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Abstract

Ants are nearly ubiquitous on islands. Species reagh oceanic islands by three mechanisms: (Inméights of re-
productives, (2) rafting, and (3) human-assistegp@lisal. Past land bridge connections may be impbftr continen-
tal shelf islands. Patterns of species accumulatiag be similar even when primary mechanisms giedisal differ.
Colonizing propagules are limited primarily by thegence of suitable habitat and interspecific cditipe or preda-
tion from other ants. Although island area is ulsualsignificant predictor of species richness, dheersity of habitat
types is often a better predictor. Distance, olaison, has often been found to be only a weakiptedof ant species
richness, probably because many islands that heee studied are not very distant relative to mpstiges' dispersal
abilities. Interspecific competition appears toutegn mutually exclusive distributions within islds for some of the
more aggressive species, although the effectshifataffinities have not been well studied. Witle exception of very
small islands, competition does not appear to réswdxclusions of species from entire islands, eoinlist patterns of
nestedness have been observed. Populations gotdrtim and immigrate to small islands in ecolopttoae, although
such turnover appears to be relatively low compaiéul other arthropods. Only a few archipelagoesyédver, have been
the focus of turnover studies. Some species ma regremely high population abundances on islantisubsequently
decline. The exact mechanisms underlying theselptipn fluctuations are not known with certaintjthaugh the
presence of honeydew-producing insects has often besociated with the most dramatic cases. Endgraaries
greatly and ranges from 0 to > 96%, peaking atinégliate distances in the Pacific and reachindnidpeest levels on
islands in the Indian Ocean. Anthropogenic distndes appear to present the greatest driver of ehtnmsular ant
communities and result in increasing numbers and@nces of exotic ant species, which may havealielas effects

on the rest of the community.
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Introduction

Ants are nearly ubiquitous on islands, found in st
remote archipelagoes (e.g., Hawaii, Mid-Atlanticlg® is-
lands) and on the smallest of islets (e.g., margislands
of only a few ni; CoLE 1983a). To date, however, no lit-
erature review of the ecology of ants on islands teen
published. An obvious question is whether the egyplaf
ants on islands is any different than ant ecologganti-
nental areas. If so, the differences may be mgsarmt
on smaller islands (on which ants face relativekyager
challenges of extreme environments, limited halbyjaés,
and more intense competition) and more remote dslan
(to which dispersal is more difficult). Many stusglibave

conducted on ants inhabiting islands in lakes, a4 &
various types of habitat islands, here the focemislands
occurring in oceans. Realizing that many collectiane
incomplete and that many taxa are in need of renjdi
attempt to elucidate the broader patterns that sebost
given these sources of uncertainty. Finally, thexists
some geographic bias in this review, because sslanadis
[/ archipelagoes have been studied in greater cibtil
others, and of these, some have been simply "¢ted&c
whereas others have been the subject of biogeagraph
ecological analyses. Most insular studies have lceaen
ducted in the tropics or low latitudes of the terape zone,

focused on smaller and more remote islands and-archin part because most invasive ants reach theiekigten-

pelagoes (i.e., those that exhibit a greater degfré@su-
larity"), and are the subject of this review.

This paper primarily considers the ecological atpec

of life on small islands and leaves the evolutigrfacets
for another review. Endemicity is included, printafor

the inferences concerning dispersal ability antepas of
diversity across archipelagoes. Although studie® teeen

sities in these regions, and there is a large iveast lite-
rature.

In this review, the following questions are addegkss
How do ants arrive on islands? What factors areoitapt
in their colonization success? How are they distiehl,
within and among islands and archipelagoes, andpgesw
sistent are their populations? What allows someiepéo



reach high abundances and threaten other memb#rs of
community? Finally, what threats do ants on isldiads /
pose in the future?

Dispersal

Ants may reach oceanic islands (i.e., islandsthe¢ never
been connected to continental areas) by three mschs:
(1) mating flights of reproductives, (2) raftingach(3)
human-assisted dispersal. In most, but not allispeaeri-
al mating occurs between winged reproductivest, aftéch
the mated queen lands and establishes a new dbidmny-
DOBLER & WILSON 1990). To obtain an idea of the dist-
ances involved in such mating flights, it is ingtive to
consider the literature on one of the most studiedll
ant species, the red imported fire &dlenopsisinvicta

Human-assisted dispersal represents a major source
of island colonists, as ants frequently stowawalyaats,
planes, or cargo. Upwards of 150 species are kriovae
dispersed anthropogenically @LYNN 1999). The Hawai-
ian Islands, one of the more remote island archipmds
in the world, are home to over 50 specieRYBHELNYCKY
2015), with at least 50 additional species haviegrbin-
tercepted in quarantine without becoming estatdigkeu-
SHELNYCKY & al. 2005b). All ants in the Hawaiian Islands
are thought to have been introduced by humansif ad
this demonstrates the archipelago is too isolatedérial
dispersal of alates or rafting. Although most aapo-
genic introductions to Hawaii are relatively regetis
likely that a few species may have been introdumedb-
original peoples prior to the modern era. For examgome

BUREN, 1972. It has been estimated from an energeticspecies may have spread across Polynesia in tleegan

model that the flight capability &. invicta female alates
is <5 km (in the absence of wind)@@T & al. 2000).

of the ancient Polynesians (M8ON & TAYLOR 1967a),
and analogous dispersal events may have been assbci

Empirical observations, however, have revealed thawith the Arawak and Carib Indians in the BahamasgM
Solenopsis invicta female alates cover distances two to RISON1998a).

three times that of the theoretical prediction,spraably
assisted by wind. Observations of mating flightmglthe
shore of the Gulf of Mexico yielded discoveriesatdtes
on the water surface or on boats in the range8afo48 km
from shore, up to a maximum of 9.6 km ARKIN & al.
1971). Alates were discovered at even greater st
on two islands on which the resident ant populatioad
been exterminated with the insecticide mirex. Thsix
alates were found on an island 11.2 km from stzoré,one
alate was found on an island 16 km from shore.

Species differ in various characteristics of mafliggnt
behavior (HOLLDOBLER & WILSON 1990), although it is
likely that distances covered by mating flightsotfier ant
species are of the same order of magnitude. &rigely
unknown how far alates may travel when aided bydwin
Distributional evidence from the Florida Keys reeeahat
a number of species were capable of dispersing awver
8 km water barrier, but very few were able to sesfidly
cross a 65 km water barrier (§oN 1971).

The numbers of alates involved in mating flightghef
more common species are often truly astounding.eker
ample, during a mass mating flight of the blacldgarant,
Lasius niger (LINNAEUS, 1758) near Normandy, France,
an estimated 25 million alates per km were foundhed
up on beaches@diEs2013). Almost all alates examined
were males, indicating these estimates did notitakeac-
count the female fraction. Alates may be componefts
the aerial plankton, and have been caught in aeeial at
relatively great distances from land (e.gQUAAPFEL &
HARRELL 1968, BOWDEN & JOHNSON 1976), although it
is unknown whether such specimens represent viatibe
nists.

Entire ant colonies may raft to islands within lags
other plant material, as observed anecdotally IER/ER
(1916) and HATWOLE & LEVINS (1972). Little scientific
documentation exists on this mechanism of dispeirei-
ing probably occurs relatively infrequently, orl@ast is
rarely observed. It is likely to be more importémt is-
lands near the mouths of large rivers, which oftarry
rafts of vegetation (G 1962). Rafting is more likely to
occur with species that nest in vegetation thaménsoil.
Distances covered would depend upon the speedeainoc
currents and the time until vegetation became \eafged.

Some species of ants have been able to dispense nat
ally to all except perhaps the most remote islattdsas
long been thought that some islands, for exampulsettof
Eastern Polynesia, were too isolated for natuisgpetisal
(WILSON & TAYLOR 1967b). Recent sediment cores from
Easter Island, however, contained the remains bz
cies that were dated much earlier than the geryeaaH
cepted period of human settlemenb@tRocks& al. 2013).
Sediment cores from the Austral Islands revealedeth
istence of several apparent native ant specie®@xch,
unpubl.). The remote Mid-Atlantic Ridge islands ¢An-
sion, St. Helena, and Tristan de Cunha) have 2@vkno
species, "most, if not all" of which were deternuirte be
exotics (WETTERER& al. 2007), and it is possible that some
may predate humans.

For continental shelf, or land bridge, islandsparth
mechanism is possible: the ants were already pregem
the island was cut off from a continent by risirgg dev-
els. Alternatively, species may have dispersed tamt
bridges that existed during periods of lower sealld-or
example, many of the present-day islands in theaBels
were, during the Pleistocene, interconnected byhntarg-
er, emergent banks that would have made overlasd di
persal possible (BYruP & al. 1988). Even when greater
emergent land area did not result in the completiying
of water gaps, narrower water barriers would haeagen
it easier for species to disperse via wind-assistating
flights. During the last glaciation, for examplbeetwater
gap between the Bahamas and Cuba would have bgen on
~ 15 km (QSON & PREGILL 1982).

Thus, to summarize the four main vectors of argetis
sal to islands: Mating flights occur annually angdlve
the majority of ant species, but are usually limhite re-
latively short distances. Rafting likely occursretfuently,
involves primarily arboreal species, and may carart
to intermediate distances. Human-assisted dispersat
curring with increasing frequency, involves prirhatitamp
or invasive species, and may cover practicallyraitéd
distances. Land bridges appear over geologic tialesc
may involve in theory all ant species, cover distmthat
vary regionally based on geography, and in the oage
complete bridging may increase dispersal occuthingugh
mating flights or rafting.



Fig. 1: (A) Small marine lime-
stone island in the central Exu-
mas, Bahamas. (B) Larger Ba-
hamian marine limestone island
revealing honeycomb nature of
substrate. Photographs by the
author.

between 1927 and 1985 in the continental UniteteSta
high diversity of species (232 species from 394rds)
Once a colonizing propagule capable of reprodudtas  were included. Only 12% of these species have be@sm
dispersed to an island, it faces two immediatelehges:  tablished. The probability of establishment incesbwith
finding suitable habitat, and avoiding lethal cotifpen the number of times a species was transported.indest
or predation. A propagule may represent eithemar-  habit was also important, as ground nesting speuize
minated female alate or an entire or partial colaith at more likely to become established than arboreatispe
least one mated queen. Most colonization attempfed  This is presumably due to the lack of suitable s#et in
male alates fail. EvINS & al. (1973), for example, working new environments, as arboreal ants often exhileifeps
on a set of 144 small islands near Puerto Ricanattd  ences for particular types of trees. The arboratd that
that thousands of female alates representing spdui¢  have become established all exhibit flexibilitytlre choice
were not already present dispersed to the islamdsgear, of nesting sites and persist in a wide varietyreétspe-
but only a small fraction (~ 4%) successfully cohenl. cies (WAREZ & al. 2005). Although this was a continental,
Some islands may be too small to support a popularather than insular, analysis, similar patternsliikchar-
tion, and the minimum size requirement varies anspeg  acterize island colonization.
cies (e.g., OLE 1983a). Each species has its own habitat A study of ant communities on small mangrove istand
requirements, and generalists will be more likelgarvive  in the Florida Keys revealed that certain specésnco-
than specialists. Species that nest arboreallyeXample, existed on the same islands, while other pairpet®s
require woody vegetation, and those that tend aptdel  were only found if the island was large enougloE€
quire the presence of aphids as well as their plastts  1983a). Arena experiments revealed that aggressise
(VEPSALAINEN & PISARSKI 1982). actions were the mechanisms underlying the obsqratd
In a study of ants that were intercepted in commerc terns (OLE 1983a). A similar result in terms of predict-
inspected by the United States Department of Agtioer  ability of species present on small islands wastban

Colonization



limestone islands in the Bahamas (Fig. 1A). If oohe
species was present on an island, it ®eschymyrmex
obscurior FOREL, 189393.7% of the time. If two species
were present, the second species Bas/myrmex pyra-
micus (ROGER, 1863) 74% of the time (MRRISON2006).

Not all ant species are antagonistic to each otiwaw;
ever. On islands of the Tvarminne Archipelago ef Bal-
tic Sea, it has been estimated that one third@f&piecies
are dependent upon another ant species duringizalon
tion (VEPSALAINEN & PISARSKI 1982). Mechanisms of de-
pendence range from the need to found a colonyin a
other established species' nest to workerlessiparsyse-
cies. Whereas dependence on other ant speciesveslgmt
in this archipelago, such social parasitism isaotom-
mon in many other insular systems, as parasite r@pure-
sent < 2% of all described species/@8HINGER2009).

Variation in characteristics such as the morphqglbgy
havior and life history of a species may affecboiation
abilities. For example, colonies of species thatdh more
in larval feeding, have large queen to worker s@s,
and have a monomorphic caste structure can inciease
abundance more quickly ¢Ce 1983b). Nest location may
also be important; in mangrove ant communities igsec
that placed their nests in the periphery of mangoges
experienced a reduced frequency of aggressive atersu
with other species (@E 1983b).

tion". In other words, certain species consistentio-
nized before others, and species identities wesotoe
degree predictable based on island area and dést@ihe
similarity in species composition between pre-deédion
and final surveys 322 - 542 days later (dependimghe
island), however, was on average only 53% (Sgresisen
index, my calculations based on Tab. 3 IMEERLOFF &
WILSON 1969). Thus, almost half of the species identities
had changed, although average species richneseesime
ilar: 5.2 (pre-defaunation) compared to 4.6 in fimal
survey. SMBERLOFF & WILSON (1969) concluded that it
"seems probable" a priority effect occurred, witb first
species to arrive excluding later colonists, altitothey
found no direct evidence of aggressive behaviat, @s-
tulated that nest site pre-emption may have beernuth
derlying mechanism.

Thus, the vast majority of potential colonists ttegich
an island likely fail to become established, dubegito
lack of appropriate habitat or competition (or @éaon)
from other ants. Generalist species, or thosehtineg cer-
tain morphological, behavioral, or life historyiteathat
confer an advantage in colonization, will be moue-s
cessful, all else being equal. Given the availgbdf ap-
propriate habitat, the priority effect is probabbry im-
portant in most cases, and species that arrivéeearle
more likely to successfully colonize.

Because competition from other, established Spedeiccumulation

may be particularly intense to incipient coloniedlpnists
that arrive earlier are more likely to be succels$for
ecologically similar species, the early arrivalooie may
even preclude or retard colonization by anothées; lilas
been termed the "priority effect" APSALAINEN & PI-
SARSKI1982). In addition to which species arrives fitisg
outcome of competitive interactions may also depgyah
habitat. For example, the Argentine adritepithema humile
(MAYR, 1868), is known from only three locations in Po-
lynesia: the big islands of Hawaii and Maui, whitrex-
ists primarily in the higher elevations (> 900 MQLE &

al. 1992, WTTERER & al. 1998), and on Easter Island
(MORRISON1997).Linepithema humile is adapted to a more
temperate climate than that found on most Polynesia
lands, and apparently has been outcompeted by ather
in the lower, more tropical elevations of Hawaidaviaui
(REIMER 1994, KRUSHELNYCKY & al. 2005a) Linepithema

Two interesting data sets allow for the comparigbac-
cumulation of ant species in two archipelagoes wétty-
ing recent histories: the Krakatoa Islands andHhaeaiian
Islands. The Krakatoa Islands include four smaltanic
islands in the Sunda Straits between Java and Synhat
donesia. Massive eruptions in 1883 are thoughtateeh
resulted in the mortality of practically all lifegsent at the
time (THORNTON 1996). It is thought all ant species that
have since colonized have dispersed either by géliyits
or rafting, although anthropogenic transport cafigopre-
cluded for a few species AMIANE 2013). The islands are
~ 30 km from Sumatra and ~ 40 km from Java, buy onl
~ 12 km from Sebesi Island, which could functionaas
stepping-stone from Sumatra.

Five surveys of Krakatoan ants have been conducted
since the eruptions, in: 1908, 1919 - 1922, 192933,

humile, however, has apparently outcompeted other ant4982 - 1985, and 2005 - 2007. Over the 114-yeardint

previously established across the more temperateeEa
Island (MORRISON1997).

Very little experimental work has been conducted re
garding ant colonization of islandse\NS & HEATWOLE
(1973) introducedPheidole megacephala (FABRICIUS, 1793)
(the big-headed ant), to Palominitos Island neartBwRrico.
The introduction failed, presumably because of cetinp
tion from the resident ant fauna.

In the classic mangrove island experimental stughy ¢
ducted in the Florida Keys, M6ON & SIMBERLOFF (1969)
defaunated islands of all terrestrial arthropod$unyiga-
tion with pesticides. Before fumigation, ants destated
highly predictable patterns of species composificn,
nestedness), with species richnesses increasihgvott
increasing island size and decreasing distance $tuone
(SIMBERLOFF & WILSON 1969, SMBERLOFF 1976). Ants
were among the last terrestrial arthropods to iteripe,
but they displayed "the most orderly pattern obogta-

val, 125 cumulative species have been found (Figal2
though some species found in the earlier surveys net
found in the later ones, possibly due to changédmbitat
associated with successionAWANE 2013). The discov-
ery of alLeptogenys species in which the queens cannot
fly and colonies multiply by fission (dependent oy
foundation) is strong evidence that at least tpiscges
arrived by rafting (8 & al. 2012). A relatively high
proportion of the ants present nest in dead woodhaiys
(74%), as opposed to the ground surface and s#fb);L
which led YamMANE (2013) to postulate that rafting as a
dispersal method for the Krakatoan ants may béivela
important, although no direct evidence for the displ of
ants by rafting to Krakatoa exists.

The Hawaiian Islands, in contrast, are thoughteted
remote that ants have not been able to reach tlyema-b
tural mechanisms of dispersal, and all speciesptag-
present anthropogenic introductions. Naturaliss Eegan
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Fig. 2: Accumulation of ant species on Krakatodg(i
circles) and Hawaii (filled triangles). Note diféant scales
on y-axes. Krakatoa data are fromwANE (2013). Ha-
walii data are from RUSHELNYCKY & al. (2005b), with
the exception of the final data point, which isnfré&ru-
SHELNYCKY (2015).

collecting ants in Hawaii in the 1880s — abouttthee of
the Krakatoa eruptions — and 57 established specees
currently known (RUSHELNYCKY 2015) (Fig. 2). Although
some species were present before the earliesttiolis,

KRUSHELNYCKY & al. (2005b) consider the lag period be-

tween establishment and the first record to haee lerly
constant over time, so that the pattern of spestaésction
approximates the pattern of accumulation. In 200&p-
peared that the rate of species accumulation wgiatiag
to decrease (KUSHELNYCKY & al. 2005b: fig. 1). Given the

number of new species that have been discovereed,sin

however, this does not appear to be the case nigwd¥-

TERER& al. 2007). Only a single species is known toehav
a persistent population on Iceland — the exdfipoponera
punctatissima (ROGER, 1859) — although it is present only
in houses and geothermal areas.

At a minimum, some terrestrial vegetation appears t
be a necessary base of insular food webs that ahew
survival of ants. In a survey of 242 small islami$our
Bahamian archipelagoes, ants were never foundamdis
lacking vegetation (n = 54), but were almost alwpges
sent on islands with vegetation dRISON2006). Ants
have been reported, however, on an island in thegtBu
Rican bank that lacked terrestrial vegetatioe AFNVOLE
& al. 1981). Apparently the base of this insulandaveb
was supplied by relatively great inputs of alloatbus
(i.e., originating off the island) material transigal by sea
birds. Other islands with large enough marine-basdkd
ochthonous inputs may also support ants (and aéner
restrial arthropods), although little informatiaer such
islands is available. A diversity of other typesasthro-
pods has been reported from very small islands neiti
tively small amounts of allochthonous inputs in Beha-
mas (MORRISON2005).

A number of species of ants are known from mangrove
and other regularly inundated habitats, displayiagous
strategies of surviving in such extreme conditi@REL-
SEN2011). Some species nest in the intertidal zoloekb
ing off their nest entrances during high tideeQ6EN &
al. 1980, MAITLAND & MAITLAND 1994). On small islands
in the Bahama$rachymyrmex obscurior nests in crevices
and galleries in the marine limestone substrate. Slbs-
trate of some of the most low-lying islands is cdetgly
inundated during spring tides, and this speciestaais
persistent populations by surviving in air-filleHaambers
or blocked-off tunnels (MRRISON2006). Ant colonies
inhabiting low-lying islands in the Bahamas haversted
complete inundations from hurricanes, presumabéytdu

The Krakatoa Islands have accumulated species at the "Swiss cheese" type structure of the substhatiRR-

faster rate (note differences in y-axes in Fig.ahough
in the Hawaiian Islands at least 50 species intiwidio
those established have been intercepted in quags(iRuU-

SON 2010) (Fig. 1B).
Thus ants may exist on very small islands (evesdho
that are periodically submerged) due to behaviadalp-

SHELNYCKY & al. 2005b). If these also had become estab-tations or the appropriate type of substrate. Tesgnce

lished, the rates would be similar. In neither gretago

of terrestrial vegetation may in many cases beaal goe-

does the species accumulation curve reveal anydafign dictor of whether ants are present on very smilhis.

saturation.

Nesting in the vegetation (e.qg.p( 1983a, $41BERLOFF

Thus colonization in the Krakatoan ant fauna has ap& WILSON 1969) is another mechanism of surviving peri-

parently been limited by natural dispersal abilitycros-
sing a relatively wide water barrier and the preseof
suitable habitat types. Colonization in the Hawaignt
fauna has been limited by the ability of specietrawel
with humans, and the suitability of the climate NOI?%
(15 / 125) of the Krakatoan fauna are classifietrasip

species (YMANE 2013), whereas nearly all of the Hawai-

ian species qualify as trampsRESHELNYCKY 2015). Yet
despite these fundamental differences, speciesradat
tion on these two archipelagoes is remarkably simii
several aspects.

Extreme environments

Although ants are present on almost all islandsetldo
exist some notable exceptions: islands at higtutigs and
islands lacking terrestrial vegetation as the lwdsasular
food webs. For example, there are apparently ne @mt
the Falkland Islands or the South Georgia islaNdsTt

odic submergence of the island substrate.
Distributions

Just as the colonization process is strongly adfidty
available habitat type and interspecific interagsiothe
ultimate distribution of ants within and among ingla also
depends largely on these two factors. Basic istangeo-
graphic theory (MCARTHUR & WILSON 1967) predicts
that the number of species on an island is a fanabf
area and isolation. The increase in species richwih
area has been called "one of community ecologwsgfe
nuine laws"(SCHOENER 1976), and some of the classic
studies of insular ants have revealed robust spetiea
relationships (e.g., WsON 1961, MACARTHUR & WILSON
1967, WLSON 1988).

A number of studies, however, have revealed thaeso
expression of habitat is an even better predict@pe-
cies richness than area per se. In a study of sshafids



off the coast of Connecticut,GEDSTEIN (1975) reported
that the amount of plant cover above nest sitetagqul

more of the variation in ant species number thdrisiand

area (total or vegetated). Working in an archipelabis-

lands in the North Sea,dMsMA & al. (1987) reported
that an equilibrium model, containing parameteraa
and distance, was "equally suitable" to a habitzrdity

approach. In the equilibrium model, once area \a&sri

into account, the effect of isolation explainedyo®% of

the remaining variation.

A study of ants on small islands in the Bahamasdou
that plant species richness was a better predi€tnt spe-
cies number than island area (total or vegetatddRR+
SON 1998b). In a similar analysis of the correlatesuaff
species richness conducted on islands near PuedptRe
number of habitats was found to be a significaetjr-
tor, whereas island area was nODRRES& SNELLING
1997). Considering the distribution records of antthe
Florida Keys, [EYRUP & al. (1988) remarked that there
seemed to be "few, if any, effects of equilibriustand
biogeography", and that most species occurred "svieer
their preferred habitat is available", althoughcbeducted
no formal analyses.

SALAINEN & PISARSKI1982). In other words, some species
pairs occur more frequently than expected by chearod
others less frequently (e.g.,dARISON1996a). The com-
plementary distribution patterns observed withimynis-
lands (described below) have largely been attribtden-
terspecific competition.

Mutually exclusive distributions within islands heav
been well documented for some of the more invaaig
aggressive species. On Bermuda, for exanhphepithema
humile andPheidole megacephala have mutually exclusive
distributions, which have shifted over time, as mgco-
logists have closely watched to see if one spemiesd
completely exclude the other A8KINS & HASKINS 1965,
CROWELL 1968, LEBERBURG& al. 1975, FASKINS & HAS-
KINS 1988, WETTERER& WETTERER2004). Despite shifts
in distributions over time, these species have xisted
on Bermuda for more than 60 years.

In the Hawaiian Island4,inepithema humile, Anoplo-
lepis gracilipes (SMITH, 1857) (the yellow crazy ant), and
Pheidole megacephala have mutually exclusive distribu-
tions, and laboratory experiments have demonstitated
existence of direct interspecific interactions KER &
BEARDSLEY 1970). In the Society Islands of Polynesia, the

These findings should not be interpreted as evidencthree behaviorally dominant and numerically abuhdauh

that ants are somehow not subject to the specessrar
lationship in these archipelagoes. With the exoeptif the
Puerto Rican study, area was a significant predaft@nt
species richness, just not as strong as the otkdigbor
variables specified above. Moreover, one of thehaere
isms underlying the species-area relationshipas|drger
areas contain additional habitat©{@®IoR & M cCoy 1979).

Distance was not a significant or important preafict
in any of the studies above. Distances of the merabte
islands (e.g., 1.6 km in the Connecticut study, 2ddkm
in the Bahamas study), however, were relativelyllstoan-
pared to the dispersal ability of alates. Moreotke,pos-
sibility of intervening islands acting as "steppistgnes”
would effectively decrease the distances involveene
further.

species $olenopsis geminata (FABRICIUS, 1804),Pheidole
oceanica MAYR, 1866 andPheidole fervens FR. SMITH,
1858) exhibited complementary distribution pattesithin
islands (MDRRISON1996a). Strong competition over terri-
tory or food was observed among all three pairspa-
cies, both in the lab and in the fielsblenopsis geminata
was found almost exclusively at disturbed sitesydacer,
wheread”. oceanica was found at significantly more un-
disturbed sites, indicating the importance of radtaffini-
ties (MORRISON19964a).

Although some of the more aggressive, generalist sp
cies are able to exclude each other from portidisands,
they do not appear to be able to exclude each @ttwer
entire islands, with the exception of very smadinsls (e.g.,
as in @WLE 1983a). The ant faunas inhabiting small islands

Thus, while area and isolation may be important fac around Puerto Rico, for example, were found toigeis

tors affecting distributions over larger spatiadlss, over
smaller scales their effects may not be as obvidhs.
positive association of area with habitat diversitsy ob-
fuscate determination of the more important drivespe-
cies richness. Isolation may only be important aeta-

tively large distances, and differentially affepesies de-
pending upon their propensity to raft or dispensthimo-

pogenically.

Competition

Interspecific competition is so prevalent in antncouni-
ties that OLLDOBLER & WILSON (1990) dubbed it the
"hallmark of ant ecology". Although a recent revi@#RDA
& al. 2013) concluded that interspecific competitimay
not be as important as previously thought, the evig
suggests that it is, in general, the predominamefstruc-
turing ant communities. Although the distributiafamany

ficantly nested (i.e., species present at speces-gites
represented subsets of the species present aesgeti
sites) (TORRES& SNELLING 1997). The nested pattern was
attributed to an increase in the number of habitéts size

of island. Remote Polynesian ant faunas are algohhi
nested (MRRISON2008). The main reasons certain spe-
cies are not present on particular Polynesian dsap-
pear to be either a lack of opportunity for introtian or
lack of appropriate habitat (MRRISON2015).

Within islands, ant communities appear to be caitere
associations of species that are influenced toge lextent
by the identity of the dominant species (typicalbminant
species are both numerically abundant and behd#lyiag
gressive). In the Society Islands of Polynesiaheddhree
recognized dominant species was positively assatiaith
its own subset of subordinate specie®A®RISON1996a).
Ordination analyses of occurrence data revealeebmen

species within and among islands may be dependent tlapping groups of sites that were based on thetitgyenf

varying degrees upon habitat, particularly for sakst
species, interspecific competition also plays apartant
role. Differences in social organization among s@etead
to competitive hierarchies, resulting in "locallypected”
versus "locally improbable" combinations of speisr-

the dominant species (MkRISON2015), and a substantial
number of species pairs co-occurred less frequendy
predicted by chance. On the islets of Nukunonu lAdbl
Tokelau, species also tended to co-occur less émity
than expected by chanceg$TER& al. 2009). Thus the



Tab. 1: Rates of annual relative turnover and inmatign / extinction ratios of ants from publishéddies. Turnover
rates are given as mean * SD; units are % ydamm/Ext = immigration / extinction ratio; numbef immigrations per
extinction.” According to IEVINS & al. (1973); not enough information given to adéte actual raté. According to data
for Cayo Ahogado in EvINS & al. (1973).2 According to data for Cayo Ahogado irEAfwOLE & LEVINS (1973).* Not
recalculated because exact date ranges were ret,gimd much cryptoturnover is likely with an ~Eayinterval.

L ocation Daterange Number of idands | Turnover (annual) | Imm / Ext | Study

Puerto Rico 1964 - 1970 2 "high' 0.86 |LEVINS & al. (1973),
0.05¢ | HEATWOLE & LEVINS (1973

ConnecticL 1971- 1972 6 33.0+36.! 0.7% GOLDSTEIN (1975

Puerto Rico (1964 - 1968) 21 Not reported 4.71 TORRES& SNELLING (1997)

- (1981- 1983

Exumas, Bhama 1990- 199/ 86 24 +4.; 1.61 MORRISON(1998b

Exumas, Baham 1994- 199¢ 88 1.3 +3.( 1.82 MORRISON(2002a

Exumas, Baham 1998- 200: 87 1.7 + 3.( 0.11 MORRISON (2010

Exumas, Baham 2003- 2007 85 1.5+3.¢ 0.2¢ MORRISON (2010

Andros, Bahmas 1990- 199¢ 20 1.4 +1.¢ 1.6t MORRISON(2002a

Andros, Bahama 1999- 200: 21 5.4 +8.( 0.8¢ MORRISON (2010

Andros, Bahama 2003- 2007 21 40+7.¢ 0.6( MORRISON (2010

Abaco, Bahama 2003- 2007 34 8.1+10. 0.4C MORRISON (2010

identities of the subordinate species in a comnyusiie
somewhat predictable based on the identity of dmaiichnt.

should remain relatively constant over time, altiftospe-
cies compositions are expected to change. In etbeds,

These patterns may exist because each dominariespecoccasional immigrations and extinctions of speeidbs

competes more strongly with some subordinatesdtiars.
Alternatively, shared habitat affinities of the soflinate
species may result in the observed species conntisat
Unfortunately, the relative importance of habittinities

is often not well known (e.g.,RUSHELNYCKY & al. 2005b).

If the identity of the dominant species does strtest
overall ant communities on islands, then experienat:-
moval of the dominant should result in cascadirfgat$
throughout the community. This is exactly what veas
served in an experiment conducted on small islareds
Oahu, Hawaii. PENTOVICH & al. (2011) used chemical
baits to experimentally remove the dominant antsse
Pheidole megacephala. Pronounced fluctuations were ob-
served in the ant community, including increasethin
abundances of subordinate species, apparent imgisio
three new species, and over time the establishofientew
dominant species Anoplolepis gracilipes.

A recent review (MRRISON2014) compared ant com-
munity structure and function on remote Polynesgn
lands, where most or all species have been intexduo
coevolved ant communities in continental areasfandd
them to be similar. The same is generally trudrisular
ant communities that contain predominantly natppecges.
Interspecific competition appears to be the unaeylynech-
anism that results in complementary distributiohdami-
nant species within islands. Community and metaroam
nity structure are characterized by dominance rcbras
and strong nestedness. Dominant species affedithe
sity of other ants, and changing the identity & tlomi-
nants has repercussions throughout the ant comynunit

Turnover

Once ants colonize and become established onandis|
how persistent are their populations? Accordindnéoequi-
librium theory of island biogeography @¢ARTHUR &

result in turnover. Turnover may be calculated @er
island basis (the classic AdARTHUR & WILSON [1967]
island biogeographic approach), in which case tine-t
over rate indicates the percentage of species aslard
that immigrate or go extinct. Turnover may alsocb&u-
lated on a per-species basis (a metapopulatioroaphy,
in which case the turnover rate indicates the peage
of islands on which a particular species immigratesr
goes extinct (see BRRISON1998b).

Early studies suggested that insular ants may e ch
acterized by high rates of turnover, although ttstadies
did not encompass very broad spatiotemporal dimessi
(Tab. 1). LlEVINS & al. (1973) reported a "high turnover"
rate for ants on small islands of the Puerto Risank,
although only two islands were thoroughly survewtd
multiple intervals. One of the islands was visitgdl3
intervals over a six-year period, during which tihé
species of ants were recorded, "none of them pezman
and seven were present only oncekEARNOLE & LEVINS
1973).

GOLDSTEIN (1975) surveyed the ants on a set of six
islands off the coast of Connecticut, in each af fears,
reporting that, averaging over all islands, 33%haf ant
species turned over (on a per-island basis). ffaver is
calculated on a per species basis from Goldsigdtes the
average annual relative turnover rate is 46%. Tvgno
rates obtained by Goldstein varied greatly, howewvbeth-
er calculated on a per-island or a per-species lfesige:
0 - 100% for both).

TORRES& SNELLING (1997) revisited 21 of the small
islands that had been surveyed kBvINs & al. (1973)
18 years later. They reported that immigrationsaut-
bered extinctions by a factor of 4.7. They did calcu-
late turnover rates, but with an 18-year interital likely
that numerous undetected immigrations and extinstio

WILSON 1967), in an equilibrium situation, species nuraber occurred between surveys. This phenomenon has been



termed cryptoturnover INCH & JOHNSON 1974); as the
time interval between surveys increases, true wemwill

be underestimated to a greater degraeMDND & M AY
1977). TORRES& SNELLING (1997) stated that their surveys
were probably more thorough than the surveyseviNs

& al. (1973), but believed that the differences evero
great to result from a sampling artifacORRES& SNEL-
LING (1997) concluded that the ants of small Puert@mRic
islands represented a "non-equilibrium case".

per year. Ants may have lower turnover rates ththero
arthropods because most arthropods live only oae ge
less. Although worker ants may live only a few nint
colonies may be very long-lived, depending uponlifiee
span of the queen or number of queens present.nQuee
of some species have been observed to live forddsca
and the most long-lived insects known are ants (IHoB-
LER & WILSON 1990).

Overall, most of the available information on turao

A study of turnover encompassing over 140 smallin ants is derived from the Bahamas / Caribbeaioreg

islands in three archipelagoes of the Bahamas pad-s
ning up to 17 years for some islands revealed iveligt
low turnover rates (Tab. 1). Surveys were conduateld
to 5-year intervals, with one 9-year interval. Saiegree
of cryptoturnover (i.e., unobserved immigrations! ax-
tinctions) was likely present (dMRRISON1998D), although
the magnitude was probably relatively small du¢he
small number of immigrations and extinctions obsétv
Averaging over all species, on a per island basigual
turnover rates were always < 9% per year, and ean
chipelago (the Exuma Cays) < 3% per yeaof#ISON
2010). Persistence clearly varied among speciegever.
Averaging over all islands, on a per species basisyal
turnover rates varied between 0 and 17% per yeigih, w

the more common species being characterized byrlowe

rates of turnover (MRRISON2002a). Immigration rates
were 60 - 80% greater than extinction rates dutime
period from 1990 to 1998 or 1999 (depending oratichi-
pelago). Extinction rates, however, exceeded eriara
rates, by as much as a factor of nine, in the egseight
or nine years (MRRISON2010).

Despite the observed turnover, the ant faunasméso
islands were remarkably persistent. In the Exumelsi-a
pelago, after 17 years, 46% of the islands hadrexueed
no turnover. In the Andros archipelago, 29% of ithe
lands maintained the same species composition ghrou
out the 17-year period (®RRISON2010).

The above conclusions may not be representativthef
geographical areas. Additionally, the thoroughradshie
surveys that have been done varied among studieda
the time periods involved (and thus potential fassad
turnover events).

Over much longer timescales (i.e., geologic tinme),
sular ant faunas may experience relatively highretegof
turnover, even on larger islands.\oN (1988), for ex-
ample, examined ants preserved in amber from Hispan
ola dating to the late Tertiary period and compahesir
identities to the present fauna of the island. blectuded
that the Hispaniolan fauna has undergone "conditkera
turnover" since the late Tertiary, while the numbggen-
era have remained similar.

Plague ants

A few ant species have the potential to becomebsn-a
dant as to displace or reduce the populations feant
species (or other arthropods). Five of the 100 ldgworst"
invasive alien species we & al. 2000) are antsAno-
plolepis gracilipes, Linepithema humile, Pheidole mega-
cephala, Solenopsis invicta, andWasmannia auropunctata
(ROGER, 1863) (the little fire ant). All are known to ©sl
nize islands.

Other invasive ants may also negatively impactoant
other arthropod populations, and colonize islasdken-
opsis geminata (the tropical fire ant), for example, is often

Combining the Puerto Rican and Bahamian results aleonsidered to be in the same category as the figeiss

lows for inferences to longer-term regional treimdturn-
over: The species richnesses of ants on smalldslaear
Puerto Rico increased from the mid-1960s to thdéyear
1980s (immigrations exceeded extinctions by a facfo
4.7). Ant richness on small Bahamian islands ineeea
during the 1990s, but to a lesser degree (immignatex-
ceeded extinctions by a factor of 1.6 - 1.8). Bauig in
the late 1990s, however, ant richnesses on sma#Bian
islands declined dramatically (extinctions exceedaui-
grations by a factor of 1.7 - 9.2). While the imnaitipn —
extinction dynamics of ants on small Puerto Ricdands
may be independent of those in the Bahamas, thedsl
in question are geologically similar and have mapg-
cies in common. Thus the variation in immigratiorda
extinction rates observed over this period in thgasate
studies may be representative of the larger regind,due
in part to variability in hurricane activity (seed®RISON
2010).

above (HOLWAY & al. 2002). Additional ant species have
recently demonstrated invasive characteristics aned
considered as emerging invasives (é\ylanderia fulva
(MAYR, 1862), the tawny or Raspberry crazy anty1w
MAN 2014).

On some islands, introduced ants have demonstrated
explosive population growth, often followed by gid
decline. In historic accounts such occurrences e
referred to as "ant plagues”, and the ants resplenas
"plague ants" (W.SON 2005, WETTERER 2006, 2007). In
the earlier recorded instances (e.g., Hispaniolkbit8 -
1519, the lesser Antilles in 1760 - 1770, Bermutd#e
17" and 18' century) the responsible species are not known
with certainty, although the identities have begpdthe-
sized (WLSON 2005, WETTERER2006, 2007).

In modern times, similar phenomena have occurred, a
although they are not usually referred to as alatgies",
the underlying mechanisms are likely similar. Tablésts

The turnover study with the broadest spatiotemporakome of the best-documented examples. In many other

dimensions and regular survey intervals (i.e.,Baba-
mian study) found turnover in ants to be relativiely
compared to other arthropods. In a review of tuarov
rates for different types of organisms;HOENER (1983)
reported that annual turnover rates for arthropodigu-
lated on a per-island basis, ranged between 2%8%d

cases invasive ants have reached relatively highdamces
on islands at some point after being introducetthoalgh
perhaps not reaching "plague” status. Thus thequhenon
represents more of a continuum of increased deggtiat
vary among species and across islands, althouglly llith

shared underlying mechanisms.



Tab. 2: Population outbreaks of ants on islandse Penge refers to periods of unusually high aboods.* Hygothe-

sized, identity not known with certainfyKnown to attend, or suspected of attending, hoeeygroducing insect

Iden-

tified asNylanderia pubens (FOREL, 1893) in WETTERER (2007), but more likely to have bellglanderia fulva according
to GoTzEK & al. (2012).

Date Island / Archipelago Species Reference

1518- 151¢ | Hispaniol: Solenopsis geminata WILSON (2005

1760- 177C | Lesser Antille Pheidole megacephala™* | WiLsoN (2005

1600s, 180C | Bermudi Nylanderia fulva * WETTERER(2006,2007

1850 Madeire Pheidole megacephala 2 WETTERER& al. (2006

1890: Madeire Linepithema humile 2 WETTERER& al. (2006

1970: Mahé, Seychelle Anoplolepis gracilipes 2 HAINES & HAINES (1978’

1989- Christmas Islan Anoplolepis gracilipes 2 O'Dowb & al. (2003

1997- 200z | Bird Island, Seychell¢ | Anoplolepis gracilipes GERLACH (2004, 200t

2000 Tokelat Anoplolepis gracilipes LESTER& TAVITE (2004) GRUBER & al. (2017)
2002- St. Croi» Nylanderia fulva MAYR WETTERER& KEULARTS (2008) WETTERER& al. (2014

The mechanisms underlying this phenomenon arglikel
the same traits that allow invasive ant specieséxh
high abundances generally in many introduced aféese
include an omnivorous diet and unicoloniality (itee lack
of intraspecific aggression resulting in expanggmnies
without distinct behavioral boundaries between fafy
separate nests) Hway & al. 2002). It has been hypo-
thesized that the low genetic diversity of introgdigpopu-
lations facilitates the formation of such supernae (TSU-
TSuI & al. 2003). The use of previously untapped food
resources and an escape from natural enemies may allations are not as well understood as those uridgrtizeir
play a role in some casesoRTER & SAVIGNANO 1990).

In many of the documented cases (Tab. 2), thepant s
cies in question were known or suspected to attemney-
dew-producing insects, which could provide a lasgerce
of carbohydrates. In fact, the five worst invasarg spe-
cies all form extensive associations with honeygeor
ducing insects in their introduced rangei(Ms 2013).
Such associations may promote large populatiotisesie
ants because carbohydrates readily available ieyumw
allow for increased colony growth. The ants provide-
tection for the honeydew-producing insects, ans thay
result in a type of positive feedback loop, in whiarger
populations of invasive ants promote larger pojmuatof
honeydew-producing insects, which then result iarev
greater abundances of invasive antsiits 2013).

In some cases, the species in question had been precould be considered nativPheidole oceanica was the
ent on the island for some time in much lower dégsi
raising the question of what triggered the popalain-
crease. For example, BWTERER& al. (2006) reported that
Linepithema humile was present for at least 30 years onvasives were present, however. Because of the e2mot
Madeira before it underwent a population explosemg
hypothesized that this event may have been triggeye = New Caledonia), it is possible tHatoceanica, while con-
the arrival of a "new species of mutualist scakeot or a
new crop variety that made a better host for a @aligt
scale insect already presenthoplolepis gracilipes has
been known from Tokelau since 1934, although atijene
cally distinct population apparently invaded mareently
(ABBOTT & al. 2007). This new halotype reached much on's natural dispersal range; a colonizing propaak to
higher overall abundancesg&TER& TAVITE 2004). By
2011, however, this new halotype was more widespreafor speciation to occur. Radiations, or diverstiimas into
but, surprisingly, less abundantK@ER & al. 2013).

Although islands provide some of the best examples
of this phenomenon, similar population cycles hbgen
described from invasive species in mainland arBas.red
imported fire antSolenopsisinvicta, for example, reached
high densities in invaded areas of central Texdkearate
1980s (PRTER & SAVIGNANO 1990), replacing native fire
ants by a ratio of 6 to 1 §RTER& al. 1988). By the late
1990s, howevelS. invicta densities had declined by an
order of magnitude (lRRISON2002Db).

The mechanisms underlying the declines of suchpopu

rise. Hypothesized mechanisms include depletiothef
resource base and change in social organizatics digh
appearance dhnoplolepis gracilipes from some areas in
the Seychelles, for example, was hypothesized tdulge
to a diminished source of proteinAINES & HAINES 1978).
GERLACH (2005) hypothesized that the dramatic reduc-
tion in population size oA. gracilipes on Bird Island (a
reduction of over 99% in two years) was causecinai
colonial social fragmentation (i.e., transitionrfra single
super-colony to at least ten separate colonies).
Although most insular ants described as "pestsimare
troduced, exotic species may not always dominaigesa
On Surprise Island, near New Caledoni&rGA & al.
(2012) found only eight ant species, seven of wkiehe
introduced and only one of whichPheidole oceanica —

numerically dominant species in one of the fourmia-
bitat types and the overall top competitor in tblamnd-
wide dominance hierarchy. None of the "world's wars
ness of Surprise Island (230 km from the main idlah

sidered native to the region, may be as recenttamdiuc-
tion as the other species.

Endemicity
Island endemics are usually found near the edgetax-

arrive, but many colonists will lead to too mucmgédlow

many new forms or species, are often observedrge,la



high, remote islands near the edge of the dispeasale
(PAauLAY 1994). Thus, evaluation of endemicity patterns
in insular ants is instructive in relation to unstanding
natural dispersal distances and vacant niche spatenay
lead to ecological release, although prior landdmicon-
nections must also be considered.

Overall, the percentage of endemic ant speciegvari
greatly by islands and archipelagoes, ranging féota
> 96% worldwide. Across the Pacific, from west &sg
25% of the known species of Micronesia are potégtia
endemic (Couse 2007). Rates of endemism are 18% in
both Tonga (VETTERER2002) and Samoa (MW TERER&
VARGO 2003). In Fiji, however, ~ 70% of the species are
endemic, with radiations of many generagSAT & Eco-
NOMO 2012). No certain endemics are known from re-
mote Polynesia, although a few species are cuyrenty
known from French Polynesia and may representende
demics (MORRISON2014). In the Galapagos, of 51 known
species, nine are "probably native or endemi®&RRERA
& al. 2014).

In the Western Atlantic, only a few species aresjips
ly endemic to the Florida Keys @YRUP & al. 1988) or
the Bahamas (MRRISON1998a). In the Caribbean, W

SON (1988) concluded that 46% of the West Indian ant

fauna was endemic, with 40% of the species knowyn on
from a single island, although acknowledging thatsiin-
dian ants had been poorly sampled. Cuba had theestig
endemicity, with 50% of its species known from nengh
else. A radiation is clearly apparentligptothorax, with
38 different species on Cuba. Focusing on the kesse
tilles, JAFFE & LATTKE (1994) came to a different con-
clusion, however, finding no clear evidence of eniden.
They concluded that endemism reported from the dress
Antilles was "probably due to incomplete taxonostiedy

of the collections rather than true endemism".

In the Eastern Atlantic, endemicity varies greatlyoss
the islands of Macaronesia. Percentages of endgrfici
each island group are: the Azores (0), Madeira (3B&)
Savage Islands (0), the Canary Islands (51%), amkC
Verde (7%) (BPADALER 2015). Radiations have occurred

with island isolation. Curiously, perhaps, endemgaams
very high on islands across the Indian Ocean. pois-
sible that conditions for rafting have been monefable
in this region. The distances involved, howevee, gen-
erally shorter than for the more remote Atlantid &ua-
cific Islands. Dispersal from Africa or India toethndian
Ocean islands involves shorter overall distances that
to Fiji in the Pacific, for example, although matepping
stone islands exist in the Pacific.

Threats

The threats faced by native and endemic insulaspgt
cies are generally the same as those that thréadei

versity in general, and include habitat degradatitoss,
invasive species, and climate change. In this dase;

ever, the invasive species are often other antghénu

more, habitat degradation and climate change nthyhai
introduction and spread of invasive ants on islaiisst
factors that drive extinction do not act in isotetj and
synergistic processes may have the greatest efféRtsK

& al. 2008). Climate change, for example, may iaseethe
invasion potential for some, but not all, exoti¢safBeR-

TELSMEIER & al. 2016).

Exotic ants are common on many islands, with thie pe
centage of exotic species ranging upwards to 100%he
most remote islands (e.g., Hawaiian Islands, Mitk#ttc
Ridge islands). MGLYNN (1999) listed upwards of 150
species that are known to have been transportacdro
the world anthropogenically, but considered onlyenof
these to be invasive. A few additional species lsnee
exhibited invasive characteristics (WivaN 2014). These
invasive species may reach high enough populatiom d
sities to have widespread negative impacts ondbpir
ent biota, and population outbreaks, as describede
are possible. Although native and endemic ant spenay
be among the most directly impacted (primarily tigb
competition), other species may also be affectad,ia
some cases the effects can be far reaching Afbplo-
lepis gracilipes invasion on Christmas Island, for example,
resulted in direct and indirect effects measuredsacthree

in Temnothorax (12 out of 14 species are endemics) andtrophic levels (O'@wD & al. 2003).

Monomorium (six endemics with apterous queens). None
of the Macaronesian islands were ever connectad:tm-
tinent; the Canary Islands, with the highest pesags of
endemicity, are the nearest archipelago to a cemitirThe
extremely remote South Atlantic islands of Ascensist
Helena, and Tristan da Cunha likely have no endgemic
(WETTERER& al. 2007).

The impacts of exotic ants on other taxa may b¢ bes
observed on more remote islands that have few orano
tive ant species. The Hawaiian Islands are a dasse
study in this respect, and the effects of exotis am the
native fauna have been recently reviewedgson2014).
The Galapagos Islands represent another archipefage
terest in this respect, in that many endemic tarapee-

In the Indian Ocean, endemism is > 96% on Mada-sent, but few native ants. The Galapagos has beaded

gascar (BHER 2015), and of a similar level for the larger by Wasmannia auropunctata (see CARK & al. 1982),
Malagasy region (Mauritius, Reunion Island, Seyldsl  Solenopsis geminata (see WAUTERS & al. 2014), and most
Comoros, Aldabra, Farquhar, Chagos, and Rodrigstez | recently,Pheidole megacephala (see HRRERA& al. 2013).
lands) (FSHER 1997). Although Madagascar was once con-These invasive ants pose serious threats to endeatic

nected to Africa and India, many of the generagmesn
Madagascar today are thought to have evolved nwre r
cently, indicating natural dispersal occurresER 1997).

pagos species (IBIN 1984, QUSTON & al. 2006).
Disturbance of insular habitats may change antispec
compositions and provide opportunities for exotitsao

Thus, endemicity peaks at an intermediate distancénvade. A diversity of studies on islands worldwitkeve

across the Pacific, which may provide the clegpasiern
given the vast area and relatively large numbeislarids /
archipelagoes. In the Western Atlantic / Caribbeha,
Greater Antilles appear to have the most endenaicg,
are the largest islands, although they have hatiaidge
connections. In the Eastern Atlantic, endemicitgrdases
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provided evidence for effects of anthropogenicudist
ance. For example, in a study of Seychelles dmsgcdm-
position of the fauna was found to be more constanh-
disturbed habitats than in habitats that have lsgemgly
influenced by humans (WHLENBERG & al. 1977). In an
archipelago of islands off the coast of Java, dawith



settlements or boat docks contained significanttren
tramp species than islands withoutzg1 & al. 2010), and
the diversity of non-tramps decreased with hahiiat
turbance.

In a survey of coral cays on the southern end ef th
Great Barrier Reef, Australia, the distributionRbleidole

although many species may be captured by eachltplau
techniques, if employed over a large enough scade (
TELLI & al. 2011). Hand sampling may be the most effici-
ent method of collection for generating specids [$OR-
RISON 1996b, ELISON & al. 2007, ®TELLI & al. 2011).
Little is known about prehistoric ant faunas. Same

megacephala among islands was best explained by humarformation exists from specimens preserved in ar(ier,

activities. Frequent human visitation and, to sée®x-
tent, the presence of human disturbance, explaimgd-
ficant amounts of variation in the occurrencé?ofnega-
cephala (see RRWELL & al. 2012). Colonies ofP. mega-

cephala are usually founded by budding, thus long dis-

tance dispersal d?. megacephala queens over water is
thought to be highly unlikely. Consequently thieaps is
primarily spread by human activities; the grealter visi-
tation by humans, the more potential opportunitiesolo-
nize. The severity of infestation B megacephala was
the predictor variable that explained the mostatam in

WILSON 1988), although such amber deposits are relative-
ly rare. The use of sediment cores to identifyifagssub-
fossil ant remains (e.g.,dkROCKS& al. 2013) could be
applied more widely. Such investigations could evn-
sight into when, and how, ants arrived on vari@lesnds.
This type of information may also provide inferendto
historical rates of insular turnover, and whetlner disap-
pearances of certain species are correlated wathrtival
of other, more aggressive species. Additional tuemo
studies of ants in ecological time would also bécome,
particularly in temperate archipelagoes, as alrabstork

species richness, abundance and assemblage campositto date has been done in tropical and subtropjsitms.

of other ants (BRWELL & al. 2012).

In the Society Islands of French Polynesia, thainv
sive Solenopsis geminata was found almost exclusively at
disturbed sites, where®&heidole oceanica, which is con-
sidered to be native to the region, exhibited aifizant
preference for undisturbed habitat@hkRISON1996a). On
the island of Okinawa (Ryukyu Islands, Japan), prim
forests contained many endemic species but opels lan
were occupied predominantly by trampsa@faucHI &
OGATA 1995). In the Balearic Islands, exotics were prima
ily found at sites under anthropogenic influencé&z
& ESPADALER 2006). In the Florida Keys, populations of
exotic ants have increased with increasing disturbaf
native habitats (BvyrRurP & al. 1988).

Thus, while some invasive ants represent threaislte
nize almost any islands within a suitable climatioe, an-
thropogenic disturbances may increase their abuwetan
or be necessary for other exotic ant species tontzé.
Once established, exotic ants may affect a diyeasina-
tive species, and overall impacts are likely togbeater
on relatively remote islands with fewer native artke
best protection against exotic ant invasions aptabe
prevention of habitat disturbances and restoradioex-
isting habitat.

Opportunities

Many islands have not been thoroughly sampledits.a
Many of the older collection records have been tbtm

be incomplete when compared to more recent (and tho

ough) surveys (e.g., ®RRISON1996b). This may result
partly from ants being collected as part of moreega-
lized insect surveys. Ants are extremely diverseheir
habits and life history, and comprehensive coltertican-
not be obtained through a single sampling methdsio,A
because many species show affinities to particdaitat
types, searching only certain habitat types oraegiof
islands will produce incomplete species lists, vahjice-
clude robust inferences from many types of biogajpigic
analyses. Incomplete collections also result in imue-
certainty regarding the status of putative endeniibsis,
comprehensive collections covering all the majdoitaa
types of an island are still lacking (and needednany
archipelagoes. Employing a diversity of samplinchta-
ques will likely produce the most complete spedtists,

Finally, many islands are at risk from invasivesant
Vigilance may prevent or at least slow the sprefih-o
vasive species to islands. Species distributionaisothay
be useful tools in predicting which islands arecepsible
to invasion by known invasive ant species. A spedis-
tribution model employed to assess the potentiedag
of Solenopsisinvicta, for example, revealed that many is-
lands had a suitable climate for this invadep@#ISON&
al. 2004). Anthropogenic disturbances create oppitigs
for exotic ants to invade, and should be minimiaed dis-
turbed areas monitored for the arrival of invasipecies.
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