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Introduced ant species on Floreana Island — Aldstrac

Abstract

Invasive species represent with fragmentation obitht the most serious threats to
biodiversity in the world. Galapagos Archipelags,maost oceanic islands, suffers a high rate
of introduced animals and plants that affect efuiim and biodiversity of this unique biota.
Ants rank among the most devastating invaders.rBumial organization confer them a high
ability to adapt and to spread in new environmédatsing rapidly populous communities.
We studied the ant community of Floreana Island mased mainly of introduced species (at
least 15). Introduction events occurred successidaling last century. The last record is
Monomorium destructoarrived in the eighties. Our aim is to investigdte modalities of
interaction and coexistence of these introducedispe

We highlighted the competition hierarchy of thexdieng species using attractive food baits.
Two species behave as competitively dominant by apolizing an important part of
resources. They arbl. destructorrestricted to a small area and the fire &alenopsis
geminatawidely distributed on the island.

Then we evaluated the relative importance of abifaictors and interspecific competition in
structuring the community. Ecological data werelemied and presence and abundance of
species were estimated using different methodswida range of habitats. Several species
showed preferences either for arid or for humidasreThe little fire antWasmannia
auropunctata a well-known devastating species when introdueeas exclusively found in
moist habitat in and around the agricultural anéaated in the upper and central part of the
island. It coexists with other species in sevestpbut in a restricted perimeter it excludes
all other ants and worker’s density on the growdaarly 70 times higher than ant’'s density
in similar habitats occupied by several specieg.Bost opportunist tramp species establish
everywhere without particular ecological requiremémalyses of species co-occurrences at
various levels didn't reveal any marked effect ofnpetition in structuring ant’s assemblages.
We supposed that the lack of competition-derivedgcstire has to be attributed to the dynamic
of the system. Indeed, across the successive cefsi#96, 2003, 2004 and 2005, species
distributions and abundances appeared to be higrigbles. In particular harsh conditions
occurring in dry season in certain parts seem tonbiéing to S. geminataWe suggest that
huge variations in the local distribution of themdnantS. geminatalisrupt the community
organization.

Finally we conducted artificial ant confrontatiotts evaluate to what extend an aggressive
behavior at the worker level may be linked to tbhelegical success of a species on the island.
S. geminatavas rather indifferent when confronted to a subiwésspecies on food sources,
suggesting that its competitive dominance is largkle to a numerical superiority. On the
other handM. destructorexhibits a strong agonistic behavior in similanftontations. As
soon as the presence of a competitor is detected{ workers were observed to abandon
foraging and to take part in physical aggressiddisice it is still restricted nearby its
introduction spot two decades after its arrival, suggest that the energetic cost of such an
aggressive behavior prevent it to spread on thatdsalready highly colonized.

Dominant invasive species such as the fire &tgeminataand W. auropunctatahave
negative impacts on Galapagos fauna, disturbindndéibehing of land tortoises and birds. But
very little is known about the impact of other egaints. Indeed, impact on arthropods and
generally on ground-dwelling organisms is veryidifft to evaluate.

As a consequence of the dynamic character of Flaréaant community it is difficult to build
models or to make predictions on evolution of idtroed ant fauna. Bu€Camponotus
macilentus an abundant endemic species seems today tatlbeafitected by introduced ant
species thanks to its strong interference compatiéibility and its preference for arid and
harsh environments.






Fourmis introduites sur I'ille de Floreana — Résumé

Résumé

Les espéces envahissantes représentent, avegrizefrtation du paysage, la plus grande menace pour
la biodiversité. L'archipel des Galapagos, commeligart des iles du Pacifique, compte un grand
nombre d’especes introduites qui menacent la biogité de ce milieu unique. Les fourmis sont parmi
les envahisseurs les plus dévastateurs. Leur a@#on sociale leur permet de s’adapter et de se
propager pour devenir rapidement abondantes. Nourssaétudié la communauté de fourmis sur I'lle
de Floreana principalement composée d’espéeceduites (au moins 15). Les introductions se sont
succédées au cours du siécle précédent. La derespece recensée ddbnomorium destructor
introduite dans les années 80. Notre objectif eshdttre a jour les modalités des interactionedad
coexistence de ces especes introduites.

Nous avons mis en évidence la hiérarchie de cotigréties différentes especes a I'aide d’appéts de
nourriture. Deux espéces se comportent de faconndmte en monopolisant une part importante des
ressources. Ce soM. destructor restreintes a un petit périmétre, et la fourmifele Solenopsis
geminata largement distribuée sur l'ile.

Nous avons évalué I'importance relative des fastaliotiques et de la compétition interspécifique
dans la structuration des peuplements. Des doréeegiques ont été collectées et la présence et
I'abondance des espéces ont été estimées a I'aideoid méthode au sein d’'une grande diversité
d’habitats. Plusieurs espéces montrent des pré@sesoit pour les milieux humides, soit pour les
milieux arides. La petite fourmi de fe&asmannia auropunctataune espece connue pour étre
dévastatrice dans ses sites d’introduction, esepité exclusivement dans les habitats humidesedans
a proximité de la zone agricole située dans lagagntrale de I'lle. Elle coexiste en plusieurgpo
avec d’autres especes mais au sein d’'un périmegteeint elle exclut toute autre fourmi et attelas
densités records au sol presque 70 fois supérie@uresiensités de fourmis observées sur les sites
voisins occupés par plusieurs especes. Mais laapluges especes vagabondes opportunistes
s’établissent partout sans exigences écologiquéisydeeres. Des analyses de cooccurrence d’espéces
a plusieurs niveaux n'ont pas révélé de réle mardgeda compétition dans la structuration des
communautés. Nous supposons que I'absence d'ueestaicture doit étre attribuée a la dynamique
du systéme. En effet, au cours des différents ssreants de 1996-1997, 2003, 2004 et 2005, la
distribution et I'abondance des especes était veggmble. En particulier, les conditions rudes qui
régnent dans la zone aride durant la saison séchielent affecter particulieremefit geminataNous
suggérons que de fortes variations dans la disiindle I'espece dominante perturbent I'organisatio
des communauteés.

Finalement nous avons effectué des confrontatiotificielles pour évaluer dans quelle mesure un
comportement agressif au niveau de l'ouvriére [@rd lié au succes écologique d’'une espéce sur
I'lle. S. geminatanontre trés peu de réaction face a une espécedsuinge sur une méme source de
nourriture, ce qui laisse supposer que sa dominesiclkargement due a sa supériorité numeérique. Par
contre, dans des conditions similairdd, destructorest fortement agressive. En présence d'un
compétiteur, la plupart des ouvriéres renoncest\ig a leur activité de fourragement pour agresse
les individus de l'autre espéce. Puisque deux d#esnaprés son introduction elle est toujours

confinée a son point d’arrivée, nous supposons lgueolt en énergie et en ouvriéres de ce
comportement trés agressif est un obstacle a quaneton sur cette ile déja fortement colonisée.

Les especes envahissantes dominantes comme lesdale feuS. geminatatW. auropunctataant
connues pour leur impact négatif sur la faune dakgagos, entre autre sur les jeunes des tortues
terrestres et des oiseaux. Mais nous savons tregi@ehoses sur I'impact des autres espéces de
fourmis introduites. En effet, 'impact sur leshadpodes, et plus généralement sur la faune desbol,
trés difficile a évaluer.

En raison du caractere dynamique de la communaaitéourmi de Floreana, il est difficile de
construire des modéles et de faire des prédictaurs|’évolution des peuplements de fourmis
introduites. MaisgCamponotus macilentusine espece endémique abondante, semble aujoupgtu
affectée par les espéces introduites grace a gErités de compétition par interférence et sa
préférence pour les milieux arides.






Hormigas introducidas en la isla Floreana — Resumen

Resumen

Las especies invasoras representan, junto coadgaéntacion del paisaje, la mayor amenaza para la
biodiversidad. El archipiélago de Galapagos, commayoria de las islas del Pacifico, cuenta con un
gran numero de especies introducidas que amenazdmodiversidad de este lugar Unico. Las
hormigas son uno de los invasores mas devastad®uestganizacion social les permite adaptarse y
propagarse para ser rapidamente abundante. Estigllarnomunidad de hormigas de la isla Floreana
principalmente compuesta de especies introduceas€¢nos 15). Las introducciones se sucedieron
durante el siglo anterior. La ultima especie caiitaula esMonomorium destructantroducida en los
afos 80. Nuestro objetivo es poner al dia las ndat#és de las interacciones y de la coexistencia de
estas especies introducidas.

Pusimos de relieve la jerarquia de competenciagidistintas especies con ayuda de cebos de comida.
Dos especies se implican de manera dominante mbpapdo una parte importante de los recursos.
Son M. destructoy limitado a un pequefio perimetro, y la hormigafulgo Solenopsis geminata
ampliamente distribuida por la isla.

Evaluamos la importancia relativa de los factot@étaos y de la competencia interespecifica en la
estructuracion de la communidad. Se recogieronnagulatos ecoldgicos y se consideraron la
presencia y la abundancia de las especies con ajeidees métodos en una gran diversidad de
hébitats. Varias especies muestran preferencias log medios humedos, o por los medios aridos. La
pequefia hormiga de fueffdgasmannia auropunctatana especie conocida por ser devastadora en sus
lugares de introduccion, estd presente exclusiveamen los habitats himedos y cerca de la zona
agricola situada en la parte central de la isla&x3te en varios puntos con otras especies peumen
perimetro limitado excluye a cualquier otra hormygalcanza densidades en el suelo casi 70 veces
superiores a las densidades de hormigas obseread#éss lugares vecinos ocupados por varias
especies. Pero la mayoria de las especies vagabapdeunistas se establecen por todas partes sin
exigencias ecolbgicas particulares. Andlisis deccawencia de las especies a varios niveles no
revelaron una grande importancia de la competeeoida estructuracién de las comunidades.
Suponemos que la ausencia de tal estructura dehgoséa dinamica del sistema. Efectivamente,
durante los distintos censos de 1996-1997, 20B}.22005, la distribucion y la abundancia de las
especies eran muy variables. En particular, laglicmmes drasticas que reinan en la zona arida
durante la temporada seca parecen afectar espenptalnaS. geminata Sugerimos que fuertes
variaciones en la distribucion de la especie donaperturben la organizacion de las comunidades.

Finalmente efectuamos confrontaciones artificiglesa evaluar hasta que punto un comportamiento
agresivo a nivel de la obrera puede explicar ébé&colégico de una especie en la iSageminata
muestra muy poca reaccion ante una especie subhdedmientras comparten la misma comida, lo que
deja suponer que su dominancia se debe a su sugedimumeérica. Por el contrario, en condiciones
similares,M. destructores muy agresivo. En presencia de otra especimajsoria de las obreras
renuncian muy rapidamente a alimentarse para asalzar individuos de la otra especie. Puesto que
dos décadas después de su introduccién todavienfeaen su punto de llegada, suponemos que el
coste en energia y en obreras de este comportanment agresivo es un obstaculo a su extension en
esta isla ya muy colonizada.

Las especies invasoras dominantes como las horrdgdisegoS. geminatay W. auropunctatason
conocidas por su impacto negativo en la fauna dépa@gos, entre otras cosas sobre los juveniles de
las tortugas terrestres y pajaros. Pero sabemospaeyy sobre el impacto de las otras especies de
hormigas introducidas. Efectivamente es muy difieilevaluar el impacto en los artropodos, y mas
generalmente en la fauna del suelo.

Debido al caracter dinamico de la comunidad de hgarde Floreana, es dificil construir modelos y
hacer predicciones sobre la evolucion de las paries de hormigas introducidas. P&amponotus
macilentus una especie endémica abundante, parece pocaddeubdy por las especies introducidas
gracias a sus capacidades de competencia poeiaiecfa y su preferencia por los medios aridos.
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Introduction

INTRODUCTION

Invasive species

Invasive species are among the most significaetatsrto biodiversity in the world. They are
the second cause of species rarefaction afteratdbsigmentation (Mack et al. 2000) and a
leading cause to animal extinction worldwide (Clavand Garcia-Berthou 2005). They cause
local extinctions and drastically alter ecosystetmucsures and functioning (Elton 1958,
Lodges 1993, Pimentel et al. 200CQplonization of new areas and extinction are battural
processes but they were strongly accelerated sheehuge development of human trade
during the 28 century. A lot of plant and animal species weleaged intentionally or not in
new areas. Pimentel et al. (2000) estimated toG&Dthe number of introduced organisms in
the United States and to 137 billion dollars pearythe cost of it. Following the UICN
definition, an invasive species is an alien spewaieEh has become established in natural or
semi natural ecosystems or habitats, is an agechafige and threatens native biological
diversity. All introduced species (also named alien exotic) are not invasive. Most
introduced species fail in trying to establish tlsetwes and very few of them have a major

impact on environment (Lodges 1993, Kareiva 1998liathson and Fitter 1996).

Since the publication of the book of Elton “The legy of invasions by animals and plants”
in 1958 we had to wait several decades to assibtetoe-emergence of interest for the study
of invasive organisms, as shown by the creationthaf scientific journal “Biological
Invasions” in 1999. Vermeij (1996) suggested timagsion biology should be considered as

an important part of ecology and evolutionary bgylo

Several attempts were done to characterize invagpeeies and invaded habitats. Using
guantitative methods some succeeded in linkinghiigéory traits to invasion success in plants
(Reichard & Hamilton 1997, Kolar & Lodge 2001). fruipally these were the previous
description of a species as invasive in other pamts vegetative reproduction. For Crawley
(1986), establishment success of introduced inseai®sely related to specie’s intrinsic rate
of increase. Elton (1958) argues that the sucdess mvasion is inversely correlated with the
ecological resistance of the recipient environmelietdefines ecological resistance as the sum
of negative effects due to competition, predaterasitism and diseases. This is equivalent
to the concept of niche opportunity (Shea & ChesXiiP).

14



Introduction

Ants as invaders

Invasion success varies among taxonomic groupdi@igon & Fitter 1996) and introduced
ant species are some of the most damaging invadléxsth ecological and economical levels
(Clark et. al 1982, Porter & Savignano 1990, OTA3pP Several have negative impact on

native ant fauna as well as on other invertebrategertebrates (see Table 1 for examples).

Table 1.- Studies highlighting the negative impact of invasant species on native ants, invertebrates amebrates (this table is
not exhaustive)

specie islanc  continen impact on.. locations & referenct
Wasmannia auropunctata X ants Galapagos (Clark et al 1982, Lubin 1994); Kkaledonia
(little fire ant) (Le Breton et al. 2003)
X invertebrates Galapagos (Clark et al 1982, Lubi#4)9New Caledonia
(Jourdan et al. 200
X vertebrate New Caledonia (Jourdan et al. 20
X vertebrate Africa (Walsh et al. 200:
Solenopsis invici X ants USA (Woijcik 1994
(red imported fire an X invertebrate USA (Porter & Savignano 1990, Morrison 20
X vertebrate USA (Allen et al. 1997, Orrock & Danielson 20
Pheidole megacephe X ants Bermuda (Haskins & Haskins 1965, Crowell 1¢
(big-headed ar X invertebrate Hawaii (Zimmerman 197!
ants Australia (Vanderwoude et al. 20l
X invertebrate Australia (Hoffman et al. 199
Anoplolepis gracilipe X ants Seychelles (Haines et al. 19
(crazy ant X invertebrate Seychelles (Hill et al. 200
Linepithema humi X invertebrate Hawaii (Cole et al. 1992, Reimer 19
(Argentine ant) X ants Portugal (Crowell 1968), US/Aoltay 1999, Human &

Gordon 1996, 1999, Suarez et al. 1998, Sandets29G8);
Japan (Miyake et al. 2002), Spain (Carpintero €2@05)

X invertebrate USA (Human & Gordon 1997, Bolger et al. 20

X vertebrates USA (Suarez et al. 2000, Fisher &Qf12)

Their ability to invade new areas might be attrdauto their small size facilitating their
transport (Forys et al. 2002, Walsh et al. 2004yd\s al. 2005) and their elaborate social
behavior (Moller 1996, Holway et al. 2002). Not yns human being responsible for a
multitude of unintentional introduction, but in tparticular case of introduced ant species, it
also contributes to their subsequent dispersiois fhenomena was highlighted at least for
Wasmannia auropunctatgWalsh et al. 2004),Solenopsis invicta(Forys 2002) and
Linepithema humil¢Suarez et al. 2001, Ward et al. 2005).

In a review, Mc Glynn (1999) counted 147 ant seedn the world that were found out of
their native range, which represents 1.24 % ofspeties (11’880 described species on April
2006, http//www.antbase.org). The 20-25 most widesg of them share the characteristics of
tramp species described by Hoélldobler & Wilson (@Pand Passera (1994). These particular
traits are the small size and monomorphism of wodeste, the reproduction by budding,
unicoloniality in introduced range (i.e. no intraspgic aggression), high interspecific

aggression, polygyny, a great tendency to migraig aften a close relation to human
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environment. It is essential to distinguish betwtdenconcepts of tramp and invasive species.
The definition of tramp species is functional, ansiders biological traits as competitive and
reproductive behavior of species. On the other hheadlefinition of invasive corresponds to a
given impact on recipient biota and belongs more¢ht® conservation biology vocabulary.
Depending the authors (McGlynn 1999, Holway eR@D2), between six and nine transferred
ant species are considered as invasive. They ateaalp species excepted three fire ant
species of the gen®olenopsighat present polymorphism of worker caste andialfight.
There are different views following the authorsdgtermine which species is invasive and
which is not. However, as noted by Holway et a(02), a great disparity exists with respect
to how much is known about these species. The ®#b studied invasive ant species in the
world are the fire anBolenopsis invictantroduced in the United States in the early' 20
century and around 1996 in Australia (Nattrass &d&rwoude 2001) and the Argentine ant
Linepithema humil¢hat have colonized all six continents (Passe@1®lajer 1994; Suarez
et al. 2002). But that doesn’'t mean that other isgeare less invasive, most of the time in

invasion biology, research interest is driven mak} economical motivations.

Unicoloniality has been recognized as one of thetnagecisive attribute of the introduced
populations of the Argentine ait humile(Holway et al. 1998, Tsutsui et al. 2003, Holway &
Suarez 2004, Buczkowski et al. 2004) and of thie ffiire antW. auropunctatgdUlloa-Chacon
& Cherix 1990, Errard et al. 2005). Astruc et #0@1) demonstrated for the tramp ant
Tetramorium bicarinatuna total absence of intraspecific aggression attbed level that

might be attributed to a particular structure sfatticular hydrocarbons.
Galdpagos Archipelago as a living laboratory

The impact of biological invasions is particulantyportant on island ecosystems (Elton 1958,
Greimler et al. 2002). As mentioned by Elton (1958)ands species have often evolved
within a relaxed competitive context. As a consegee ant species invading oceanic islands
with few or no native ants may exhibit differenttteans of invasion than those observed in
region with indigenous ants (Holway et al. 2002)eTprinciple of niche opportunity predicts
that the more species in a community, the lowemibbe opportunity for a potential invader
(Shea & Chesson 2002). Insect diversity per uréban Galapagos is very low compared
with continental South America (Peck 20l Causton 2006). Reimer (1994) suggests that
the huge success bfypoponera opacicepand Solenopsis papuania Hawaii is due to the

absence of native ants.
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Of volcanic origin and situated about 1'000 km fréhe Ecuadorian coast, the Galapagos
Archipelago is composed of thirteen main islands @mout 40 small islets or rocks for a total
area of 8000 krh (see Fig. 1). It was discovered in 1535 by ThomasBerlanga. The
current human population in Galapagos is of ab6idD inhabitants. Since the beginning of
human colonization, Galapagos suffered numerousniioinal or non-intentional species
introductions. Goats, donkeys, dogs, pigs and wate carried to the islands with the first
human settlers as well as agricultural and ornaahgpiants. But humans also brought
accidentally to the island a high number of aliéanfs and animals. Causton et al. (2006)
report that 463 alien insect species have beeaduted, which represent 23% of Galapagos
insect species. As for plants, Tye (2006) repo#t4 &lien species (the native flora includes

some 560 species).

In 1959 Galdpagos became a National Park and tteleéShDarwin Research Station is
funded in 1964. In 1980 it has been classifiedngyUNESCO as World Heritage.

EQUATOR

Qn) Espafiola

Fig 1.- Map of Galapagos Archipelago

Floreana Island where this study took place isasétmi on the southern part. It is a 173°km
island with a maximum elevation of 540 m. Of theirfanhabited islands, Floreana is the
smallest and the less populous with a unique wllagd a hundred inhabitants. A five
kilometers long road leads from the village to #ugicultural area of about 285 ha (1.6% of

17
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the island surface) situated in the upper humid. peine first permanent human settlers
established on Floreana in 1832. But the presehdeeshwater made of Floreana a very
attractive spot for whalers and buccaneers welbieefAs a majority of Galadpagos Islands,
Floreana has a varying climate with arid conditiangower altitude and a very humid zone
on the upper part. During the dry season from Jari@ecember the top of most islands are
rainy due to the establishment of a permanent &giog a fine almost permanent rain called

“garua’.

Historical review of ants census in Galapagos

The first one to explore Galapagos with a naturafiterest was Charles Darwin during his

trip with the H.M.S. Beagle in 1835. He was follavey numerous expeditions that visited

the archipelago to collect samples of this unigeesgstem. But if Darwin and several others

collected ants, very little attention was paid tiede organisms. Some works were published
at the end of the 19and beginning of the #0centuries on the identification of ants collected

during several expeditions (Smith 1877, Emery 189Beeler 1919, 1924, 1933, Stitz 1932).

Tab. 2.- List of collected species by Pezzatti et al. in 1996-97 orrddaa Island. Subfamilies abreviations are F=FormiciiMsMyrmicinae,
P=Ponerinae, D=Dolichoderinae. Functional group arergiv@ng the classification of Andersen (1997). Tramp andivasive status are given
following McGlynn (1999).

Species (+ subfamily functional groups Status tramp/invasive probable origin of introduced specie
Camponotus macilentus F  Subordinate Camponotini endemic

Camponotus planus F  Subordinate Camponotini endemic -

Cardiocondyla emeryi M Opportunist recent intr. T Africa (1)

Cardiocondyla nuda M  Opportunist recent intr. T Africa (1)

Hypoponerasp. A * P Cryptic ?

Hypoponerasp. B P Cryptic ? -

Monomorium destructor M  Generalized Myrmicine recent intr. T India (2), Afai¢1)

Monomorium floricola M  Generalized Myrmicine old intr. T Tropical Asia (3)

Odontomachus bauri P possibly native -

Paratrechina longicornis F  Opportunist old intr. T/ Old World Tropics (1)

Paratrechina sp. ** F  Opportunist ? (M)

Pheidolesp. A *** P Generalized Myrmicir ? -

Pheidolesp. B P Generalized Myrmicine ? -

Solenopsis geminata M Hot Climate Specialist possibly native | North to $oédmerica (4)

Solenopsis globularia pacifica M native -

Solenopsis sp. M  Cryptic ? -

Strumigenys emmae M  Cryptic recent intr. T Afrotropical region (8)

Strumigenys louisianae M  Cryptic ? -

Tapinoma melanocephalum D  Opportunist old intr. T Unknown (1), African or Orieh origin (5)
Tetramorium bicarinatum M Opportunist old intr. T South East Asia (7)

Tetramorium caldarium M Opportunist old intr. - Africa (7)

Tetramorum lanuginosum M Opportunist recent intr. T Asia (6)

Tetramorium simillimum M Opportunist old intr. T Africa (7)

Wasmannia auropunctata M  Cryptic recent intr. T/ Tropical America (9)

(1) Wilson & Taylor (1967) (Modified from Pezzatti et. al 1998)
(2) Bolton (1987)

(3) Emeryi (1921) in Wilson & Taylor (1967)

(4) Trager (1991)

(5) Smith (1965)

(6) Bolton (1976)

(7) Bolton (1979) * possiblyHypoponera opacicepéramp species)
(8) Bolton (1983) ** possibly Paratrechina vaga (tramp species)
(9) Ulloa-Chacon & Cherix (1990) *** possibly Pheidole williamsi(endemic of Galapagos)

The list published by Wheeler in 1919 representddecies, among which at least six were

18



Introduction

well-known tramp species. He went to Galapagosdia3land published in 1924 a list of 18
species, nine of which were considered as endemigsmost of the time old surveys are
incomplete, due to the very short periods dedicatethe search of ants and the lack of
systematic methods of sampling. One has to waithé end of the last century to find
publications of most extensive studies (Clark etl&B82, Lubin 1984, Pezzati et al. 1998).
Clark et al. (1982) recorded 17 species on Santia Gftand and considered four as endemics
(Cylindromyrmex williamsiPheidole williamsi Camponotus macilentuendC. planug. On
Floreana Island, Pezzatti et al. (1998) found 24species (see Table 2). Among them two
species are endemi€ ( macilentusand C. planu3. It is often difficult with organisms so
small and unnoticeable such as ants to know whellegrwere introduced by man or arrived
by natural means. However for a majority of therat tare commonly worldwide transferred
species a human-mediated introduction is highlypabte. On Floreana I., undoubtedly 15 ant
species are aliens. Among them 12 are tramp spebe®nging to the subfamilies
Myrmicinae (10), Dolichoderinae (1) and Formicin@g. Four of them are new records for
Galapagos:Monomorium destructerStrumigenys emmad etramorium caldariumand T.

lanuginosum
Our objectives

The interest of studying introduced ants in Galégag double. First, as many Pacific islands,
Galapagos Archipelago suffered since its humannizédion numerous introductions of alien
species. Some ant species, as well as other pftaamimal species, represent very serious
threats to a variety of organisms, from arthropimdgertebrates (Causton et al. 2006). On the
other hand, the coexistence of several introdugeecies is a unique opportunity to
investigate competition behavior and coexistendéeps among them. Focusing on the ant
community of Floreana, our aim was to investigdie tompetitive interactions of these

species and the structure of this recent community.

In this study we focused on the ant community of&na Island. This island was chosen for
the existence of previous detailed data (Pezza#ti. €998). Our first goal (Chapter 1) was to
assess the evolution of ant community since thivipus census by using a similar
monitoring design. Ants were detected using aftradbod baits. Since most ant species are
introduced, some of them in the last decades, waasato evaluate the evolution and the
dynamic of the system over the short period of sgsars. In ecology, successive monitoring
of a given area is something relatively rare. Bus$ ian essential step in the understanding of

many ecological processes, in particular in theedrof a recently assembled community of
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mostly well-known introduced species. Moreover, amned to investigate the competition
hierarchy in the community. The use of food bastparticularly adapted to the evaluation of
exploitative and interference competition in annoounities (Holldobler & Wilson 1990).

In Chapter 2, we conducted a wider sampling ovestafions with the aim of determining
factors responsible for the distribution and coexise patterns of ant species. We collected
data on environmental conditions and compositiolocél ant assemblages and we evaluated
respective weights of interspecific competition asavironmental factors in structuring
communities. Indeed, it is commonly assumed thahpmdition is an important factor
governing ant community structure (Holldobler & ¥4h 1990, Andersen 1992, Davidson
1998). On the other hand Floreana, like a majaitalapagos islands, offers a wide range
of climatic conditions from lower arid area to upgpimid zone. Thus ecological preference
might also be decisive. Several authors showedrielation between species richness and
diversity or density of vegetation (Goldstein 19Rfgjer et al. 1984, Perfecto & Snelling
1995, Morrison 1998, Ribas et al. 2003). To gaabd¢ information on local species richness
we applied conjointly various collection methods.

Finally, in Chapter 3 we examined in artificial clitions the behavior of ants when
confronted to other species. We were wonderinghd@ tlominant status in Floreana ant
community might be linked to a particularly aggressbehavior at the worker level. We
conducted artificial confrontations, first on siaghorkers and then on groups of foragers on

food sources.

Compiling our different results on competition lehy, community structure and
interspecific interactions allow us to formulateves&al assumptions on the modalities of

coexistence and spread of introduced ants.
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Chapter 1 - Introduced species and competition

INTRODUCED ANT SPECIES AND MECHANISMS OF COMPETITION ON FLOREANA

| SLAND (GALAPAGOS, ECUADOR)

This chapter has been published :

von Aesch L. and D. Cherix 2005. Introduced antise(Hymenoptera: Formicidae) and
mechanisms of competition on Floreana Island (Gadfys, Ecuador). Sociobiology 45(2):
463-481.

Abstract

Simultaneous presence of several tramp ant spetieslatively recent introduction on a
remote island is an excellent opportunity to stedynpetition mechanisms that lead to the
establishment of invasive species. Using attractoed baits we collected 14 ant species
among which 10 are well-known tramp species. Thetnmportant change between 1996-97
and 2003 is the spread of the tropical fire &alenopsis geminatat the detriment of
Tetramorium simillimumsuggesting that the colonization process on BRlaeis still very
dynamic. The follow-up of 400 food baits for 21 In®yermitted to calculate for 11 species
indices of competition abilities, revealing distirgtrategies. The two small tramp species
Monomorium floricolaandTapinoma melanocephaluane typically opportunists when large-
sized Odontomachus baurfpossibly native species) af@amponotus macilentu&ndemic
species) are good interference competitors, ouctngpeother species at food baits.
Dominant specie$. geminataandMonomorium destructoreach high scores for all indices

due to their high abundance.
Introduction

Biology of invasions is an important new topic withthe field of community ecology
(Mooney and Drake 1986, Hengelveld 1989, Kareiv@6)9Invasions by alien species could
represent a severe threat to biodiversity. Invasioccess varies among taxonomic groups
(Williamson & Fitter 1996) but most invading spexiiil in trying to establish themselves
and very few of them have a major impact on envirent (Lodges 1993, Kareiva 1996,
Williamson and Fitter 1996). Introduced ant spee@essome of the most damaging invaders
at both ecological and economical levels (Clarka€tl982, Porter & Savignano 1990, OTA
1993). Invasive ants share typical characteristidsamp species as unicoloniality, small size
and monomorphism of worker caste, high polygynyraduction by budding and strong
interspecific aggressivity (Passera 1994) thatwalkthem to outcompete native species
(Holldobler & Wilson 1990, Lodge 1993, Passera 1994 Glynn 1999).
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Moreover, invasions by exotic species on isolaggahds with high rates of endemic species
represent a major ecological threat due to theifaasion resistance of such ecosystems. As
mentioned by Mc Glynn (1999), Pacific Islands dre tecipient of the most transferred ant
species. Galapagos archipelago is not an excepiibnnearly half of its ant taxa belonging

to tropical tramp species (Lubin 1984).

Many studies have been dedicated to describe thadhof particular invasive ant species on
native ant's populations (Clark et. al 1982, Keyn&€98, Holway 1999, Le Breton et. al
2003) or more generally on arthropod communitiesb{h 1984, Porter & Savignano 1990,
Cole et. al 1992, Hoffmann et. al 1999, Human & ddor 1997). But up to now little efforts
have been performed to observe the establishmeahteanlution of several potentially

invading ant species (i.e. tramp species) in argo@mmunity.

According to this problematic of coexisting invasiwspecies, Floreana Island in the
Galapagos archipelago is a very interesting placghelters a minimum of 14 cosmopolitan
or pantropical well-known tramp species belongiaghe following generaCardiocondyla
Monomorium Quadristruma Solenopsis Tetramorium Wasmannia Tapinoma and
Paratrechina(Pezzatti et al. 1998). Ants' inventories on Foi@ have been conducted since
the end of 19 century (Smith 1877, Emery 1893, Wheeler 1919,418233, Stitz 1932,
unpublished data of Coulter, Alvarez and Lubin 1832 Pezzatti et. al 1998). Results of
these collectors suggest that the different trapgeies have been introduced gradually since
the beginning of human presence on the island. Haegd Trepl (2003) described the
invasion process in stages corresponding to "poesena new area", "establishment" and
finally "spread" of the introduced species. On E&ra we are in presence of invaders at
different stages of their invasion with recent ad introductionsMonomorium destructor
for example is the last known intruder and occugesarea nearby the harbour which is
probably its arrival spot. On the other hand, spetike Solenopsis geminatar Wasmannia
auropunctatahave clearly spread through a large part of tlads This makes of Floreana a

very interesting place to investigate the biolofyneasions.

In ant communities, competition for resources is ofithe most important factor governing
community structure (Davidson 1998, Wilson 1971deKkisting species are using various
competition strategies. Wilson (1971) describee@ehrategories of competitors: opportunists,
insinuators and extirpators. Opportunists discofeerd quickly and exploit it with high

efficiency. Extirpators dominate food aggressiveile insinuators are discrete thieves

inserting themselves inconspicuously. Fellers (39&®rking with a community of woodland
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ants, distinguished exploitative competition anderference competition. Exploitative

competition consists in being able to discover feedy quickly and to exploit it before the

arrival of other species by recruiting large foragigroups, it corresponds to Wilson's
"opportunists”. At the opposite interference cortjmet consists in interfering directly with

other species, using chemical repellents or di@ggression, in order to monopolize
resources. They are Wilson's "extirpators”. In auildrium case, each member of a
community supposedly achieves a trade-off betwéesels two opposite strategies, with
different degrees of specialization in one or aao{Rellers 1987, Davidson 1998). But in the
case of an invasion, the invader might be able¢albdown that trade-off. The reasons for its
superiority are often either a numerical dominapecebably due to the escapement from
natural enemies (Davidson 1998) or the modificattbrgenetic structure of populations as
demonstrated for the Argentine donhepithema humilgSuarez et al. 1999, Tsutsui et al.
2000, Tsutsui & Case 2001). The previous equiliorioeing broken it leads to regression or
elimination of native species. This is the casé..ofiumilein California (Human & Gordon

1996) which is at the same time a good exploitatwenpetitor and a good interference

competitor because of its numerical dominance.

The aim of our study has two steps. The first et iassess the modifications that occurred
in ant fauna on Floreana Island during the last years by comparing collection data from
1996-97 of Pezzatti et. al (1998) with the actuatribution. In order to get a significant
comparison we applied the same sampling desiga.decond part we focus on the dynamic
of colonization at artificial food baits to evaleatompetition strategies of the different
species. It is essential to investigate the meshasiof competition implicated in the direct

confrontation on resources underlying the globatmaisms of spread of invasive specie.

Methods

1. Distribution pattern

We sampled the same points than Pezzatti et. &8J19even years before. Points were
chosen to be representative of all types of habithe area occupied by the little fire ant
Wasmannia auropunctataas intentionally ignored because of its lack rkrest knowing
that this species excludes all other ants (Pezziatl 1998). Four points were chosen in man-
impacted areas (A1-A4) and the other occurred émtitural area (N1-N4). The two series of
points follow an altitudinal transect in order tonsider the different vegetation zones of the
island from the upper humid zone to the arid coastae (see fig. 1).
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At each sampling point twenty-five attractive baitsre laid on the ground. They were placed
at two meters one of the other in an eight by engéters square. Two type of food were used

as attractive: honey and tuna in oil. This allowsdo avoid effect of eventual preferences of

r<

Km

Fig 1.-Map of Floreana Island

one species or another for sugar food or for pmotend or even an eventual repellent
propriety of oil. Between December 1996 and Felyrd®97 each point were sampled twice
with honey and twice with tuna baits. During Maydalune 2003 sampling points were tested
once with each attractive substance.

Baits were put in place between midday and 4:0Q,pchecked two to four times at several

hours intervals and collected the next morning.sAmére collected during controls in order to

confirm species determinations and at the end o experiment. A reference collection is

deposited at the Charles Darwin Research Statialdp@gos, Ecuador and at the Museum of
Zoology in Lausanne, Switzerland.

2. Dynamic of colonization at baits

The succession of observations at each bait frenbéginning till the end of an experiment is
considered as a sequence. The sequence is divide® icontrols at precise intervals: 2h, 6h,
12h, 18h and 21h after beginning of experiment.(2.p6 p.m., 12 p.m., 6 a.m. and 9 a.m.).
We considered exclusively results from 2003 becaase from 1996-97 lack regularity to be

included in analysis. We conducted 16 experimeBtsdmpling sites and two types of
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attractive food) of 25 baits which represents 48Quences. They were pooled together for
analyses. We evaluated the competitive ability aftche species using the following
parameters: frequency of large recruitment grougsus small groups, ability to quickly
discover food, ability to monopolize baits, ability persist a long time at baits and ability to

win encounters with other species at food sourader to monopolize baits.
Results
1. Distribution pattern

Using attractive food baits 17 species were catl@dh 1996-97 and 14 species in 2003 (Tab.
1). Hypoponera spand Solenopsis spare totally absent of 2003 collection; in 19963ty
one specimen oHypoponera spwas collected at a honey bait, this data may then

Tab. 1.-List of collected species at food baits in 1996-97 and 2003ciBpevith an asterisk (*) were found at baits only
in 1996-97 survey.

Species Status tramp probable origin of tramps
Camponotus macilentus endemic No

Camponotus planus endemic No

Cardiocondyla emeryi recent intr. Yes, pantropical Africa (1)
Cardiocondyla nuda recent intr. Yes, pantropical Africa (1)
Hypoponerasp. A ? No

Hypoponeresp. E

Monomorium destructor recent intr. Yes, pantropical India (2), Africa (1)
Monomorium floricola old intr. Yes, pantropical Tropical Asia (3)

Odontomachus bauri
Paratrechina longicornis
Paratrechina sp.
Pheidolesp. A
Pheidolesp. E
Solenopsis geminata

Solenopsis globularia pacifica

Solenopsis s*
Strumigenys emmae
Strumigenys louisianae

Tapinoma melanocephalum

Tetramorium bicarinatum
Tetramorium caldariur*
Tetramorum lanuginosum
Tetramorium simillimum
Wasmannia auropunctata

possibly native

old intr.
?

possibly native

native
?

old intr.
old intr.
old intr.

old intr.

No

Yes, pantropical

Yes, cosmopolitan

No

Yes, pantropical
Yes, cosmopolitan
Yes, cosmopolite

Yes, cosmopolitan

Old World Tropics (1)

North to South Amefdha

Unknown (1), African or @ntal origin (5)
South East Asia (7)

Africa (7)
Asia (6)

Africa (7)

(1) Wilson & Taylor (1967)
(2) Bolton (1987)

(3) Emeryi (1921) in Wilson & Taylor (1967)

(4) Trager (1991)
(5) Smith (1965)

(6) Bolton (1976)
(7) Bolton (1979)

(Partially reproduced from Pezzatti et. al 1998)

considered as anecdotdletramorium caldariumwas found in 2003 exclusively by visual

search. Considering the work of Pezzatti et al98)9n which pitfall traps, visual search and
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attractive baits were used jointly, we missed ugdammd foraging ants lik®uadristruma
emmaeStrumigenys louisianagnd twoPheidole spghat were collected in 1996-97.

Among the ant fauna of Floreana there are two ermdspecies Camponotus macilentusd

C. planu3, one native speciesS¢lenopsis globularia pacifiatwo possibly natives,
geminataandO. baur) and nine species of either old or recent intrtidus (Pezzatti et al.
1998). Species recorded by early collectors (St#h7; Emery 1893; Wheeler 1919, 1924,
1933; Stitz 1932) are considered as old introduastiavhile species mentioned for the first
time in recent census (unpublished data from M.l@oand M. Alvarez 1982 and Y. Lubin

and M. Alvarez 1983; Pezzatti et al. 1998) represecent introductions.

In table 2 we compare the number of occurrencespafties during our 2003 baiting
experiments depending on food type, sites locdiiothe natural area or in the man-impacted
area) and climate (upper sites Al, A2, N1 and N2cansidered as humid when sites A3, A4,

N3, N4 are located in the arid zone).

Tab. 2.- Number of occurrences for all species on food type (tuna&@ipron both site categories (N =
natural / A = man-impacted) and in humid versud adna (2003).

Tuna Honey sites N sites A Humid Arid
rate of bait occupation 75.4% 71.3% 74.9% 71.9% 73.3% 73.5%

Camponotus macilentus 15 2 15 2 - 17
Camponotus planus 1 - 1 - - 1
Cardiocondyla emeryi 4 11 15 - - 15
Cardiocondyla nuda 12 42 3 51 1 53
Monomorium destructor 75 59 - 134 - 134
@ Monomorium floriocola 63 31 20 74 53 41
S Odontaumachus bauri 18 23 17 24 41 -
2 Paratrechina longicornis 1 - 1 - - 1
Paratrechinasp 16 10 1 25 25 1
Solenopsis geminata 490 458 617 331 446 502
Solenopsis globularia 1 4 - 5 - 5
Tapinoma melanocephalum 31 62 13 80 73 20
Tetramorium bicarinatum 18 18 1 35 36 -
Tetramorium simillimum 31 40 65 6 69 2
Total 776 760 769 767 744 792
Nb species 14 12 12 11 8 12

Excluding the two anecdotal capturesbfplanusandP. longicornisat tuna baits, both types
of food attracted all species. The number of specaptured in natural and man-impacted
area was similar. More species were found at lvaitee lower arid zone then in the upper
humid area.C. macilentusand C. emeryiare strictly found in lower arid zone whdn
bicarinatumis captured exclusively in the upper humid a@abauriandT. simillimumare

more abundant at baits in the upper part but viseatch reveals their presence in almost all
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sampling points. If her®dl. destructoris present exclusively in arid area and man-imgzhct
site, it is due to its very restricted range of @axgon confined to one sampling point in the

village.

Table 3 pools all species observations at baitseaeight study sites during sampling efforts
of 1996-1997 and 2003. Values represent percermtiagecupation of baits (0 - 100%). These
data do not include abundance per bait. Dots reptexcurrence of species collected only by
visual search (1996-97 and 2003) and/or in pitfajps (1996-97).

Tab. 3.- Species collected during two samplings efforts (Dec1996k E997 and May -June 2003) on four natural sites (N1-N4) and han-
impacted sites (A1-A4) using attractive food baits (tund Aoney alternatively). Occurrences of species are predeag percentage of occupied
baits.
= species observed at sampling sites but not preséaits
* = no more than one or two specimens collectdshitt
Sampling points

N1 N2 N3 N4 Al A2 A3 A4 General
Species collected o7 | 03| 97| o3| 97| 03| 97 o of op of 7 ¢ 7 ps pr s
Camponotus macilentus - - - -] 163 6.7 6.0 - 0.4] 0.7 0.4] 296 0.8p
Camponotus planus - -| 67 04 - - - & 0.05
Cardiocondyla emeryi - - - - 25 1.6 13.3 4. - - - 20.0 2.2 - .78 0.75
Cardiocondyla nuda - - - - 1.2 - - | 12.8 04 - -l 1.2 20j0 - 41 175 2|7
Hypoponera sp. - - - - - - | 0.5 - - - - - -] 0.07
Monomorium destructor - - - - - - - - - - - - - 455 536.688 6.7
Monomorium floricola - - 1.8 28] 6.2 24 0.3* 3.1 - 144 51 40 32 1.8 0.7 *Q2A17 4.7
Odontomachus bauri 241 6.2 44| 52 - - 6.0 1.5 3.6 038 1.71 2.0§
Paratrechina longicornis - - 104 - - - - 04 - - - - 4.7 41 61 0.05
Paratrechina sp. - - 2.2 - - - - 04 - -| 17.5 1040 - 43 1.3
Solenopsis geminata 268 384 44 77p - 8l6 - 488 12.0 1f.6 2.9 444 14.40[580.5 144 114 474
Solenopsis globularia - - - -]1292 -] 500 - - - - - - 20 6.5 0.7 0.25
Solenopsis sp. - - - - - - - -1 115 - 0.7 - E - 5P
Tapinoma melanocephalum - - - 04| 34 0.3 48| 27 276 15 12 32 288 04 (4 1.43 465
Tetramorium bicarinatum - - 0.4%| - - - - - 084 178 13p - - - 41 223 18
Tetramorium caldarium - - 155 -1 25 - - - - - -}1104 -] 04 -] 233
Tetramorium simillimum 59.4 19.4 644 64 9.2 13 - 176 1.2 349 04* 400 0B - 28.4 3|55
Number of species at baits 2 3 7 6 8 4 7 8 6 7 8 7 8 7 9 5] 17 14

The most important observed change between 193392003 is the progression of the fire
ant Solenopsis geminathat extended its range to remote sites N3 andAllithe same time
it is more dominant at every sampling site excejneithe village (A4) where it is confronted
to Monomorium destructorlt is present in 47.4% of baits in 2003, compared. 1.4% in
1996-97. While the presence 8f geminatagrew considerably, occurrencesTatramorium
simillimum decreased significantly from 1996-97 (28.4% oftidaiccupied) to 2003 (3.6%).
T. simillimumis the dominant species at baits in 1996-97 ard itow supplanted b$.
geminata(see fig. 2). There is an important decrease enrthmber of species collected at
baits at sites N3 and A4. This is probably duesfte N3 to the abundance $f geminatdhat
recently colonized the are&ardiocondyla emeryiin spite of its abundance in 1996-97

survey, is not collected in this study at site 88 the other hand, its congeneric spe€ies
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Fig. 2 - Evolution of presence rates dfetramorium simillimumand Solenopsis geminatdetween 1996-97 and 2003
surveys. Graphics represent precentages of obgarvatf both species compared with total numbemt$ sobservations.

- Solenopsis geminata
EI Tetramorium simillimum

D Other species

nudabecame much abundaMonomorium floricolais much more abundant in 2003 survey.

It strongly increased its bait occupancy at A3 endewly recorded at Al.

2. Dynamics of colonization at baits

The number of observations of a given species durontrols gives an idea on its rate of
activity at different periods of the day. Dynamafsthis rate of activity is presented in Fig 3.
M. floricola, T. melanocephalun¥. simillimum C. emeryiandC. nudapresent a diminution
of their foraging activity during the night wherhet species lik€. macilentusandO. bauri
are active principally at nightS. geminataand M. destructoy which are dominant when
present, show a more continuous pattern of activitye global rate of occupation of baits
during first control (2 p.m.) is of 46% when occtipa rate during following controls at 2
p.m., 12 p.m., 6 a.m., and 9 a.m. reach respegti9&bo, 82%, 85% and 80%. This is
probably due to a combination of two factors: thers period of time since the beginning of
the experiment (two hours) and the sunny locatioam majority of baits at that time.

Using data of presence and relative abundance @fiesp during controls, we calculated
several indices of competitive ability of the elevaost abundant species. They are classified
in two groups presented in Table 4. A first indaXié the frequency of large foraging groups
at bait (more than 20 workers) compared with thal toumber of observed individuals of the
species. The second index (b) is measuring thayataildiscover food sources. We consider a

"discovering event" the presence of a speciesrsitdontrol (2 p.m.). We calculate the ratio
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between total number of occurrence of the specesgefal observations of a species at the
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Fig. 3.- Pattern of activity of the different species at differeimes (controls). The
activity is expressed by the number of observations poadedlf experiments. Fo8.
geminatavalues are divided by ten due to its high abundanc

same bait during consecutive controls is considee¥d as one occurrence) and the number

of occurrence at 2 p.m.. We consider these twoceslias estimators aéxploitative

competitionabilities. Index (c) corresponds to the percentafysolitary occurrences of a

species among all observations. The "persistemzieXi (d) is the percentage of occurrences

for which a species is present during at leastetlognsecutive controls at the same bait. The

last index (e) is the percentage of successfullegs-events. If Species A is the only present

species at a bait and Species B occupies solitdndly bait during the following consecutive

control, Species B is considered to have won eneo@gainst Species A. Indices (c), (d) and

(e) describe typical traits afterference competitiospecialists. For a better visibility in Tab.

4 the five best scores for each index are indicetdxbld characters.
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Considering index scores of Table 4, it appear$ liwth S. geminataand M. destructor
produced high scores in a majority of indices. Tleehibit the higher percentages of large
recruitment groups and higher rates of solitary uomnces and large sequencés.
macilentus C. nudaandO. bauri are never present in large groups. These saméspae
scarecely observed during the first control. At tpgpositeM. floricola shows the best score
at food discovery, followed by. simillimum The two species d@ariocondylagenus get the
lowest scores at solitary occurrences and at wss-lecordsC. emeryiand T. bicarinatum
have a null persistence index, which means that éne never observed at baits during two
consecutive controlg0. bauri C. macilentusand S. geminatahave good win-loss scores

compared to other species.

Tab. 4.- Indices of competitive ability

Exploitative competition Interferene competition
@ o o @ €
Number of % of large % food % solitary % of large % of win /
occurrences 9“’”95 discovery occurrences s_equences losse
(>=20ind) (>=3 controls)
Camponotus macilentus 17 0 0 94 10 71
Cardiocondyla emeryi 15 7 15 47 0 0
Cardiocondyla nuda 52 0 3 37 18 22
Monomorium destructor 134 66 42 97 67 42
Monomorium floriocola 94 44 68 80 1 23
Odontaumachus bauri 45 0 0 91 19 65
Paratrechinasp 22 19 31 77 6 57
Solenopsis geminata 951 77 37 95 64 72
Tapinoma melanocephalum 92 41 9 88 15 48
Tetramorium simillimum 69 1 44 90 13 31
Tetramoruim bicarinatum 35 31 8 83 0 57
Discussion

Among the fourteen species collected, a minimuntenfare considered as cosmopolitan or
pantropical tramp species. This means that theyreshseveral characteristics like
unicoloniality, strong interspecific aggressivendsgh polygyny, reproduction by budding
(with intranidal mating), small size, monomorphisifnworker caste (excepted for the case of
S. geminataas we discuss later) and worker sterility (sees®as 1994). Their origins,
sometimes uncertain, are of all around the worlte ant community of Floreana is a recently
assembled one. The presence of so many speciestsedl low invasion resistance from the

previous community. Shea & Chesson (2002) regragbofs of availability of resources,
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presence or not of natural enemies and charaatsrist physical environment in the "niche
opportunity" concept. Le Breton et. al (2005) shiova New Caledonian rainforest that the
little fire antWasmannia auropunctatadue to the absence of dominant species, benefitad

high niche opportunity to establish and to spread.

The 1996-97 census occurs during the warm and seagon when the 2003 survey takes
place at the beginning of the cool dry "garta" eaa8ut weather in the Galdpagos is always
humid and temperatures are relatively constardirallind the year (ranging from 19-26°C in

August-September to 24-31°C in March). So we maysicter that the season doesn't have a

great effect on ant collection.

Even if some species remind discrete, their widgritution on the island proves that they got
the opportunity to spread and to establish. Werapeesence of several tramp species among
which S. geminatais dominant while others species either maintdieirt population to
constant levels or apparently regress, lilegramorium simillimumEven if tramp species
share typical characteristics favoring invasivedwtr they present a variety of differences in

their competition strategies.

The endemic specieSamponotus macilentuand the probably native or@dontomachus
bauri show very high scores in solitary occurrencesp@esvely 94% and 91%) and at
win/loss scores (71% and 65%). Both forage at nigint the other hand they have very low
persistence scores and were never observed in fargging groups. Thus, they can be
classified in “interference competition specialister following Wilson (1971) in
"extirpators”. Their large sizes compared to owy@cies allow them to exclude competitors
from baits.

At the opposite, the behavior donomorium floricolathat presents high scores in large
foraging groups and strong ability in discoverirgpd is a good example of exploitative
competition. It occurs at every sampling site exeepN1 and it is a new record for point Al
comparing to precedent survey. Globally it colosizeore attractive baits in 2003, though
relatively discreteM. floricola is totally absent at night (see Fig. 3). Meierd4pdescribes
the same diurnal pattern of activity fdvl. floricola on cacti on Santa Cruz Island
(Galapagos). This could be due to the presencehefr anore aggressive species during the
night. On the other hand its scores in interferecmmpetition ability such as percentage of
solitary occurrence, persistence and win/loss scare low. This suggests thvt floricola is

not a good competitor in direct interspecific iatetfons.
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Tapinoma melanocephalum a worldwide distributed tramp species knowrestablish in
human buildings under temperate climates (Steikbi®387, Dorn et. al 1997, Hugel et. al
2003) or to spread in natural environment like @&pagos, but it has never been described
as replacing native species. In Floreana Island,l#@rgely distributed over sampling sites but
rarely monopolizing many baits. Likewise, we calégt only few specimens of the crazy ant
Paratrechina longicornidut its simultaneous presence at sites A2 andriddaarby site A4

in the village suggests that it spreads and estadsi over large distances on the island. These
two species don't possess stings to defend theesselv to attack other ants, then they
probably have a strong interest in remaining discr&hey correspond to "opportunists” in
Wilson (1971) classificationl. melanocephaluns very efficient at territory exploration and
food exploitation, recruiting in a very short tinlerge groups of workers (von Aesch &
Cherix 2001). This behavior allows it to share trabitat of more aggressive species by
exploiting resources before arrival of others. FAgshows that these two species decrease
their rate of activity at night, probably due tarwgoetition pressures.

In 2003 the fire anBolenopsis geminaia clearly the dominant species everywhere, exckpt
in A4 where baits are monopolized bjonomorium destructorBoth species show high
activity rate all along experiments and presenhtsgores for all competition ability indices
(Table 5). Their numerical superiority probably oals them to break the discovery-
dominance trade-off supposed to structure commasmiths suggested by Davidson (1998),
this could be due to the escapement to natural iesethese species have to face in their
native range. Feener and Brown (1992) report thgtresence of parasitic phorid fli&s
geminatadecrease strongly its foraging activity. Orr dt(E995) show that activity of the
strongly invasive red fire arf@olenopsis invictpresent in the United States is restraint in its
native range by a parasitoid fly (Diptera, Phor)jddakewise, absence of natural enemies
might explain the success of Argentine amepithema humilen North America (Orr &
Seike 1998).

S. geminatavas already collected at the end of T@ntury in Galapagos Archipelago on San
Cristobal Island (Emery 1893, Wheeler 1919). Butdea't have any precise idea of its time
of arrival on Floreana Island. It is not a trampe@ps sensu stricto Its workers are
polymorphic (divided in major and minor workers)ké the red fire an®. invicta it presents
both monogyne and polygyne social forms (Banks. &t 3, Adams et. al 1976). At least the
monogyne form possesses a nuptial flight (Mclnnebs&hinkel 1995). But the locally highly

dense population of Floreana, is probably polygyhen one may ask if it disperse by flying
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gueens or not. Reproduction by budding can haiiyaén rapid colonization of natural sites
N3 and N4. An other possibility is a new recentaduction ofS. geminataat the highly
visited Post Office bay, which is less than oneenfidrm site N4. Its behavior at food baits is
very similar to that oMvasmannia auropunctatdescribed by Clark et. al (1982) on Santa
Cruz Island: largest foraging groups, high win/lgssres, strong persistence and continuous
activity. According to Lubin (1984%. geminatamay be the only successful competitor of

Wasmannian Galapagos ant fauna.

The little tramp speciedlonomorium destructolis a very interesting case. It was first
recorded in 1996 (Pezzatti et al. 1998) on Floreamit is its first and still unique record in
Galapagos archipelago. Originating from Africa (8dih & Taylor 1967) or India (Bolton
1987), it is a well-known house-infesting pest ahds been already introduced in
Madagascar, Hawaii, Australia, North, Central andtS America and Caribbean Islands (Mc
Glynn 1999). Like in 1996-97 survey, it doesn't @@pin sampling points outside of the
village (point A4). However, using attractive bagttsA4 permitted the capture of nine species
in 1996-97 for only 5 species in 2003. This doesréan that other species are absent of the
area, for exampl@aratrechina longicornisas been observed visually inside the village. But
it suggests thatl. destructorreinforced its presents and by the way its cortigetpressure
on other specied. destructoris probably at the "establishment stage" of inmaslescribed

by Heger (2003).

Wilson (1971) classifiesCardiocondyla species andTetramorium simillimumin the
"Iinsinuators”: discrete thieves inserting themsglireonspicuously. Due to their small size
and small foraging groups, they can reach food autleliciting aggressive behavior from
other speciesCardiocondylaspecies recruit by tandem: a scout that discofesrg recruits
only one nestmate at a time. This is confirmed by results: they were never observed in
large foraging groupsl. simillimumdominates the majority of baits in 1996-97 survgyt
even then number of workers at food sources isyav@ver than forSolenopsis geminata
which practice mass recruitment. We have to adhat these species don't seem to have

expanding populations.

The question is to know if the system will reacheauilibrium stage or not. The case of
invasion of Bermuda successively Beidole megacephaland then by the Argentine ant
Linepithema humileshows that a certain mosaic equilibrium can babdished between two
invasive ants (Haskins & Haskins 1965, 1988). Theeoved simultaneous progressiorSof

geminataand regression of. simillimumon the very short period of seven years indicates
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that the actual invasion process on Floreana lisvstly dynamic. The actual success Sf
geminatamay be ephemeral, and who knows which speciesbeillhe next dominant one?

Brandad & Paiva (1994) suggest that on oceanindsl@yclic invasions may be the rule.

Globally, it appears that all successful introducgekecies exhibit strongly opportunist
behavior practicing exploitative competition. Buhey are of two categoriesT.
melanocephalunand M. floricola may be qualified of discrete opportunists. Theyehao
ability for interference competition on food sowc®©n the other hand the two dominant
speciesS. geminataand M. destructorare also very opportunistic species. But at thmesa
time, large-sized species likg. bauriandC. macilentughat where present before invasions
seem to resist to the invaders through their higarference competition abilitie®. bauri
for example is the only species observedMasmannia auropunctataighly infested area in

the upper part of Floreana Island (pers. obs.)catohg a really strong resistance to invaders.

We know little about the evolution of invasive sscpopulation in a long term after
introduction. Porter & Savignano (1990) described iavasion by the imported fire ant
Solenopsis invictan Texas. Their study reveals the reduction of 5@%ant diversity and a
strong negative effect on arthropods community. fdon (2002) showed that twelve years
later S. invictais not as abundant as during initial phase of srora and the arthropod
community recovered its previous diversity. Thig@ests that impact of invasive species
may be more important at the beginning. These asithgpothesized that the observed
regression could be due to an overexploitatioreseburces during the phase of invasion or to
the apparition of natural enemies. Concerniggeminatait is interesting to know that it
appeared in huge numbers in some Caribbean istiumitsg first Spanish settlements before

to become an actual moderately abundant spectbsse places (Wilson 1971).

In the future, it will be of great interest to folV the evolution oM. destructorpopulation on
this island and to analyze at a more detailed scatapetition behavior of the different

species in order to establish prediction schemasvakion success.
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WHAT IS STRUCTURING A COMMUNITY OF INTRODUCED ANT SP ECIES?
This chapter is in preparation for publication.
Abstract

Floreana Island shelter a community of 24 ant gsgenost of which are introduced. Here we
evaluated separately the importance of environnhéatéors and interspecific competition in
structuring species assemblages and distributMuoKivariate analysis and generalized linear
models highlighted the preferences of a set ofispdor particular ecological conditions. But
opportunist tramp species seem to escape thisndevere found without any preferences in
most habitats. The attempt to explain species ddsges with competition using co-
occurrence analyses failed. We attributed the laickompetition-derived structure to the
dynamic of the system. Indeed climatic conditioms Galapagos are highly variables
depending on the seasons. We supposed that regathrimportant variations in the
distribution of the principal dominant speci8slenopsis geminatparticularly sensitive to
harsh conditions may disrupt community structurer Bypothesis of a dynamic system with
regular migrations is supported by the observatibrsimilarities among nearby sampling

stations in ant composition.

Introduction

The introduction of alien species at large scatmuad the world is a recent phenomenon
strongly linked to the huge development of humaddr(Jenkins 1996; Work et al. 2005). If
most introduced species failed to establish, sorhethem have a major impact on

environment (Elton 1958, Mooney & Drake 1986, OT293, Pimentel et al. 2000). This is

especially true for oceanic islands with a paracdhuna and flora that confer them a low
ecological resistance and makes them very vulnerabbsystems (Elton 1958; Anderson
1997; Le Breton et al. 2005). As a consequencejarityaof them shelters a large amount of
alien species. Ants are among the most successfatiers (Williamson & Fitter 1996). They

outcompete easily the local fauna causing importi@mages on native ants diversity and
abundance (Haskins & Haskins 1965; Haines et &41€lark et al. 1982; Le Breton et al.

2003) and more generally on invertebrates (Zimmarrh@70; Clark et al. 1982; Reimer

1994; Jourdan et al. 2002).
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In Galapagos Archipelago, the current total ofddtrced insects stands at 463 species among
which 22 are ant species (Causton 2006). Earlyctete of organisms as insects is
particularly difficult due to their small size. Cagrning ants, their social organization confer
them a high ability to adapt themselves to new remvhents and once established it is often
very difficult to eradicate them since they fornpidly very populous communities. Most of
the introduced ants are tramp species. This grdupasily transferred ant species share
several characteristics as unicoloniality, sma#lesand monomorphism of worker caste,
polygyny, reproduction by budding and a strong &y to migrate (Passera 1994). Another
particularity of introduced species is their opparstic behavior as well as for nesting sites as
for food preferences. Then, the coexistence of iexspecies implies inevitably some

competition among them.

In this study we focus on the ant community of E&ora Island in the Galapagos Archipelago.
It is a 173 km2 island with, as most of Galdpagslanid, important climatic variations
between lower arid and upper humid parts. Its anhd is composed of 24 species, among
them two or three are endemics and at least 1lhtoeluced. We tested two hypothesis. The
first one is that environmental conditions are ggmedictors to explain ant species
distribution. Many studies highlighted the correlatbetween species richness and diversity
of vegetation (Goldstein 1975; Greenslade & Greatesl1977; Majer et al. 1984; Morrison
1998; Ribas et al. 2003). Our second hypothedisatscompetition is a structuring factor of
the ant community. Many authors have postulatedt tb@mpetition structures ant
communities (Savolainen & Vespaldinen 1988; Hoélldol& Wilson 1990; Vespalédinen &
Savolainen 1990; Andersen 1992; Davidson 1998; M&dynsenmair 2003). Several argues
that ant communities follow mosaic patterns, intipatar when several dominant species
coexist (Room 1971; Majer et al. 1994; Morrison @99anderwoude et al. 2000; Ambrecht
et al. 2001; Folgarait et al. 2004). In particifduker & Bearsley (1970) describe in Hawaii,
an island with exclusively introduced ants, the petitive exclusion of three dominant
species:Pheidole megacephaldinepithema humileand Anoplolepis longipesHowever if
many authors have tried to explain community stmgcwia several structuring factors, some
others claim that stochasticity may explain a mgjoof observed patterns (Torres 1984;
Floren & Lindsenmair 2000; Ribas & Shoereder 2002)bbell in his book “The unified
neutral theory of biodiversity and biogeography’0@2) opposes the niche-assembly
perspective and the dispersal-assembly perspedtivibe first one presence and absence of

species can be deduced from assembly rules bastw @tological niches or functional role
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of each species. In the second one communitieped nonequilibrum assemblages of

species largely thrown together by chance, histoy random dispersal.

In order to prospect in a wide spectrum of climabaditions we selected a variety of stations
in arid and humid zones, situated either in manaictgd or in natural areas (see Fig 1). We

measured diverse environmental variables and ptesamd abundance of species.
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Fig 1.- Map of Floreana Island with the 20 sampling stations. Blastsdre stations situated in the arid area and white dots
are in the humid one. The thick line is the road leading fromliage (sampling station A5) to the cultivated zdigee)
area). The enlarged circle shows the disposition of the I&gpof measurment () and of the nine pitfall traps withieacl
sampling stations’{ ).

Material & Methods

Field work took place on Floreana Island (Galapadushipelago, Ecuador) during

November — December 2005. In total 20 stations selected. Nine are located in the upper
humid zone and 11 in the lower arid area. Eightista were considered as disturbed (five
humid and three arid) and 12 as natural (four huamnid eight arid). Each station was divided
in 13 points of measure disposed in a regular grid 20 x 20 meters square (see Fig 1).

Collected data and the type of measurements areatiged in Table 1.
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Environmental factors

We used a camera with fisheye lens to measurentioaira of daily solar radiation reaching
the soil at each 13 points. Pictures were analyadd GLA 2.0 (Frazer et al. 1999). On each
point we measured the soil porosity as the timeafarater column of four cm diameter and
seven cm height to penetrate in the ground. Thatsewere log transformed. The soil was
also characterized visually at each point on a 50 xm square. We estimated the abundance
of grass cover, litter cover and bare soil usirgftiilowing categories 0 = absent, 5% of
ground surface, 2 = 5-50%, 3 = 50-95% and2b6%. Our index permits a correct description
of under-represented types of soil, adapted tootiserved patterns. At the station level we
calculated a heterogeneity factor as the standavation of solar radiation on the 13 points.

To measure daily temperature variation we used tiBdt (http://www.maxim-ic.com

recording temperature every hour for at least siysd We estimated for each station the
shortest distance to one of the four potentialoohiiction spots: the village (Puerto Velasco
Ibarra, at A5), the garbage dump (near S1), theewdtural area (grey area on Fig 1) and a
highly visited tourist spot (Post Office Bay, 1kmrth of N4).

Table 1.-Recapitulation of collected data and level of measu

Collection of data ...

... at the 20 stations ... at the 13 points per statiofn = 247)

® heterogenity (standard deviation of daily ® daily solar radiation

solar radiations at the 13 points) soil porosity

® daily temperature variation index of grass cover

environmental
variables

® distance to an introduction spot index of litter cover

index of bare soil

® pitfall trapping (7 days, 9 pitfalls) attractive baiting (at sunrise and sunset)

@ | @ @ @

faunistig
data

visual observations (at sunrise and sunset)

Presence and abundance of ants

Presence and abundance of ants were estimated thsaey different methods. Nine non-
attractive pitfall traps were laid for seven daysaach station. They were grouped by three
and placed in a triangle each 50 cm from the otHeash group was itself distant from the
other two groups by 12 meters (see Fig. 1). Pitfalbs were five cm diameter containers
filled with 30 ml of ethylene glycol at 66%. At daof the 13 points, we used two methods to

inventory ants. Attractive food baits of honey anda were used simultaneously for two
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hours, at sunrise (6:00-8:00 am) and at sunse®{®:@0 pm). Finally two persons performed
visual observation of ant’s activity on the ground five minutes at sunrise and at sunset on
each point. Visual observations and attractiveirnmgitvere performed on different days.

Abundance of individuals per species was estimated.

Due to time and access limitations, ants were saan@hly by intensive visual search and two
over-night food baiting at station S9. Environméféators were measured as on other sites

but only on five points instead of 13.
Statistical analyses
1. Multivariate analyses

Using R free statistical software (http://www.r-@ct.org R development Core Team 2006),

we performed a Canonical Correspondence Analyses Braak 1986) on the 20 sampling
stations with presence-absence data of speciesependant variables and the eight
environmental factors as explanatory variables.tdst the possible correlation between
geographical distances of sampling stations andlagitg of ant fauna composition we

performed a Mantel test based on 1’000 replicdtemmpares similarity between a matrix of
geographical distances and a matrix of distanceset from a Factorial Correspondence
Analysis (FCA) on presence-absence of species. Waed also the correlation of
geographical distances and ecological similariigssied of a Principal Component Analysis

(PCA) for interpretation of the results.
2. Co-occurrence analyses

To test non-random structure of ant assemblagesjsgdecosim 7.0 software (Gotelli &
Entsminger 2002). We analyzed presence-absencéolaal gevel (one matrix, presence-
absence at the 20 stations) and within stationsr@®ices, presence-absence at the 13 points
within each station). The original matrix is randped here 10’000 times. Each randomized
matrix generate a co-occurrence index and the indi¢ike original matrix is compared to its
frequency distribution from generated matrices. W¥8ed the Stone & Robert’'s C-score co-
occurrence index (1990). The C-score is the avenageber of checkerboard units for each
unique species pair. An observed C-score higher éxpected by chance means that species
co-occur less often than by chance. EcoSim offegfsrednt rows and column constrains, their
total can be “equiprobable”, “fixed” or “proportiali. We used fixed row total algorithms
which is the best way to avoid Type | error of istatally significant pattern for a random

matrix (Gotelli 2000). This means that the numbkepm@sence for each species is constant.

42



Chapter 2 — Coexistence patterns

For the global analysis of presence-absence ofiepet the 20 sampling stations, we ran
EcoSim with the “proportional” column option. Scetprobability of a species to be found in
a given station is proportional to the specifichriess of the station. We used the fixed-
equiprobable algorithm to analyze within-stationtmeas since the 13 points are very close.
An equiprobable total of columns means that speaeslistributed randomly on the different

stations, which is the most realistic approacthis tase.

To test for potential associations between pairspafcies we applied two different methods.
Firstly we used the Cohen’s Kappa co-occurrencexnearying between -1 and 1. Using
10’000 bootstraps we estimated for each speciestipailimits of the confidence interval at
95% (program developed by A. Hirzel on R). If béithits are positive the pair of species is
considered to be significantly more associated thyaohance. On the contrary if both limits
are lower than zero, the species pair presentsxalustoon pattern. The second method
consisted in analyzing probability of non-randomoozurrences between pairs of species
using output of prior null model analyses of cowcence in EcoSim (COOC software,
Sfenthourakis et al. 2005). It estimates the proibalof a species pair to co-occur more or
less in an observed matrix than in the 10’000 ramgicsimulated ones. The two methods

were applied at both levels: between stations atidmstations.
3. Generalized Linear Models

In an attempt to link species distribution to eomimental factors, we performed Generalized
Linear Models on presence-absence of species al3he 13 = 247 sampling points. It
represents pooled data of visual observations #nactive baiting. We selected the eight
species that were observed at least at 10% (9%W\msmannia auropunctataof the 247
sampling points. Using R statistical software, thedels were selected running a stepwise
both direction procedure. Explanatory variablesenarear terms of the eight environmental
variables and squared terms of three of them:pswibsity, solar radiation and heterogeneity.
The best models are fitted following the measur@l@f (Akaike Information Criterion). We
calculated an adjusted?Dor GLM (Guisan & Zimmermann 2000). With the saset of
species we tested the eventual effect of competitiorunning GLMs with presence-absence
data of the other species. All species which appe&iave a positive effect on the response
species were removed from the analysis in ordeteEp exclusively negatively correlated
species. We performed also a GLM to determine ttwogical factors affecting species

richness over the 20 sampling stations.
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Results
Presence and abundance of ants

We collected in total 19 species belonging to fewisfamilies and eleven genera. We counted
49'479 specimens, of which about 30'000 have taattebuted to the huge amount of the
little fire ant Wasmannia auropunctateollected in pitfall traps on station S4. Four gps
that were collected by Pezzatti et al. (1998) wabsent of our datadypoponerasp B,
Pheidolesp A and B andtrumigenys emmadctually they found only one specimen of
Pheidolesp A andS. emmaeHypoponerasp B andPheidolesp B were both found by visual
search outside of our sampling site.

Table 2.-List of collected species with comparison of three diffénmethods of ant collection on 20 sampling stations= pitfall
trapping; o = visual observations; x = attractive baitingn@ and honey baits). Food baiting and visual observatioes
performed on the same 13 points per station. Piifating consisted in 3 x 3 pitfall traps on eaampling station.

sampling stations

disturbed & humid disturbed & arid natural & humid natural & arid

species Al A2 S2 S10 S12| A3 A5 S1 N1 N2 S3 S4 N3 N4 S5 S6  S7 S8  S9 S11
Camponotus macilentus 0 0 X ox| o 0 X ox| o ox| ox| ox] ox| ox| ox|] ox X
Camponotus planus 0 X 0 0 X
Cardiocondyla emeryi o 0 X 0 )
Cardiocondyla nuda X X 0 ox|l ox X
Hypoponerasp™ o
Monomorium destructor ox| ox
Monomorium floricola o o 0 X x| ox X X X
Odontomachus bauri o 0 X x| ox| ox 0 ox| ox 0 0 o 50 X
Paratrechina longicornis o X g
Paratrechinasp® x o o x X 2
Solenopsis geminata ox| ox| ox ox| ox x| ox|] ox| ox 0 X 0 X 5, 0 X
Solenopsis globularia 0 X 5 0
Solenopsissp? X X £
Strumigenys louisianae 0 o o ;;
Tapinoma melanocephaluny 0 0 0 X X X ox| ox] ox] ox|] ox| ox|eo
Tetramorium bicarinatum 0 X X X 0
Tetramorium caldarium ox| o X
Tetramorium simillimum ox] ox o ox| ox| ox X ox] ox| ox 0 X
Wasmannia auropunctata ox| ox 0 X 0 X

#speciep7 6 5/8 6 d # 59 #6 fo8sphoe6las55|26362328d68¢d31)14F46[758[a885/567(@87-45324

8 11 12 12 12 7 7 7 3 12 8 6 8 8 7 9 9 6 5

Notes: (1) possiblHypoponera opacicepg2) possiblyParatrechina vaga (3) subgener®iplorhoptrum

10

# species

pitfall trapping

visual observation

attractive baits

Fig 2-Mean number of species collected per sampling stat®inc
three different sampling methods. N=19.
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Species collected at each sites and methods dafctddire presented in Table 2. The two
passive ways of collecting that are pitfalls ansuai observations matched most of the time
the higher diversity (Fig 2). Pitfalls trapped veaage 49.4 ant individuals in humid zone and
24.7 in arid one. Table 3 presents number of inldizis listed per species following the three
sampling methods. Species have been categorizedunttional groups based on Andersen
North American ants classification (Andersen 198@3 competition hierarchy observed of
Floreana ant community (von Aesch & Cherix 2005¢ sghap.1l) The two endemic
Camponotuspecies an@@dontomachus bauare “large-sized” ants. They are never seen in
large foraging groups and forage preferentiallpight (exclusively at night fo€Camponotus
spp). They are interference competition specia{igds Aesch & Cherix 2005Monomorium
destructor Solenopsis geminatand Wasmannia auropunctatare “dominant” species. This
means that at least on a particular area of Flaietmey monopolize the majority of food

sources in baiting experimentdypoponerasp,Solenopsisp andStrumigenys louisianaare

Table 3.- Number of individuals counted for each species following three collection methods. Species are
attributed to a functional group corresponding to theitustain Floreana Island ant community. Whéan
simillimum and T. caldarium coexists on the same station, it is not possible to diststgtihem during visual
observations (last line).

Species functional group pitfalls baits obs TOTAL
Camponotus macilentus large-sized 334 450 152 936
Camponotus planus large-sized 9 4 14 27
Odontomachus bauri large-sized 34 28 52 114
Monomorium destructor dominant 602 1147 15 1764
Solenopsis geminata dominant 764 4617 1008 6389
Wasmannia auropunctata dominant 30959 763 666 32388
Hypoponera sp cryptic 2 0 1 3
Solenopsis sp cryptic 8 47 0 55
Strumigenys louisianae cryptic 17 0 4 21
Cardiocondyla emeryi opportunist 16 2 24 42
Cardiocondyla nuda opportunist 255 9 14 278
Monomorium floricola opportunist 770 217 32 1019
Paratrechina longicornis opportunist 256 18 7 281
Paratrechina sp opportunist 171 548 131 850
Solenopsis globularia opportunist 59 266 10 335
Tapinoma melanocephalum opportunist 225 777 181 1183
Tetramorium bicarinatum opportunist 35 140 75 250
Tetramorium caldarium opportunist 334 68 9 411
Tetramorium simillimum opportunist 931 1437 439 2807
Tetramorium caldor sim opportunist 0 0 326 326
35781 10538 3160 49479

“cryptic” species. None of them were caught by thiiee sampling methods. The ten

remaining species belong all to the “opportunisttegory. With the exception &olenopsis
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globularia which is not known as a common transferred spe@#sof them are tramp

species.
1
B large-sized species
O cryptic species (x10)
0.8 : : A
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(@]
< 0.6
c
(]
[&]
o 04
o
o % o % ® (%
0.2
[ [
. 8 o o5 L NN
pitfall trapping visual observations attractive baiting

Fig 3.- Evaluation of sampling methods following the funatal groups of species.

In Fig 3, proportions of ants belonging to the eliint functional groups were plotted
following the sampling method. Both passive col@mttmethods, i.e. pitfall trapping and
visual observation, give appreciably the same tes@n the other hand dominant species
were collected in huge numbers at food baits a®gicdl consequence of their mass
recruitment strategy and their high competitivelighi The very few amount of cryptic
species detected at visual observations is prolzhi®yto the fact that they are very small and

discrete and could have remained undetected bgtibervers.
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Fig 4.- Sampling profile of each species. White bars repersent tinebar of sampling stations were they gmesen
grey bars are the mean abundances at stations énuhpoints out of 13) when present.
Cm = Camponotus macilentysCp = C. planus Ce =Cardiocondyla emeryiCn =C. nuda;, Hsp =Hypoponerasp
Md = Monomorium destructarMf = M. floricola; Ob = Odontomachus bauriPl = Paratrechina longicornis Psp =
Paratechin: sp; Sg =Solenopsis geminatesgl =S. globularia, Ssp =Solenopsissp; S| =Strumigenys louisiangelm
= Tapinoma melanocephalunirb = Tetramorium bicarinatum Tc = T. caldarium; Ts = T. simillimum; Wa =
Wasmannia auropunctata

Fig. 4 describes the global and local abundancspeties. The first one (rear line) is the
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number of stations out of 20 where a species haea becorded; local abundance (front line)
iIs the mean number of points of presence out ofwitBin each station (considering
exclusively stations where it is present). Onlyefispecies exceed in average five points of
presence per station. They are the three domindr@sppportunistetramorium simillimum
and the endemi€amponotus macilentu®f the three dominant speciés, geminatas the
only one to be widely distributed over samplingaaré. simillimumnot only is present at
large scale on the island but it is also the mestface abundant” at local scale. Data of local
abundance o€. macilentushave to be carefully analyzed. Local abundanctamfe-sized
species might have been over-estimated due toehefast moving of their workers. Two
observation points distant by 10 meters might geeenbservations that are less independent
than for other specie3.apinoma melanocephaluand Monomorium floricola both typical
and very common tramp species, are the most widadpspecies over our surveyl.

floricola shows the highest contrast between global and &andance.
Environmental factors

Environmental characteristic of sampling statiores summarized in Table 4. For station S9,
as index of soil type were measured only on fivenggoinstead of 13, obtained values were

corrected using &/s factor.

Table 4.- Environmental characteristics of the twenty samplingiatat Distance to an introduction spot and daéynperatur
variations are measured once for each station. Heterdgesehe standard deviation of solar radiations measures d8points
on each station (5 points for S9). Soil porosity and solaiatazhs are measure on 13 points per stations (5 on S9) anuehe
values and standard deviation are presented here. Indicasl @ategories correspond to the number of occurrencesaciof
them on the 13 points of observation.

distance to a daily hetero-
potential temperature  geneity index of index of
introduction  variations (SD of  soil porosity [(log solar radiation index of  grass litter
station station type spot [km] e solar rad) sy [Mols m?d?®  bare soil  cover cover

Al disturbed & humid 0 2.65 5.10 0.78 £ 0.18 13.70 + 5.10 2 9 2
A2 disturbed & humid 0 2.32 3.77 0.86 £ 0.18 16.00 + 3.77 0 13 0
S2 disturbed & humid 0 3.50 5.02 0.51 + 0.08 14.61 + 5.02 0 7 6
S10 disturbed & humid 0 3.90 4.70 1.02 + 0.20 15.18 + 4.70 0 5 8
S12 disturbed & humid 0 4.45 4.00 0.66 + 0.23 10.82 + 4.00 4 2 7
A3 disturbed & arid 0 10.18 1.25 1.08 + 0.73 17.73+ 1.25 11 0 2
A5 disturbed & arid 0 7.07 2.35 0.48 + 0.11 18.43+ 2.35 13 0 0
S1 disturbed & arid 0 11.88 2.85 0.48 £ 0.13 17.67 + 2.85 7 0 6
N1 natural & humid 0.8 2.58 1.91 0.66 £ 0.17 6.80 £ 1.91 1 10 2
N2 natural & humid 0.4 6.27 2.95 0.89 £ 0.76 12.33 £ 2.95 0 0 13
S3 natural & humid 0.1 4.16 1.86 0.79 £ 0.18 12.08 + 1.86 1 3 9
S4 natural & humid 0.1 5.44 1.38 1.17 £ 0.34 9.21+1.38 2 6 5
N3 natural & arid 2.7 5.44 2.93 0.53 £ 0.19 16.11 + 2.93 9 0 4
N4 natural & arid 0.8 7.91 2.44 0.42 + 0.08 17.69 + 2.44 6 0 7
S5 natural & arid 12 7.53 3.01 0.87 + 0.75 15.27 + 3.01 8 0 5
S6 natural & arid 1.8 5.51 2.05 0.82 £ 0.58 16.63 + 2.05 4 0 9
S7 natural & arid 0.7 8.08 2.73 0.56 + 0.15 16.60 + 2.73 2 0 11
S8 natural & arid 14 7.00 2.48 0.65 + 0.82 18.18 + 2.48 8 0 5
S9 natural & arid 1.2 2.27 2.40 0.49 £ 0.05 17.53 + 2.40 10.4 0 2.6
S11 natural & arid 1.8 11.79 1.98 0.46 + 0.10 17.88 + 1.98 3 0 0 1
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Statistical analyses
1. Multivariate analysis

Results of the Canonical Correspondence Analys3A)CGare presented in Fig 5. Stations and
species have been projected following the two & axis that explain respectively 23.7%
and 13.8% of total variance. Dots are positionashgling stations predicted by their species
composition and arrows indicate their position el by the model built on environmental
factors. There is a clear discrepancy between hamidarid stations following the first CCA
axis. On Fig 5c., it appears that excepted foerlittover index, all original explanatory

variable discriminates graphically humid and atatiens. In particular, bare solil, strong solar

Fig 5.- Results of Canonical Correspondance.
Analysis. a: projection of the 20 sampling stations
and their position predicted by the model (arrows).
b: projection of the 19 species; black dots =
opportunists; white dots = cryptics; stars
dominants; squares = large-sizedprojection ofthe
original explanatory variables at same scale.

Cm = Camponotus macilenty€p = C. planus Ce
= Cardiocondyla emeryi, Cre C. nuda, Hsp =
Hypoponeri sp;Md = Monomorium destructarMf
= M. floricola; Ob = Odontomachus bauriPl =

1
Paratrechin¢ longicornis; Psp = Paratechina sp; —< s £
Nlm

CCA2

humid area

arid area

Sg = Solenopsis geminata; Sgt S. globularig ceal

Ssp= Solenopsissp; SI = Strumigenys louisianae; Lse &
Tm = Tapinoma melanocephalum; Tbh= 2
Tetramorium bicarinatum; Tc= T. caldarium; Ts IN 864
=T. simillimum Wa = Wasmanniaauropunctata. 5‘\

BARE = index of bare soil,DIST = distance to an

introduction spot;GRASS = index of grass cover;
HETERO = heterogeneity of station;ITTER = index Sgle
of litter cover; PORO = soil porosity;RAD = solai

radiation;TVAR = daily temperature variation. SI
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radiations and important daily temperature varratere typical of arid area and at the
opposite an important grass cover and a high hggeeity of the environment are good
descriptors of humid zone. Compared to humid gtati@arid ones are situated in a wider
geographical range and also a wider ecological itond range. So their segregation in the
CCA plan is better. The very bad prediction of thedel concerning S4 is due to the

exclusive presence d/asmannia auropunctatat this point. Also station N1 fits poorly the
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model. It shelters only three species comparedntawerage of 8.8 species per site in the
humid area. On the upper left part of Fig 5b wenfba group composed of the three cryptic
species, the opportuni§etramorium bicarinatumand the dominané/. auropunctataThis
patchy assemblage indicates similar climatic pegfees, typical of humid environments.
bicarinatumis the only one that has been found on an arid, spd57. A group of species
composed of most of the opportunist species foaralr survey is situated close to the origin
of axes as well as the dominaBt geminata The two endemicCamponotusspecies are
mostly found in arid part. Fig. 6 indicates forckaof the 19 species the percentage of
explained variability. It appears immediately thast of the opportunist species are grouped
on the right side meaning that environmental vdemlaffect less their distribution. The
extreme position in the CCA projection for somecsge has to be attributed to some artifact
effects principally due to their low frequency owampling area. For exampiéonomorium
destructor which is the last known introduced species is tbaumly at two arid stations
nearby the village. This species seems to be &an fits realized niche on Floreana, being
probably more restricted by historical and compatit constraints than by ecological

conditions (see Chapter 3).

80%

60% ——

s+ H1HIHTHT T -

20% -

% of explained variabilit

ny

Sgl Ssp Md SI Ob Tc Wa Hsp PI Cp Cm Sg Cn Ce Th Tm Ts Psp Mf
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Fig 6.- Percentage of explained variability for each species byGhronical Correspondance Analysiainctiona
groups are indicated by symbols: black dots are opportspisties, white dots are cryptic species, squares are large-
sizes species and stars are dominant speciesp&aes names abbreviations refer to legend of.fig 5

Results of Mantel test (Table 5) show a significaegative correlation between geographical
inter-station distances and species compositiomasitres (p < 0.0001). But the CCA reveals
a marked disparity between stations from the and fiom the humid area. Thus, as the
humid area is relatively small compared to our glakampling area, we were wondering if

the pattern revealed by the Mantel test is only thu¢his proximity between ecologically
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Table 5.-Results of distance Mantel tests.

Mantel test of correlation wit FCA distances between stations PCA distances between stations
geographical distances on: (similarity of ant fauna) (similarity of environmental conditions)
all stations r=0.4873 r=0.3879

(mean distance = 4.05 km) p < 0.0001 *** p < 0.001 ***

arid stations r=0.2624 r=-0.0172

(mean distance = 4.06 km) p=0.034* p =0.551

humid stations r=0.1449 r=0.276

(mean distance = 1.39 km) p =0.263 p =0.160

similar stations. This is confirmed by the Man&gdtton geographical distanoesecological
similarities (PCA distances). When conducted onstdtions it reveals a strong correlation
between geographical distance and ecological sitiiga (p < 0.001) but when performed
exclusively on the arid or humid subgroups, the s®ws no correlation of ecological
similarities with the distance. Therefore we perfied Mantel tests separately on arid and
humid stations. In the latter, as expected, we doom effect of distance (p = 0.263). On the
other hand the effect was significant for the degleven arid stations.

2. Co-occurrence analysis

Table 6 presents results of the test of non-rando+accurrence hypothesis using EcoSim. A
p-value of observed C-score higher than expectpdf@s that species coexist less often than
by chance. In the between-station analysis (glotettix) there is neither significant positive
nor negative co-occurrence. This is also true fosinof the within-stations analyses excepted
for A2 and A5. The positive co-occurrence of spe@e A5 may be easily explained. This
station located in the village is principally consed of bare soil with almost no vegetal
cover. Thus ants were systematically observed esdime shady points. Here the positive co-
occurrence is due to harsh conditions. In A2 howelienatic conditions are more suitable
(100% grass cover) and it appears that specidseal3 sampling points of that station are

distributed following a competitive exclusion patte
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Table 6.- C-score indices for the observed and random matrices foisthed (Global) and foeact
station. The mean value and standard deviation for 10'08oraized matrices are presentedethe
with the observed index and the P-values for acceptationefaction of the null hypothesis. An
observed C-score higher than expected indicates that woese in observed matrix is lower than by
chance

model C-scores
data rows colums observed simulated obs<exp obs>exp
Global fixed proportional 10.6199 10.8369 * 0.8350 0.3953 0.6076
Al fixed equiprobable 3.5257 4.2639 + 0.4386 0.1436 0.8663
A2 fixed equiprobable 3.5357 2.5449 + 0.3391 0.9631 0.0432
A3 fixed equiprobable 2.5000 2.8283 + 0.9037 0.4106 0.6402
A5 fixed equiprobable 0.9000 3.2727 + 0.5137 0.0024 0.9992
N1 fixed  equiprobable 2.0000 1.6836 + 0.5327 1.0000 0.8418
N2 fixed equiprobable 3.8571 3.9984 + 0.4172 0.4174 0.6069
N3 fixed  equiprobable 1.8333 2.3889 + 1.5139 0.4948 0.7750
N4 fixed  equiprobable 4.8095 4.8866 * 0.7937 0.4563 0.5637
S1 fixed equiprobable 5.4000 5.0864 + 0.9944 0.6203 0.4049
S2 fixed  equiprobable 3.8929 3.3296 * 0.3113 0.8482 0.1681
S3 fixed equiprobable 3.6000 3.1089 + 0.5605 0.7471 0.2900
S5 fixed  equiprobable 5.0000 6.5315 + 0.8301 0.0600 0.9443
S6 fixed  equiprobable 3.4762 2.5142 + 0.4887 0.9241 0.0856
S7 fixed equiprobable 5.7619 6.8050 + 1.1023 0.1664 0.8454
S8 fixed  equiprobable 1.7778 2.6784 + 0.1599 0.2916 0.7240
S10 fixed equiprobable 4.7143 5.2154 + 0.8713 0.2873 0.7278
S11  fixed  equiprobable 2.6000 2.8285 + 0.4132 0.3775 0.6969
S12  fixed  equiprobable 2.4444 2.9249 + 0.1755 0.1362 0.8778

Then positive or negative associations were andlgteéhe species pairs level. Results of the
Cohen’s Kappa method and COOC software are prasenmtdable 7. The most common
association between pairs is the co-occurrencempafthis should probably be interpreted as
a consequence of similar ecological preferencesrristm 1996). When pooling results of
both methods, at the global level only 5 pairs pkcies appear to suffer exclusive
competition, which represents less than 1.5% ofestled species pairs. When analyzing co-
occurrence pattern at the within-station scale, gauie out of 726 tested shows an exclusion
pattern. The little fire anWasmannia auropunctates implicated in half of the observed
exclusion patterns. There is only one concordasultéetween COOC and Kappa estimation
of species pairs association: the significant coua@ence ofTetramorium bicarinatunand

Solenopsis globulariat S7.

51



Chapter 2 — Coexistence patterns

Table 7.- Association of pair of species evaluated using two meththdsCohen's Kappa confidence interval (on 10'000 bootsteapithe
COOC software using EcoSim output of prior model analysis otcorence (10'000 simulated matrices). Observed and simulatees on
the right are: K = Coehn's Kappa on observed méttix;number of sites of co-occurrence observed ®isfiecies pair.

Data species pair association test obs. values sim. values
Global Paratrechina spx Cardiocondyla emeryi co-occurrence Cohen's Kappa K=0.479 K= 0.466
Global  Solenopsis s Cardiocondyla nuda co-occurrence Cohen's Kappa K=0.429 K=0.424
Global  Solenopsis s Monomorium floricola co-occurrence Cohen's Kappa K=0.200 K= 0.203
Global  Solenopsis s Odontomachus bauri co-occurrence Cohen's Kappa K=0.250 K= 0.250
Global  Solenopsis sx Solenopsis geminata co-occurrence Cohen's Kappa K=0.200 K= 0.203
Global  Solenopsis s Tapinoma melanocephalum co-occurrence Cohen's Kappa K=0.200 K= 0.200
Global  Solenopsis s Tetramorium simillimum co-occurrence Cohen's Kappa K=0.364 K= 0.358
Global  Tetramorium bicarinatunx Monomorium floricola co-occurrence Cohen's Kappa K=0.250 K= 0.250
Global  Tetramorium bicarinatunx Solenopsis geminata co-occurrence Cohen'sKappa K=0.250 K=0.251
Global  Tetramorium bicarinatunx Tapinoma melanocephalum  co-occurrence Cohen's Kappa K=0.250 K= 0.250
Global  Tetramorium caldariumx Camponotus macilentus co-occurrence Cohen's Kappa K=0.194 K=0.193
Global  Tetramorium simillimunx Cardiocondila nuda co-occurrence Cohen'sKappa K=0.490 K=0.476
Global  Tetramorium caldariumx Paratrechina longicornis competition Cohen's Kappa K=-0.364 K-=-0.337
Global Wasmannia auropunctata Camponotus macilentus competition Cohen's Kappa K=-0.417 K=-0.399
Global Wasmannia auropunctata Tetramorium caldarium competition Cohen's Kappa K=-0.286 K=-0.255
Global  Cardiocondyla emeryk Tetramorium simillimum competition COOC software N = 1/20 N = 3.26/20
Global  Odontomachus baurk Solenopsis globularia competition COOC software N = 0/20 N = 1.87/20
A5 Tetramorium syx Cardiocondyla emer co-occurrenc Cohen'sKapr K=1 K= 1.00C

S5 Tapinoma melanocephalux Camponotus macilent co-occurrenc Cohen'sKapr K=0.43t K=0.43(

S7 Tetramorium bicarinatunx Solenopsis globular co-occurrenc Cohen'sKapr K= 0.56z K= 0.55:

S12 Wasmannia auropunctata Solenopsis geminata co-occurrence Cohen's Kappa K=0.552 K=0.539
S2 Wasmannia auropunctata Tetramorium simillimum competition Cohen's Kappa K=-0.519 K=-0.458
Al Odontomachus baurk Tetramorium simillimum co-occurrence COOC software N = 3/13 N = 0.85/13
N2 Camponotus macilentus Paratrechina sp co-occurrence COOC software N = 2/13 N = 0.30/13
S7 Tetramorium bicarinatunx Solenopsis globularia co-occurrence COOC software N = 4/13 N = 1.89/13

3. Generalized Linear Models

Results of GLM for the distribution of the eight stdrequent species at the 247 sampling

points are presented in Table 8.

GLMs on environmental variables permitted to explaetween 3.5% and 31.1% of the
distribution of the tested species. The less litkalstribution to environmental factors where
those of the opportunist speci€apinoma melanocephaluand Paratrechinasp. The best
models are obtained for the ender@iamponotus macilentusnd the dominarifVasmannia
aurpunctata Only a very small rate of distribution pattersseixplained by the presence of
potential competitors. For three species we wess éot able to fit a model. At least one of
the dominant Solenopsis geminatand W. auropunctatahas a significant effect on
Tetramorium simillimum/caldariumCamponotus macilentugnd T. melanocephalumit is
interesting to notice that these models permitubip evidence three apparently competitive
pairs of speciesC. macilentus— W. auropunctataC. macilentus— S. geminataand T.
simillimum/caldarium— W. auropunctata Indeed, it seems logical that if a species A is
negatively correlated to a species B, the contisagymilar. This implies that we cannot, from
the exclusive results of these GLMs, decide whigbcges is responsible for the exclusion
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Table 8.- Coefficients of generalized linear models based on thespiessabsence of the eight most abundeicie
on the visual observations data set (247 points). Adj D2 esgmt the total deviance explained by tmedel:
corrected by the number of predictors to the number of olagiemns. Explanatory variablega) dist = distance to a
potential introduction site; tvar = daily temperature @#ion; poro = soil porosity; hetero = heterogeneity of sangpl
station regard to vegetal cover; bare = index of bare sodsgr= index of grass cover; lit = index of littg{b)
presence - absence of potential compe

N
—— <
(@) nb of 53 N 2 > 0 x
presence % 5 9.:: 8 8 a g B = H:J 2 E
Specie (=247 £ & £ & & & & % % ¥ § 5 ar
Ts+Tc 102 3.09 -469 212 -2.48 -2.85 2.4 0.116
Cm 101 3.96 -3.44 196 -2.69 0.292
Sg 95 242 -206 -2.28 3.3 0.140
Tm 40 -9.16 2.86 3.2 -2.74 2.06 0.068
Ob 37 -2.9 -242 25 254 -3.76 4.48 0.230
Tb 26 -6.17 -2.08 3.26 -2.75 -1.97 0.256
Psp 24 -9.78 2.38 -1.83 0.035
Wa 23 -6.39 -3.55 2.88 3.77 2.89 0.311
(b) Ts+Tc Cm Sg ™m Ob Th Psp Wa
Ts+Tc -2.81 0.051
Cm -3.56 -2.89 0.086
Sg -3.37 0.032
Tm -6.75 -2.21 0.021
Ob it was not possible to fit a GLM for this species
Tb it was not possible to fit a GLM for this species
Psp it was not possible to fit a GLM for this species
Wa -484 274 -2.72 0.220

Note: Ts+Tc = Tetramorium simillimumand T. caldarium; Sg = Solenopsis geminataCm = Camponotu
macilentus Ob = Odontomachus bauyiTm = Tapinoma melanocephaluntb = Tetramorium bicarinatumWa =
Wasmnanniaauropunctata;Psp = Paratrechinasp (possibi\P. vaga).

competition. But each pair comprises a speciesithkhown for behaving as dominant on

Floreana. Thus, we can suppose that they are reigh@ifor the observed pattern.

We ran also a GLM to determine which abiotic fastaffect species diversity over the 20
sampling stations. The only environmental factahve significant effect is the heterogeneity
of the environment. Therefore we made a linear eggion between diversity and

heterogeneity, and we got an adjustédf45.0%.

Discussion

Results and principal contributions from the difietr statistical approaches are summarized in
Table 9.

Our data demonstrate that environmental factorsparély structuring ant community on
Floreana Island. Actually, this was not so surpgsgiven the huge variations in observed
abiotic conditions over our sampling area. Howeveoth multivariate analysis and

generalized linear models reveal that opportunpcies are clearly less dependent on
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Table 9.- Recapitulation of observed trends in analyses of the respectivefretesiionmental factors and competitionstructuring
ant communities on Floreana Island.

Statistical analyses Role of environmental factors Role of corafition
Multivariate approach: a general discrimination in ant composition

Canonical Correspondence between humid and arid areas

Analysis a preference of a group of species (in particular

the 3 cryptic ones) for humid conditions

the comparatively low explained variance for
tramp species found in every type of habitats
highlights their opportunistic behavior

Co-occurrence analysis

A. globally (EcoSim) no general pattern, one observed negative co-
occurrence trend was observed for station A2

B. pairs by pairs 1% of tested pairs show a positive co-occurrence
(Kappa and COOC) (probably due to ecological affinities) and only
0.3% a negative on&Y. auropunctatas
implicated in half of the six pairs highlighted as
"exclusives"

Generalized Linear Models between 3.5% and 31 % of explained deviance the higher explained deviance (8%) was obtained
for the eight tested species; higher scores were for C. macilentus in general explained deviance
matched by the endem@amponotus macilentus is smaller than in models on environmental
and the dominand/. auropunctaa; models for ~ factors
the opportunist®aratrechinasp, Tapinoma
melanocephalunandTetramorium
simillimum/caldariumexplain very little deviance

ecological conditions seem to affect competition is not a structuring factor
principally species issued from dominants,
large-sized and cryptic functional groups;
opportunist species are less or not affect

environmental factors than others. They are ablesiablish in every type of ecological
environment present in our study, whatever thecggchl conditions. This is particularly true
for Monomorium floricolaand Tapinoma melanocephaluthat are the two most widespread
species on Floreana. Heterogeneity expressed awatigbility in the amount of solar
radiation reaching the soil over a sampling stat®the only factor correlated, positively,
with the local abundance of species. Heterogermityloreana is principally due to human
impact in the agricultural area. Goldstein (19783 hown on an insular system that diversity
of exposition to the sun is the best predictorpecses number on an island. More generally, a
huge diversity of vegetation is often linked witthigher diversity of ant species (Greenslade
& Greenslade 1977; Majer et al. 1984; Perfecto &If8rg 1995; Morrison 1998; Ribas et al.
2003).

On the other hand, the role of competition in gaugy ant distribution is not evident here. In
the co-occurrence analyses, exclusion patterns weserved for five species pairs. But a
considerable part of these patterns should probaklyattributed to distinct ecological

preferences. It could be that Floreana Island estesyis still not saturated and resources are
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sufficiently abundant to allow the coexistence @y species, particularly opportunist ones
with a broad ecological niche. But we lack inforraatto support this assumption. Actually
interspecific competition in ant communities isaatflargely admitted (Holldobler & Wilson
1990), especially among worldwide transferred sgethat are highly opportunistic and thus
share potentially similar resources preferenceenThe may wonder why the importance of
competition seems to be so negligible here. Morgawugerspecific competition for food has
been highlighted in previous chapter (von Aesch Befx 2005) and by other authors
studying ant communities in Galapagos (Clark el@882, Lubin 1984, Meier 1994). Maybe
that consequences of competition are not expressadyjeographical segregation but rather as
a functional segregation in ant communities. It hasn demonstrated that competing species
might coexist thanks to the discovery-dominancaldraff which consists in applying
different foraging strategies (Davidson 1998). Wavéhshown (von Aesch & Cherix 2005;
see Chap. 1) that opportunist species are goosphbimtive competition which consists in
exploring efficiently the territory and exploit agces as soon as discovered using mass
recruitment, but they are bad at defending ressumwben confronted to competitors.
Inversely, the three large-sized species are prploeers but good at defending resources
once they discover it. Then, in a community of sav&oexisting species, every one is
characterized by a feeding behavior situated betviiee two extremes that are exploitation
and interference specialists. Torres (1984) dematest in a forest of Puerto Rico that species
sharing the same kind of resources differ in theie of litter depth, daily activity and

microhabitat.

An other hypothesis to explain the lack of competisstructure is to consider the system as
too dynamic to allow the establishment of a contjpetimodeled community. In Galapagos
climatic variations occur at two different levelBirst seasonal variations are relatively
important with most annual precipitations occurringtween January and May and a dry
season from June to December. Secondly, Galapadtes segularly extreme periods of
heavy rains lasting several months due to the Bblphenomenon occurring once or twice in
a decade. Last El Nifio events occurred in 19821886-87, 1991-92, 1994-95 and 1997-98.
The 1982-83 and 1997-98 events were the strongesast century. Some species of
arthropods might have benefited on temporary wstietams to disperse on long distances.
This is probably the waywasmannia auropunctatspread on Santa Cruz Island (Silberglied
1982; Lubin 1985). Indeed presence and abundanspeaies has been observed to be highly
variable across the different census of 1996-12903, 2004 and 2005. This is particularly
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true concerning the dominant specisenopsis geminathat seems to be sensitive to harsh
conditions during dry season. It was totally absgnarid natural area in 1996-97 census,
highly abundant in 2003 (100% of food bait occugaat N3) and rare again in 2004 and
2005 (not detected at N3 in last cens@)geminataliffers from other introduced species in
that it can disperse by nuptial flight (see Mcinraasgl Tschinkel 1995 for references on
reproductive strategy 3. geminatp A combination of dispersion ability by buddingdaby
nuptial flight may compensate its limited climataterance and allow it to colonize areas as
soon as conditions are suitable. Then we mighchilyi suggest that important variations in
presence and abundance of the most widespread donsgpecies on Floreana have a strong
impact on variability of other species. Sanderale(2003) demonstrate in California that ant
community loses its segregated structure afternasion by the Argentine ahinepithema
humile So it appears that the presence of a highly imgaspecies disrupt communities. Our
hypothesis of a dynamic system with species digpants is supported by results of Mantel
test: they demonstrate at least for arid stationegative correlation between geographical

distances and ant fauna similarities.

What about a potential mosaic pattern for domingpécies? This kind of distribution
structure is commonly observed between dominartiepéFluker & Beardsley 1970; Room
1971; Majer & Camer-Pesci 1991; Majer et al. 199Wrrison 1996; Vanderwoude 2000;
Ambrecht et al. 2001; Folgaraits et al. 20(&.).geminatabccurs together in the village area
with  Monomorium destructorand in the agricultural area with the little firentaw.
auropunctata In the first case, it is difficult to know whethboth species overlap or if it is
just a contact area since the range Mf destructoris rather small. ConcerningV.
auropunctata it presents a particular form of dominance ratliferent from other
“classical” dominant species. There is a clearstoéd between places where it seems to
coexist with several other species as a relatidedgrete one and areas where it reaches very
high density excluding all other ant species (Lub®94; Pezzatti et al. 1998). This pattern is
observed on station S4 where its abundance estivaepitfalls scores was 67 times higher
than total abundance of ants in other humid statidimen, excepted for areas occupied by

dense population of the little fire ant, there @ésavidence for a mosaic pattern on Floreana.

Globally, apart from some ecological preferencesragma given set of species, we were not
able to highlight clear factors structuring the awmmunity of Floreana Island. Our
conclusions match the ones of Cerda et al. (1998king on a Mediterranean community

where they conclude that abiotic factors have swonest more impact than competition on
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community organization. Following Ribas & Schoered2004), the use of a unique
hypothesis to explain the distribution of speciesan over-simplification, they argue that
preferences of dominant species, competitive intenas, as well as stochastic processes are
important. Floren & Linsemair (2000) searching &ssembly rules in a pristine forest in Asia
conclude that the community organization seemsetthb product of very complex dynamic
processes. Ribas & Shoereder (2002) analyzed k&mre/absence matrices of published ant
community structures and conclude that six of theewe a structure not different from

random.

From a practical point of view, our results suggest the simultaneous use of a variety of
collection methods is essential to get a reliablgupe of ant composition. The use of
attractive baits is well adapted to the study ¢érispecific competition (Holldobler & Wilson
1990). However, for the monitoring of new potentadt introductions it will be highly
recommended to prioritize the use of passive methivda general way, pitfall trapping was
the most efficient method in terms of species detecWorking with ground ant community
Wang et al. (2001) admits that pitfalls are bettemn baits to estimate diversity. Melbourne
(1999) warns about the use of pitfalls, claimingttbbserved differences in abundance might
be exclusively due to environment. However for i1$¢ei(2005) the use of pitfalls gives
repeatable pictures provided that a sufficient neimtf traps is used. Generally speaking,
passive collection methods are more efficient tharactive baiting. It is logical since a bait
already occupied by one or several species issles=eptible to be colonized by other ones. In
our case five minutes of visual search on a 50 grbGquare repeated on 13 points permitted
the detection of 5.4 species per station when $aneabus tuna and honey baits on the same

points matched only 4.8 species per station.

From a conservation point of view we might conclutat the lack of clear mechanisms
ruling the ant community makes the managementtofdaiced ant species very complex. We
may hopefully hypothesize that the two ende@amponotusspecies are little affected by
introduced ants. Results from Chapter 1 clearly @estrate, at least fa€. macilentusthat
their interference competitive ability allows thémoutcompete most tramp species and the
present work highlights the poor capacity of domirgpecies to invade permanently arid area
where these species are the most abund&ntestructoris the last introduced potentially
invasive species in Floreana. Since its introduc20 years ago and in spite of locally very

high abundance, it is still restricted in the \gkaand around the garbage dump one km above.
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But its anecdotal detection in 2000 in the agrigalk (P. Licango, pers. comm.) indicates that
the system, once more, is too dynamic to allow iptishs.
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AGGRESSIVE BEHAVIOR OF INTRODUCED ANT SPECIES . A KEY CHARACTERISTIC

FOR ESTABLISHMENT ?

This chapter is in preparation for publication.
Abstract

When exotic ant species coexist in an area seletavioral traits might regulate competition
among them. The importance of direct aggressiveaehas a component of interspecific
competition was assessed. We conducted one-to+1wheg@up confrontations on five and
three introduced ant species respectively, ocaurdn Floreana Island in the Galapagos
Archipelago.Wasmannia auropunctatappears to be the most aggressive, attacking other
ants in half of the one-to-one encounters. The siweaSolenopsis geminatand the tramp
Tetramorium simillimunwere the less aggressive in the same conditioms.tWo dominant
speciesS. geminataand Monomorium destructorexhibit very different behavior when
confronted in small groups with the submissivesimillimum S. geminatavorkers maintain
foraging activity and display little aggression s T. simillimumwheread\V. destructois
behavior is highly agonistic. Confrontation behasiand hierarchical status of species in the
ant community are discussed. It appears that agjgee®ehavior is not a good predictor
neither for the success of invasion nor for acggira dominant position in a recently

assembled community.

Introduction

There is a growing interest in the processes dbgical invasions and recently studies have
been conducted on the traits of invasive speciedafkand Lodge 2001; Passera 1994),
characteristics of invaded areas (Lonsdale 19990 al. 2000; Le Breton et al. 2005) and
the impact on the recipient ecosystems (MooneyDRuatte 1986; Allen et al. 2004). Several
species of ants rank among the most successfubeénsa(Williamson and Fitter 1996),

probably due to the advantages accrued from tlogilak organization (Moller 1996). Ant

species that have principally spread throughoutweeld human trade are called tramp
species. They share several characteristics alaniality resulting in an absence of
intraspecific aggression, polygyny (multiple que@ests), high interspecific aggression and

the small size of workers (Passera 1994).
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The impact of invasive ants on native fauna is weltumented (Clark et al. 1982; Lubin
1984; Porter and Savignano 1990; Cole et al. 1B@Pnan and Gordon 1997; Kennedy 1998;
Hoffmann et al. 1999; Holway 1999; Le Breton et 2003) but little is known about the
underlying mechanisms responsible for these impédtdway et al. 2002; Holway and
Suarez 1999). It is commonly assumed that one efpihncipal keys to the success of
invasive ant species is high interspecific aggomsgHOlldobler and Wilson 1990; Lodge
1993; Passera 1994; McGlynn 1999). Interspecifieractions at the worker or small group
level might be an important component of interfeeenompetition ability and its exploration
may help to understand behavior at colony level emaimunity level. Rentana and Cerda
(1995) suggest that an understanding of the factdfscting interspecific behavioral
interactions of coexisting species is an importatting point for a deeper analysis of the
success of each species and the dominance hiersra@nt communities. However, though
several authors report direct physical aggresamanecdotal observations, there are few
detailed studies on its importance as a competitamd. The Argentine antinepithema
humile in California shows a greater intimidation and r@ggive behavior at food baits
compared to eight native species (Human and Got888). Even if there was no significant
relation between aggressive interaction frequemoy@tcome of competition, in one-to-one
interspecific encounters at food baits the ant thiiates encounter is most likely to stay
while the other leaves. Thus, we can expect anrdadge for a species that systematically

exhibits a strong aggressive behavior.

Morrison (2000) noted that dominant species usuladlye exclusive territories and large
populations, and suggests that interference cotigeability at worker level would not be a
good predictor of invasion success. However in ¢ase of multiple invasions by several
potentially dominant species, we might expect thigrference interactions play an important
role at the establishment stage of a species. Ri3oW(1971), aggression behavior is mostly
linked to invasion contexts and/or highly simplifienvironments. But he argues that a
competition for resource can establish without aggion. Floreana Island in the Galapagos
Archipelago (Ecuador), along with the majority ofadHic islands, has suffered the
introduction of several exotic ant species. Twal/¢he 24 species sampled in 1996-1997 by
Pezzatti et al. (1998) are cosmopolitan or pantaddramp species. The process of invasion
is still very dynamic due to some recent introduasi and coexistence is probably regulated
by strong interspecific competition. In this corttethe nature of the interactions of the

different protagonists may be crucial for theirsegsful establishment and spread.
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In this paper we examine worker-level and grouplemteractions between introduced
species. We tested worker-level interactions byfrooting pairs of single workers from five
species. All of them are widely distributed ant@es in the tropics, however an earlier study
of colonization dynamics at artificial food baitsvealed that they have different competition
strategies and abilities (von Aesch and Cherix 26@8 Chap. 1). We made the assumption
that there is an analogy between the attitude ofiveen species during interspecific
interactions and its ecological status in a commyurAccording to our previous data, we
expected a higher level of aggression in the domg\asmannia auropunctat&olenopsis
geminataandMonomorium destructorin the second half of the study we performed grou
level confrontations at food sources with pairstloke species in order to investigate the
behavior of foragers when competing for food. Wafamnted the two dominant species
Solenopsis geminataand Monomorium destructorand the submissiveletramorium
simillimum Wasmannia auropunctatavas not included in this design since it is algead
known to exclude other ant species by using a gtemyressive attitude (Clark et al. 1982;
Lubin 1984; Ulloa-Chacon and Cherix,1994).

Material and Methods

Experiments took place on Floreana Island (Galépagouador) during April-May 2004.
Ants were collected using artificial food baits astdred with conspecifics in plastic vials.

Confrontation tests were performed the day of ctithe.
Worker-level confrontation

Ten experimental pairs were tested with all comiooms of the five following species:
Monomorium destructor Wasmannia auropunctataSolenopsis geminataTapinoma
melanocephalurandTetramorium simillimumindividuals were collected from two sites 300
m to 5 km from each other in order to avoid anyalaffects. Workers were used only once.
We performed twenty replicates of all combinatiamsl twenty intraspecific encounters per
species as controls. Half of the controls used wophkirs collected at the same place and half

were conducted with ants from the two distinctediing locations.

In total each species was tested in 80 interspeetiicounters (4 challenging species x 20
replicates). Ants were tested in pairs in a cincebgperimental arena of 1.5 cm diameter with
sides coated with Fluonto prevent escape. They were introduced simuliasigcand the

behavior of both individuals were recorded for fivénutes. Confrontations were considered
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as “aggressive” if at least one ant aggressed tiher ghysically by biting or stinging. We
recorded which species initiated the aggressivaweh When both individuals ignored each
other or when they presented intimidating behasach as lunging or opening their
mandibles, the encounter was scored as “not agge&s3apinoma melanocephaludoes
not possess a functional sting, but instead dirgstgaster upwards or towards other ants
similar to the behavior of the Argentine ant, ameotBolichoderinae (Lieberburg et al. 1975;
Holway 1999; Human and Gordon 1999). This behawiben results in an aggressive or
fleeing response from the other ant and becaushisf this behavior was considered as
aggressive. We performed a binomial test withinhepair of species to evaluate if one
species initiated more often aggressive encourtian tthe other. Considering the 80
encounters performed for one given species, we ad@domial test to compare the number
of aggressive encounters initiated by the focatigseand number of encounters initiated by

the challenging one
Group-level confrontations

We tested the following species in paionomorium destructoiSolenopsis geminatand
Tetramorium simillimumGroups of 150 workers were placed in artificiabts with water
and complete darkness. Artificial nests were cotatkaszia plastic tubes to a common
foraging arena of 12 x 17 cm with a food supplyafpé butter) located at the center (see Fig
1). The experimental arena was divided in halfXB5 cm) via a separation wall, preventing
each species from coming into contact. Once a cb@uitment and food retrieval behavior
was established on both sides, the separation wasdl removed and the total number of
workers found in the experimental arena, numbefeetling workers and number of fights

removable wall
artificial nest .
food location /

NN
N\ D\

17 cm

Fig.-1 Experimental set-up for confrontation of workers groupatsthave access to the foraging arenaavia
plastic tube. The central wall is removed once lypthups present a clear recruitment and feeding\yeh

was recorded every 3 minutes for 30 minutes. Eigals were conducted for each pair of

species. Four intraspecific confrontations wer® alsnducted for each species as a control.
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For each species we used a two-tailed paired tdesbmpare its outcomes when confronted
to one or the other challenging species at begiofnconfrontation and after three, 15 and

30 minutes.

Results
Worker-level confrontations

Of the 200 interspecific one-to-one encounters, reeorded 83 aggressive interactions
representing 41.5% of the total (see Table 1). Weerved a wide range of levels of
aggression among pairs. The most aggressive pauasyV. auropunctata- S. geminatavith
Tab 1.- Number of encounters with aggressive issue out of 20 for &sstled pair in one-to-one confrontations,

with indication on the right of number of aggression iniiétby one or the other species. Results of binomial
tests are indicated for each pair of species (*@x@nd ** p<0.01).

Monomorium Tetramorium Solenopsis Wasmannia Tapinoma
destructor simillimum geminata auropunctata melanocephalum
Monomorium 77 2Ts 9Wa 3Tm
Pl 0/20 520 /1S 10/2@ ns 11/2§ o 15/24 o
Tetramorium 11 Wa 1Tm
Jeidbriingie 0/20 5/20& ns 132 12 | ns
Solenopsis 17Wa 6Tm
i 1/20 1872 15g™ 6120 0sg*
i 1Tm
Wasmannia 0/20 5/2077 hs
auropunctata N 4\wWa
Tapinoma 1/20

melanocephalunr

90% of aggressive encounters, all of which wergait@d byW. auropunctataexcept one. At
the other end of the spectrum we found thatTthenelanocephalum T. simillium pairings

produced only one aggressive encounter out of twesdnfrontations. Intraspecific
confrontations showed an absence of aggressiompefareone pair ofs. geminatand one of

T. melanocephalunin both cases workers were collected from distites.

Rates of aggressive encounters are presented fr s@ecies separately in Figure 2.
Wasmannia auropunctatés clearly the most aggressive species initiatamy aggressive
interaction in 39 of 80 cases (49%).
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80
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g
g p<0.0001**
> ] =0.1222
@ 40 P —— p=0.0003**
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g p =0.0974 p=0.0120*
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5 201
H+

0
Wa Md Tm Sg Ts

Fig. 2- Number of encounters where agression is initiated by thecateld species

(black) or by the challenging speciegréy). Wa =Wasmannia auropunctataMd =

Monomoriun destructor, Tm=Tapinoma melanocephalun$g =Solenopsis geminata

Ts =Tetramorium simillimum

Above: p-values of the binomial test comparing klaed grey areas.
Monomorium destructomand Tapinoma melanocephalurre statistically neither less nor
more aggressive than the four others tested spétiese-to-one interactionsSolenopsis
geminataand Tetramorium simillimumare the less aggressive species with a low rate of

initiated aggression (21% and 26% respectively).
Group-level confrontations

For each species the total number of ants in theaamumber of feeding workers and number
of fighting ants at zero, three, 15 and 30 mindt#®wing exposure to heterospecifics are

presented in Table 2. For a given species therenaasgnificant difference between the total

Tab 2.- Results of group confrontations: total number of ants, nemas feeding ants and number of fighting antdaginning
of experiments (t = 0), after 3, 15 and 30 minutes. For eachiepenumber of workers involved in particular taskc@npare
when confronted to the two other species usingaatailes paired t-test (* p<0.05 and ** p<0.01).

S. geminatapaired with ... M. destructor paired with ... T. simillimum paired with ...
... Md (n=8) ...Ts (n=8) ...Sg (n=8) ...Ts (n=8) ...Sg (n=8)  ...Md (n=8)

t=0 46.1+ 21.4  39.3% 138 ns 40.6 £ 16.6 47.1+x 194 ns 448 + 21.3 51.6+ 15.0 ns
t=3 321+ 175 334+ 195 ns 46.3 £ 24.7 31.3%+ 235 ns 41.3 + 19.7 449+ 11.7 ns

#aNS  \_15 285+ 124 330+ 187 ns 395+ 208 469+ 145 ns 3304+ 196 428+ 6.8 ns
=30 281+ 156 289+ 173 ns 259+ 122 559+ 284 ** 265+ 13.7 358+ 104 ns
t=0 166+ 12.8 229+ 122 ns 110+ 93 189+ 157 ns  13.0+39 171+ 6.3 ns
#feeding t=3 75+ 124  17.8+ 17.4 ns 03+07 35+ 48 * 25+ 22 95+ 58
ants t=15 20+ 37 166+ 145 ** 0.0+ 0.0 56+ 63 * 0.0 + 0.0 16+35 ns
t=30 26+43 130+ 121 * 0.1+ 04 80+ 96 * 0.1+ 04 05+ 09 ns

t=0 - - - - - -
pighing 153 171%1L7  25x11 1705117 128:91 ns 25+ 11  12.8+91
e t=15 243+ 136 29+27 * 243+ 136 233+7.9 ns 20+27 233+79

t=30 20.6+ 10.4 1.9+ 20 * 20.6 + 104 24.0+ 83 ns 19+ 20 240+ 83 **

number of workers and number of feeding workerts=a®, so that the initial conditions might
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be considered the same for the different sets pémxents. For a better visibility, the levels
of aggression expressed as the number of fightswéach pair are presented in Fig. 3.

60

50 |
*%k *%k *%*
40
*% ,, NS *%x 1 NS *% , NS
[ [ | [
30 1
20
L] Sg - Ts pairs
10 - [ | Sg - Md pairs
[ Md-Ts pairs
0
3 minutes 15 minutes 30 minutes

Fig 3.- Number of fights in the three combinaisons $blenopsis geminata
Monomoriun destructorand Tetramorium simillimun, 15 and 30 minutes after
beginning of confrontations (n = 8). Results of t-tests Wi confidencenterva
are presented above.

The complete dynamics of all interspecific pairgn@ plotted in Fig 4. Aggression was low
betweenS. geminataand T. simillimumand high for both species when they were coupled
with M. destructor When suddenly confronted with a competitor abadf source, botiv.

# ants

60 60
S. geminata —®— va. simillimum & S. geminata —® vau. destructor —
ol > —O0— —— ol 8 —O0— ——
40+ 404
30 301
20 20 P
r
4
10 10 A
4
0 - 0+
0 3 6 9 12 .15 18 21 24 27 30
minutes
60
50
40+
30
20 | Cem =TT T Fig 4.- Dynamics of interspecific confrontation of groupsiC
workers on food sources. Each plot represents mean valugs of
107 trials. Black symbols are total number of individuals in the
o common area and white symbols are number of feeding workers.

o 3 6 9 1 15 18 21 24 27 30 Interrupted line represents number of fights.

destructor and T. simillimum reacted by drastically reducing their foragingiaigt S.
geminatawas the only species that maintained a normalidgedctivity, but only when
confronted with the submissivé. similimum When confronted withiM. destructorthe
majority of S. geminataworkers were involved in fights, reducing the namlof workers
available for foraging. In intraspecific controlewbserved aggressive behavior in the two
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experiments involving. geminataworkers collected from different sites and in qaér of T.
simillimum but only after 20 minutes. We never observed aggressive behavior when
groups of foragers where collected from the sancation and ants showed a normal and

constant foraging behavior after removal of theasafpon wall.

When paired withl. simillimum a large number dfl. destructorworkers left the artificial
nest to enter the common arena. On the contragyntimber of workers decreased in the
presence 06. geminataThe number of feeding workers $f geminatavas clearly higher at

t = 15 and t = 30 minutes when it was exposed.tgimillimumcompared to when it was
exposed toM. destructor Both S. geminataand T. simillimum have higher numbers of
fighting workers at any time of the experiment wheamfronted withM. destructor On the
other hand, the number of fighting. destructorworkers was constant whichever was the

competing species.

Discussion

One-to-one confrontation issues show that the $pecies have the potential to be aggressive
regardless of their dominance status in the coripetiierarchy of the community and their
success as invaders on Floreana Island. Howewezlsl®f aggression are diverse. Three
species might be considered as behaviorally dorhioarthis island:Solenopsis geminata
Monomorium destructoand Wasmannia auropunctatéA dominant status implies that at
least in a given area the species monopolize noost fesources. It is interesting to note that
these three species matched the highest absolutbenwf aggressive encounters (43% to
55%), but there were important differences in whsglcies initiated the attack/asmannia
auropunctatais clearly the most aggressive of the set. Itskenw attacked other ants in half
of the confrontations. In places where it has be&oducedW. auropunctatas commonly
known to reach very high densities and to exclutl®ther ant species (Clark et al. 1982;
Lubin 1984; Wetterer & Porter 2003). It has beersesbed attacking and killing all
Anoplolepis gracilipesound at food baits in Vanuatu archipelago (soestwPacific) where
both species were introduced (Jourdan et al. 200Bas also been observed at the entrance
of a Pheidole nest in Brazil, biting workers and robbing foodrgBdad & Paiva 1994).
Therefore physical aggression might be an importaniponent of the competitive ability of
this highly invasive small ant. The fire @&blenopsis geminataave a dense and widespread

population on Floreana Island whereas the morentgcmtroducedvionomorium destructor
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is restricted to the village area. It has beerothiced on Floreana about 20 years ago and
following our observations it is still confined mby its probable introduction point.
Observations of succession at food baits revediatlioth species are dominant and show
high competitive abilities in resource acquisitimon Aesch and Cherix 2005, see Chap. 1).
However, behavior of individuals appears to beaydifferent. Our studies showed that
destructor workers are more aggressive toward other ants. rEkaively low level of
aggression ofS. geminataworkers indicates that its numerical dominancéeatthan the
strong aggressive behavior at worker level may e af the main factors contributing to its
success. In othebolenopsisspecies, authors have demonstrated that numestuigadriority
rather than aggressive behavior is the cause ofirdomwe (Bhatkar 1972 foB. invicta
Gibbons & Simberloff 2005 forS. invicta x richteri). Holway (1999) showed for the
introduced population of Argentine ant in Calif@na large discrepancy between the
interference competition ability at worker leveldaat colony level, suggesting that the key to
the success otinepithema humileis its high density. Holway and Case (2001) later
demonstrated the importance of colony size on cdinyee ability under standardized

laboratory conditions.

Tapinoma melanocephaluand Tetramorium simillimumpresent typical characteristics of
discreet and opportunist tramp species (Anderse®7)19Both of them showed low
interference competition scores in analyses of aditipn at food baits (von Aesch and
Cherix 2005, see Chap. 1). But in one-to-one enepsiT. melanocephalunis more
aggressive than expected for a subordinate spieciesiting that the opportunistic status does
not exclude some aggressive behavior. The low le/@ggression of. simillimumcan be
explained by its foraging behavior: this specid8)oaigh widespread, is rarely observed in
large foraging groups. The direct aggression of petitors would probably be too risky for a
small group of foragers. This species is classifigdVilson (1971) in “insinuators'fiscreet

thieves inserting themselves inconspicuously.

Competition for food resources is one of the maspeats of interspecific interactions
(Davidson 1998, Wilson 1971). Our second experialedesign allowed us to evaluate
agonistic behavior in a competition context. Thesmionportant result is the fundamental
difference in the behavior of the two dominar8s geminataand M. destructor when
confronted with the submissivieetramorium simillimumin both combinations. simillimum
was submissive, abandoning food very quickly. Tikisiot surprising for an “insinuator”

species. However, the response of its two compstitas radically differentS. geminata
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seemed to ignore the presenceTofsimillimumand maintained a normal foraging activity.
This non-aggressive coexistence of that pair atl feources has been obseriedsitu on
artificial food baits (pers obs). These observaioare consistent with one-to-one
confrontation results where these two species wieeeleast aggressive species. On the
contrary, most of theM. destructols workers present in the common arena invested
immediately in agonistic behavior towards simillimum The cost of such an aggressive
behavior is probably high because the more worltersare implicated in fights the less food
is retrieved and taken to the nest. Since it i stinfined to a restricted area nearby its
probable arrival point, we might hypothesize ttregré is no ecological niche for this species
on Floreana, except in the inhabited area sings wery common in houses. Czechowski
(1985) observed competition betweeasius nigerand Myrmica laevinodisand reports that
even if Lasiusis much more aggressive on baits it is slowly aeptl byMyrmica in the
studied area. ThelMl. destructoy asL. niger, might be much more a pioneer species adapting
easily to disturbed habitats but unable to compete other species. Moreover, Eow et al.
(2004) show in laboratory conditions that colorgabwth of M. destructoris much weaker
than those of its congeneritd pharaonisand M. floricola, both widespread in Galapagos

Archipelago.

To concludeSolenopsis geminatiehavior proves that a dominant species is natgsacily
physically aggressive toward competitors and in ynzases ecological success might be due
to numerical dominancélonomorium destructoseems not to be a potential invasive species

on Floreana Island. It appears that its strongesgive behavior is not a factor of success.
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GENERAL DISCUSSION

Initial questions and results

This research was motivated by the arising problentd introduced species in Galapagos
Islands. Focusing on ant species, we were intetestanderstanding the rules governing ant
communities where most species are introducednbgadached the islands at distinct times
during the last century. In this respect, Floredsland was interesting because of the
existence of previous detailed data on ant faunBexzatti et al. (1998). Our aim was to
evaluate up to what point it is possible to preélitire expansion of species and evolution in
time of local ant assemblages. We analyzed spelts#sbution, competitive hierarchy and

aggression behaviors in order to elucidate somecésmf interspecific competition, spread

ability and coexistence patterns of the differemtggonists.

A first very incomplete census conducted by Whegl819) revealed the presence of seven
ant species on Floreana. Pezzatti et al. (1998ntedu24 ant species by performing an
intensive sampling in 1996-1997. Two species, #rpenter ant€amponotus macilentwsd

C. planus are endemic of Galapagos. At least 15 are intredwspecies among which 12 are
well-known tramp species and two are invasive fitteeant Solenopsis geminatavidespread
on Floreana, and the little fire aWfasmannia auropunctataestricted to the humid upper
part of the island. Pezzatti et al. (1998) werefilst to report the presence of the tramp ant
Monomorium destructorwhich was a new record for Galapagos. It arrieed Floreana
probably during the eighties and is restricted Igats probable introduction point in the

village where it is very abundant.

In Chapter 1, we compared the species distribubetween 1996-1997 census and ours
(2003). M. destructorappeared to be still restricted to human envirantme the village and

S. geminatavas newly recorded in the natural arid zone inehdgnsities. By a follow-up of
foragers at attractive baits in time, we highlightee competitive hierarchy of Floreana ant
community. Commonly, coexistence of several antcigsesharing the same resources is
explained via a discovery-dominance trade-off (®ctep 1983; Fellers 1987, Davidson
1998). It implies that some species are exploaspecialists able to localize and retrieve
food rapidly when others are interference spedsatisat defend successefully resources once
encountered. On Floreana, small tramp species aoel @t exploitation and large-sized
species, in particular the enden@c macilentusare better at interference competition. But

two species, namely. destructorand S. geminata behaved as both exploitation and
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interference competitors, breaking the competiti@de-off. This is typical of introduced
invasive species in many habitats and is oftencéestsal to a numerical superiority (Holway
et al. 1997). But the status ™. destructorstill confined into a small range has to be

elucidated.

In the second chapter we evaluated separatelyntpertance of environmental factors and
interspecific competition in structuring specieseamblages and distributions. A multivariate
analysis revealed a clear discrimination in speciasposition between stations sampled
either in the arid or in the humid areas. This wapecially true for dominant, cryptic and
large-sized species. Opportunist tramp species deeescape this rule and were found
without any preferences in most habitats over segps$tations. The attempt to explain
observed species assemblages with competitiondfall®-occurrence analyses revealed a
negligible part of competitive exclusion. But sirtbe existence of interspecific competition
for resources has not to be proven in ant comnamifHolldobler & Wilson 1990), we
attributed the lack of competition-derived struetto the dynamic of the system. Indeed, the
successive census of species distribution conduictetR96-1997, 2003, 2004 and 2005
revealed a strong variability in species abundareed distributions. In particular we
attributed the sparse observations of the domifig@nantS. geminatan arid areas during the
dry season (1996-1997, 2005) to its sensitivitydtg harsh conditions. We supposed that
regular and important variations in the distribatiof the principal dominant species on
Floreana Island have an impact on general distabuand abundance of other species. Our
hypothesis of a dynamic system with regular migragiis supported by the observation of
similarities among nearby sampling stations in@mrhposition. This is not surprising for an
environment that has suffered regularly and regemiimerous alien species introductions.
Random human-mediated introduction of species acrbe disturbed area logically

diminishes the eventual emergence of structuredssemblages.

Confrontation tests in Chapter 3 revealed a vew level of aggression for the fire aBt

geminata We conclude that its ability in monopolizing ageuamount of food resources and
in breaking the discovery-dominance trade-off imgpally due to its numerical advantage.
Holway and Case (2001) put forward identical adsetthe dominance of the invasive
Argentine antinepithema humilén its introduced range. At the opposite the bésranf M.

destructorat food baits when confronted with other specias Wghly agonistic. This strong
demonstration of aggression is inevitably correlatgth a drastic reduction of resources

acquisition since workers involved in fights aremore available for foraging. Thus we made

73



General discussion

the assumption that the cost of such a behaviterms of worker losses decreases its ability
to spread on Floreana where the rate of encouniétscompetitors is consequent. Moreover
Eow et al. (2004) showed ftM. destructora smaller intrinsic colony growth rate than kr

floricola andM. pharaonis meaning that workers are not so easily replaced.
From a functional point of view

We defined in the introduction the notions of traamal invasive species. Tramp species share
a series of life history traits such as monomonphismall size of worker, high polygyny and
reproduction by budding that facilitate their hunmaadiated transfer to new areas and
maximizes their establishment and spread abilii@gasive species are those with a clear
negative impact on recipient ecosystems. Let’s idend=loreana introduced ant fauna from
this point of view.

S. geminataand its congeneri8. invictaare the only described invasive ant species in the
world that do not fit with the definition of tramp$heir workers are polymorphic, they form
monogynous as well as polygynous societies (seem8dat al. 1976) and they are able to
disperse by nuptial flight. Most of all, they arever human commensals as tramp species
commonly living in houses. Their absence from hurettactures and their relatively large
workers size make them species less susceptibldetoinadvertently transported. In
comparison tdV. auropunctataurrently present on 12 islands of Galapag@syeminatas
present on only five islands. The time and modmwbduction ofS. geminatas unclear but
probably anterior to the arrival of most other éxaints. It was already present in Galapagos
in early census (Emery 1893). Some argue thatghtrhave arrived a very long time ago by
natural means and thus be considered as nativabilisy to spread rapidly on Floreana over
short periods suggests dispersal by nuptial flightse observation of alate sexuals supports
this assumption (pers obs). Dispersal by nuptightl gives access to distant areas and

subsequent reproduction by budding increase rappdbl nest density.

At the opposite, a majority of tramp species areimgasive. But most of them have a high
ability to reach new areas and to disperse in theiw range. They are not only easily
transported by human activity but their opportutishavior, at least in Galapagos, allows
them to establish almost everywhere. The impasiuch species on recipient biota is largely
unknown. Since they may form relatively populousmoaunities and since they are
principally ground-foraging, one may ask what imp#deey have on the ground-dwelling
fauna as competitors and/or predators. Scientifialipations highlight exclusively the often

spectacular impact of invasive dominant speciesm@ation by Causton et al. (2006) little is
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known about the status of Galapagos introducedcisasend their effects on the biota. They
describe six species as invasive out of the 46&8dialien insects, among whi€h geminata
andW. auropunctataBut they emphasize that the ecological impacth@fremaining species

are unknown. This is true in particular for the ogipnist tramp species.

Among worldwide known transferred speciéé, aurpunctatas an exception. It distinguishes
itself of all other transferred tramp and/or invasspecies by its super-dominance behavior.
In several invaded area around the world, it isvkm¢o reach dramatically high densities and
exclude all other ant species (Clark et al. 1982, Wetterer and Porter 2003 for references).
The current extent of the territory occupied\Wy auropunctatan Floreana is too important
to consider an eventual eradication by man as & suecessfully conducted on Marchena, a
northern Galapagos island. It shares typical atted of tramp species but it is less
opportunist in regard to habitat at least on Floeedndeed, it seems fortunately confined to
the moist areas. Its incursions outside of this iduemvironment occur exclusively during
heavy rainfalls caused by the El Nifio events ($gled 1982; Lubin 1985) and remain
temporary. According to Floreana inhabitaté, auropunctatas regularly noticed in houses
when they bring back fruits and vegetables fromupeer part. However it is not observed as
established around habitations. Since the villagsituated in the arid part, this support our
assumption of a certain ecological requirementdgard to humidity conditions for this
species.

Predictions

At first sight, the endemic carpenter &t macilentusseems able to face competition with
introduced species, thanks to its interference @titipn ability and to its adaptation to dry
and harsh environment present on most surface t#Hp@gos Archipelago. We are missing
data to extend this assumption to its congen€riplanus But since they share the same

habitat its status is probably similar.

At the community level, the results we got do rtwva us to build detailed predictions on the
evolution of species spread and future patterng-foreana Island. However, it appears that
most tramps occupy relatively large areas. This ust suppose that they completed
successfully the “spread” and “integration” stagfest follow “arrival” and “establishment”
(see Vermeij 1996; Williamson & Fitter 1996a; KokalLodge 2001; Sakai et al. 2001; Heger
& Trepl 2003).
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Our data don’t allow us to determine if Floreanasaurated of if ant density still has an
increase potential. However, Baroni-Urbani in agragm ant ecology (1979) argues that ant’s
ability to disperse and to spread is so high thastnant communities are probably not far
from their saturation level. This is not incompé&ibwith important variability in the
gualitative composition of an assemblage. It igljkthat arid environment can support less
abundance, and probably less diversity. In avemage pitfall trap laid for seven days
collected 49 ants in the humid area and 25 in titecame.

ConcerningM. destructor predictions are not evident. It is currently gm&sat large density

only in the village and around the garbage dump kmeabove, with a pattern almost
identical then the one reported by Pezzatti et(198). However, the detection of some
workers in the agricultural area in 2000 (P. Liocangers. comm.) indicates that it would be

very risky to exclude a future spread of this spgci
Conclusions and perspectives

Categorization of introduced species as invasivieaonp should be use carefully when trying
to edict general trends. We observed an importanability of behavior and preferences
among the 12 tramp species present on Floreanataebn the two invasive fire ants. This
implies that each species presents its own chaistate that make it different of other ones,
even if classified in the same functional grouppérticular, we lack data on the biology of
most transferred species such as climatic requimesnéod preferences, foraging behavior,
social structure of introduced populations andinmsic characteristic of societies (growing
rate, number of individuals, reproductive stratedyje problematic of introduced ant species,
their potential invasiveness and their possibleachn recipient biota has to be considered

separately for each ant species.

Several authors (Parker et al. 1999; Kolar and ba2ig01) pointed out that we generally lack
information on the impact of introduced speciesemosystems. It is not known to which
extend a common tramp species negatively altereasystem. Ants probably disrupt
arthropod community by competing for territory aodd resource or as direct predators. As
many of them feed on honeydew they may also thpdéamts by tending homopteran.
Actually, the most insidious consequence subsequemtroduced species on Floreana is

probably the slow but ineluctable erosion of thigiaal biodiversity.

A first step to assess potential impact of antswhropod abundance and diversity would be
to conduct parallel monitoring on infested and itfested islands. This was done f\f.
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auropunctata (Lubin 1984) but has to be extended more generallyintroduced ants.
Similarly, to evaluate the impact on endemic amicggs such aSamponotuspp., we might
compare their range across ecological conditioroth invaded and non-invaded areas.

Floreana has to face similar pest management prnstilean the three other inhabited islands.
The SICGAL inspection and quarantine program setimpl999 by the Ministry of
Agriculture of Ecuador is poorly applied for the ment. Boats traveling from and to other
inhabited islands and transporting constructionemat and food supply reach the village
about twice a week. This probably primary arrivabtsfor invaders is strongly connected to
the above cultivated area since food and agrialltproducts are carried up and downbhill
daily. Thus it is likely that this agricultural @a®f nearly 300 ha situated in the upper central
part of Floreana is a secondary introduction spottioning as a regularly supplied reservoir

of introduced ant species.

Once widely established, ant species are very twawmbntrol. For this reason, efforts should
be concentrated on prevention and early eradicafldns view is largely supported by
scientists working in management programs (see tGaust al. 2006). Control program
should be applied for species likd. destructorwhose potential invasiveness is hardly
predictable and current spread still limited. Thisuld be good for two reasons: firstly it
would avoid its spread on Floreana and secondiyaidlication is possible it will prevent other
islands to be infested by this species currentg@nt only on two islands in Galapagos.
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