘ou_ﬁﬁesA Lee Cotnty on thie southern jj‘oi'tiOﬁ'»bi”'tllé"ii-élahd‘.épp"liedfé1~>sole,—‘somrce_._‘bmin’py i

" system whereby a reward has been paid to a contractor for each lizard removed (by a variety .

‘of methods). CHarlotte County on‘the northern portion of the island:formed an agreement 0.
" eimove ‘ctenosaurs with the
 federal agency authorized 1o re
" includes population monitoring,

solve human-wildlife ‘conflicts: Their-multi-faceted approach |
‘igiiana rernoval (also by a variety of methods), and.resg:arch .

e U.S. Department of Agriculture's Wildlife Services (WS); the . '
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- to deve]op and evaluate contro] methods (including toxicant screening tests). Over.time, the
approaches by the two counties will provide an interesting ‘comparison in efficacies -and- -
economics. The COSi-]Je] -lizard to remove iguanas in Lee County rémains-constant, whereas :
the cost-per- lled ‘decreases with each subsequem iguana removed in Ch’u lotte County. Once -
-the number of ctenosaurs caj Jtm ed in Ch'u]oﬂe County exceeds the amount: of the agreement - -
divided by the amount’ of the Lee County--bounty, ‘then the Charl ofle - Counly dpplochh o
becomes more cosi- “effective. S

. PURPLE SWAMPHEN

Relatively few non-native bird sp‘eeieé have,"becb:me.'estatblished~i‘n Florida (Hardin 2007),. - . =

as only about 5% of the roughly- 200 non-native species introduced ‘have succeeded at

. . becoming established (Avery 2007). The purple swamphen- (Porphyrio porphyrio),-a recent : - -
introduction to Florida, was-judged to merit eradication by a consensus of land management - -

. agencies based on its increasing population and range expansion, its potential impact to native. -
species, and the potential for an -eradication effort to succeed (Ferriter et al. 2008, Hardin--
2007). This large rail spec1es is-natjve to Europe, Africa; Asia and Australia. It.also is native:
to American-Samoa, a factor. potentially ‘complicating its control in Florida if eradication”

efforts were delayed (Ferriter et al. 2008). Because it:is native to American Samoa, the. purple. . ..

swamphen is bemg considered for inclusion to .the Migratory Bird Treaty Act (MTBA)..
However, the MTBA provides protection ‘for a  species throughout all U.S. holdings and -
historically has not made geographic distinctions within the-UJ.S., which could protect purple-..

- swamphens. from removal in Flonda in the future Thls factor increased the urgency to move ... -

_ on the Florida populemon - -

- The species was first observed in the wild in° urban southeast Florida in 1996, where the
+ population resulted from. escapes from a local aviculturist or ‘escaped from the -Miami
Metrozoo in 1992-as a result of Hurricane Andrew (AVSI')’ 2007, Ferriter 2008, Hardin 2607)..
As the population increased ta over 200 birds, it still remained only in developed areas, butby - -
2006 it had expanded its range to Everglades. Conservation Areas and has been reported as far”

_north as Lake Okeechobee (Hardin 2007). Effortsto eliminate the purple. swamphen -were :
prompted by its ecological similarity to the native commion moorhen (Gallinula chlor opus)- IR

and purple gallinule (Porphyrula mar tznzca) and the loormng potentla] for:it 1o be protected. -

by the MTBA (Ferriter 2008, Hardin 2007)."+ : ;
“Purple swampheri contrel was initiated in 2006 in a cooperatwe effort among blolocqsts S

with the South Florida Water Management District. (SFWMD);. the UsS. Fish and Wildlife -
Service (USFW S), and the Florida Fish and Wildlife Conservation Comrmssmn (FWC) Over: -« .
800 birds were located and 1emoved durmg October 2006- August 2007 (Clary 2007). Efforts- =

are scheduled to Sontinue 16 remove: ‘the femainder- of the introduced popula’uon -At the least, .:. .-
- -potential impact to native wildlife and wvegetation can be mmm'uzed or-at the best the spemes; L

"~ owill be er adlcated from Flonda (A\/EI')’ 2007, Haldm 2007)
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FErAL CATS

The FWC estimates there are between 6.3 and 9.6 million feral cats (Felis catus) in
~ Florida (at http://www floridaconservation:org), which, conservatively, kill millions:of small
- animals in Florida each year (FCIT2003). Feral cats are generally harmful to native fauna .

throughout the state, because -even’ cats well-maintained-as pets take a high toll of nearby
“small animals (Churcher and Lawion 1987, Lepcyzk et-al. 2003, Woods et al. 2003),

especially considering cats continue to hunt and kill when not hungry (Liberg 1984).

Globally, feral cats feed heavily on small vertebrates and have led to the extinctions of 2
number of species (€.g., Burbidge and Manly 2002, Nogales et al. 2003). Feral cats in Florida
have been observed to prey on loggerhead (Caretta carerta) and green (Chelonia ;77ydasj sea
turtles, roseate tern (Sterna dougallii), least tern -(Sterna,-czzit‘z'llarum), American oystercatchér .
(Haematopus- ullietus), Florida scrub jay (Aphelocoma c’.oe;%.-ules_cen&),-Choctawhatcheehbeach, .
mouse (Peromyscus poloionotus: allophrys); An'_ast‘asia Island beach mouse (Peromyscus
gossypinus gossypinus), Key Largo cotton mouse .(P'e_z-omysczls 20sSypinus allapaticola),
- Southeastern beach mouse (Peromyscus poloionotus niveiveniris), Perdido Key beach mouse .
- (Peromyscus poloionotus ‘trissyllepsis), Key Largo woodrat (Neofonid Sloridana smalli), -

- Lower Keys marsh Tabbit (Sylvilagus: palustris hefneri);.all federally listed as threatened or.

endangered (FCIT 2003; Ferriter et al. 2008). Cat removal has been demonstrated to resultin
;mmediate rebounds of endangered beach mouse populations (FCIT 2003). L

.. While cats are harmful to wildlife throughout Florida, they are of the ;particurlar concem ‘

" on the islands of the Florida Keys (Ferriter et al.2008). They have been.a factor in the 50%

_decline in populations of the-endangered Lower Keys marsh rabbit (Forys and Humphrey’

-1999) and cat removal was identified as an igtegral component in the recovery of Key Largo, .

. woodrat (USFWS 1999, 2003). Making matters worse, feral cat colonies can concentrate a ..

| large number of instinctive zpr;eda{torsv'in an area Aand’_pose,-si'gniﬁgant threats to the small"e; S

_ fauna in the vicinity. For example, the, Ocean Reef Cat Club. (ORCAT) at the exclusive Ocean .. -
" Reef Club residential resort on Key Largo maintains a large feral cat colony adjacent tothe .

| federal and state' lands supporting the Key Largo woodrat and Key Largo cotton mouse.

Despite the prbte'cted habitat, the Key Largo woodrat pdpulétion'.droppgd frprh 6500 in 1988

10 less than 80 animals by. the early 2000s (Himphrey 1988, Winter 2004, B. Muiznieks pers.

comm.). ORCAT runs an intensive, wellv_-fundéd‘ trap, '.ne‘t}‘ter‘vand release (TNR) program - -

(Clark and Pacin 2002), but"TNR programs -are -not- effective for managing feral cat - L

. populations under most ¢ircumstances (e.g., Anderson et al. 2004, ECIT 2003, Ferriter et al.

2008, J'e:ssup 2004).. The ORCAT. colony continues to ,ha_t',v'e"a'ro_und 500 c_ats..nei'ghboring, - L _
- endangered species habitat- despite'the'infténsive.-TNR efforts. Luckily, cap,t_ive bree_diqg Vis_ o

now helping replenish:the Key'-L-argo'woodrat'p.opulation-.-. a o e
- Feral and free-ranging’ cats are notorious . for their destruction of avifauna, and this . '

:. problem is particularly proriopincedlin.Florida,wherg xhepe,afg;largé ﬁ-umb.e,rs of cé.‘;s often in. . .

¢+ the immediate vicinity of small-forest remnants and hiammocks that migrant birds ’;'dly)"rori:.avs".f.,. A
- migration stopover Sites (Winter and Wallace 2006). For-example, severe weather .in spring .. ‘

" 2001 resulted in a massive fallout-of migrating warblers in the Keys, where large numbers of .. .

the birds were lost to predation by cats (Winter and Wallace 2006). Similatly, the. decline of

upland. bird populations between 1988 and 1998 at Greynolds Park (Miami-Dade County) - ., , '.
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was due to a cat colony in the park. The problem was rectified by stricter laws -against-
abandoning or feeding cats, and removal of the existing cats (Winter and Wallace 2006).
Beyond their environmental impacts, feral cats, especially in dense colonies, present
human and wildlife disease concerns. While cats.can-carry a host of diseases and parasites,
rabies is the greatest .concern. Cats are the most frequently. reported domestic animal.in the
U.S. with rabies (e.g., Barrows 2004). For example, b.étween 1988 E.L{)d 2003, there were 208
laboratory confirmed diagnoses of cats with rabies in Florida (B’larrows‘ 2004). In ‘fact,'_:thc ’

Florida Rabies Advisory Committee stated “the concept of managing, free-roaming/feral cats

is riot. tenable on public health.grounds because of the persistent threat posed to-communities

from injury and disease” j(B_ELTI‘O\}\’S_Z()04;, Brooks 1999). . . -

* While' the threats cats pose to native wildlife, .espéciéﬂ]y endangered 5pe'cies,. and the . -

. disease concerns are well-documented, removal of feral cats, particularly at cat colonies, is

often accompanied by vocal public outcry from cat enthusiasts. The efforts 10 protecthighly' o

endangered species.in- the Florida Keys from predation by cats. are’ noteworthy examples.
These programs did not involve the lethal removal of animals. Rather, feral cat rémoval
involved live trapping and turning cats over to animal shelters. Despite that, opposition 1_'o‘caf
removal has been stiff {including s’abptage of .traps) and has .affected management of the
endangered spec'i.es._ Thus,. feral cats, -ii;.'-vpértj.cular, ‘can prese ' :

creating diffi culties for effective population management.

GAMBIAN GIANT POUCHED RATS |

. The Gambian' giant. pouched rat (C;‘i'cefomys' gambianus) in the Florida Keys 15 ?11,'1-
example of how a severe invasive species threat can’ be manage
. efficient manner, once a threat has been identified: This largest of Tat species (up 10 2.8 kg,

Rosevear 1969) is highly prolific and holds potential for extreme-ecological and agricultural N

At additional social dimensions .

d in a logical, practical and T

negative impacts (Perry et al. 2006, Engeman et al 2006). Altliough the species escaped. from .. |

" a captive breeder on Grassy Key around 1999, it was not identified as.established in the ‘wild ",
until residents brought it to the attention of the USEWS in 2004, Perry et al. (2006)
- established the existence of 2 breeding population’ and its dispersion potential ‘was -

_ subsequently ‘model'ed (P.éterson_e’c- -al. 2006). Djsperéa]: of the species 10 mainland‘fFlbridé-i_',

- could have resulted in continued spread through much of Notth America ‘where significant

7. negative ecological and agricultural consequences could ensue (Peters’on' et al. 2006):.. .
+.". Following verification of the population's existence and confirmation of its invasive and R

* . destructive. poterifial, information and’ mettiods essential for successfil eradication were, L L

- rapidly .developed, 'including detection and monitoring technologies, population. indexing. "

- methodologies, - population  distribution;:. hebitat . preferences, . trapping. ~methodology, .

. acceptance.of bait matrices, efficacy tests of toxicants, and bait stations that exclude native .

species (Engeman et “al. 2006,- 2007d).. To .test and- fine-tune the metho;ds._tlﬁr_i_o_tj'fo_,';

implementing full-scale eradication, a pilot eradication project was ‘1111p_lementéd on .Crawl . ...

. Key, a small key adjoining Grassy Key to-which the species expanded its range. Afterwards, ..

surveys found no evidence of Gambian giant pouched rats remaining op Craw] Key, althgﬁg:ﬁ- L

. Hurricane Wilma undoubtedly. also contributed 1o their mortality. The criteria (see Engeman
et al. 2006, Pa'rkes and Murphy 2003) were considered obtainable for a successful eradication . ‘
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to commence on larger Grassy Key, location of the much larger primary population. Surveys
following the hurricane on Grassy Key verified the survival of the Gambian giant pouéhed rat

- population, and with a ‘greater range than previously thought.'Next and a little over two years

. after the initial report, the full-scale operation to eliminate this population occurred. Atleast. .- V
two years of monitoring for Gambian giant pouched rats should bé_.appﬁed to both Grassy and -
Crawl Keys, as well as othér potential sites of occupancy such as refuse transfer sites
(incliding the mainland landfills) and locations ‘of credible reports of sightings should. alse
receive continued monitoring to help instre no propagules from Grassy Key -are surviving . -
elsewhere. C - a L - S

Thus, the rapid response eradication ‘effort for Gambian -giant pouched rats can.be .

" described as a progression of accomplishments: ’ S o -

1. Verify presenoé R - . ‘ .
. Develop detection and population monitoring methods - -
- Develop and test potential contral tocls S

. Test eradication approach (Crawl Key)

. Apply eradication methods and strategies to Grassy Key
6. Surveillance for-survivors or satellite populations

i B U N

The eradication effort is currently in the surveillance phase. This phase appears to be. - .
- working well, as the Gambian giant pouched rats that have occasionally been detected-on - .
.Grassy Key have been successfully targeted for removal. No Gambian giant pouched. rats”
_ have been detected outside of Grassy Key: ‘ S T
.+ .- - Whereas the logic and flow described here for this eradication effort makes ‘it"se'em as - L
- ... though the path to- Gambian giant pouched:rat.eradication was a:smooth continuum once the .-
. ‘problem.was identified and verified, it was,. in realifry,..a‘seri.es of fits and s‘;ai’ts'(Engeman:_ et .~
.- al. 2007d). No single block of funding. was available to develop the necessary information and.
.+, implement an- eradication effort. Funding and in-kind resources were provided from > 10°
- . federal, state, and ‘local government entities, as"well as private concerns: Even Hurricane
- “'Wilma may have assisted the eradication effort to some degree, &s it struck é’; a time lessened -
resources were available for the work. The storm surge overwhelmed a large part of many of
the keys, possibly Femoving small propagule-populations.-~ * T
. . One potential pitfall that hopefully:will not occur-is complacency -t fhe apparent success < o

. so far.~That could undérmine availability of necessary resources to see the follow-up-- .

. monitoring through to its conclusion. Lack of -continued-vigilan_c_:e-.could'résul:’;- inthe hard
+ - work to date being undonme, or worse if survivors -or propagules -go undetected,. eventual . . L
. .Gambian . giant pouched- rat. dispersal: to- the ‘mainland:- ‘On -the -other ‘hand, -si_Jcc_,_,es‘sfu]ﬁvﬂj o

. attempt-eradications .of other:invasive:speeies in Florida (see, for.example flié‘f.COlnlnénts.» by. . . -
* Donlan et al. 2003). R T . .

. eradication of this species hopefully would help reduce the general reluctance of managers 10t P
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BLA CK—TAILED J'ACKRAB_BITS

" Black-tailed jackrabbits (Lepus callfor nicus) are not native 10 l"]onda but by 2003 they - -

had been well-cstablished at -Miami International Airport-(MIA) for many years. How and
~.when they were introduced 1o this expansive airpoit property was unknown. Speculahon% as

* to their origins-included escapes from a rabbit farm -or- escapes fr om transit to dog racing. ..., - -

- tracks for use in training greyhounds. By 2003, ‘the black-tailed jackrabbit population.at M1A . .

was considered 10 be around500. They alse had been ObSG]VGd in other parts of Florida, but |~

not as breeding populations.

_ Occupation of the MIA property by a a large number of black ’taile'djctckrabbiis'posed'iwo L
serious threats (see Engeman el.al. 20072). First, even though MIA is relatively encapsulated © -

" . by the Miami metro area, the jackrabbits still posed a significant invasive threat for Florida..
The species is highly fecund, and they also are a highly mobile, fast-moving -species. Once:
. outside the confines of Miami they could 1ap1dly spread through Florida (and-beyond). The.

.+ < other significant problem. their population posed was to cause a Severe increase. in bird, -
airstrike hazards. Black-tailed Jackrabblts were ofien killed by collisions with aircraft and = ..

_ vehicles, or. the ‘back-blast from jet engines. Their carcasses proved highly attractive to - -
vultures*(Cathartes aura and Coragyps-atratus ) for forage. This created 2 considerable air - - ;-
safety concern, as.vultures present. significant hazards to aircraft while taking off or 1andmg» S
(e , Dolbeer et al 2000) Besides safety concems blrd strlhes also result n lost revenue and.. . .-

very costly aircraft repairs.

Removal of the black-tailed Jackrabblt populatlon at MIA was 1nst1gated as-a response to’- e .
'Federal Aviation Administration (FAA) regulations mandating - the problem be solved for .= ..

“safety reasons (From Mearch 2001 to-March 2003 at Jeast two dozen vultures were sfruck-by
aircraft at MIA). Thus the human safety’ isste motivated their removal; rather than their

‘potential for ecoloolcal harm should they have chspe1sed from MIA. Had it not been. for théir .0 oo
_ exacerbation of airstrike hazards at MIA, it is inlikely they would have been eradicated and e

- their population would have continued to bea festering threat for ¢ventual dispersal. - e
. The eradication also revealed the polmcal ‘economical and social. complemhes 1nvo]ved L

in carrying a conceptually straight-forward, but highly visible process. The eradication was

delayed multiple times to assuage public sentiment towards lethal coritrol by allowing.a hve- -
trapping- and translocatlon (to’ Texas) a‘rtempt to" proceed first. That endeavor.was. . -

'unsuccessful at. removing .more than a portlon of the pOpulatlon ‘Finally, -a_court ruling -

allowed the eradication effort'to go forward for the sake of the ﬂymD public’s safety Lethal- — o L

- removal was efficient and effective at elu’mna‘tmU the black-talled jackrabbit popula’uon and ., i

.+ . at a significantly ]ower cost than the lwe-trappmu Ventire (Enweman et-al. 2007a). - ,
The - polmcal economic and management paths to " that success may have been-, ¢ - - ‘

convoluted but - because @ human safe‘ry concern was cleaﬂy recocrmzed the black-taﬂed;'-, ERNEEEREE

jackrabbit apparenﬂy became the first’ well: estabhshed nvaswe veﬂebrate SpBCleS R T ‘

m’centlonally eradlcated from Florlda
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DISCUSSION

The invasive species situiation in Florida is severe, and when one considers the climatic, .
demographic, and environment situation'in Florida, the severity of the problem is even greaﬁer,
than at first glance. The ‘breadth of invasive land animals in Florida that arguably merit .
eradication, or at ledst control, is extensive. The Tist is extremely varied and ’iﬁéludesanimals o
‘ranging from unusual sp.eé-ie’s of distant origins 16 more recognizable invaders broughi ir_lllfrom :
other states in the U.S., as ‘well ‘as feral -domestics. A varicty of steps have been taken to -
reduce the number of introductions, with some apparent success (Hardin 2007). As is often
stated (e.g., NISC 20.0']'), p’revéﬁtio‘n is the most efficient-and ecorromical means.to eljmiﬁa_te
exotic.species. However, even' if no new ‘exolic veriebrates become established in Florida, -
there is an aburidance of established exotic vertebrates that merit management action. L
A brief sampling of Florida’s invasive species originating, from other parts of the globe .
~ (besides those detailed alieady) include-species such as the common boa (Bou con_stricm%), .
* Cuban treefrog (Osteopilus septentrionalis), gieen iguana (]guaﬁa iguana), black and white
tegu (Tupinambis merianae), peafowl (Pavo cristatus), spectacled caiman (Caiman
crocodilus), monk parakeet (Myiopsitta monachus), rhesus monkey (Macaca mulatta), Sa_q;ed

" ibis (Threskiornis aethiopicus): Species native to. the U.S., but.exctic’in Florida include o

animals such as coyotes (Canis latrans), red fox (Vulpes vulpes), black-tailed prairie. dogs
(Cyriomys - ludovicianus), red-eared “glider * (Trachemys s‘c.'rz'p'z'a elegans) -and armadillos'_
(Dasypus novemcinctus), while other feral domestics widespread in Florida besides s.winc“an'd B
cats include goats (Capra “hirus) and .dogs (Canis familiaris): Many other less noticeable ,
" species have become established in Florida, and other species are suspected to-be Bfeeding v
there, but without fu_m documentation. Not-all will be subjected 10 e_radicé.tidn or control, but

" “Some of thie invaders could present potentially "seyer,_e"eriyirorjrnéﬁtalx -huma;_i health, and/or . o

* economic consequences if their populations arenot controlled or eradicated.

R 'SpéCi'es such as Gambian giant pouched rats, Nile monitors, ctenosaurs, Burmese py’chons o
~and many of the othet exotic species represent novel species to be considered for eradication . -

""r:_:-or'.chtrol.' The Gambian giant poiléhed rat, purple swamphen and blac_kltétiléd jackrabbit are

. examples of how necessary incentive and resources can:be‘appli‘c'd to directly design and

" implement a practical eradication or control program (Engeman et al. 2006, 2007a). Too -
" often, invasive species merely become the subjects of biological and population studies (e.8., . .
L. Campbell 2007), but there is a limit at Some point .t the . utility in conducting biological " .

a1 2003, Simberloff 2003, Campbell 2007): Donlan-et al.’ (2003) concluded that. research

. studies of introduced species unless the results directly assist in their removal (e.g., Donlan et -, o

" directly facilitating eradication tools and projects should be of high-priority. 'Dé_#elppigg,thfe R

. “information- and technologies:. fror: which ‘control
" iiplemented is an essential ‘compenent to- addressing many invasive species situations.
. ‘Bqually important i the development of public and governmental mofivation, i.e. funding, 10
. manage invasive species before their populations expand beyond feasible control. o ’__',"
Many of the problematic invasive vertebrates in Florida are predators. Predation notonly .
threatens many rare SPECies (Hecht and Nickerson, 1999), ‘but the deleterious impacts of
predation losses is compounded by habitat loss (Reynolds and Tapper, 1996). Preda'_t_(')jé',zélso' L
- increase the risk of catastrophic extinction-of prey populations (Schoener. et al. 2001). Given
the amount of habitat lost to development in Florida and the state's proclivity for‘cataétrojahié

strategies " can be. developed and




192 Richard Engeman, Bernice Constantin, Scott Hardin et al.

hurricanes (two circumstances magnified on the Keys and other iglands), a number of species
in Florida are at high risk. Since alien predators are more dangerbus than native predators to
prey populations (Salo et al. 2007), the-impacts from Jm\/aSi'\’ev]J]f@d&ltOl'S, whether small:like - -
- northern curlytail lizards or large like Burmese pythons, could haye devastating impacts.on .
© Florida's native species;especially the:listed-rare species:. R
For 4 number of well-established species in Florida, such aéﬂ.’fém] swine, feral cats and
- green iguanas; there is no practical.means {0 eradicate them from the state. That does not
mean they cannot. be intensively centrolled, managed, or ,eradi’ca.-.te‘d in situations of g;:eat'esi'l B
priority on a localized scale, .especially islands. For:example, feral swine are ubiquitous ‘and- -
~destructive, bul-as alreacly‘discussed,"'-wbu]'d; never;beconsidere_c’l_ f_or stale-fwide eradication.
Jy-completed eradication-effort on .

However, swine have been successfully targeted. in a near
Cayo Costa and Punta Blanca Islands, with concomitant - dramatic improvements in nesting .
.. by listed sea turtles and shorebirds. Species. like the black-tailed jackrabbit, Gambian giant
-pouched rat and purple,swamphen~weré:-_identiﬁed as feasible, -practical, and valuable- t0

eradicate before thej become too deeply entrenched:across a broad range. To that end, Parkes

and Murphy (2003) delineated some “obligate rules” for successful .e_radicatidn: 1) all -
_individuals of the target species must be at risk. of being ‘killed, 2) target species must be .

- removed at a rate greater than the rate 1jhey--'r.éplace.,th;eir. losses, and 3) the risk of immigration - -

must be zero. Given suitable control methods appliéd in a-systematic and sustained integrated . -

pest management program,. these criteria could well be met for a number of invasive species. .. . -

_in Florida, if their populations are hot permitted to fester into an unmanageable situation, The..

. _.case of the black-tailed jackrabbit demonstrates that,.even with many politiba],,g)f'rations,'a

population-of a species. with a-restricted range. can be. eradicated-wifc.hout an ,exgessrive'ouﬂay,
. of resources (Engeman 2007a). To leave such a situation unaddressed is like leavinga slow- .
‘burning fuse lit to an ecological-bomb.* . - L ' '
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