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Detrimental effecls of two widespread invasive ant species
un weight and survival of colonial nesting seabirds

in the Hawaiian Islands
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Abstraet  Invusive anfs ore o segifican congzrva-
tion concern and ¢an hawe Tar-repching effects b
ceosysteme chey iovade We wsed 1le expeamental
cobwol of ant numbers on twu pocs of soall (<5 hag
offishore fslets deminated Dy either the bg-lvaded
ant. Pheidole megacephaly ac the nopical g am,
Sotenapric gemieaks W mvestigare Wa infloeree nd
hese species on seabainl bareling suceess, Aedging
suceess and weighe. Livaeed wnpublished observa-
f1ons of bath ans species amackiog, hesting scabirds
esist, but Ui Seeyuensy of amacks on hawe they atfect
weabicd pmowth aoed survival e unkoven. Island-
wide treatmenls with Dyddsmethy non s2aed in the
cradication of # seepecaerala awd the f2mporary
reductivn of 5. gevminete densinias. Mo diffecetice in
hatching  sucerss, zruwily, or Aodging swecess of
Woedpe-lled  Bhewwaers {Pigfieos proficus), a
conrpun calomal peming, scabind I the Hawalian
I<landy was olverved o the peir of islors domd-
naed by o megacspiala. On islets dominaled by
Y pemsinatz, o coptrnd aesoleed inoa cemporary
imerewse o fedgmg swecess. Injury froguency
incoeased draratically un 1l onercated isles (.2
1005 while cewzining, the same nn e Lrewied isle
(TT-3R%), Severely imured chacks (ie., chicks “ha
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Inal =200% of tissue oo thewr [eel) weghed sipodi-
cantly less than wningured chicks and Jid o fadpe.
It i wnclear if the chicks wers beirng preyed wpon o
siung in defonse of mearby andl colomes, Radizal
changes in invosive ant populatons bave beon ugd,
and Toaming anl populatons could couse shor-ter,
but widespread  Jumase e seabind colones. The
necaiive effects of iavasive ank< o seabinds may he
Sitficult o detest. and theeglore onkwows or wnder-
csumated throughowl the world where the tao
Eroups oueclap.
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Lntrodocboen

In mexsd of the world ancs e one of the domimant
arthropads, capable of shaping ecogvarens by redi-
recling coergy flow, Wwming saeil, apd facilitanng,
preying opon ondior competing wath each odlier
dind oiher members ol e ingect Gona {Helldollle
and Wilson 1301 Thus b 15 m<al sucprsung that
inrasive imis, 2ven Lherr sieadily ikeeazng ranges,
have become o sigmlicanr fheear o Biodivorsity
{Helldalbler anl Wilaga 19000 Aoller 1996, Halway
ct al. 2000 The megmioude nf changes in specics
curngeasition and relatnoahips resolting from ane
mvisiens 15 peaally kngaen in okl arsas as are che
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effects and eclhamamg walved in honging &hno
thess changes. Wosr studies focus on the effects of
invagive antg oo aithropod and plant corinunitics
(Mizch and Carenll 10E2; Bach [0 Cale o al
1992 Gillespae and Beimer 1993, Green o al, 107,
LiaPolla eo al. 2000 Hill ot al. 2007 F Dowd e al.
200% fGedach 20HHD,  howewer other groups of
species, ncluding, verichraies maw alzo he nega-
rively affecred, but are oot as welk soudicd.

Thrmugduonr e woald, fowr specics of invasive
anals [Fedeevararis dnvecin 1 Thees 1994, Wuellor oo al,
S0 A llen e al. 2N00; Cegace and Fddleinan 2901,
Tachaakel 200k Bmith e al. ZO0TY  Arcpledepiz
proerléines {Feare 1004 Mock 20W00;, Livepitiema
Autcle (Ficher ot al. 20125 Boarex et al. 20051, and
Watiarnia asrepunciara {dourdon 21 al. 21013 ace
kuown to have pepaiive effects oo growth andfor
vorwiwdl ol werlebrate speciss, ipcluding appooesi-
rmately |9 species of hirds, 13 species of mammals,
and mvnrc than L5 species of ceptiles ard amphimans
(Hrlwoay of 2l 2WH2Y Sefenopeis invicne is implicaled
in che majmicy of these cases and s also the maost
widely studied (Drecs 1900 ; Allen ¢t al. 2005 Leaare
wd Eddlerman 20817 ; Halway et al. 2002; Tchinks]
2051 Invusive ants are known o neradvely allzcl
oyIparons amimals by causing nest sk 2bamdonment
{Feare 1999}, increasing enecgy sxpenditurs of parent
hivdn, (Smith ot al. 2007, and reducing hatchine
sucecas POliann e al, 1900}, arowth rates (Giolano
cooal, 190, Allen ov all 199700 and socvivid {Ccees
192 Nfowlis 1995, Wloellor oo al [99%9: Allen &2 ol
201

Scabirds may be ezpecially susceplible wo harm
fromn invasive ante sinec the vasi mojoriby nest in
colonics where food resources in the form of auano,
boluses, egps, chicks, wnd dead wdolts are abundant,
To our knowledae, stody of e elfecls ol invasive
onts on nessnE seabinds os lomated wo three descnptave
sldiecs compering  invwded amd  soavaded  aseay
{Lockley 19%95; Feare U494 Brushelnweky 2o ool
20000, Lockley {19951 found that & dnvécty huad
meralive elfects on mestiny Ledast Tems (5crma
athirmer). On Bird sdamd (Sevechellzs) akacks on
aoeaty Teme (ke fscasa) by A grocilipes oesulled
i negl sits ghandonment (Feane 19U [ conimas, an
Maori, Howind. hers was nooilTeremss o s susiess
of invaman Tarels (Prercdrones seridwaczmngy)
mesting  in oareas  invaded by Acpentioe  anls

'a Springes

1 Ruemiie) wersus uninvaded arces (Brushelmyecky
ol al. 2K

Alza in the Hawaiian lilande whers anos are ot
rcprescnied in the nadve bsuna (Wilser [0MUE), there
arz aneccdotal observacions of nest fuilure and injunes
piisibl ¥ caused by Lhose of the mare than 4 invasive
ant species oow poesent (Mishiada 1292)0 Meprative
effccts oo wernchrales by two ol deese species
{0 e pavephela and 8 peingnet have not been
docomented caside the onte” paowe ranges. Both
species wre among the six st widesproad  and
haumiol invasive anl species (Holway &1 2l 28T
Flieidivia megacemhala, also known at the big-headed
unt [EHAL 5 nmutive o Atrica and has been widely
intrciduced to other continents whece W 1% kpowrn W
prey upon and displace olher arthropods (Helldol bler
angd Wilson 1990, Crillespae ond Beamer 1923 Moy
andd Heterick 20000, There are only anecdalil ubser-
valions of P. mepacepiela atacking sdull seabirds
und chicks [specifically Souly "Leom (e furcated,
Wedme-tailed Shearwwler. Lapsan Albatroes  Fhae-
bagiria imeadabifics) urd Bonin Peteel (Bahverio
brfaerifl] on Kure Atoll (Cynthia Yandechp, pers.
comm.: 5. Plentovich, pers. obs.).

Jofenenoxis zemine, Uee rogical fiee aor CTFA) s
nalive 1 Lthe soulhedsienn Unitsd S0es,  central
America and northeo Sooth Aowencn and iz kuosn /o
horvest s=eds and prey upon invertebrates (Holldel-
bler and Wilson 19054 Taber 2000, Holway ot al.
G2 The TEA possesies o venomoos sling thil may
improve it abality w poey upon ur subdue verebrioe
cpec1es and larger inwertehmates (Holwiy ef al, 2%,
Wishin its nateve canpee the: T12A hics been repueried 1o
prey upen hatching Bob-white Quudl [(Colines vir-
piianeast eegs und yuung chicks {Stoddacd 19315
Travizs 1958 There are cbsereations of TRA ks
ingz seabicd chocks v slers olfsbore of Oale il
Fahuolowe [Hetshi and Flenwwch, pers, abs ;. Ken
Wounl, pers. comme o Injenes similar oo rhiose
obserred oa other offchore elets (e holes amd
lestoms in e webbing of the feel) wers reporcd on
Munina and Mok Manu by Kichardsen (1943, who
wirs unzure uf the cause of the imurcies. but notsd hat
Mgy were susimed appareat!y dirng e figr few
weeks ol hfe and gwppesied than “small Sans voeons
2003 [ 2247 anay e che culprars. The fiequency of
ageurrence and e eficets of these imjorics nn nesting
sgalneds are vnknuen.



Effects ol anls vn nesling s=ahinds

Chit algectiva was w0 qimify the effooes of rhese
oW cnmmonly ecuring specics of invasive ants on
weight and surwival of Wedge-tailed Shearsaier
chicks nesring in the Hawaiion lalands. Tz do this,
wie exporinentally rested for e effecis of each
specics v the halchiag success, Aedping suceess, and
weight of YWedse-tailed Sheacwater chicks. Using
pairs of ccolagically similar nesting islets—Fair ]
domtinaied by the BHA and Pair 2 donunarcd by the
TFA, wo reduced ant populogans on ane islet from
cach pair and measured seabird paramweiors and ant
densily [ year before and 2 yearcs after ceduclions in
Bnt popolations. We hypothesized 1hat the hatchins
rucsess, Hedging success and weight of chicks waald
be hightr on axperimental @ersuy contred sie.

Blethuds
Siudy as=a and mechodkalooy

We chose toro paics of small =5 ha} islets oftehore of
windward Oahu, Elwwaii (g, 1) lslets wathio o pwr
were peolopically smnlar wwd suppurled the saoe
deaacninant plaot and g medl speciss. mcluding, nestine
Welme-Lioled Shearwalers The #HA was Lhe numer-
ically dominunt arthzopad on Popoin and Mokuioia
(Pair 1} and the LFA was one of éwo nomencally
dominaot arthropads oo BMoku Mui and Mcku Lki
(Fair 2] depending on tme of year, The cricey anl
CPararriciiee Jorgicomis] was alwo abundinl, -
ever lus species was nol suspecied ol harminge
seahirds, 1teen samplng points were establishesd by
ity b @odomly genecated woypuints, Theee
Widge-tanled Shewrwater bomrows wens assiciaied
with tach saopling pend ducing theee breeding
seasons (rom HHZ-HAE, The three bwmows clusest
tre mach ob the 15 poonls were selecied in June unce
ewch burrow contamed an eag and folloaed aoul the
nest taied or the chick Hedped in lale Movember.
Lhuerows wers monitorsd at east fowr times: alter the
errp wis lapd. during the week the epe biched. onothe
rahlle of the nestling phase, and g L-2 weeks
pricr t fledgimg. Chicks were weipghed and i rarsng,
colnsen and wing chosd were measmed ot 2ach visc
Damage or the feet of chicks was quantified by
counting, pumnlw and wcasoriag, diameter nf hnales
and rears e welbing and e cadmatog the peicent
OF Lisshe |l o Jiaagel.

Folleaing a wear of hascline data collconion, wc
afeempied to ceduce ant poqul adions in Fohruary 2002
uzing 1 granplar protein-besed ant baic arch the aetive
ingredient hydramethyinon {AMDEO®™) on one ran-
domly select=d islet from sach pair ¢Mokuowia and
Mloku Mui). The applicadion of AMDRO™ ccoumad
atter the sheansaters 1edt the islets in December and
priar o their redlum in Blarch, with ceapplicicion
L year later in Febroary MHM . Application rates wers
l l& por aces as dicected on the Jabel. Ant densities
were monitored by coonting the nomber of coach
species ol amt actracted tooindex cirds baited with
peanul butt=r. honey und peeed meat. Filbeen bait
vards were et alinpe a toinsect besectinge each i<ler,
Hart cards were set voncarreally on isleiein each pior
and Ieft ont for approsimuely 1.5 b

In addition. we mkis u short vz to Creen Tsland
on Kure Aloll, the northemmost atoll o the Murth-
western Hiowaiian Islands (lac 28 M, long: 178 W
We vigibed Foure Atoll e astess DHA densites smce
thic s the only location whers BHAY are cepolacly
repocted aftacking seoabirds. Using the same mathod-
oloey vuthned above, we sot bait curds at 23 points
rioeduncdy  locited  Usrougivaot b aslioxd on 3 Jene
2007 o gen en eumate of wil deosBy Bl we could
coanpawe W densiles on Popeia and Mokodo
dPaur 1)

Data amalyas

W compared Lhe number of injured chicks, srgs Lhis
hatchesd suocessTolly, and chacks thid Medped beiwesn
wlets (e, Ireainanl v, conical) aod vesrs wsing a
By Jugislic reecession, The dat were analviesd s
a ¥« 3 Goctoriad with islet apd year as main lloes
and it year = aslel ioeciciion lEne Yenr wis (rewslesd
as 4 catepuricn] wirnable, Dinscl corpparisans belwesn
yeurs were Jung u=ing & Chi-Squared likelilisod rioia
sl Lnly proewiR-rates of chicks were vomnparsd
between pslels and among vewrs using A repestid
messeres  mired  moedel  apidysis of  vamance
CANTIY AN with “poinl”™ wudyeed @5 @ rowdun eftec
riesleed withiin Cisler". Dot were analyesd as 9 2 =< 3
facrrial with isler and wear a8 oain effecrs and a
yealr = isler inkermation wecm.

Ant ournbers present on hait cards over e on
cobtenl and weantwent islets were alsn compared osing
a ropeated mcasures nuEcd wndel AMNOYA with
Fpeens” wialied as a candm effed ociied wathin
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Fip- 1 1 ocacinp nf fonr
il olfshions b e
weanilward ceast ol Dalw,
Hawasi (1alr 21 M, lonz:
157 W wat) a5 fes
sludy Ibe= ofTaces oF the
Lig-lraded s L Paeudale
megarepkatal and 1hbe
INOPicAY Firs &N CFobugd
geminzna) an weigil and
Ewrvival of nescing reahicds

e M okuavia [Pair t)

Dighare slames

Popoi [Pair 1]

1 -_1_ Moku Mol and Moku k| [Palr 2}

“islet”. Drata were anolyzed as a2 2 = 3 factorial with
iilel and year as main ebbecty and o year = islel
incractinon  trm. Average vulees we given as
mean + arandard erroc and we considersd diffecsnces
L be sipnificant ar arn alpha of leee than U405, A teele
were porformed wsing TP version 321 (SAS
Institute Lnc.}.

A1 chicks were assigned W one of four caleaoriss
nonz, mild 0-5% of Wssue on fecl misving or stiops
present but noe tssue missing), moceride (5-H1F5 o)
f1550¢ missing), and severs H2HR of tizsae mssimnge.
Weichts Tom 121 chicks on Mobu Nai and Moka 1k
wers pocled 10 oxamine the ctfect of the degooe of
injury on weichl. We ploted chick weiphts for o
given are an then fded 2 polynoumial wothe dta.
Urinz cespduals gy our Tespenss varizble, w8 oorm-
pared ke ellects of depreg of tmpuory (e, mes, nuld,
mexderate, severe] o weeighl 01 3 given age Using &
g way ANV A (MMiniah Release (6 20H3S) wath
rmlaple cmpparisong. Povalues wore adjusiced foo
o ple coruparizoms s Tukey 95% snamdmneons
vonficlenue. inecvils Tiedrs weas wsed 0 oo pate
waighils of severa]y imgured clacks prior m sy walh

@ Spranger

other chicks of the sume age so detenmine if severcly
injured chicks consistently werpled less, even prior
L iojury.

Resnlts

Tiallowing Ure Pebruacy 2003 applicanica vl AbDROE,
the doommcl ol species weee eqdicated (Bdobewia)
and reduced (hfoku M) The BITA wos eradicas|
Trcmm Bukouacmx wlier 3 single applicaton ol AR DRCY
(Fig. 21. Ko evidence: of reinvasion was found uo
subsoquenl visits 1o the islet through Movember 3G
il 21, Mean BIGA densities ware five ticoess bighier
(076 v L35 mdvidwid - per bt cacd} on Kure Ansllio
ZNF tham a0 any tonee oo Bokuauiy (pooe o 2K
ecmbigangn ) and Pripoaa from HEI2-200%5 HHA deng.
ges wee L5 omes higher on Kue Atal]l when
comipared oo the haghest ant densicy recorded on Papoia
(L., Movcimbor 200400

on Mok Mo TRA kg cdvclipet herseen
Marzh HWG and Way 20K, fllawing ceo applicacions
of ANDRC™, bur numbers rebouded by September
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Flg & Avwerape number ol big-ligaded anis [FAeicfsle meyos
eptaaial on Brir | ibdckanrea nnd F'{.F-:l-ia] and |_-'r_|p-_c.:|| {ir: nies
lf'.'.:'u.:-.!:'n-:'lll.ll.ﬂ': Keenmaral o Paw 2 (dMidy M asd Moo
ki L meun standard =rror wnil on canls basled wslh ooy,
PRI aunier, anG posied e, Filiesn Bl cadds o SeLon
vach el during sempling peonds Trom Fansary 203 w
rvemhear ZWH an Popeda and sakanmin and Behmary 205
[ Janupry 2005 on Mokd SN and Moka Tk BERec arnd atie
the applicaiion 1 AMDRO™ o Ireuesd ixdens iFdokwaia arel
Moku Fuc) an Folaiy 2002 aed Rebouary 3004 {uodicaned by
armuweh, Phaicks's mepacerdana was mil shsereed on ddokoao
fnlowing o singls appicmion af AMDRO®  Sclenopsis
grmingh dznanes e gipdivaoily, bul Empaily oodueod
follwaicy the application of AMDBC™ and priar Io the
rebouanr ine Secleamber 2004

200H. within 7 manths ol che secordd  tresioent
(Fig. X1, Because of this obvious snd unpredicred
rebound in anl numbers wee did the onalysis for 1wo
differene time periods (March 2003-Maoy 201 und
Seplember M0-Tanuary 2005 whils readicing (hal

this Jecisicn was mot a prion bur was made after
obeerving data om aml abundanpces. When only dula
throogh hay 2004 were included in the moadel. islet
was the only significont effsct (F = 9.L7, dt = 1,
F=0.33). When data from September 2044 to
Janwary HHES wers incleded in the model, both islet
(F =354, ¢f = 1, P = {L026% ond time (F = 5.53.
df = 1. P = (LG} were signiticant effects.

We abserved no evidence of injuries ta sheaneater
chicks by BHA: on Prir 1 {Mokoawis and Popoin).
Lach vaduble fic., haching muccess. Hedping swc-
cees, and percentiape of inpored chicks) remidined
relatively slable throughout e 3 wears with parallel
chanpees on both readed anad unlmezaed elet: dunog
any perncd (P 5p Logivte regrecoon analvss of
datu collectsd from HHI2 (pre-rreatment) 10 HAM on
hatching and Acdginz succoss indicated differeocss
wming years (hatchimg success: Wald f = 1344,
il =2 FP=0dd12 Hedeing soccess: Weld
2 = wd A =k P = (KT, but nut berwesn jsks
(hatching  succese:  Wald f =145 di =1,
P =023 fledping suceess: Wald ¢* = k53 df =

[ = 047 ln addivon, thers wos oo iwdocation of
am dslel = year awerastion thatcknog swecesss Wald

P 20 = 2 = 0% Dedging success: Wald
¥ = 305, Ji = 2 ¢ = 022y Inpunes observed on
theee chucks on BMokuama o 2064 wrers consistent
with tnunes received oo islatx scoupied by “I'Fas and
TTFAs were obsereed inwll thros bwrows, THAS were
lirst obserrsd n low densities om Mokuawia i Bay
HH, approancutely L5 mwaoths wller the el icalioo
af REA (Flantovich. wapulsl g,

Shearwarer chicks were ohserved @t tnwnes
caused by TRA: on Muko RNu orad Tuke Tk Fg, 57,
These srgemies were chacistemrzed by small swollen
sirsnlar sareis approsirmiskely 1= swon o diametes that
larer Tarmoed distied holes. Severs injudes sooeeames
lexd to the s ol all e pacl o the webhing and
SOy parts af e phalonges. There wis ne
dilfersnce in the number of tnpured chicks va Maky
Mo compared ro boko Tk om 2002 poar we fe
neanerent (Chi-saed Dikelibesd mos 2 = 2,340,
df = 1, F = 0.23 00 1o WH3 (10 -30ua04ed Dkl
i p? =29, df = 3, P = 11.39)% Howaver, in e
fiest year Fallrewing the applization of AMDED® (ie.,
N5, there were sigmificantly sore inmgueed chicks
ot Moke Iki {Ch-zgquaed  hkeliboopd  race
= 2555 f = I, P o= 0N In Fact, the peacenr-
age of chicky whservod with Injuries (om i anes

2] Sl pe
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Eip- 3 Howhing swcedss, fledoop, socosss and duimber of
whicks injursd by inwasive anis om Iour sy ellshuse 1 Cabo.
Hovam;i befare (2002 and afrer J2003, 204, cespecively) che
pduionn S0 I §iteasi v 20 Speeiss Srealede megoasplala on

incicasg] diamatically an the wimcated islet (daoku
B v Mg &.355 oo [CHES, wlule ganly mcrcasargg o ihe
trearcd ialer fenm 26.7% w 57.5% (Fig. 3

Logistic regression analysis of hatehing soccess on
treated and pobested islets indicated signifcant year
IWald # = £23, df =2, P = (LIM" and dslel {Wald

'ﬂ Spsioper

Makuavaa and Folemcwns romiears un Moky M, Sanple
saess dre I parenlbeses. Signibcunce helaeen dcedlmerd @nd
cerrol s cenegsl as fellows; T = 000G, TS
a0, v R

o= 1384, df = 1, P = (OWFD cffces, oo ghe
inleractical Derwoen the Bws woas mgl sigaifkanr (Wald

= 259, df = 2, P = 0500, There was no difference
in harching success om Mobu NMuicompased oo Mok Tl
in 20K {Chi-squared  likelibood  ratio: pl =14,
di =1, P =013y and MM [Chi-squarcd hikelibond



Eftamis a2 ones on nesling s=akirds

rutie ¥* = 20.d0 = 1.4 = {L55) Lowever tiece was o
gipmi e decnease o hschnng svccess on Blake Nw
2004 4 Chi-syuaned Bhelihaod taio: y™ = 146,40 — i,
F = 00321, Trg 3k Logisne repression analysis of
Aediing sueeess oo it and untoeaied sl s imls-aeal
significant vear (Wald z7 — L9 df — 2, 1 — B05T)
aml sk {Wakl * = 115 dl = 1.0 = (EHOSebfecs
meludeng o signifcian year « psben anteraction (Wil
f‘ — R =3, R = Fldping success wos
higher oo the ueteeaed islet (Mokwe Tki) w 2002
(Chi sgoaeed  Bkehhoosd 1anic f =122 dfr=1,
F =005 and 2004 [(Chi-aquared likeldssd ratic:
A= 35 = 1, P = 00060, b rhere wag o diffi-
gnce i 2N 0T sqinad TikeliTond rana: 3 =,
dl = 1, P — 098 Fig 5

There was o difference i dmly growrh eates of
chacks on gl and winreaned agles A osearter plca
el ape versus weight of all chicks nn Txoh Bloke Mui
anicl Bk I weas (10 wirh a0 podyoomil (87 = (.55
and the residwals were used wy compare weigho and
injury category Lie., none, mild. modorare, soverc).
Severely injured chicks from both isleis bad lower
weights than clicka wath on, pald aod eoderate
injigs (ANDY A wirl  prar-wise  cnnmga isoens,
F=aT8 df =13, P =110, Fig. [k A vl af
0% 01 18) of checks sustaned sewerg injincs.
When we campans| pra.emuey weiphes of owe 11 and
ome 12 day nld geverely imuaed clicks willy 2ven
uninjwed, mildly wogured, e modeiasly  igpoecd
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Fip. d Comparispn of ape versie reocloals of weigle g1 af
Whedgp-lazlee Bhearware (Pofinay pecibourt chwds vith ane
af four d=preer af trapical Hre une (Sacsasasis poainata)
irduced anurw: none, mild. modemes ar sevepe. Chicks with
wrald Juraape lus, less Ihan 3% oL L Giasae on Lheer ez Lo
with modzraie camage Iesi 5 1% of sheir fezi. These with
seedt damazs s, mons chan 0% o chear feer, Semificary
dillereooes wa demrabad by =+

chacks of sioglar apges owd voe 3-diy old severdy
wrgiresd chick stk &gl 5-day ol onamgured o mcloly
urpwresd cliickes, wee Founel el prior 9 puey, severely
rrgeresd chicks weigled eme thao or e same 23
vhicks baal wers won severely  amguned  OF e
= AR A0 - P 025 Taest o = 13701 —
1. P =021, espectively] We dinl nol s pre-
inghiry dacy o e wwginimg three chicks o ths
caregoay. Injiies v ehicks in thos caregony ranged
Creent Wbz loss of 22705 of theis feet, espezially their
wiehbing and parts of their phalanges (Fig. 3}

MHscnssion
Seabard weght and survival

Iivasive ams arg 4 $igoaICant consErsaign cnnean
ancl can have B peachng effeors in ceosysicmy chey

Fip. & ‘Wedpe-triled Shearwaler (Pufaue pacfeury chickes
uricjuregt (op) and cewsrely incnred (oo by he unpAl
linz Al (e nogaris peminafi )
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invade ([lolway ot al. 2002, Wz found that the BEHA
ard TFA kad difterencial etfacts on nesling seabinds.
Um Pupoii and Mokoaaia (Fair 13, the BHA did oo
chumpes i hatwhing soceess, Hedaing success. o
weneht of wedpe-taled sheurauter chicks, Ws tound
no =vidence thul the BHA hammed szabacd chicks on
Poponw or BMokuau, This contradicts our expeeta-
tions N unpubbisbed  observabons of  LBHAS
amGEckig seven] species of ssabinds (e, Wedre-
rled Shearwaless, Boonms Perels; Laysan Alba-
mwngsess Sy Terps O Vapdedip, pers cwmm;
3. Plergovich, pors obsd on Rure Awll o the
Hochwestern Hawanzn lslands. Similar observatioos
o not x50 o0 Popoia and Mokwiwia and differeatial
cbservislions belween de two siles are liksly Lnked
W the considerably hesgher ant densities presemt on
Eonz Aol deng. . 2.5-3 umes muee ants were present
e bair cands on Kaere Aoaoll vompared 4o Pupoia and
Mok Although BHAs ore regulacly reported
anacking, seabindz on Kne Awll, how thess atacks
effeut sevbied growth awd survival 15 unkoows,

Chi Mok [k and Moku Mm Fait 23, wur cesulls
UafBeraal in 20002 ol 2004 based on ke success of
wer apk vwoimd eflons In WM. the temporary
ealcticon in TEFA numbers 1o wndelestable levels
(Fre. b vurrespanded or oon irerease o ledpmg
suciess aned feweT guries oo shearwater chicks
ielmive oy the onoreanel i<l The awrnber of chicks
imueed increased wsipnificantly duriog by perod
nh (he oeated ixler while noskyrockered an e
entezarcy] 331cr faen B o LK% (Fag. 3 In 2CHM, aan
atanbees cebounded an he sreated aslel (R 20wl
wi bszrved 3 conespandmg decreize e Mederng
Mot an e lrealsd slel (19g. ). Halkching
sceess  was sconssently luwer on Muke N
cuompared 10 Muke [k over the ihme vears, The
luw bagehne hiching swecess on Muke Na e
possilidy g or orepnlar visitadion by hoosos wd
thevefore dnerensed chances of suslwed bunews Jue
e bk praffac. This wis CaTACN i Ei2gs | e
unstabla soil on both aslets wade Bifferanniaing
bt cooshed by Do acaflic amd burmows that
cnllapsed  Following  Deavy  rang  Jifficul 10
uiskinglaisk.

Soverely ingurgd ¢hicks weiphesd less than chicks
with na, mild, or modarate njurizz (Fig. 4} How-
cvel, priaor b atlacks thesc individuals were nint
cipnificanily Liphier than noo-severely injered chicks.
These datn indicale that oilack: by TEAs cawsed

*5__1 Rpringe;'

thicks o cither Inse weight on gain weight ar a sloneer
ratz than ciber whinjured, nuldby guissd v peeder-
wely injured individoals. Tooowr kanwledge this is the
first documencation of 1he TRA negatively affacring
any wertebrate polside the anl's pative range. These
Tecults are in agrcemend with o variety of sbudies
chowing that TFA's comgencr. 5 énwielo, €an
decrease: halchine sucoess, Hedging socecss aadbar
rrowth rates of at least 24 Jiffesent specics of
o iparces wertshrates (Holway et al. 20602; Tschinkel
Uk, Bob-white quaeil chicks expased (o the max-
wmum number of individuale of X fewdeta (2L
individuals bor 605 averaging M oents on hedy}
gained weichl more slowly than chicks exposed o
fewer individuals (Giuliano ct al. 19901 Wi did noa
asgzss the exact number of TEAs attacking chicks;
howerver we similarly found the effects mast prom-
ment in severely imured birds (Fig. 4.

Injunes were obscrred only on the feet, Jegs and
carely  around the cloaca of shearswier chicke.
Injudes wers never observed around the eves or a0
ther hell. 1L wias sogmesi=d 1hat some af these lesions
may bz wseocialed wilh intection by the avian pox
virws { Foavirds avineg ), bur pox lesions bave not boco
vheervod on Oaho's offshors islets 1. Smith, DLHE,
pers womum.) and the opes of injuniss we saw are
wody found un islels invaded by TRAs. In (2ol we
ubserved the species atzacking chicks aon several
peAsung and, i ooe ciw, found the head of a THA
soldeer adached w the (vt of anoiojured chick. ILis
wnclear if the TTA s prowing upon chicks or if it is
stinging the chicks o defense. The TEA is undoub-
edly alracted w halchior eres. As  previowsly
meenfioned, Solenamsis spp. have also been obscored
itacking pipping egps, punctunng =pas and previne
epon hatchlings of B variety of ege-laying vertebrares
(Holwoy ot al. 2002, If shearwater chicks are able to
hatch successiuily, heir movement may Bpilare anls
alogdy  wiracted w the bumow or hatchiop e
Fichardan {19420 woled that severe njunes seemed
W rvenr donog the fest few weeks aiter batching, In
our sludy. medsrate or severs ojuries ooourred
shrowghowt the pestling penod. but the maedty of
injuresd chicks showed evidence of injukes from lire
ants wathon the Gicst 3 sweeks of buchine, Alhouzh
w did not cesr RBs, an s s peesd hleothal chicks stk
Batiroes neas fire awl nesns aee awacked mere alten by
ants defending their nests oo incidendally mowing
through scahird s coves.



Eflects of art: on ofstng seabinds

In stvmiacy, W TEA can Tave signelican aegarive
gfiecrs an harzhing suecess, fAedgimg snecess and
weazht of seahird chicks. A l2ast 5% of Wedge-tmled
Shearwatze clacks in this siedy sosrained seveie
iggueics frooe fire ans. Tu dhese zevere cases, the fic
am reduced weight of scaturd chicks fallowing
suwack: and eelaive w chicks with nome, mild
and micderare imjucics {Fig. 40 Since shoarwawers
end many wher seabirds wse their foet For diving and
paddling while boraping, the lass of cignificant
poctions of their foed along with a low Hedging
weipht make post-Hedging swivival questionaklc,

Conclution

Meeling  seabids  drve  ecosysiern proceswes by
dipging burrows and depositing  marine  derived
resourses on the land m o the form ol auane (ses
Maron el al. 20000, Loss ol coloness or educiions in
thear sizes conld have significunt eftfects onm zoasys-
rem processes (Hotchinson 1930 Folami eb al.
2000k, [nwasive anls can have negalive ellecls on
nesning seabinds. somedimes czusing widespooad nest
abandonment {Feare VMERN. On two of our study
sitec. imvacive ants attacksd birds more often come
vears than others, even when the ant papuolation
remaned celatvely stable, In 20402. the yoar we
collscted baseline dule, we obssrved Lhe lowest
encadence ol injuries frone the TEA (8.3%) on Muko
Iki amd no severs injucies wers obsecved (Mg, 310 1n
2008, LMY of chicks wers 1yured by the TEA on
bAaku ki, the wntreated islet, but we documented
ooly modest increases on the treated isle. These dala
suapest the £llects ol the TFA and oller invasiove anc
vpeciey on ssikird chicks can cheanie markedly foom
yeiar bt owear. Such chanaes miy b melaled  to
vargallon n enviranmental [aclors (g0, minful) or
wagalion in Tocd cescwrces assocnled wilth other
distuchinees (g, 6 eredication, Teare 1900,
I Bijeengi, pers cenung or vhanzes in populations
ol homuplerous insecls), Since neaative ellects of
amle v mesiing seabinds may be diffcall 4o detect
and ore yprcally oot moniiored, they may be Jargeely
unknown  endfor  undderestimated]  theoughoot  the
world where the two groups oveclap, As the canges
o invasive amte anilinug (o espamd, we expedl
imeracrions Beiween (hese twg gromps af specias
inCroase.

Alrhowpl emdication of sucel nvasive qof specics
A very difficul, thig Somly ued caleers ineloding e
aecessin] sonrmel of the BIA fw piweapple planta-
Tiemsg 1 Hat-an {Reinser sod Beacdsley 1990 and 1
cadicahon of wig BHA from Kakade Mananal Pagk
in Ausicalia {Hoffmann and O Congas 20041 iolicate
that whig species can De effectively sradicaed msing
AMTRO™ 1Smnley 2001Y. Addirinnal rasearch iz
noeded 10 find effective waws tn erdicats adher
invasive ant popularions and to predies and eitip e
resulting changes in arthropod commonitics. Thian-
ilcipaced changes in the nawal commiumiey reselning
Tiearn vewerval of invasive anrs, inchoding expansian
of crlrizarian by ather harmial anr gpecias, nesd m
bz cansidered. Cwrently, ecndicanma of BHA may he
most benefcdal in isalated areas where oo o
invasive ants oceuwr and imo Ritoations  whaee the
invasion is limitcd 1o o small avea.
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