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Chapter 9

"SPECIES POLLUTION" IN FLORIDA:
A CROSS-SECTION OF INVASIVE VERTEBRATE
ISSUES AND MANAGEMENT RESPONSES
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ABSTRACT: -

- The state of Florida has among the two worst invasive species problems in the TJSA.
‘Besides the sheer numbers of established €xotic 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 potentially halmfu species has become estabhshed Tt alse -
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requires the’ pohtlca] will along with ooncomltam resources and appropriate personnel to-
develop effective methods and apply them. We illustrate various aspects of the situation
in Florida with examples of invasive _venebl ates, the problems ihey pose(d), and
managemem approaclies to the problems. :
The problems ¢ described ‘include leng-established widespread and destructive spemes
requiring intensivé: Jocalized manavemem (feral swine, feral cats); recently established. -
SpCCIBS with potentmlly severe repe1 cussions, but no broad operational rémoval programs - L
yet inplace (Nile monitor lizaids, Burmese pythons), highly prolific mammals that could -
rapidly invade wide areas’ without contdinment/eradication (Gambian giant pouched rats, ... -
black-tailed jackr abbits); 1ecemly estabhshed potentially destructive birds that might still. .,
be -eradicated (purple ‘swamp hens); ‘species where sufficient public outcry resulted in -

control programis- (black: spmy-1a11ed iguanas); and rapidly exp’mdmg aggressive species . .. - o

-for which no practlca] management .actions are available (northemn curlytail lizard). A
species ‘subset is used here to exemplify it more detail the array of invasive vertebrate . .-
' Species- situations .in  Florida, - inéluding Toutes of introduction, impacts, surrounding-.. . -
politics, -and management actions. These examp]es not only demonstrate the breadth of -
the terrestrial invasive vertgbrate. problems in ‘the state, butthey also show the diversity in
~ resolve and response among the many spec1es ‘and the motwatmg factors S

'IN-TRob‘t'JCTmN |

The negative impacts mﬂlcted by exotic spec1es on natlve spec1es and ecosystems may

only be exceeded by human- caused habltat destructlon (Palkel et al..1999; Wilcove et al.. SRS
1998). In the USA, exotic: spemes have played a role in the listing of 42% of the species. . L '

‘protected by the Endancered Species Act (Stein and Flack 1996). Invasive species can-be

considered "pathogens of Ulobahzatlon“ (Bnght 1999) and F lorida prov1des an ideal medium,
in which such pathogens can incubate. In fact, quantitative 1nd1c:at015 for assessing non-native
species situations- are ‘analogous. to epldemloloclcal descriptors of disease status in. a. -
population (Meyerson et al. 2008) Florida's subtropical climate, its major ports-of entry for

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

wildlife industry, and its position in‘an area of destructive hurricanes that can release captive
animals make the state espec:lally susceptible to the introduction-and establishment-of a wide
range of species (e.g. Coim &t al. 2002, Hardin 2007). Moreover, Florida is isolated from land. -

with similar ¢limates, Tesultmg in the states native verteblates ‘ryplcally orlgmatmg inthe. -

southeast U.S. at the: sou’chern extremes of their range. Invaders to Florida therefore find

relatlvely fewer native spec1es to’ contend w1th than in most tropical/subtr oploal locatlons’ s
(Hardin 2007) Florlda joins. Hawan as the two States with the most severe invasive species ORI
: problems in the United Statés (U S. Congress 1993, Corn et al. 2002). ‘Notably, Florida has ... .:.0 " -

more introduced animals than any othe1 region of the U:S. and also ranks high in this respect
globally, with breedm0 populatlons of new vertebrate spec1es 1egularly identified (SPWMD -

12008). y
The 1mpacts flOIl’l many mtroductlons ale unknowu or not 1ead1]y pelcelved 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 bef01e’,_. e

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 tec mologres and strategies (see, for
~example, Engeman and Vice 7001) h

The situation. in Florida is best understood through a variety of examples. Gwen F lOlld’l s

climate, it is-no-coincidence that.a large. proportion of the species discussed here are reptiles..
Overall, the examples not only demonstraie. the breadth of the terrestrial invasive vertebrate’

“problems in the state, bul they also show the drversrty in resolve and response aualnst the -+ - S

' many specres and the motrvatmg, factors

FI:RAL SWINE

Who let the. hogs out?’ ln l"louda it orrgrnally was the' Spanish eXplor er Hernando de- Soto

about a half rnlllennnun affo in 1539 who' mtloduced feral swine, (Sus’ scrofa) 1o F orida . -

" (Towne and Wentworth 1950) and many @ additional introductions have-followed since. This -
species has the greatest reproductrve potential of all free-ranging large mammals, in the.
Unlted States (Wood and Barrett 1979, Hellgren 1999), wlnch combined with a general

_ absence of | latge predators over much of their range results ip- continued population’ increases.
" - and range expansions. Swine are well-known for their depredatrons on Crops, livestock and

wildlife (e.g., Choguenot 1996; Seward et al. 7004 USDA 2002). In addition, feral swine. n R

~ Florida have -been documented to harbor as many as 43 para51tes and 1nfect10us diseases .

(Forrester 1991). , : r
‘Feral swine are a recreational garne anrrnal 1n F londa and consequently would not be -

targeted for eradication (even if that was possrble) ‘Furthermore, some claim they areavital . -
‘ vfood source for the highly endangered Florida panther (Maehr et .al. 1990)- (Felzs concolor,:..__‘ -

Lo yz) Conversely, feral swine are also. a threat to the Florlda panther through transmission of N

. pseudorabies vlrus a8 prey-to panther transrnlssmn has been documented t0 result 1n the - *
death of the: panther (Glass et al. 1994). ST : :

e The necrattve environmental 1mpacts of fe1al swine often requn*e 1ntensrve local control

A premlurn is placed on sanctuaries for protection and, preservatior ‘of habitats and species in

- Plorlda especially because much .of the natural ‘habitat .in Florida has been “lost 1o

‘ _.development There is an ongoing battle in rnany parts of the state to protect rare habrtats D

rare, threatened, endangers d, or of special concern (USDA:, 2002) Control efforts typrcal
: :‘.concentr ate on conserving specral habitats or Spec1es especrally in parks. and refuges .
Consrderable applied research in Plonda has been directed towards -devel oprnent of

“from ‘$wine damage. (e.g. , Florida Natural. Areas Inventory 1990) ‘Feral swine in Florlda have _ _ .
f’”ﬂcontrlbuted fo the dechne of at least-22 plant specres and 4 species of amphlblans hsted as . ..

; .:;practrcal in-field methods for 1rnplernentrng, enhancmg and. evaluatrng swine removal for L

" ‘résource ‘protection (Engeman et al. 2007b). Methods have been ‘developed for char acterrzlng

' swine distr ibution and relative abundance (Engeman et-al. 2001, 2007c), and for assessrng_, L
:darnage levels in a variety of habitats (Engeman et’ al 2003 2004b, 2007c) An 1rnportant o :

) complenrent to’ estimating damaoe levels was development of ¢redible means to rnonetanly,l_- .

* value their environmental damaoe (Engeman et al. 2004a) The ablllty to place anHEtﬂT)"" A

_ values on damage allows ‘the results of manavement actions to- be evaluated in the same,
_'metric (dollars) .as management expenses. Unrversally economrc 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 supe1sede habﬂai conservation benefits derived ﬂom

_ hunting (Engeman et al. 70070) '
The ability to value the habitat 1esom ce provides an effectual economic Immﬂemem 1ool” o

for evaluating’ conservation il)]JlO’lChBS Bconomlc analyses can greatly assist managers. onr_’

how to most. efﬁelenlly and effeclwe]y allocate limited funds towar ds habitat conser V'mon

Ultimately, many..conservation fundmg demsmns are made on a polllml Jevel by people_ .
without high levels of training or expemse i biol omcal sciences. While it is essential 1o
obtain high-quality data to understand the blolomcal impacts of management efforts, pldcmga n

conservation issues m an economic conlexl can gleally enlighten the polmeal decision” .
© - making process. on swine removal. and Thas been a driving force for expanding eonservailon
efforts through swine zemoval (Engeman el al. 200713) L

NfIL'E M-ONITORZLIZARDS »

Many exotic’ amvals 10 Florlda do not appear .in the pUbllC COHSPantIOllSDoSS For,

. example, the mainstream public is typwal y unaware that the number of non- -native l1zard
species breeding in Florida now: exceeds the number of native species, thh over three tlmes

as many exotic spemes as native in-south Florida (Hardin- 2007), and many of the exotic: hzard o P

species can eat various life stages . ‘of other lizards (Meshaka et -2l. 2004). Nonetheless

" problems with several large lizard' species recently have received pubhc/medla attentlon az S
factor sometimes serving to catalyze action. Notable among thése are problems fr om a very
- large (up. to 23 m), visible lizard; the Nile monitor:(Var anus nzZoz‘zczzs) -which over: ’the last‘_ S

15+ years hias become ﬁrmly estabhshed in the Cape Coral area (Enge et al. 2004), and alsg

" now appears established in the Homestead area. (USDA/Wildlife Services unpubhshed data) e -

Nile monitors have been commonly sold-in ‘the U.S. pet trade (Bayless 1991; Faust 2001),' _
althouch the size and disposition of the adults akes them ill- su1ted 0 captlvlty (Benne‘cl""
1995). This species may be on the cusp ‘of no-return. in terms of its potenhal for eradicafion .
from Florida. Its range around Cape Coral is expanding into neighboring wildlands, and it ’

. also has become estabhshed on nearby, Pine Island, and possibly Sanibel Island as well, where: -

it would be a threat 0 endangered sea ’curtles and shore bir ds (Enge et al, ’7004 Carnpbell :

2005). o R o

The Nile monitor can’ rapldly outcrrow many;: 1f not most, potentlal predatms (Meshaka:'

" 2006), and this. large- bodled camwore 1s capable of. eating a vwde varlety of vértebrate prey;. o

potentially impacting a number of threatened and. endanoered species in the p]ocess (Meshaka__ :
2006). For example, the burrOng owl: (dthene cunicular za) 2 Flonda Spemes of Concern L

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

- reaching high densities (W estern 1974) Based-on its native range, ﬂ'llS lizard could expand, its o
range and pose severe threats 1o natlve fauna thr ouohout Flor 1da and poss1bly beyond (Enve '.>

~etal. 2004). B PR e : L

An intense .and pr ompt erad1cat1on effoﬁ ll’ll‘-’hl still eliminate :the Nile momtm flOl‘]’]'

Florida. Accumulation of useful information for the ménagement of the species has ‘begun T

(Campbell 2005). However;. this would be a nove] species to subject to control :activities.
ConS)derable development of - methocls 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 additional 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 etal: 2001), trials have beén initiated and shown promise for - 4
this compound.to also be :effective for Nile monitors (R. Mauldin.and P. Savarie, National
“Wildlife Research Center -unpublished data). Despite a reasonablyhigh profile and media

- attention, funding has not yet materialized for general development of the needed.control . - .-
~ technologies, nor for initiating a ‘general control or eradication effort. Without prompt action, . . -

- the likelihood for successful’ eradxcailon clnnlrnshes It lemams to be seen if denial of "de Nile 5
“mionitor" will take placein time. ' ' ' ‘ ’ -

BURMESE PYTHONS

The Burmese python (Pyt/zon molurus bzwttatus) 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 in 1992 included the release of many . animals
© from  captive ‘breeding and holding - facilities. - Recent, geneti¢ results showing ln‘tle 2
differentiation amiong pythons captured in-south Florida are conaruent with this possﬂnhty f01- B
.prec1p1tat1n0 the populatlon and the resultant nurnbers currently observed (Colhns et al,...-

" 2008). o L Lo Lo .
- Slrmlar to the N11e Monltor thereis a dnmmshlnu probablllty for snccessful eradlcatlon
" ds time passes without intensive management action. Its range has been expandmg, although- AE

-the-total extent of its’ potentlal range in the.U.S. has been the’ .subject of considerable -

- controversy (Barker and Barker 2008, Pyron et al."2008). Nevertheless, containment to its

“’. current range may not remain 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 (d/ligator mzsszsszppzenszs) as the top-order

" .carnivore in its range cannot be dlscounted I addition, this is oné of the six largest snakes: in."
-the - world, and a large python could pose a darger to humans espeClally in Evercrlades_.: L

B Natlonal Park which has over a million-visitors annually. .
. Controlling Burmese pythons in. everglades habitats - of wet sawgrass prames w1th‘

_‘,mterSperéed hardwood hammiocks will be challenging. The. snake appears . vulnelable o G » L
apploaohes that take: advantage of its IepTOdUCtWB behaviors. Telemetly trials, have alreadyl i L

" demonstrated-on-a small scale that female snakes dnnng breedmg season can be used as lures, =
16 locate males, and telemetered males can be used:to- Jocate females (Snow et al. 2006),‘

- Since it takes three to five years.for Burmese’ pythons to reach sexual maturity, ,connol based-. | :
on 1ep10dnct1ve behav101s would be a rnnl‘n yeal endeavor to captule animals as- they 1each.;.ff o

* sexual maturity. R : ~ .
A set of contrel tools and st1ateg1es Wwere snecessfully developed f01 anothe1 destructlve,_ .

~invasive snake; the brown tree snake on Guam (Engeman and Vice 2001).- While the Burmese |
‘python is a significantly -different species than the brown tree snake, the same conceptual - . .




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

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 hwe been -
initiated into the 1oxicity 10 Burmese pythons of acetaminophen, again with.pr omising results <~

{R. Mauldin and P. Savarie, National Wildlife Research-Ceriter unpiblished data). InF londa

bait. placement would need-to .be specific to Burmese pythons to #void harming nomcu get - o
species. The unique-combination:of the python's:size, dietary. potelmal and movement abllny -

“could be used to make bait delivery specific to-the pythons.
‘The research nto: control ‘methods and strategies for Burmese pyihons has received vcry :

“limited funding-to- date, but-the. technical expertise. for-developing and 1mp]ementmg controj "

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 1he near future. In the meamlme, the range of lhc S

- snake continues to expand.-.

N ORTHERN CURLYTAIL LIZARDS

The northern cur]ytall hzard (Lemcephalus car maz‘us ar moun) is. endemlc to the 1slands o

-+ of the Little Bahama Bank, with-other subspecies found in the Great Bzhama Bank, Cayman L

' Islands, and-Cuba (Schwartz and Thomas 1975, Schwartz ‘and. Henderson 1991). A small_
“colony’ estabhshed in Palm Beach County through the intentional felease of 20 palrs in ‘the
1940s has spread Wlder (Duellman and’ Schwartz .1958). Prior to. 19638, the range- for thls :
-population had been- -expanding north -and south alonv the Atlantic coast at an averace rate: of o ' X
. 0.98 km/yr, but from 1968 to 2002 it expanded-at a‘much greater average rate of 2.4. lanfyr

+(Smith et al. 2004 Smith and ‘Engeman 2004), and.is' continuing to- expand Moreover,_ .
curlytail lizards are also found in dlsparate parts’ of south - Florida ’chrouch human T .

" franslocations (e Meshaka et al. 2005). -

The primary concern with this’ species' (rapid) range expansmn is 1ts depreda’clons on .
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" exotlc brown anole (4nolis segref) is -a: known prey spec1es that cou]d." e
‘provide expanding populatlons with a nutritious prey base. and a. simultaneous reduction in'
competitors (Meshaka et al. 2005). The northern cwrlytail is aggressive towards fauria in:its ’
“""size class ‘and ‘was even -observed: to ‘attack a’juvenile northern mockingbird (Mzmus' :
* polyglotios) .(Smith and Engeman 2007), the adults of ‘which prey on northern cur]ytalls_.-
- (Smith et al: 2006). This. potennal dlsplacer/replacm for-the brown anole likely will put the -
‘native lizard: fauna with which the northem ‘curlytail exists at risk,. including state-listed: - ™
- species (Meshaka et-al. 2005). The negative impacts would be’ especnlly crmca i humang )
-disturbed habitat where the northern cmly‘[al 1zard is: expandmo 1‘cs range. and natwe hzards o

might already be marginalized.

Although the morthern - curlytail is unhke]y o receive. much attentlon ou’mdeﬂ L
“herpetological circles, it was -described in' one-hewspaper article as “the T-rex'of, mound T

- critters” (Fleshler 2006). Nevertheless, the -northern cirlytail lizard, like many of Flondas

small-to-medium sized invasive lizards, is-unlikely tobe targeted for control .or er adlg:_anon. o
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Its ubiquity within its extended range, small size, and the difficulty -in isolating it for control
in the presence of native: lizard species would make contro} or eradication difficult,
‘prohibitively expensive, and without the high profile that would engender public support.

BLACKSPnnfTAHLDIGUANAS(CTENO&unm) “OFFTOSEﬂmr-
- THEIJZARD”' o ' '

The black spmy tatled 1guana (CZenosaw a .wmzlzs) on Gaspant a Island is an example of
© an exotic lizard species (Meshaka et al. .2004) where control was mltlated at the behest of
affected residents. Also known as ctenosmrs these large h/.Ell ds became established on this.
-1 k- long barrier island a]ong Florida's west coast w1th an 1ntroduct10n of as few as three
individuals around 30 - 35 years. ago (Krysko &t al. 2003). Since then the ctenosaur '
population has satyrated the terrestrial habitats on the island in high numbers, 1nclud1ng_:al :
residential and commercial areas. The boundary line between two counties TURS . ACI0SS.
- Gasparilla [sland, and the iguanas had become such a nuisance to property owners thréuet ,
damage to landscape plants and homes (espemally 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 zguana) cteriosaur burrows could undermine public works, such as.
“seawalls and | evees, weakenmcr them for w1thstand1n0 seve1e storm events (Selnentelh et al. .‘ .

2008).

 interests on the island. Whﬂe Gaspanﬂa Island is large}y developed it also is the location.for .

‘Ctenosaurs conflict with a” var1ety of ecologlcal 1nterests in addltlon to the econornlc SRR

Gasparilla [sland State Park 49 ha of mostly natural aréa on the southern end of the 1sland . -

'(FDEP 200’)) Also desptte the - development, Gasparilla Island’s: beaches’ are’-home- or
‘ potent1a1 nesting site for a vanety of species federally or state-listed as threatened endanoeredb -
' or of concern (PDEP 2002) ‘The endemic listed species on Gasparllla Island for Wthh this
'spec1es ‘may pose a thréat include eggs and young of nesting shorebirds,” beach mice,
' hatchling sea turtles and gopher tortoises (Gopherus polyphemus) (Krysko et al..2003). It may
also pose a threat to attack snakes on the island (Engeman et al. in press), Jncludma some size
‘ “classes of eastern indigo’ snakes: (Drymarchon corais- couperi), a threatened specxes (Moler

1992). Further env1ronmental impacts mclude a mutuahstlc asso<:1at10n between .ctenosaurs |

and Brazilian peppel (Schinus te;ebmzhzfolzus) the most ploblemattc invasive p]ant on

"Gaspanlla Island (FDEP 2002, Jackson and -Jackson 2007) Populatlons «of both spec1es are.

":enhanced by ctenosaur foraging on"Brazilian pepper {Jackson and Jackson-2007).: Invaswe” o

plant cont101 is time consummg ard Costly, and the Ctenosam Serves to increase the ploblem "

and raise potentxa] remedtatton costs.” -
" Adtive iguana 1emoval was’ 1mp1emented in both counties to reduce, and u]tnnately .

eladtcate if p0551ble then popu lations, albeit differing approsches have been apphed inthe .
“fwa COLI]T[]CS Lee County on the southern pomon ofthe igland:. apphed a‘sole-source, bounty- s
" system- whereby a reward has been- patd to a contractor for eachlizard removed (by a variety -

‘of. lTlEI]OdS) Cliarlotte County on‘the northem portion 6f the island:formed an agresment tov.,

- remove ctenosams with the U.S. Department of Agriculture’s Wildlife Services (WS); the ;-

" federa) agency authorized 1o resolve human-wildlife conflicts: Their-multi-faceted approach
~includes | population monitoring,’ 1guana remnoval (also by a var tety of methods) and resear ch .
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- to develop and evaluate control methods (including toxicant screening tests). Over.time, the
approaches by the two counties will provide an interesting ‘comparison in efficacies .and-

economics. The cost- -per-lizard to remove iguanas in Lee County iemams constant, whereas : . -

the cost-per-lizard ‘decr eases with each subsequem iguana removed in Cl harlotte County. Once -

-the number of ctenosaurs caj Jtm ed in Ch'u]oﬁe County exceeds the amount of the agreement - -
divided by the amount’ of the Lee County--bounty, ‘then ‘the Charl lotte - Counly upplochh o
becomes mare cosi- “effective. e

- PURPLE SWAMPHEN

Relatively few non-native bird sp‘eeieé have,‘bec'oiu-e.'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 tq 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.ail species isnative 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 being 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 U.S., which could protect purple-..

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

~on the Florida populauon : ‘ '
- 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 (Avery 2007, Ferriter 2008, Hardin 2007).
As the population increased to over 200 birds, it still remained only in developed areas, but by - -
2006 it had expanded its range to Everglades Conservation Areas and has been reported as far”

- north as Lake Okeechobee (Hardin 2007). Efforts‘to eliminate the purple. swamphen ‘were :
prompted by its ecological similarity to the native commion moorhen (Gallinula chlor opus) AR

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

by the MTBA (Feiriter 2008, Hardin 2007).« : _
‘Purple. swamphert control was initiated in 2006 ina cooperatwe effort among b1010<nsts_ S

with the South Florida Water Management District. (SFWMD);. the US. Fish and Wildlife - -

Service (USFW S), and the Florida Fish and ‘Wildlife Congervation Commlssmn (FWC) Qver: -«
800 birds were located and removed durmg October 2006- August 2007 (Clary 2007). Efforts-

are scheduled 16 Sontinue 16 remove. ‘the femainder- of. the introduced populatlon -At fhe least, ... .-
* potential impact to native wildlife and vegetation can be mmlmlzed or-at the best the spec1es_'_.-~ R T

o will be er, adlcated from Flouda (Avely 2007, Heudm 2007)
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FERAYL 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 L

-~ animals in Florida each year (FCIT '2003). Feral cats are generally harmful to native fauna.
throughout thé state, because -even’ cats well-maintained-as pets take a high toll of nearby .
small animals (Churcher. and Lawton 1987, Lepcyzk ei- al. 2003, Woods et al. 2003),

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

Globally, feral cats feed heavily on small vertebrates and have led to the extinctions of a
number of species (€.g., Burbidge and Manly 2002, Nogales et al. 2003). Feral cats in F]ondu
have been observed to prey on loggerhead (Caretta car erta) and green (Chelonia 777ydas) sea

turtles, roseate tern (Sterna dougalln) least tern (Sterna. antillarum), American oystercatcher .
(Haematopus- ullietus), Florida scrub jay (dphelocoma coerulescens), Choctawhaichee beach -

mouse (Peromyscus poloionotus- allophrys); Anastasxa Island beach mouse (Peromyscus
gossypinus gossypinus), Key Largo -cotton mouse (Pe7 onTyscus gossypinus allapancola)

* Southeastern beach mouse (Peromyscus poloionotus niveiventris), Perdido Key beach mouse .

- (Peromyscus poloionotus ‘trissyllepsis), Key Largo woodlai (Neotomc/ Sfloridana  small?),

- Lower Keys marsh rabbit (Sylvilagus palustris hefneri),.all federally-listed as threatened. or. o
endangered (FCIT 2003, Ferriter et al. 2008): Cat removal has been demonstrated to result m .

immediate reboundsof endangered. beach mouse populations (FCIT 2003).

. While cats are harmful to wildlife throughout Florida, they are of the part1cu1a1 concern.

on- the islands of the Florida Keys (Ferriter -t al. '2008). They have been.a factor in the 50%
_decline in populations of the endangered Lower Keys ‘marsh rabblt (Forys and Humphrey

+1999) and cat removal was identified as an mtegral componem in the Tecovery of Key Largo, .

- woodrat (USFWS 1999, 2003) Makmg matters worse, feral cat colonies can concenirate a S

- -large number of instinctive predators in an area and pose: 51gmﬁcant threats to the smaller . .-

. fauna inthe vicinity. For example; the Ocean Reef Cat Club,(ORCAT) at the exclusive. Ocean L

.+ Reef Club residential resort on Key Largo maintains a- large feral cat colony adJacent fo the . T
+" federal and state’ lands. supportmg the Key Larao woodra’c and Key Largo cotion mouse.

Despite the protected habitat, the Key Largo woodrat popula’uon dropped from 6500 in 1988

. to less than 80 animals by the early 2000s (Humphrey 1988 Winter 2004, B. Muiznieks pers.
comm.). ORCAT runs an intensive, well funded ’crap, ‘neuter and release (TNR) program
(Clark and Pacin 2002), but“TNR procrrams .are not- effectwe for .managing feral cat -

; populanons under most ¢ircumstances (e.g., Anderson et al. 2004, FCIT 2003, Femter et al

. 2008, Jessup 2004) -The ORCAT colony contmues to ha\/e ‘around 500 cats. newhboung.i '
- endangered species. habitat” desplte the intensive: TNR efforts. Luckily, captive breechnt7 st :

‘now helping replenish:the Key Largo woodrat population. .

" Feral and free-ranging cats are notorious.for their destructlon of av1fauua and thlS

- problem is particularly pronounced in-Florida.where there-are: lzuge numbers of cats oﬁen in. T
£ the unmechate vicinity of smal forest-remnants and hammoc ks that migrant bir ds 1ely ot as.” T
. migration stopover Sites (Wititer and Wallace 2006). For example, severe we ather in spuug: ‘

T 2001 1esu]ted in a massive fallout-of migrating warblers I in the Keys, where larve l’lLllleEIS of
the birds were lost to-predation by cats (Winter and Wallace 2006). Similatly, the. declme of P
upland. bird popu]at1ons ‘between 1988 and ]998 at Greyno ds quk (Miami Dade County) T s
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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 frequenl] y-reported domestic animal.in the
U.S. with rabies (e.g., Barrows 2004). F01 example, between 1988 cmd 2003, there were 208

laboratory confirmed diagnoses of cats with rabies in Florida (Barrows 2004). In fact, 1he ’

Florida Rabies Advisory-Commitiee stated "the concept of managing free-roaming/feral cats

is riot.tenable on public health.gr ounds because of the persistent threat posed to- commumt]eq :

from injury and disease" (Bmows 2004, Brooks 1999). .

" While the threats cats pose to native wildlife, CSpECchHY endangewd Specles and 1he o
. disease concerns are well-documented, removal of feral cats, particularly at cat colonies, s -

often accompanied by vocal public outery from. cm enthusiasts. The. effortq to protect “highly

endangered speciesin: the Florida Keys from pledailon by cats. are notewm thy examples h
These programs did not .involve.the. lethal removal of ammals Rather, feral cat removal -

involved live trapping and turning cats over to animal shelters. Despite that, opposition to cat
removal has been stiff {including sabotage of traps) and: has affected management of the

endangered species. Thus, feral cats, in. pamcular can pr esent addmonal social dlmensmns .

creatmg diffi cultles for effectwe populatlon management

GAMBIAN GIANT POUCHED RATS

: The- Gambxan giant pouched ‘at (C7 zcez‘omys gambzamzs) in the Florida Keys 15 an' ;
example of how a severe invasive species threat can' be managed in a logical, practmal and e

. efficient manner, once a threat has been identified: This largest of rat species (up to 2. 8 L

Rosevear 1969) is.highly prolific and holds potential for extreme- ecological and agricultural B B
- negatlve impacts (Perry et al. 2006, Engeman et al. 2006) Altiough 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 USFWS in 2004. Perry et al. (2006)

- established the existence of a- breedmg populatlon and its dlspersmn ‘potential “was -
subsequently modeled (Peterson et al. 2006). Dispersal of the speCJes 10 mamland Plorlda-‘z',
* could have resilted in-continued spread through much -of North America where swmﬁcant*-
o Uega‘ave ecological and agrmultural consequences could ensue (Peterson et al. 2006).,.
Followmg verification of the population's existence and confirmation of its’ invasive and R
destruc‘nve potentlal information arid” methods essentlal “for successful eradmahon were' ‘
-+ rapidly .developed, 1ncludmg detection and monitoring technologies, population. indexing: ", B
- methodologies, populatlon distribution; -habitat-. preferences, ~trapping - methodolocy L
+ acceptance-of bait matrices, efficacy tests of toxicants, and bait stations that exclude native - S
species (Engeman et “al. 2006, 2007d). To .test and: fine-tune the methods. pnor 1o R
implementing full-scale eradication, a pilot eradication” project was unplememed on. CrawL',_”'
- Key, a small key adjoining Grassy Key to-which the species expanded its range. Aﬁerwzu ds, .
surveys found no evidence: of Gambian: glant pouched rats remaining on Craw] Key, a though. o

‘Hurricane Wilma undoubtedly. also contributed to their mortality. The criteria (see Engeman

et al. 2006, Pa'r_kes 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 pouched rat
- popullation, and with a greater range than previously thought. Next and a little over two years

- after the initial repoit, the full-scale operation to eliminate this population occurred. At-least. .. '

two years of monitoring for Gambian giant pouched rats should be applied to both Grassy and
Craw] Keys, as well as other potential sites of occupmcy such as refuse transfer sites
(including the mainland landfills) and Jocations of credible reports of sightings should alse
receive continued momtormg o help msure no ])]O]J’IUU]CS from Grassy Key are surviving . -
elsewhere. o : . ~ S
Thus, the rapid response eradication effort for Gamblan cruni pouchcd rats can . be .
' descrlbed asa prog1ess1on of accomphshmems ' '

1. Verify presence - '

2. Develop detection and populatron monnormg methods

3. Develop and test potential control tools ’ ‘
4. Test eradication approach (Crawl Key)

5. Apply eradication méthods and strategies to Grassy Key

6. Surveillance for:survivors or satellite populations

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+ - :Whereas the logic and flow described:here for this eradlcanon effort makes it seem as L
- ... though the path to- Gambian giant pouched rat. eradlcatlon was a’ smooth continuum once the

‘problem was identified and verified, it was, in reah‘ry, a series of fits and starts (Enceman et -
al. 2007d). No single block of fundmg 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 entitiés, as-well 2s pnvate concerns:. Even Hurncane

. 'Wilma may have assisted the eradication effort to some degree, as it struck a’f a time lessened
resources were available for the work. The storm surge overwhelmed a laroe part of many of -

. -the keys, ‘possibly removing small propagule popu]a‘ﬂons : v ,
‘70 .. One potential pitfall that hopefully-will not occur-is complacency at the apparent success LR
so--far. - That could undérmine availability of. necessary resources to see the follow- -up

monitering through to its conclusion. Lack of -continued: v1011ance could result in- the hard =

" . work to date ‘being undone, or worse 4f survivors -or propavules g0 undetected,. eventual S

- Gambian . giant pouched tat. d1spersal to the ‘mainland: On- the othel “hand, successful. .
. eradication of this species hopefully would help reduce the general reluctance of managers 10 G L
attempt-eradications of other: mvaswe spec1es in Flonda (see for. examp}e the comments by s

_' Donlan et.al. 2003)
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BLACK-TAILED JIACKRAB_BITS

" Black-tailed jackrabbits (Lepus californicus)-are not native to Florida, but by 2003 they
had been well-éstablished al ‘Miami Iniernational Airport-(MIA) for many years. How and
~.when they were introduced {0 this expansive airpoit property was unknown. Speculations as

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

- tracks for use in training greyhounds. By 2003, the black-tailed jackrabbii populaiion.at MIA .
was considered 1o be around 500. They alse had beén observed in other parts of Florida, bul [
not as breeding populations. ' ' v

‘ Occupation of f.h_e MIA property by a large number of black-tailed jackrabbits posedtwo L
serious threats (see Engeman et al. 2007a). 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 confinés of Miami they could 1ap1d1y spread through Florida (and-beyond). The.,

* other significant problem. their population posed was to cause a severe in¢rease. in bird, .-
airstrike hazards. Black-tailed Jackrabblts were often 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 concerm, as.vultures present s1gmﬁcant hazards to aircraft while taking off or 1andmg» .
(e.g , Dolbeer et al 2000) Besides safet)/ concerns blrd s’mkes also result m lost revenue and.. .-
very costly aircraft Tepairs. ‘ : ‘ o '

Removal of the black-tailed Jackrabblt popula’clon at MIA was mstlga’ced as-a response to,- S :
‘Federal Aviation Administration (FAA) regulations maridating the problem be so lved for . -

‘safety reasons (From March 2001 to-March 200_7 at least two dozen vultures were struck-by
aircraft at MIA). Thus the hurnar safety issue moﬁvated their removal; rather than their-

‘potential for ecolovlcal harm should’ they have dlspe1sed from MIA. Had it not been. for théir .0 el
_ exacerbation of airstrike hazards at MIA, it is inlikely they would have been eradicated and e

+ their population-would have continued to bea fes‘cenng threat for eventual dispersal. - e
. The eradication also revealed the poh‘ucal ‘sconomical and social. complemhes 1nvolved ST

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

delayed multiple times 1o assuage public sentiment towards lethal coritrol by allowing.a hve~ -

trappmg and translocatlon (to’ Texas) a‘rtempt to" proceed first. That endeavox was. -
'unsuccessful at. removing -more ’than a portlon of the populatlon ‘Finally, -a court ruling -

allowed the eradication’ effortto g0 forward for‘the sake of the’ ﬂym public’s safety Lethal- - -
. removal was efficient and effective at ehmlnatlnv the’ black-talled jackrabbit popula’uon and . ;.o

.+ - at a significantly lower cost than the hve-trappmg ventire (Enweman etal. 2007a). - Lot
The -political,” economic: and management paths to that success may have ‘been Lt

convoluted but - because a human Safety concem was clea1]y recocrmzed the black-tailed

jackrabbit apparenﬂy became the. fifst" well: estabhshed invasive venebrate speeles o .,

m’cenﬁonal]y eradlcated from Florlda
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DISCUSSION

The invasive species situation in Florida is severe, and when one considers the climatic, .
demoglaphlc and environment situation'in Florida, the sever 113/ of the )lOblClTl iseven gmalel
than at first glance. The breadth of invasive land animals in Florida that ar guably merit .

eradication, Or at least conllol is extensive. The list is extremely varied and mcludes clmmals, L

‘ranging from unusual spemes of distant origins 16 more recognizable invaders broug! 11 in from :

other states in the U.S., as ‘well .as feral -domestics. ‘A variety of steps have been tal\en to -

reduce the number of mtroductlons with some apparent success (Hardin 2007). As is often
stated (e.g., NISC 2001 1), preventian is the most efficient and economical means. to ellmlnale
exotic species. However, even’if no new exotic vertebrates become established in Plonda o
there is an aburidance of established exotic vertebrates that merit management action. . '
A brief sampling of Florida’s invasive species originating. from other parts of the globe, .
(besides those detailed already) include-species such as thé common boa (Bou .constr zcloz) '
Cuban treefrog (Osteopilus:septentrionalis), gieen iguana (Iguana iguana), black and white
tegu (Tupinambis merianae), peafowl (Pavo cristatus), spectacled caiman (Caiman
crocodilus), monk parakeet (Myiopsitta manac/zm) rhesus monkey (Macaca mulatta), sacred
ibis (Threskiomis aethiopicus): Species native to: the U.S., but;exotic in Florida 1nclude, .
animals such as coyotes (Canis latrans), red fox (Vilpes’ vulpes), black-tailed prairie.. doos ‘
(Cyriomys - Zudowczanus) red-edred “slider * (Trachemys scr ipta elegans) -and armadlllos. -

(Dasypus novemcinctus), while other feral domestics \Nldespreacl in Florida besides swine and '

cats ‘include goats (Caprahirus) and. dogs (Canis -familiaris). Many. other less notlceable .

* species have become established in Florida, and other species are suspected to-be breedmﬂ .

- there, but without ﬁzm documentation. Not-all will.be subjected 10 eradlcatlon or control, but N

~ 'some, of the invaders could present potentially severe- env1ronmental human health and/or '

‘economic consequences if their populat1ons arenot controlled or eradlcated . _

. Spemes such as Gamblan giant pouchecl rats, Nile momtors ctenosaurs, Burmese py’chons L

, '_‘and many of the other GXOUC spemes represent novel species to be con51de1ecl for eradication -

o contrdl. The’ Gamblan giant pouchecl rat, purple swamphen and black-talled jackrabbit are
examples ‘of how necessary incentive and resources can 'be’ apphed to directly design and

.. implement a practlcal eradication or control program (Engeman et al. 7006 7007&) Too -

‘often, invasive species merely become the subjects of blologwal and populatwn studies (e.g., |
Campbell 2007) bt there 'is a limit at some point -to the, utility in conductmo blOlOUlcal. )

"l 2003; Slmbelloff 2003, Campbell ”007) Donlan-et al. (2003) concluded that. research _
. -diréetly facilitating eradication tools and projects should be of h1gh pTlOI‘lT)’ Developm(7 the -
- information - and technolomes from which “control stratecr]es can be. developed and
nnplemented is an essential component to- addlessmg ‘many 1nvas1ve spemes s1tuat10ns

- studies of mtroduced spemes unless the resulfs directly assist in their removal (e ., Donlan et

quually important is the developmert of public and governmental. motivation, i.e. funchng, to:_ U

- 'manage invasive species before their populatlons expand beyond feasible control. e
Many of the problematic invasive vertebrates in Florida are predators. Predation not. only .

threatens many rare species (Hecht and Nickerson, 1999), ‘but the deleterious 1mpac‘cs of | '

predation losses is compounded by habitat loss (Reynolds and Tapper, 1996). Predators. also ,
* increase the risk of catastrophic extinction-of prey populations (Schoener et al. 2001) Gwen

the amount of habitat lost to development in Florida and the state's ploclmty for catastr ophlc '




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

hurricanes (two circumstances magnified on the Keys and other iglands), a number of species
in Florida are ai high risk. Since alien predators are more dangerous than native predators to
prey populations (Salo et al. 2007), the-impacts from invasive. predators, whether small:like - - .
~ northern curlytail lizards or large like Burmese p pythons, could -ha\/e devastating impacts.on .
- Florida's native species,-especially the:listed rare species:. :
For 4 number of well-established species in K lorida, such as Iel cl] swine, feral cats 'md
- green iguanas; there is no practical .means 1o-eradicate them from the state. That does not s
mean they cannot. be intensively controlled, .managed, or eradycated in situations of greatest - -
priority on .a localized scale, .especially islands. For:example, fer 2] swine are ubiquitous cUJd' :
destructive, but-as already .discussed,” would never, be. considered for state-wide eradication.
However, swine have been successfully targeted: in a nearly- eomp]eted eradication. effort on .
Cayo Costa and Punta Blanca Islands, with. concomitant - dr amatic Improvements in nesting -
. by listed sea turtles and shorebirds. Species. like the black -tailed jackrabbit, Gambian giant
-pouched rat and purple. swamphen were-identified as feasible, -practical, and valuable. to

eradicate before they become 100 deeply entrenched:actoss a broad range. To that ez_ld P;ukes o

and Murphy (2003) delineated some “obligate rules” for successful eradication: 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 they.-Teplace.their losses, and 3) the risk of immigration - .

must be zero. Given suitable control methods apphed in a- systematlc and- sustamed mtecrrated L

_pest management program, these criteria could well be met for a number of i invasive species. * : .k

. 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 political gyrations, a

population of a'species with a restricted range. can be eradicated- wnhout an excessive-outlay. -

of resources (Engeman 20072). To leave such a situation unadchessed is like 1eav1n0 aslow-" .
“burning fuse lit to an ecolomcal bomb : K -
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