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Introduction

Les interactions entre les fourmis et les coccinell es

Les observations qui vont étre présentées ici caero¢ les interactions entre plusieurs
niveaux d’'une chaine trophique. Il sera ici questie prédateurs (coccinelles et fourmis) et
d’herbivores (pucerons). Le niveau de productiomaire, a savoir les plantes hétes des
pucerons, sera étudié via l'influence des paramétecl’habitat sur les insectes. La majorité
des espéeces de Coccinellidae sont des prédateupsiad®ons ou de cochenilles, or, les
fourmis sont a la fois des prédateurs généralfiasertébrés et des mutualistes récoltant le
miellat produit par divers hémipteres. Une cocdengleut donc entrer en compétition avec
des fourmis lorsqu’elles exploitent les mémes (Figure 1, a gauche). Quand les
coccinelles attaquent des proies qui ne sont paggdes par des fourmis, les différents
prédateurs exercent une pression de compétitiameenvers les autres (Figure 1, a droite).
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Figure 1: Schéma des interactions de prédatiomp{ss fleches) et de compétition
(doubles fleches) entre des pucerons (A), des fisu(R) et des coccinelles aphidiphages
(C, G, G,..., G). A gauche : situation lorsque des fourmis ergreient des interactions
mutualistes avec des pucerons ; les coccinelleissaiit la pression de prédation exercée
par les fourmis. A droite : situation lorsque learimis sont absentes. Les prédateurs entrent
en compétition pour une méme ressource.

(F)—(e)

Le plus souvent, les coccinelles sont donc rep@ssdés colonies de pucerons mutualistes
par les fourmis (Banks, 1962 ; Jiggies al, 1993). On observe par ailleurs une grande
diversité d’especes de coccinelles exploitant dssaurces qui ne sont pas protégées par des
fourmis. La compétition qui s’exerce entre ces cuates est un moteur évolutif important
expliqguant notamment les mécanismes de spécialisptiur des ressources qui sont a priori
inaccessibles aux autres compétiteurs.

Pourtant, on rencontre, en Europe et, plus largengams presque tout le paléarctique, une
espéece de coccinell€occinella magnificadRedtenbacher, qui a pour particularité de vivre en
interaction étroite avec des fourmis (e.a. Donigibp1920a et 1920b ; Majerus, 1989).



C. magnificaest une espece de grande taille (long. 5,5 - 8, mmajphologiquement proche
de la tres commune coccinelle a sept poi@ts;cinella septempunctata (5 — 8 mm). Elle
vit exclusivement en association avec des fourBsEurope occidentale, les fourmis hotes
les plus fréquentes sont les especes de fournssesudes boi§,ormica rufal. sensu latq5

-9 mm).

Les coccinelles myrmécophiles

C. magnifican’est pas la seule coccinelle myrmécophile conAuemoins 12 autres espéces
ont une biologie étroitement associée avec desmigurLes stratégies ecologiques de ces
espéeces sont pourtant assez variées, on y distiagwatégories suivantes :

a. Myrmécophilie «compétitive ». Les larves et les adultes se nourrissent des
hémiptéres (Pucerons, cochenilles, aleurodes, .trg¢tenus par les fourmis en étant
plus ou moins bien acceptés, voire ignorés par flegmis: C. magnifica;
Platynaspis luteorubra(Goeze) (Majerus, 1994 ; Volkl, 1995); au moinsux
espéeces du genirachiacantha sppDejean (Smith, 1886; Mann, 1911, Wheeler,
1911; Montgomery & Goodrich, 2002)5nisolemnia tetrastictdrairmaire (Dejean,
2002) ; Scymnus fenderMalkin (MacKay, 1983 ; Holldobler & Wilson, 1990) ;
Scymnus formicarius  (Wasmann, 1894 ; identification suspecte ?!) ;
Hyperaspis reppensiderbst(Silvestri, 1903) ;

b. Myrmécophilie suspectéelLes adultes ont été observés dans des nids deifoorans
leur régime alimentaire reste inconntihalassa saginatdulsant (Bertiet al, 1983 ;
Corbaraet al, 1999 ; Orivelet al, 2004) ; une ou plusieurs especes ( ?) de la tribu
Monocorynini (Kovar, 1996) ;Hyperaspis acanthicolan. sp. (Chapin, 1966) ;
Tetrabrachis (Litophilus) connatu®anze(Koch, 1989a et b, 1992) ;

c. Myrmécophagie occasionnelle.Les larves ont été observées en compagnie des
fourmis, dont elle se nourrissent en complémenutdés proies plus classiques :
Ortalia pallens Mulsant (Harris, 1921) ;Scymnodes lividigastefMulsant) (Pope &
Lawrence, 1990).

Apercu de la systématique des Coccinellidae

La famille des Coccinellidae est composée, en Eyrape 7 sous-familles, dont les
Coccinellinae, Chilocorinae et Scymninae sont las giversifiées et représentent la majorité
des espéces de notre faune. Les Coccinellidaetappant a I'infra-ordre des Cucujiformia,
au méme titre que les Chrysomelidae ou les Cuntidliéee. En tant que prédateurs, elles
difféerent de la majorité des autres espéces depersamille. Le comportement prédateur est
une évolution qui est apparue a la base de I'ggshydogénétique des coccinelles. Les taxons
les plus primitifs (Sticholotidinae, Coccidulinaet e.ithophilinae) sont d'ailleurs
principalement prédateurs. D’autres stratégies po@datrices sont apparues chez les
Epilachninae, parmi lesquelles toutes les espemsisphytophages, et chez plusieurs genres
de Coccinellinae, qui sont mycophages (Figure Rnetexe). La grande majorité des especes
connues du grand public sont de grande tailleibaitimment colorées, elles appartiennent a la
sous-famille des Coccinellinae. Les especes pliédatde cette sous-famille consomment
surtout des pucerons mais on y trouve aussi defafadrs plus généralistes s’attaquant a des
larves de chrysomeles ou a des psylles (lablokbfizérian, 1982). Les espéces de taille
moyenne, généralement noires a taches rouges tigppant aux Chilocorinae. Celles-ci sont
prédatrices de cochenilles, de pucerons ou des &aumi les Chilocorinae, on trouve la tribu



des Platynaspidini, représentée chez nous par eule sspéceRlatynaspis luteorubrajui
est, avedC. magnifica,la coccinelle myrmécophile la mieux connue (Mageri©94 ; VAlkl,
1995).

Les especes de la sous-famille des Scymninae seaticbup plus discréetes que les
précédentes. Elles sont de petite taille, de couleire, parfois maculée de rouge-orange et
elles sont toutes prédatrices de cochenilles. Lesci@ulinae et les Lithophilinae ne sont

représentées que par 6 especes en Europe etrfeerélijjnentaire de certaines d’entre elles est
mal connu. Les Sticholotidinae et Ortaliinae soes$ daxons absents d’Europe occidentale
mais bien représentés en Asie.
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Figure 2. Arbre phylogénétique probable pour lési de Coccinellidae d’Europe (cf. Annexe). Adagisipres
Sasaji (1968, in Majerus 1994) et Gregetl. (2003).

Les informations publiées au sujet de C. magnifica

Les premiéres observations e magnificadatent de la fin du £3°et du début du 28°
siecle, avec la publication des premiéres desoriptide I'association avec |IE®rmica rufa
s.l. (Morris, 1888 ; Donisthorpe, 1910, 1920a et 192Bbntin, 1959).

Dés les premiéres observations, les auteurs ombpstater qué&. magnificase rencontrait
uniguement en compagnie des fourmis rousses des bdais les informations sur



C. magnificaet la nature de ses interactions avec les fourmig Bnalement restées trés
laconiques jusqu’aux publications de Majerus (1682994). Il a d’abord été proposé que la
coccinelle cohabitait avec les fourmis dans leutls mais, rapidement, on a compris que les
interactions avaient lieu au niveau des coloniepuigerons. Les adultes et les larves sont
capables de se nourrir des pucerons pourtant @egar les fourmis. Pourtant, la coccinelle
n’'est pas complétement acceptée par les fournisn dépose un adulte d& magnificasur

un nid de fourmis ou dans une colonie de puceiibasra attaqué par les fourmis mais moins
systématiqguement que s’il s’agissait Ge septempunctataSur les pistes olfactives des
fourmis, lesC. magnificasont a peu prés ignorées (Sloggetal, 1998 ; Sloggett & Majerus,
2003).

La figure 3 schématise les interactions qui inesmient dans I'’habitat d&. magnifica.Les
prédateurs de pucerons;(@,) sont attaqués par les fourmis et repoussés leta gphére
d’influence de celles-ci (contour en pointillé). keul prédateur subsistant en présence des
fourmis, grace a une réduction de l'agressivitéceldes-ci, estC. magnifica La coccinelle
peut des lors s’attaquer aux pucerons a l'abriadedmpétition des autres prédateurs de
pucerons. Dans ces conditions, les fourmis entnedéist un véritable stock de nourriture
disponible pour la reproduction de la coccinellemmécophile.

Figure 3. Schéma des interactions de
C. magnifica(CM) avec des fourmis (F) et des
pucerons mutualistes (A). Les autres coccinelles
prédatrices (¢ C,) évitent I'aire dominée par les
fourmis (contour discontinu) et n’entrent donc
pas en compétition avéZ magnifica

En Europe occidentaleC. magnifica est préférentiellement associée Farufa s.s. ou
F. polyctenamais, dans le reste de son aire de répartitide, eslt susceptible d’entrer en
interaction avec d’autres especes de fourmis. EodeucentraleC. magnificaest également
associée a&ormica cinerea(P. Cerygnier, comm. pers.). Cette espéce occupgeatze de
fourmi dominante dans les habitats sableux, atdimgeF. rufa en forét (Czechowski &
Marko, 2005).C. magnificaa aussi été observée en Sibérie, en associatemdes fourmis
indéterminées (Sloggett, 2002). D’'une maniere gdagC. magnificaa été observée en
compagnie de fourmis d’assez grande taille et gpilogtaient des pucerons.

On s’accorde pour considéi@r magnificacomme distribuée dans tout le paléarctique sauf au
Japon et dans I'Est de I'Asie (lablokoff-Khnzoriab®82). La majorité des observations
précises proviennent d’Europe centrale (Haviar,42@2 occidentale (Sloggedt al, 2002).



Une bonne partie de la distribution probable rekiec a confirmer (Figure 4). Ceci sous-
entend que nos connaissances des interactions wgpmées deC. magnificasont partielles.
La recherche deC. magnificaen Asie et au Moyen-Orient pourrait bien apportes
informations précieuses pour une description pluspiete de I'espece.
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Figure 4. Aire de distribution d&. magnifica En grisé : enveloppe approximative (lablokoff-ikbrian, 1982).
En noir : pays pour lesquels il existe des donpébsées. Les deux points correspondent, I'un, @uservations
de Majerus prés du Lac Baikal (Sloggettal, 2002), et I'autre, au taxoBoccinella lama décrit du Tibet, et
apparenté &. magnifica

Les fourmis rousses des bois

Les fourmis rousses des bois forment un complersp&ces nommEormica rufa sensu
lato. Ce groupe est un des représentants majeurs da ermica, qui compte environ 150
espéeces dans I'ensemble des régions Holarctiquad@bler & Wilson, 1990). Ce groupe
est aussi un des plus connus du grand public €iodestiers car les especes qui le composent
sont d’assez grande taille (5 - 9 mm) et elles troisent des nids de taille imposante, souvent
interconnectés en super-colonies (Chérix, 1986)r immpact positif sur les foréts est connu
de longue date (Nef, 1963 ; Bradley, 1973 ; Rosamgit979 ; Skinner, 1980 ; Skinner &
Whittaker, 1981 ; Hyo Kim & Murakami, 1983). Toutess études ont pour objectif de
mesurer les effets positifs et négatifs des cobsier I'état sanitaire de la forét, au sens
sylvicole. La conclusion unanime étant que lesteftiéléteres, dus a I'exploitation et a la
protection des colonies de pucerons, sont largecwnpenseés par la prédation exercée sur
les ravageurs herbivores tels que les larves déhfietinidae et les chenilles d’Hétéroceéres.
Pour ces différentes raisons, des projets de pgroteet de « bouturage » des nids ont vu le
jour dans plusieurs pays avec plus ou moins deasudtef, 1963 ; Chérix, 1986). C’est aussi
pourquoiF. rufa s.l. est un insecte bénéficiant d'un statut légal deeution en Belgique
(Décret du Gouvernement wallon relatif a la conaon des sites Nature 2000 ainsi que de
la faune et de la flore — 6.X11.2001). Plus récemmdéabelis (2007) a proposé que les
F. rufa s.l. soient protégées a une plus grande échelle. Liaegti pour le choix de ces



fourmis étant qu’elles sont de bons indicateursr p@wsuivi de I'évolution de la biodiversité
puisque leurs colonies abritent un grand nombrspiees associéees.

Le complexeF. rufa s.l.compte huit espéces en Eurasie. On peut les eliffér sur base de
criteres morphologiques (principalement la pilgségde la pigmentation, ainsi que sur base
de leurs préférences écologiques (Yarrow, 1955ifei$e1996). Cependant, les espéces
F. rufa s.s.et F. polyctenane sont pas toujours différenciables sur le terrgiles forment
parfois des colonies mixtes et elles sont interiéles. Ces deux taxons sont donc plutdt a
considérer comme un complexe d’especes incomplatedittérenciées (EI-Showk, 2005).
En Belgique, il existe trois especes du groupea'ruF. rufa s.s., F. polyctenet F. pratensis

Interactions des fourmis rousses avec la faune envi ronnante

Chaque nid de fourmis est le point de départ daseau de pistes rejoignant les différentes
sources de nourriture, principalement des colordes pucerons disséminées dans la
végetation. Les ouvriéres qui suivent les pistas/pst ainsi s’éloigner de plusieurs dizaines
de métres de la colonie pour trouver de la nougjtmais de nombreuses ouvriéres quittent
les pistes et investiguent chaque recoin de l'emviement immeédiat du nid. A part les
insectes volants, toutes les especes vivant amitxid’'une colonie de fourmis sont donc
susceptibles de rencontrer et d’interagir avecesadl. Il existe deux types d’études de
l'influence des fourmis sur la faune d’arthropodss/ironnante : les études concernant la
faune du sol (Von Sorensen & Schmidt, 1987 ; Laa$R89 ; Laasko & Setéla, 2000 ; Hawes
et al, 2002 ; Lenoiret al, 2003 ; Reznikova & Dorosheva, 2003) et cellesceomant la
végeétation arborée et la canopée (Nef, 1963 ; Byadl973 ; Rosengren, 1979 ; Skinner,
1980 ; Skinner & Whittaker, 1981 ; Hyo Kim & Muraks 1983). Les auteurs observent
généralement que la présence des fourmis influsiggeficativement les macro-invertébrés
du sol (e.a. Van Soérensen & Schmidt, 1987). Lorskpre s'intéresse aux organismes de
petite taille, on constate que les fourmis n’influaent pas la composition de la faune, méme
avec de fortes densités de fourmis (Leraial, 2003). Les fourmis n’atteignent donc pas
tous les organismes de la méme maniere. Ellesmegyas aptes a capturer les proies les plus
agiles (Briining, 1991) et elles détectent difficiEnt les organismes trés lents et vermiformes
(Hassell & Southewood, 1978).

Le mutualisme

Le mutualisme est un phénomene connu de longueealaiai consiste en une association
réciproguement bénéfique. L'origine du nom providatbénéfice mutuel obtenu par deux
groupes d’organismes qui interagissent. Ce terma@psjue aux interactions entre des
fourmis et divers Hémipteres, il a notamment éténdépar Way (1963) comme suit :
« Association between ants and other insects wisichutually beneficial without necessarily
implying obligate dependance or interdependancé a été proposé de remplacer le terme
mutualisme par «trophobiose », qui désigne une®cagon symbiotique basée sur un
eéchange de nourriture (Delabie, 2001). Ce dernier sous-entend pas quil y ait
nécessairement d’avantage direct mutuel entrerEnsmes intervenant dans I'association,
il inclut donc aussi les interactions qui seraéfiavorables a I'un des intervenants. Par souci
de cohérence avec la majorité des travaux pubiigss utiliserons le terme de mutualisme,
qui est plus généralement usite.

Les interactions entre des fourmis et des muteslisont répandues dans le monde entier. On
connait des fossiles ou des fourmis sont assocéiédss pucerons puis a des cochenilles,



respectivement depuis I'Oligocene (30 MA) et le béine (20 MA) (Hoélldobler & Wilson,
1990 ; Johnsoet al, 2001). Depuis Carl von Linné et Charles Darwies descriptions sur
les interactions entre divers hémiptéres et desnfisuont commencé a apparaitre dans la
littérature scientifigue (Huxley, 1954). L'importe® économique des pucerons sur
I'agriculture a continuellement promu la descriptid'un nombre croissant d’associations
mutualistes.

Caractéristiques des mutualistes

Les hémipteres suceurs de séve pompent leur noerrén insérant leur stylet buccal au
travers des tissus de la plante héte pour atteledrhloéme. La seve qui y est pompée est tres
riche en eau et en sucres, les hémiptéres doivamt dxtraire de grandes quantités pour
obtenir les différents éléments nutritifs nécessaia leur développement et a leur
reproduction. L'eau et les sucres excédentaires aosi déféqués sous forme d’un liquide
nommeé le miellat. La production du miellat est uecanvénient pour les hémiptéres car
'accumulation de cette matiére sucrée au seiradmlonie favorise I'apparition de maladies
et les odeurs qui sont émises risquent d’attires ple€dateurs. Pour I'état sanitaire de la
colonie, il est donc impératif que les excrémentisgent étre évacués le plus loin possible de
celle-ci. Chez les pucerons, une partie des es@eaegquis des adaptations morphologiques et
comportementales permettant d’éjecter au loin tastgs de miellat. Les autres espéces de
pucerons interagissent avec des fourmis qui réuole miellat et les protegent de leurs
ennemis naturels.

Objectif du travalil

Malgré les publications traitant dé. magnifica de nombreuses questions fondamentales
restent en suspens. Dans les chapitres qui suivenis présentons les résultats de plusieurs
approches complémentaires menées en laboratoser éé terrain, visant a répondre a ces

guestions. Les démarches scientifiques suivies daasun de ces chapitres sont résumeées
sous forme de questions et d’hypotheses sous-ggent

Chapitre 1. The populations of C. magnifica in Belgium. A rare but locally abundant
myrmecophilous ladybird

Question : Quelle est 'abondance @emagnificaen Belgique ? Comment les individus
d’'une population sont-ils répartis a I'échelle d'wite et quelles sont les ressources
alimentaires utilisées ?

Hypothese :C. magnificaest une espéce écologiquement spécialisée, dodistiabution
géographique est restreinte aux sites dominésegafourmis. Elle pourrait donc étre assez
rare en Belgique, mais localement abondante lorkguurmis hotes sont présentes. Au sein
de la sphere d’'influence des fourmis, magnificaconsomme une grande diversité de proies,
a la maniere d’'une espece généraliste.

Chapitre 2. Reaction of ants to, and feeding biolggof a congeneric myrmecophilous

and non-myrmecophilous ladybird

Question : Quelle est linfluence directe des fowsrnsur le succes de prédation de
C. magnificalorsque celle-ci attague une colonie de pucerooi®gée par les fourmis ?



Hypothese :C. magnificaest capable de se défendre des attaques des $ouamsiqu’elle
pénetre dans une colonie de pucerons, grace a aestaristiques morphologiques,
comportementales et physiologiques, qui la difféiemt deC. septempunctata

Chapitre 3. Ant trail : a highway for Coccinella magnifica Redtenbacher (Coleoptera :
Coccinellidae).

Question C. magnificapossede t-elle des aptitudes a utiliser les sigeaimiques émis par
les fourmis avec lesquelles elles sont associees ?

Hypothese : les fourmis utilisent des réseaux daepi phéromonales reliant le nid aux
colonies de pucerons. §i. magnificapeut suivre les pistes des fourmis, alors ellermaiu
réduire considérablement son effort de recherchepdmes.

Chapitre 4. A comparison of the reproductive traits of a generalist and a specialist
Coccinella species.

Question : L'investissement énergétique des addte®rs leur progéniture est-il identique
chez C. magnifica et C. septempunctatd La pression exercée par les fourmis sur
C. magnificaest-elle mesurable au niveau des sites de poatie, tille et du nombre d’ceufs
produits quotidiennement ?

Hypothese : sC. magnificaest écologiquement spécialisée, alors elle detrmiter des sites
de ponte propices moins fréiguemment qu'une espeécéragliste. Dans ce cas, on peut
s’attendre a ce qu€. magnificaproduise des ceufs plus gros qu’'une espéce gé&térdk
taille comparable. Les larves @e magnificapourraient aussi avoir des pattes de taille réduit
si elles peuvent exploiter des ressources plusestalans I'espace et le temps, grace a I'action
des fourmis.

Chapitre 5 Is variability of adult size an indicatar of specialization in predatory insects ?
Question : Ou se situ€. magnificasur le continuum spécialiste-généraliste, au-dakla
simple constat que sa distribution géographiquéoesltocalisée ? Peut-on estimer le degré de
spécialisation alimentaire des coccinelles au malgenparametres de la taille du corps ?

Hypothese : On pose I'hypothese que le degré dabikte de la taille du corps reflete la
diversité des choix alimentaires des espé€ksnagnificaexploite un large spectre de
ressources au sein des aires influencées par uesiito Elle y bénéficie de ressources plus
abondantes et stables mais conserve un régimeraimeegénéraliste.

Deux questions seront également abordées dansclasdion

Question : Quel est le mode de vie @emagnificaen dehors de I'aire de répartition des
F. rufas.l.?

Hypothese C. magnificatrouve un optimum avec les especes-deufa s.l.bien qu’elle soit
probablement capable de tirer profit d’autres espede fourmis de grande taille et qui
exploitent massivement des colonies de pucerons.

Question : Quels sont les points communs et ldérdifices entr€. magnificaet les autres
coccinelles myrmécophiles ?
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Hypothése : Les mécanismes ayant conduit a l'apparide la myrmécophilie chez
C. magnifica ne sont pas les mémes que ceux impliqués d¢bakynaspis luteorubra,
Brachiacantha spp.ou Thalassa saginataAutrement dit, on peut distinguer différentes
formes de myrmécophilie chez les coccinelles, @ongée a des pressions évolutives et des
prédispositions morphologiques distinctes.
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Résumé des résultats

En Belgique C. magnificaa toujours été trouvée dans des sites caract@a@sda présence de
colonies dé-. rufa s.l.Dans le site étudié, plusieurs espéces de pucsamexploités par les
fourmis durant tout I'été, principalemeAphis sarothamn(Franss.). Outre cette espece, on
observe d’autres proies consommeées par des latrvasseadultes d€. magnifica dans les
différentes strates de la végétation. Il s’agilnpipalement de pucerons ainsi que d’une
espece de psylle, tous visités par des fourmiss Blcasionnellement, des proies non-
mutualistes composent aussi le régime alimenta&if@. anagnifica

La caractérisation des sites de ponte montre@uaagnificadifféere des autres espéces de
coccinelles par son choix des sites de ponte.fdéltel a plusieurs dizaines de centimetres des
ressources les plus proches et le plus souvendesiparties mortes de la plante hote. On
attribue cette singularité a la pression exercédgsafourmis, qui détruiraient les ceufs s'ils
étaient situés preés des colonies de pucerons etalgré I'existence probable, sur les ceufs et
les larves, de médiateurs chimiques réduisant dssjvité des fourmis. D’autre part,
C. magnificaproduit des ceufs plus gros que ceuxCdseptempunctatat donc des larves de
premier stade possédant plus de réserves alimentakvant d’atteindre les proies
disponibles, les larves de. magnificaont ainsi la capacité de parcourir plus de cheguia

les larves des autres especes de coccinelles.ltepergétique qu'implique la production de
gros ceufs est compensé par une fécondité réduitacard avec la théorie sur I'allocation
des ressources énergétigues aux ovaires. L’hypottsedon laquelle linvestissement
énergétique accru pour les larves@emagnificaréduirait leur temps de développement et
permettrait la capture de proies de grande tailstnpas étayée par nos résultats. La
différence de poids entr€. magnificaet C. septempunctatast rattrapée dés le deuxieme
stade larvaire et s’inverse au cours du reste glaldgpement, car cette derniére espece a un
taux de croissance supérieu€. magnifica ne raccourcit donc pas son temps de
développement en pondant de gros ceufs. D’autre @arh’observe pas de tendance chez
C. magnificaa une spécialisation pour des proies de grantle.thes pattes des larves de
premier stade, surtout les antérieures, sont plustes que celles dé. septempunctatae

qui va a I'encontre d’'une tendance a la spéciatisapour des proies de grande taille ou
difficiles a manipuler.

Le « désavantage » apparent concernant le choixites de ponte cheZ. magnificaest
probablement contrebalancé par la capacit€ dmagnificaa suivre les pistes olfactives des
fourmis et donc a trouver facilement des ressoufdess avons demontré que les adultes ont
la capacité de détecter et de suivre des pistesiqines deF. polyctena dés lors, on peut
supposer que ce soit aussi le cas pour les ditBrstiades larvaires. Sur le terrain, on a
frequemment observé des adultes se déplacant esdiourmis sur plusieurs (dizaines de)
metres, le long de pistes menant du nid des fouamscolonies de pucerons. L'utilisation
des indices chimiques des fourmis doit, tres prtmabnt, étre un net avantage pour
C. magnificalors de la recherche des ressources nutritives.

La description des interactions comportementaldse €b. magnificaet les fourmis a été
abordée au moyen de deux dispositifs en laboratales tests en aréne n’offrant pas de
refuge ni de possibilité de fuite (conditions actdlles) et des tests sur des arbres en pots
colonisés par des pucerons (conditions semi-né&gjelDans les conditions artificielles, on
constate que les ceufs et les larves @eamagnifica bénéficient d’'une réduction de
'agressivité, comparativement @. septempunctataDans cette situation, on ne peut pas
attribuer les différences observées au comportemestcoccinelles, dés lors, on suspecte
l'intervention de médiateurs chimiques. Dans lesditions semi-naturelles, les adultes des
deux especes ont des comportements et des sucpesdd¢ion tres différents. En présence de
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fourmis, C. magnificaconsomme plus de pucerons et ce, avec un mesllgrges de capture
gue C. septempunctatal’efficacité accrue deC. magnificaest associée a sa capacité a
contourner les attaques des fourmis, alors@Quseptempunctatfuit des qu’elle est attaquée.
Toutefois,C. magnificacapture plus de proies en I'absence des fourmasapsqu’elles sont
présentes. Cette réduction du taux de consommasbnattribué au dérangement de la
coccinelle causé par les fourmis durant la prédafidautre part, les adultes @ magnifica
évitent les attaques des fourmis grace a leur campent et a leur morphologie (forme plus
ronde, sans arrétes saillantes du tégument).

La spécificité alimentaire d€. magnificaest faible puisqu’elle se développe trés bien en
consommant des pucerons myrmécophiles ou non mgphédes. Elle est pourtant moins
apte queC. septempunctata métaboliser les alcaloides toxiques du pucagins jacobaeae

C. magnifican’est donc pas associée a des proies vivant deséabitats précis ou sur des
plantes hétes spécifiques. La spécialisationCdenagnificaconcerne plutdt la restriction
géographique déterminée par les populations deolmmii hote. C. magnificaest donc
spécialisée pour des fourmis et non pour des poséro

C. magnificaa presque la méme taille gGe septempunctatanais la variabilité de la taille de

C. magnificaest supérieure. La variabilité de la taille obéenau sein des douze especes
correspond en partie a la diversité du régime aitaiee, on suggére donc que ce coefficient
exprime la spécialisation alimentaire. La varidéilie la taille met en évidence la différence
entre les stratégiques myrmécophileCdenagnificaet P. luteorubra cette derniére étant a la
fois nettement plus oligolectique et de taille nsowariable que toutes les especes mesurées.
En théorie, la variabilité intraspécifique de ldléades adultes doit étre relative a la stabilité
des ressources en qualité et en quantité. Lesespeces myrmécophiles tirent probablement
profit de I'effet des fourmis sur les pucerons éndficient ainsi d’'une grande quantité de
proies, stables dans le temps. Une premiere pie lfestimation de la spécialisation a été
ouverte via l'utilisation du coefficient de variati de la taille. La relation observée est
certainement entachée de I'une ou l'autre errearadllensemble des parameétres non mesurés
tels que le polymorphisme génétique ou la varigbiles conditions environnementales.
L’avantage de la méthode choisie est qu’elle pedhailiser une grande quantité d’individus
disponibles dans les museées.
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Discussion générale

La myrmécophilie est un phénomene observé a I'échmbndiale, chez presque tous les
ordres d’arthropodes (Hoélldobler & Wilson, 1990)n @stime qu'il existe dans le monde
environ 100000 espéces d’insectes associées deyprds loin aux fourmis (Schonrogge

al., 2002). La pression évolutive conduisant a uneaason étroite avec des fourmis est
donc un phénomene commun et répandu. Il 'y adiémnnant a ce qu'’il concerne aussi les
coccinelles qui, lorsqu’elles recherchent des derde pucerons, doivent nécessairement
entrer fréquemment en contact avec les fourmisHicfure 1). Sachant que les colonies de
pucerons protégées par les fourmis constituentsonece de nourriture potentiellement trés
favorable a la reproduction des coccinelles, unge@s acceptée par les fourmis serait
nettement avantagée. Dés lors, on pourrait s’atteadce que de nombreuses espéces aient
évolué vers un comportement myrmécophile. La @agt tres différente, puisque les cas
avéres d’especes de coccinelles associées a dasidagont tres rares. En aucun cas, des
mécanismes d’'acceptation de l'insecte myrmécopatdes fourmis n’ont pu étre démontrés.
En revanche, les mécanismes défensifs communstasttes espéces de coccinelles sont
efficaces pour se défendre des oiseaux et des i®(Rasteelet al. 1973 ; Hollowayet al,
1991). Une coccinelle adulte a des élytres soldegissants qui peuvent étre utilisés comme
bouclier contre les fourmis. Si nécessaire, la ioetle peut se défendre en émettant une
saignée réflexe collante et toxique. Des ciresoiimeuses sont sécrétées au niveau de la face
dorsale des larves de certaines espéces de Scynries cires constituent un obstacle
physique temporairement résistant aux attaquedadesis (Volkli&Volhand, 1996). Cette
adaptation permet surtout aux larves de se dissimparmi leurs proies pour eéviter
'ensemble de leurs ennemis naturels, dont lesni@urDonc, lorsqu’une coccinelle a la
recherche de nourriture atteint une colonie de nqunseprotégés par des fourmis, elle est
capable de s’enfuir sans dommage, aprés avoir @irhent consommé quelques proies.
Par contre, la reproduction y est impossible caobaifs et les larves sont plus vulnérables. On
peut vraisemblablement déduire que la particuladiigne espéce myrmeécophile est de
pouvoir éviter I'agressivité des fourmis durant$ésdes d’ceuf et de larve.

Caracteristiques des coccinelles myrmeécophiles

Chez C. magnifica le choix des sites de ponte assure une faiblestxpn des ceufs aux
fourmis et on suspecte aussi l'intervention de m@iedirs chimiques réduisant l'intensité du
comportement agressif des fourmis. Les larves il@mitiques a celles dé. septempunctata
mais parviennent pourtant a se nourrir des puceponieges, il est donc fort probable que
C. magnificaposséde une signature olfactive induisant unegaiot® par les fourmis. Les
observations menées sur le terrain révelent quelale®s sont trées mobiles et quittent
régulierement la colonie de pucerons (et donc dasdburmis), emmenant parfois une proie
pour la dévorer a I'écart. Ces déplacements peemtefirobablement de réduire le temps
durant lequel la larve est exposée aux fourmisz®hduteorubra la morphologie des larves
semble étre particulierement favorable au modeiglenyrmécophile. Celles-ci sont plates et
lentes, avec des pattes courtes cachées sousplke ta@r marge latérale du corps est munie
d’'une couronne de soies robustes assurant la portete la face ventrale. Cette morphologie
est rare quoique pas unique chez les coccinellas etle difféere de la morphologie larvaire
des autres Chilocorinae. Les ceufs sont pondussisbléachés sur la plante-hoéte. Le principal
trait adaptatif des adultes des deux coccinellesmégophiles est donc le comportement
consistant a affronter les fourmis plutét que deflér pour atteindre les colonies de pucerons.
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L’apparition de la myrmécophilie chez les Coccinell idae

Les étapes évolutives nécessaires a la transigobadcétre commun du genfgoccinella
vers C. magnificase traduisent par des adaptations ténues. Le«seatle-off » que nous
ayons mesuré est la tendance a pondre moins d'eeais de plus grande taille,
comparativement au « mode@ septempunctata. Hormis cela,C. magnificarépond aux
mémes lois queC. septempunctatat les autres especes de coccinelles. Les larees d
P. luteorubra quoique différentes des autres Chilocorinae, s@# similaires a celles des
Phymatosternus spu de certainScymnus sgScymninae ; réf - photo). La morphologie des
larves deP. luteorubran’est donc pas propre a la cohabitation avec al@srfis mais semble
bien étre un avantage. Sur l'arbre phylogénétigee @occinellidae, les différentes especes
myrmécophiles avérées (Majeresal, 2007) se trouvent dans des sous-genres difféetnts
eloignés les uns des autres (Fig 2). Il est dorigofobable que la myrmécophilie soit apparue
séparément dans ces différents groupes. Ceci foarg@liquer pourquoi les stratégies de
chacune des especes myrmécophiles sont si difé&ent

Pourquoi n’y a t-il pas plus d’especes de coccinell es

myrmécophiles ?

On estime gu'il existe dans le monde entre 50020800 especes d’insectes myrmécophiles
obligatoires (Schonrogget al, 2002), mais seules quelques dizaines ont évaug cette
stratégie pour se nourrir des mutualistes prot@gésdes fourmis. La stratégie myrmécophile
existe chez les Chrysopidae, les Syrphidae ou lséhopteres parasitoides, qui se
nourrissent de pucerons (Tauber & Tauber, 198 buddierqueet al, 1997 ; Schonrogget

al., 2002 ; Hubner, 2000). Dans chacune de ces fanilles peu d’especes sont étroitement
associées a des fourmis. Chez les Syrphidae, plaséspeces (e.a. lescrodon spp sont
myrmécophiles mais en tant que prédatrices du dcouwdes fourmis (Donisthorpe, 1927 ;
Schoénroggeet al, 2002). Certaines espéces des gemasmagus, Chrysotoxum, Pipizella,
Anthogrammaet Platycheirussont connues pour s’attaquer aux pucerons hypégess par
des fourmis (Rotheragt al, 1996 ; Dziock, 2005). Si I'on s’intéresse plustigalierement
aux coléopteres, on dénombre en Scandinavie 72espeyrmécophiles dont 46 (63%) sont
associees &. rufa s.s.(Paivinenet al, 2003). Il s’agit principalement de coléopteregawit
dans ou a proximité du nid et aucun n’est prédatkirpuceronsC. magnificaest un
coléoptere myrmécophile parmi beaucoup d’autres mast un des rares a s'attaquer aux
pucerons utilisés par ses hoétes. La rareté du phém® pourrait en partie s’expliquer par la
complexité des interactions entre le myrmécoplde fourmis, les mutualistes et les plantes
hotes. Plus un systeme est complexe et/ou rigills, ip est fragile par sa sensibilité aux
variations des parameétres environnementaux (Hoeksemruna, 2000). La myrmécophilie
chez les prédateurs de pucerons apparait donenteginale par rapport a la diversité des
formes et des stratégies écologiques de cette egufidiuteorubra et C. magnifica font
exception par leurs comportements et leurs morghedo spécifiques. Cette forte
spécialisation leur donne acces a des ressourt@ss#es par leurs compétiteurs.

Myrmécophilie obligatoire ?

Hormis quelques adultes erratiques, on ne rencgartraisC. magnificaen dehors de la zone
d’'influence des fourmis. Pourtant, le régime alitage deC. magnificaest comparable a
celui des espéces généralistes, elle pourrait tt@uriquement se reproduire a la fois dans les
habitats ou les fourmis sont présentes ou abselBtegrésence des fourmi€, magnifica
bénéficie de I'abondance et de la pérennité deen@s de pucerons ainsi que de I'exclusion
des compétiteurs. En I'absence de fourmis, ces deartages disparaissent. On peut émettre
I'hypothése que&. magnificasoit absente des habitats non dominés par lemfsdr cause de
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la pression de compétition exercée par les autrédafeurs de pucerons. Une explication
envisagée serait que. magnificabénéficie d'un espace libre d’ennemis (Enemy Bpace
theory : Jeffries & Lawton, 1984), grace a I'efiets fourmis sur la faune environnante. Cette
hypothése a pourtant été en partie invalidée switeexpériences menees avec 'hyménoptére
parasitoide Dinocampus coccinellae Cette espece est un des principaux ennemis de
C. septempunctataa prévalence dans les populations naturellem@ftO a 20 %. Par contre,
lorsqueD. coccinellaeattaqueC. magnifica sa larve ne se développe pas dans le corps de la
coccinelle et I'on n'observe jamais I'émergence ddl&e ni de mortalité accrue des
coccinelles infectées (Sloggett al, 2004).C. magnificaest intrinséquement protégée de cet
ennemi naturel, son avantage a cohabiter aveolemis ne peut donc pas s’expliquer par la
réduction du parasitisme pé&x. coccinellae Le bénéfice pouC. magnificaserait plutét de
trouver un espace libre de compétiteurs !

Les principaux «ennemis potentiels » @e magnifica seraient donc les fourmis avec
lesquelles elle est associée ! On en déduit quadaptions d€. magnificalui permettent de
minimiser a fois la pression de prédation provemkest fourmis et la pression de compétition
intraguilde. Ce qui correspond a un avantage sklmsportant pourC. magnifica mais
uniquement au sein de la sphere d’activité desrimur

C. magnificaest une espece spécialisée pour les habitatent#s par les fourmis, a l'instar
d’autres coccinelles qui sont spécialisées pourdssliéres ou les landes a callune. Elle est
donc inféodée a une caractéristique de I'habitap(ésence de colonies Berufa s.l) plutot
gu’a la présence de proies ou de plantes hétes.

Pourquoi les Formica spp. ?

En Europe de I'Ouest, on trouve majoritairem€nimagnificaen compagnie des espéces du
complexeF. rufa/polyctenaet plus ponctuellement avéc fusca, F. rufibarbis, F. pratensis,
F. sanguinea,..En Europe centrale, elle peut étre aussi assadi@emica cinereaMayr (P.
Cerygnier, comm. pers.) et en Scandinavieemica lugubris(Sloggettet al, 2002). Toutes
ces fourmis sont d’assez grande taille (4,5 - 9 mnh9Ont une influence majeure sur la faune
environnante (e.a. Skinner, 1980). Elles entreBahrdes interactions mutualistes avec de
nombreuses espéces d’hémipteres, principalement des puceronsC. magnifica n’est
jamais observée avec des fourmis de taille moyeglies quelasius niger(3 — 5 mm) qui
exploite aussi de nombreux hémiptéres et avecagooctcinelleP. luteorubraest associée. Il
existerait une correspondance entre la taille aeicelles myrmécophiles et celle de la
fourmi associée, a l'instar de la correspondanseiée entre la taille des coccinelles et celle
de leurs proies (Dixon & Hemptinne, 2000. magnificapourrait difficilement se protéger
d’'attaques de petites fourmis comme elle le fa#calesFormica en utilisant ses élytres
comme un bouclier. De petites especes pourraitaduedr la face ventrale de la coccinelle et
ainsi accéder aux pattes et aux sutures intersegimenqui en sont les points sensibles.

C. magnifican’est donc pas spécialisée pour une espece dmif@umr particulier mais bien
pour une ou des espéeces de grande taille, locatethoamnantes et entretenant des colonies
d’homopteres. Au sein de son aire de distributiomagienne (Figure 4)C. magnifica
rencontre ces conditions au contact des différeegpgces dE. rufa s.| Dans une partie de
I'aire de distribution deC. magnifica lesF. rufa s.l.sont absentes ou remplacées par d’autres
especes. Alors on trouv€. magnifica avec d’autres especes de fourmis. Ce caractére
opportuniste de€C. magnificaexpliquerait pourquoi elle n’est pas associée deiémne stricte
avec une espeéce de fourmi, a la différence.deteorubra

Les informations écologiques sur I'associationGdenagnificaavec d’autres especes que les
Formica spp sont rares, de méme pour les situations danuiddeqg les coccinelles sont
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observées sans fourmis associées. Dans I'étatl @gtums connaissances, il serait logique de
considérer que I'association avec #esmica spp.(et tout particulierement avéc rufa s.).

est une situation optimale. Les autres situati@maient marginales et ne se rencontreraient
gu’en périphérie de I'aire de distribution de lzcioelle.

Perspectives

Au terme des investigations qui viennent d’étrespnéées, nous avons identifié deux pistes
de recherches qui devraient étre investiguées ienitgr La premiere option est plutét une
approche de laboratoire et concerne la nature desmanications chimiques entre
C. magnificaet les fourmis. La seconde option nécessiteraitéier des efforts importants a
des prospections de terrain afin d’élargir les assances de I'espéce a I'ensemble de son
aire de répatrtition.

Ecologie chimique : les signaux de communication

Nous avons constaté qu'il existe probablement dgsagx chimiques sur les ceufs et les
larves deC. magnificaréduisant I'agressivité des fourmis. Lorsqu’un legest attaqué, les
fourmis atteignent rarement la face ventrale ounhesnbres de la coccinelle. Des signaux
chimiques pourraient étre responsables d’une rémutticale de I'agressivité des fourmis. A
cet égard, nous avons remarqué que les adult€s magnificaeffectuent de longues séances
de toilettage entre deux interactions avec desnf@murDurant le toilettage, des molécules
produites par les glandes labiales pourraient@rhiites sur les membres et les sternites. A
partir d’extraits des molécules de surface deuifits stades de. magnifica on testera la
réponse comportementale des fourmis afin d’idestifi’éventuelles molécules actives.
Corollairement, il faudrait identifier les signaders fourmis détectés p@r magnifica et que
celle-ci utilise probablement lorsqu’elle suit l@istes olfactives de son hote. Pour ce faire, |l
serait nécessaire de tester @umagnifica(et d’autres espéeces) des extraits des glandes des
fourmis produisant des signaux olfactifs et en iiien la composition.

Biogéographie évolutive : liens de parenté entre le s populations de
C. magnifica

On pourrait comparer la proximité génétique (mauyue déterminer!) entre les individus
provenant de populations réparties dans l'aire id&rildution deC. magnifica A partir de
cette information, on pourrait déterminer des antte dispersion et formuler des hypothéses
sur I'historique biogéographique de I'espece. Cefpproche a déja été utilisée chez les
fourmis du groupeF. rufa et il serait intéressant de rechercher des sudis entre la
structure des populations des deux espéced-Liega s.l.sont associées aux zones de foréts
tempérées caducifoliées et de coniferes. Au momesitépisodes glaciaires du Pléistocene,
les ancétres des fourmis rousses ont été repoussdesla limite des foréts, vers le Sud de
'Europe dans des zones refuges péri-méditerrameenialtique ainsi qu’autour des Mers
d’Azov et d’Aral. Au cours des 10 a 15 dernierslimis d’années, les espéeces de F. rufa s.l.
se sont stabilisées, principalement dans les &ioeSo-alpines mais aussi dans les plaines
boisées. Les différences entre plusieurs sous-ptpas deF. pratensiscorrespondent aux
refuges occupés durant la derniere époque glac{&r&howk 2005). La transition des
habitats depuis la fin de la derniere glaciationwssfacteur majeur de I'évolution de notre
faune et flore. Si on peut en observer aujourdlesi conséquences sur les fourmis, il est
probable que la coccinelle associée ait subi deseimces comparables.
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Annexe

Cladogrammes des Coccinellidae d’Europe accompagies photos de genres illustrant les types
morphologiques chez les adultes et chez les labeebranche du genre Brachiacantha (Amérique dulNmété
ajoutée a titre de comparaison (adultes), ainsi Bseudaspidimerus qui appartient a la tribu desn8y
(larves). Adapté d’aprés Sasaji (1968, in Majer@84) et Gregoret al. (2003).
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ARTICLE | : The populations of C. magnifica in Belgium. A
rare but locally abundant myrmecophilous ladybird

Jean-Francois Godeau and Jean-Louis Hemptinne

Introduction

The distribution of insects is usually badly knoewen if some families, such as ladybirds,
benefit from more attention from naturalists in theld. This can be due to a lack of
taxonomical knowledge but, most often, the occureenf species is probably underestimated
because they are cryptic, confounded with anotpeciss or they live in localized habitats.
Even if the European ladybirds are relatively widkcribed and the list of the ladybirds of
Belgium established some time ago, some specieaimepadly known., This is the case of
Coccinella magnificaRedtenbacher (Branquart & Maes, 2003). It is v&milar in size,
shape and colour to the very common seven spobiatZoccinella septempunctata.,
which is believed to be its closest relative (I&iolid-Khnzorian, 1982). The two species can
only be differentiated on the basis of rather irgouous morphological traits such as the
colouration of two metepimeres or the curvaturehgir elytra and of the pronotum front
angles (lablokoff-Khnzorian, 1982; Baugnée & Braaqu2000). Although similar the two
species do not exploit the same prey and do netitithe same habitats. In western Europe,
C. septempunctates the most common species, living in a range afitats and showing
nevertheless a preference for aphids of herbagglanss.C. magnificais much rarer and is
only found in the close vicinity of ants (lablokdfhnzorian, 1982; Majerus, 1994; Hodek &
Honek, 1996). The lack of field observationgfmagnificais then probably due to its actual
rarity combined with its likeness with. septempunctata

Compared toC. septempunctatawhich was already described in 1756 by Linneaus,
C. magnificawas recognized as a species much later as it essided in 1837 and 1843
(lablokoff-Khnzorian, 1982). The first field obsations of this rare ladybird date back to the
late 19" century when Morris (1888) described its assamiatiith ants and considered it as a
myrmecophilous species. These earlier observatiegre later reinforced by Donisthorpe
(1910, 1920a and b). This species is mainly foundssociation with-ormica rufa s.l.(the
Red Wood Ant group of species) and preys on artidédd aphids as well on some species of
insects encountered in ant territories. For a lomg, it was admitted that. magnificawas

not attacked by ants and was accepted by the I@denisthorpe 1920a and b, Berti &
Bourlard, 1983; Majerus, 1989). However, recentigtsi challenged this old point of view
(Sloggettet al, 1998; Sloggetet al, 2003; Godeau et al. in prep). Therefd@@emagnificais
probably competing with ants for the exploitatioh @ common resource, the aphids. As
C. magnificasuccessfully coexists with ants, it should be abléorage efficiently regardless
to ants’ activity.

Adult ladybirds are morphologically well resistatat ants bites thanks to their hardened
cuticle but the soft-bodied eggs and larvae carkilbbed by ants (Sloggetet al, 1998;
Sloggettet al, 2003; Godeau et al. in prep). It has been prapdisat larvae and eggs of
C. magnificaare protected from ants aggressiveness by detenbemicals or by behavioural
traits (Sloggett & Majerus, 2000; Godeetual, in prep). AsC. magnificais the only ladybird
able to feed on ant-attended mutualists, it wouldrd@fore benefit from the absence of
intraguild predation.

So far, the distribution of. magnificaremains almost unknown in Belgium. In Great-Britai
the data collected by the British Ladybird Surveyformed that itbelongs to the most rare
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species among the ladybird fauna and that it wagays found in association with
Formica rufaL. andF. polyctenaForster (Majerus 1989, 1994). A similar survey degn
1998 in Belgium and it increased considerably tnewnt of field observations of ladybirds.

We report here the new data ©f magnificaand the results of our field investigations. We
collected field information aboutC. magnifica to have better understanding of its
myrmecophilous behavioural characteristics andnjorove knowledge about its populations.

Material & Method

Distribution map

The distribution of C. magnificain Belgium was updated by our field survey, recent
observations made by members of the workgroup ‘Dot as well as data from museum
collections (Institut Royal des Sciences NaturetiesBelgique and Faculté universitaire des
Sciences Agronomiques de Gembloux).

During the Summers 1997 to 1999, fourteen sitesrevRerufa s.l. had been previously
observed were visited and the occurrenc€ ofmagnificarecorded (Table 1). Each site was
searched using a combination of techniques suctwagping net, beating tray and visual
inspection. We sampled adults and larvae in hesbdhushes, on small trees and on lower
branches of tall trees, but we could not searchthi&n canopy, above 3m. Two large
populations were discovered in Chanly and Grandarsione, where the communities of
ladybird species in ant-foraged area were comparédthose in areas not visited by ants. In
Grande Hoursinne, we performed 3 sampling sesast-foraged areas and 3 other in ant-
absent areas, each session lasted 1 hour. In Clg@nampling sessions in ant territories (see
below) were compared with 3 sampling sessions irabsent areas.

Table 1 : The fourteen sites whéterufa s.l.had been previously observed and where the ocmeref
C. magnificawas recorded.

Presence
Alt(lrtrl:)de Natural districts ~ Forest type Habitat S‘;Qi(lj Y Cocf:)ifnella zfre; iﬂ(f::

magnifica s.l.
Burg-Hampstede (NL: Zélande) 15 Maritime Mixte Clear forest I | |
Bois de Lauzelles (Louvain-la- Clear forest
Neuve) 100 Mosan Mixte with heath | | |
Plombiéres 200 Mosan Feuillus Fallow area (@) I |
Wiesmes (Beauraing) 210 Mosan Feuillus Fallow area (@) I |
Chanly (Wellin) 250 Mosan-Ardennais Mixte Fallow area (@) I |
Roche-a-Fréne (Erezée) 250 Mosan-Ardennais Mixte Clear forest (@) I |
Camp Milit. Lagland (Arlon) 380 Lorrain Mixte Heath | | |
Grande Hoursinne (Erezée) 420 Ardennais Coniferes  Fallow area (@) | |
Baudour (Saint-Ghislain) 70 Mosan Mixte Fallow area | (@) |
Masnuy-Saint-Jean (Jurbise) 70 Mosan Mixte Forest | (@) |
Treignes (Viroinval) 260 Ardennais Coniferes Forest O (@) |
Treignes (Viroinval) 290 Ardennais Feuillus Fallow area (@) (@) |
Oignies-en-Thiérache (Viroinval) 325 Ardennais Coniferes Forest (@) (@) |
Luchy (Bertrix) 450 Ardennais Coniferes  Fallow area (@) (@) |

The population of C. magnifica in Chanly (Wellin ; N 50°04'30” — E 5°09’'30")

During the Summers 2000 and 2001 and the Sprin@,20@ position of the nests of
Formica rufa s.| were reported on a map (Fig. 4). There it wasndothat C. magnifica
preyed upon the following species of aphids :
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Aphis sarothamniFranssen oRytisus scopariuél.) Link;

Aphis pomde Geer an@acopsylla sponCrataegus monogyndacq.;

An unidentified aphid ofPrunus spinoséa.;

Aphis urticataGmelinandMicrolophium carnosuniBuckton)on Urtica dioical.;
Symydobius oblongy¥on Heyden)n Betula penduldoth;

Myzocallis castanicol®aker and_achnus pallipegHartig) onQuercus robur..

Every ten days, the populations of these aphide wemitored from March to November and
their demography described by an index as follddvs: no colony; 1 = colony increasing or
decreasing in size; 2 = maximal number of individua the colony. The index obtained for
each species is summed by host plant to give a-geamtitative index of phenology.

In 2000 and 2001, there were 39 sampling sessibAsiours in the ant-foraged area (Fig. 6).
During each session the site was search using &ination of techniques such as sweeping
net, beating sheet and visual inspection. Thenagnificaencountered were sexed. The sex-
ratio of the samples are pooled and compared &van proportion with a Chi-square test.

The distances of. magnificabatches of eggs found during one day of intensearch on
broom Cytisus scopariys and oak Quercus robuy to the nearest aphid colony were
measured. The distribution of frequencies of thdiseances were compared with a random
proportion with G-test for goodness of fit (SokaRohlf, 1995).

Similarly, the distances of egg clusters Aflalia bipunctata (L.) laid on a bush of
Euonymus europaeus. to the nearest colony @&phis fabaeScopoli in an ant-absent site
were measured in April 2003. The log-transformexddatices of eggs to the prey recorded for
the two ladybird species were compared with a Studeest.

Results

From 1859 to 1996, there were only 17 records efpgresence of. magnificain the two
entomological collections searched. Compared te tbw occurrenceC. magnificawas
observed 182 times from 1997 to 2007 at varioutdts from the seaside to the “Ardennes”
(Fig. 1.). Nevertheless, most ladybirds were seenthe Campine district, which is
characterised by sandy soil.
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Fig. 1 : The distribution of. magnificain Belgium. Legend of the natural districts: Mami¢ (M.); Flandrien
(FL.); Brabancon (Br.); Campine (C.); Mosan (Md-ggne (Fa.); Famenne (Fm.); Ardennes (A.); Lorréling
Note: 2 dots are overlaying for the “Nb magnificd distribution.

Fourteen locations where. magnificahad been previously encountered by naturaliste wer
again visited in the course of this study. The adis were present in 8 out of these 14
places. Five of these sites were situated at stfedge, a fallow area or clear cut parcel, the 3
other were clear forest with a low density of trteBsere,C. magnificacoexists mainly with

F. polyctena F. rufa and less often withr. partensis On one occasion, it was found with
Formica fusca.. (Obs. T. Adriaens, ‘Coccinula’ database).

The ladybird communities in ant-foraged and antabsareas show strong differences in
species composition (Fig. 2 and 8). magnifica which is always the dominant species in the
presence of ants becomes extremely rare in thenedsef ants. In such situations, the
dominant species 8. septempunctata
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Fig. 2 : The proportions d. magnificaC. septempunctatand the other
Coccinellids species sampled in Chanly, in thesaveaere ants were present or
absent.
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Fig. 3 : The proportions . magnificaC. septempunctatand the other Coccinellids
species sampled in Grande Hoursinne, in the arbasavants were present or absent.
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Ants, aphids and ladybirds in Chanly

The ant populations were scattered in a mixed fpespecially along the edges and in fallow
areas (Fig. 4). In these areas aphid colonies tilesievarious bushes and trees were the most
crowded from early June to late August (Fig. 5).sMof the ladybirds were found on
C. scopariusand U. dioica; C. magnificawas the dominant species during the 7 month,
especially from May to August (Fig. 6).
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Fig. 6 : The proportions d. magnifica C. septempunctatand the other Coccinellids species sampled in
Chanly + sampling effort between brackets.

The global sex-ratio of all the samples was neavgn with 174: females for 159 males (Chi-
Sq=0.677;d.f. =1; P=0.41).

On infested brooms and oaks, the egg cluste@ ofiagnificawere on average located at 8.2
+ 2.4 m from the nearest ant nest. The mean disténom the nearest aphid colony was of
45.5 + 61.4 cm, ranging from 2 to 150 cm. Thessteks were mainly situated on dry parts of
the plants, such as dead branches, dried broom @otishens, which represent together
71.4% of all the observations (Table 2). The nonmrmecophilous ladybird\. bipunctataaid

its cluster at an average distance of 11 + 6.1 rom the nearest aphid colong. magnifica
egg clusters are significantly further from aphwmlonies than those oA. bipunctata(T =
4.87;d.f.=51; P~ 0).

Table 2: The egg-laying sites 6f magnificafound

within a natural population (Chanly, Belgium) which
mainly foraged on broonClytisus scopariysand oak
(Quercus robuy. The egg-laying sites are not randomly
chosen (Gadj = 13.29; DF = 4; P-value < 0.01).

Number of egg
Location clusters (%)
Dead branch 18 (39.1%)
Leaf 10 (21.7%)
Pod 9 (19.6%)
Lichen 6 (13%)
Bark 3 (6.5%)

Discussion
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C. magnificais less rare in Belgium than previously thoughel@ai the activity of the amateur
entomologists of the Coccinula working group, neypylations ofC. magnificawere found

in many different natural districts of the countiyowever, the majority of the new records
were made in the Campine. This is probably thelreduan increased sampling effort in that
Region but also to the high densitiesFofrufa s.l. (Dekonincket al, 2003). The Campine
offers lot of thermophilous habitats due to itsdsasoil, where clear pine forest are often
planted. Such conditions appears favourablgé.tmagnifica.The populations of. magnifica
have always been found in association with antsstrofien withFormica rufa s.I.On the
contrary, there were nG. magnificain Baudour and Treignes despite the existence bf an
populations in clear forests and fallow clear agsi. From these observations, it appears that
its habitats is therefore situated in woodlandsandg edges.

We observed mutualistic interactions between apladd sometime psyllids, ants and
C. magnificain every vegetation layers. This indicates thatl#dybird is a generalist forager.
We could not investigate the occurrenceCofmagnificain the tree canopy but we often saw
adults climbing tree trunks following ant trailsaténg to the canopy where they probably
found food resources.

At Chanly, our study site was largely colonizeddvgoms infested by ant attended colonies
of A. sarothamni This food resource was present from early Jurfeéefmtember and reached
its highest density in August. At that time, therere 1,000 to 3,000 individuals per plant.
Mating adults, eggs, larvae and freshly emergedisdiere observed on brooms. Therefore,
the aphidA. sarothamnis suitable food resource even if it is known éot@in toxic alkaloids
(Witte et al., 1990; Pasteels, 2007). This resowes not the only one suitable for the
reproduction ofC. magnifica.Larvae were also observed on nettles and varicassgs such
asHolcus lanatud.., Dactylis glomerata.. and Molinia caerulea(L.) Moench. All together
in Chanly, the adults were observed feeding on ald@uother aphid species living on:
Acer pseudoplatanus, B. pendula, C. monogyna, Hmractsphondylium, Picea abies,
Pinus sylvestris, Populus canescens, P. spirmsé Q. robur These new records are in
agreement with the statement th@at magnificais a generalist predator geographically
restricted to areas dominatedByrufa s.l.ants (Sloggett & Majerus, 2000).

Compared to an non-myrmecophilous ladybird be@lanagnificalays its eggs further from
aphids colonies. One can hypothesized that ttas sdaptation to avoid the destruction of
egg batches due to the ant aggressiveness. Asgosibably entailed to such an adaptation
but it is probably counterbalanced by the abundamckthe stability of the food resources for
which C. magnificadoes suffer from the competition of other spezedi aphidophagous
predators.
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ARTICLE II: Reaction of ants to, and feeding biolog y ofa
congeneric myrmecophilous and non-myrmecophilous
ladybird

Godeau, J.-F., Hemptinne, J.-L. and Verhaeghe, J.-C

Introduction

Some species of ants occasionally feed on aphidsbre usually they tend them and collect
the honeydew they produce (e.g. Nixon, 1951; W&@31 Skinner, 1980; Morales, 2000).
The majority of Coccinellid species feed on eitlaghids or coccids during their larval
development and as adults and show various degreg@sey specificity (e.g. lablokoff-
Khnzorian, 1982; Hodek & Honek, 1996; Majerus, 199Bherefore, ants and ladybirds
sometimes compete for the same resources. Studiéiseointeraction between aphids, ants
and ladybirds are rare (review in Majerus et &07). Among the 6000 species in the Family
Coccinellidae (Slipinsky, 2007), only 7 are consadeto be true myrmecophiles and 4 others
are thought to live in association with ants. Ea€lthese ladybird species has developed a
specific type of association with ants, which akothem to exploit the same resource as the
ant (Majerus et al., 2007). Both the adults angdarof myrmecophilous ladybirds feed on
aphids, which normally benefit from the protectafrants (Volkl, 1995; Majerus, 1989).

In Western Europe, there are two myrmecophiloughads. Platynaspis luteorubraoeze,
which measures 3.03 mm, is associated with smtd| amainlyLasius niger_., most often on
thistle Cirsium arvensdL.) Scop.) or tansyTanacetum vulgaré.) and is morphologically
well differentiated from its close relatives (Valkl1995). The second species,
Coccinella magnificaRedtenbacher, is much bigger (6.71 mm) and is éoiynd in the
immediate vicinity ofFormica rufaL. and F. polyctenaForster nests in Great-Britain and
Belgium. It is very similar in appearance @occinella septempunctath., which is a
generalist predator found in a wide range of habibtaut not associated with ants. These two
species ofcoccinellaconstitute therefore a good model for investigatime mechanisms by
which C. magnificahas adapted to living in close association witls giMajerus, 1989;
Majerus et al., 2007).

Unlike C. septempunctataC. magnifica is only found foraging in the territories of
F. polyctenacolonies(Majerus, 1994, Sloggett & Majerus, 2000a). Thisistaaint on their
distribution is probably counterbalanced 8y magnificaout-competing other ladybirds in
ant-foraged habitats. Whether this conforms toBEhemy Free Space hypothesis (Jeffries &
Lawton, 1984) has not been tested experimentallyg@iett et al., 2004). Another benefit
might be a reduced risk of intraguild predationigiw, 1983; Breton & Addicott, 1992;
Bishop & Bristow, 2003) becaugg. magnificais the only ladybird present in these ant-
protected areas (Majerus, 1989; Sloggett et Maj&@80b, Godeaat al, in prep). However,
this also remains to be tested.

Colonies of aphids tended by ants are generalbyetarhave a higher growth rate and last
longer because winged forms appear and disperee (aty. El-Ziady & Kennedy, 1956;
Banks, 1962; Way, 1963; Kleinjan & Mittler, 1975ddéicott, 1979; Bristow, 1984; VoIKkI,
1992; Flatt & Weisser, 2000; Sloggett & Majerus @OD It is suggested that the positive
impact of ants on aphid colonies is the drivingcéoin the evolution of myrmecophily in
ladybirds (Sloggett & Majerus 2000a). Neverthelesgen in these rich food patches,
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C. magnificastill has to cope with or avoid inciting attack liye ants protecting these
resources.

Species of ants belonging to the geruasius and Formica are the most common ants
attending aphids in Europe (Holldobler & Wilson,909. They do not sting but can bite or
spray poisonous or acidic chemicals (Holldobler 8isséh, 1990). Ants use their mandibles to
kill eggs and larvae, which are easily seized attérb(Bradley, 1973; Sloggett & Majerus,
2003). Adults, however, can easily escape antlatigaducking down or dropping off a plant
(Bradley, 1973; Sloggett al, 1998). Adult ladybirds are thought to be ablenithstand
attacks by ants thanks to their helmet shape armbtbmdorsal surface. When molested,
ladybirds may also reflex bleed. The substancesagmd in this exudate are repulsive or
distasteful to ants (Happ & Eisner, 1961; Pasteets, 1973, Hollowayet al, 1991).

Adults and larvae o€. magnificaare less frequently attacked Bgrmica workers than are
those ofC. septempunctatéSloggett et al., 1998; Sloggett & Majerus, 2008% anlike this
specie<C. magnificais more likely to remain in the vicinity of antaged colonies than to fly
away (Sloggett & Majerus, 1998). This suggests thgtmecophilous species have evolved
chemical and/or behavioural adaptations for liwnth ants. For example, chemicals on the
body surface or in the droplets of haemolymph pecedubyC. magnificawhen it reflex
bleeds might reduce the aggressiveness of antsdaws species of ladybird. Despite the
indications thatC. magnificais adaptated to living in aphid colonies tendedadmys, the
mechanism(s) by which they achieve this are unknown

The objective of this study was to determine Howmagnifica,unlike C. septempunctatas
able to successfully coexist with ants. The forggbehaviour of these ladybirds in food
patches in the presence of ants was studied itabiwgatory, in particular (a) the intensity of
aggression shown by ants to the eggs, larvae auntsaxd both species and (b) the impact of
ants on the foraging efficiency of these ladybirdehe suitability of some non-
myrmecophilous, facultative and obligate myrmectjs aphid species as prey for
C. magnificaandC. septempunctataas also investigated.

Material and methods

The ant colony

A Formica polyctenanest was collected from the field in Belgium (Mpasd maintained for
five years in the laboratory (20 £ 1°C, LD 16:8)ararge plastic container (70*50*50 cm).
This fully-functional nest contained several humbveorkers and queens and produced brood
every year. Wooden bridges linked the nest to fogagrays where the workers had access to
dead cockroaches and to several glass tubes pluggeccotton wool soaked in a sugary
solution. Fresh cockroaches and supplies of sugae wrovided every week. Other bridges
connected the nest to garbage and experiment thayarge strip of Fluon® was painted
around the rim of the nest container and the vartoays to prevent ants from escaping.

Ladybird culture

Adults of C. magnificaand C. septempunctatevere collected in the field and used to set up
two laboratory cultures. They consisted of aduéiptiat 20 £ 1°C and under LD conditions of
16:8h, in 5-liter plastic boxes, which containepliece of corrugated filter paper on which the
females laid eggs. Three time a week the ladybwese fed an excess of pea aphids,
Acyrthosiphon pisunidarris reared on broad beanNcia fabal. Two stems of broad bean
were added to each box to improve the survivahefaphids. Eggs were taken from the stock
culture and incubated in 175-mlastic boxes kept under the same conditions esstick
culture. After hatching the larvae were fed thrieges a week with an excess of pea aphids
until pupation.
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Experiment 1 : Response of ants to ladybird eggdawae

Strips of corrugated filter paper with batchesCofseptempunctataggs were taken from the
stock culture. The filter paper was carefully cubumd the egg batches with fine scissors.
Then, a batch of eggs was stuck to the bottom @aioraging tray with a piece of adhesive
tape. The ants were then given access to thisamdythe number of times they palpated the
eggs with their antennae and bit the eggs was eduwnter a period of 2 minutes. The number
of antennal contacts with eggs was recorded inrdodestimate the level of ant activity. This
was repeated 10 times. The same experiment wasepeated 10 times usir@y magnifica
eggs.

A first instar larva ofC. septempunctatevas taken from the stock culture, put on a pidce o
filter paper and gently deposited in the experiraktiay. Then, the ants were given access to
the tray. The number of time the ants bit the larwas recorded over a period of 5 minutes.
This was repeated 10 times. The same experimentheasperformed using 15 second - third
and 15 fourth instar larvae. Larvae@fmagnificawere then similarly treated. The number of
times the ants palpated and bit the eggs and lasvdbe two species of ladybirds were
compared using non-parametric Mann-Whitney tests.

Experiment 2 : Response of ants to ladybird adults

An adult ofC. septempunctataas taken from the stock culture and placed oarrioraging
trail on an experimental tray. Care was taken oasttess the ladybird and so avoid reflex
bleeding. Four categories of interaction were ole#kr ranging from low to high
aggressiveness :

Level O (very low aggressiveness) = ants approaeltk, self groom, interact with another
worker and ignore the ladybird ; level 1 = antspp# the ladybird with their antennae or
their labial mouthparts ; level 2 = ants try toebihe ladybird and simultaneously often
straddle the ladybird ; level 3 (high aggressivehes ants bite the ladybird, bend their
abdomen and spray acid or pull the beetle aftanghiiThe interactions between the ants and
the ladybird were observed for 10 minutes and tbeber of each type of interaction
counted. This was repeated 10 times W@tlseptempunctatand the results pooled. Ten adult
C. magnificawere then similarly treated. The frequencies of fing types of interactions
recorded for both species of ladybird were compasedg a G-test (Sokal & Rohlf, 1995).

Experiment 3: Predation efficiency of ladybird aduh the presence and absence of ants
Two saplings ofB. pendula measuring about 1.5 m, were dug up from a plotaofi
colonized by birches in autumn 2001 and plantedviddally in 30 cm diameter pots filled
with standard compost. These saplings were kegidmitluring winter. The next spring they
were placed in the laboratory; wooden bridges cotaakthe pots to the nestef polyctena

In April 2002, 10 twigs of birch infested with srhablonies (< 50 individuals) db. oblongus
were collected from the field and transferred ® ldboratory. Aphids readily moved from the
twigs to branches of the potted birches and formed colonies. More than ten aphid
colonies were present on each sapling in July 2@02n they were used for the experiments
on predation efficiency.

An adult of C. septempunctatavas taken from the stock culture and kept for 2ditimout
food in a Petri dish. At the end of this periodviis gently transferred to the base of a birch
branch on which ants were foraging. The number pifids eaten by the ladybird, the
predation success (= aphid eaten / aphid attacked)the number of aphids leaving the
colonies attacked by ladybirds were recorded oyegrand of 10 minutes. At the same time it
was also noted whether the ladybird ducked dowftexdled or fled when they encountered
ants. This was repeated 17 times and a new apledycased for each replicate. During the
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10 first replicates of this experiment, the aggresbehaviour of the ants was also recorded
using the four categories defined in experimenB@venteen other aduli. septempunctata
were similarly treated, except that ants were aeaduby a ring of glue round, which was
placed round the base of the branch 24 h pridiéekperiment.

The behaviour of 20 adults &. magnificawere similarly recorded on birch saplings with
and without ants.

The number of aphids eaten, capture efficiency taednumber of aphids dislodged by the
ladybirds were analyzed using two way ANOVA. Prior these analyses, the data were
respectively log, arcsin and square-root transfdrriee normalize the data and equate the
variances. The number of times the ladybirds duakaan, reflex bled or flew away when
encountered by ants were log transformed prioreiagpanalyzed using a two way ANOVA
followed by post-hoc Tukey tests (Sokal & Rohlf959.

Experiment 4 : Survival of ladybird larvae fed dffatent species of aphids

The ability of the larvae of. magnificaandC. septempunctatep survive and develop when
fed ant-attended and non-attended aphids was igatsd in the laboratory in the absence of
ants. Two non-myrmecophilous aphids were usktEtopolophium dirhodum(Walker)
collected in the field fronArrhenaterum elatiugL.) Beauv. ex. J. et C. Presl. aAdpisum
reared onVicia faba ; one toxic and facultatively ant-attended aph#pHis jacobaeae
Schrank) collected in the field frorBenecio inaequidenBC. where it was attended by
Lasius nigerL. (Witte et al., 1990; Pasteels, 2007) and andaghat is always attended by
ants Symydobius oblongu®/on Heyden)) was also used. The later speciesrea®d on
potted Betula pendulaL. to which ants from the laboratory nest had ascésee below).
Immediately after hatching, 20 first instar larvaieC. magnificawere fedM. dirhodumad
libitum until they pupated. The number of larvaevsting was recorded after each moult.
Ten first instar larvae were similarly reared Anpisum 12 on S. oblongusand 15 on
A. jacobaeae This experiment was repeated with 10, 5 and 9t finstar larvae of
C. septempunctateespectively fedA. pisum S. oblongusand A. jacobaeaeThe survival of
the larvae of both species was compared using anégrov-Smirnov two-sample test
(Sokal & Rohlf, 1995).

Results

Experiment 1. Response of ants to ladybird eggdande

C. magnificaeggs were bitten significantly less often thansthofC. septempunctataeven
though the ants displayed the same level of agtiint the foraging trays during the
experiments on both these ladybird species (Table 1

Similarly, C. magnifica larvae were bitten significantly less often thahose of
C. septempunctatd@able 1).

Table 1. The mean number of tinfespolyctenaworkers palpated with their antennae (upper rowd) lait the
immature stages (other rows)®f septempunctatandC. magnifica* P < 0.05, ** P < 0.01, *** P < 0.001

Stage N C. magnifica C. septempunctatdann-Whitney (W) P-value
Egg cluster (No. of 29.5 28.7 100 0.7337N. S.
palpations)
Egg cluster 10 2.5 11.6 154.5 0.0002 **
Instar 1 10 13 4.4 136 0.0184 *
Instar 2 and 3 15 4.2 12.8 326.5 0.0001 ***
Instar 4 15 4.5 8.3 290.5 0.0166 *

Experiment 2: Response of ants to ladybird adults
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The ants responded to the adults of both speci€oatinellasimilarly. The most aggressive
types of interaction were rather rare &hdseptempunctataas not subjected to more attacks
thanC. magnifica(G = 2.6; DF = 3; N.S.; Fig. 1).
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Fig. 1. The incidence of aggressive behaviour ofdasing aggressiveness displayed
by F. polyctenaworkers toward€. magnificaor C. septempunctatadults.

Experiment 3: Predation efficiency of ladybird aduh the presence and absence of ants
Ladybird predation

In terms of the number of aphids eaten, predatimtess and number of aphids escaping
from ladybirds, there were no influence of the pre of ants on the differences between the
two species of ladybird (ANOVA interaction of antepence*ladybird species: number of
aphids eaten :f70= 0.04; P = 0.848; predation succesg ydr= 3.10; P = 0.083; number of
aphids escaping 170 = 4.07; P = 0.051)

For both species of ladybirds, the presence o#ttis resulted in a significant decrease in the
number of aphids eaten and of aphids leaving cetoaitacked by ladybirds compared to
when ants were absent (number of aphids eat@ryg £ 9.97; P = 0.002; number of aphids
leaving the colony : f£70;= 8.48; P = 0.006)C. magnificaalways ate more aphids and had a
higher predation success th@nseptempunctatérig. 2). The difference in the performance
of C. magnificaand C. septempunctatincreased and became more significant when ants
were present (number of aphids eaten: Tukey cosgrari T = -2.725; P = 0.0396; predation
success : T =-4.49; P = 0.0002).
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comparisons).

Ladybird behaviour

The two ladybirds differed significantly in theieactions to ant attack (interaction; §g; =
15.72; P = 0.000; Fig. 3). The most common reaaiifdd. septempunctataas to move away
from ants, which they did significantly more oftdran C. magnifica(T = -5.47; P ~ O; Fig.
3). When attacked by an@& magnificatended to stay in or next to an aphid colony amckd
down more often tharC. septempunctat§T = 2.32; P = 0.19; Fig. 3). Reflex bleeding
occurred less frequently than either ducking dowr €3.04; P = 0.0084) or moving away (T
=-5.83; P ~ 0) and to a similar extent in bothyladds (T = -0.323; P = 0.99; Fig. 3). As a
consequenc€. magnificaon average spent significantly more time in anidygatch than
C. septempunctatg496 versus 114.5 seconds; W = 60; P = 0.0008).
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Fig 3. Ladybird behaviour when attacked by antenéingSymydobius oblongu®lonies on a potted
Betula pendula

Ant behaviour
The response of ants to both ladybirds was similaey showed a low level of aggression
(‘Contact’ and ‘Biting’), which rarely involved bitg (Table 2).

Table 2. The incidence of different levels of aggien exhibited by ants encountering ladybirdsrinlose to an
aphid colony.

Level of aggression C. magnifica C. septempunctatal
Contact (Level 1) 24,74 42,11
Biting (Level 2) 48,97 39,64
Bite elytra (Level 3) 9,90 6,79
Bite leg (Level 3) 2,51 0,00
Abdomen bending (Level 3) 13,88 11,46

1 The number of replicates was 9 frseptempunctatdecause on one occasion no ants were encountered.

Experiment 4: Survival of ladybird larvae fed difat species of aphids

The larvae of both species Gobccinelladeveloped and survived equally well on a diet of
A. pisum M. dirhodum and S. oblongus A. jacobaeaewas a less suitable prey for
C. septempunctatand a highly toxic prey fo€. magnifica That is, both species of ladybird
survive equally well when fed orA. pisum and the myrmecophilousS. oblongus.
C. septempunctataurvives poorly but surprisingly better th&@xmagnificawhen fed on the
myrmecophiloudA. jacobaeaen the absence of ants (Table 3).
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Table 3. The survival of the different larval instafC. magnificaandC. septempunctatied different species
of aphid.

Aphid Metopolophium| Acyrthosiphon| Symydobius Aphis
species dirhodum pisum oblongus jacobaeae
8 8 s
8 8 8
(] (&) (&)
c c c
S 3 S 3 S 3 S
= £ h= £ = = =
c 9 c 9 [ 2 c
g o g o g o g
Ladybird E o E e B o E
Instar 1 100% 100% 100% 100% 100po 100%  100%
Instar 2 95% 100% 100% 100% 100% 100%  100%
Instar 3 90% 100% 100% 100% 1009 100% 33,3%
Instar 4 90% 100% 100% 100% 100% 88,9% 0%
N= 20 10 10 5 12 9 15
Discussion

The results of the experiments in which ladybirdygglarvae and adults and ants were
presented to ants suggest that two different botptementary mechanisms account for the
relative immunity ofC. magnificafrom F. polyctenaattack. This ladybird may be protected
chemically and/or derive some protection from gdwviour.

The eggs and larvae of ladybirds are easily kilgdants biting them. Therefore, it would be
adaptative if these instars 6f magnificawere protected by cuticular chemicals that reduced
ant aggression. When placed on trails followed g @& the laboratory, eggs and larvae of
C. magnificawere less frequently attacked than thos€ o$eptempunctatalrhe later were
often destroyed by ants. That is, workerd-opolyctenaare able to distinguish between the
immature instars of these two ladybirds. Cuticligdrocarbons are a good candidate as they
are known to play a role in the communication betwkdybirds (Hemptinnet al, 1996 and
1998). Moreover, nestmate recognition in ants igliasted by cuticular hydrocarbons and
fatty acids (Dettner and Liepert, 1994; Leneiral, 2001) and the hydrocarbon profiles of
myrmecophilous guests are similar to those of thest ants (Vander Meer and Wojcik,
1982; Akino, 2002; Orivett al, 2004).

The results indicate th&. magnificalarvae survived equally well to the fourth instard
adult stage (in prep.) when fed non-myrmecophil@ds dirhodum and A. pisum and an
obligatory myrmecophilous aphidS(oblongus Thus C. magnifica is not a strongly
specialized in terms of prey specificity, whichc@nsistent with its large set of preferred prey
(Sloggett et al, 2002). Our results indicate th&. magnifica survived less well than
C. septempunctatavhen fed A. jacobaeae The latter species survives and sequesters
pyrrolizidine alkaloids when it feeds on this toxiphid(Witte et al, 1990), whereas none of
the larvae ofC. magnificasurvived to the fourth instar. Thus t6e magnificawe used appear
poorly adapted to feed on some myrmecophilous apfikis is not in accord with the results
of our field study in whiclC. magnificais recorded as mainly exploiting the myrmecopkhslou
Aphis sarothamniFranss.), an aphid that contains quinolizidinealalkis (in prep). This
natural population probably expressed a phenotggaptation allowing the metabolism of
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toxic chemicals as is the case wih bipunctataeating Aphis fabaeScopoli (Raneet al,
2002).

On the other hand, adults of both magnificaand C. septempunctatare attacked when
dropped on ant nests (Donisthorpe, 1920a and 192@kpraging trails and on ant attended
aphid colonies in the field (Sloggett et al., 19%pggett & Majerus, 2003). In our
experiments in the laboratory,C. magnifica provokes weaker aggression than
C. septempunctatal hese results also suggest that ant workers istimglish between the
two species of ladybird by tactile contact. The exqpent using potted birches indicates
another aspect of the probler@. septempunctathas a natural tendency to leave aphid
patches when it is attacked by ants wher€asagnificatended to assume a defensive
position and to stay longer in ant attended aphbldrges. The adults frequently ducked down
and were seen to move their elytra to shield theraseand fend off ant attackS. magnifica
can even continue eating an aphid when it crouclusgly against the substrate or when ants
try to bite it (Pers. obs.; Sloggett et al., 199B)metimesC. magnificagrasps an aphid and
retreats some distance from the colony to escapattatks (Pers. obs.; Sloggett & Majerus
2003). This behaviour is not only known f@. magnificabut is also proposed as the
mechanism by whick. septempunctata able to reduce aphid disturbance when foraging o
Centaurea sp(Stadler, 1991). Therefore, even though adult ¢baindefence probably plays
a role in the protection of. magnificafrom ant aggression, its behaviour also allows thi
ladybird to forage in the territories Bf rufa andF. polyctena

It is necessary to know more than it can coexishwants to understand ho@. magnifica
populations develop successfully in ant-dominatezhs® It remains to be shown that this
ladybird forages optimally. The predation efficignaf C. magnificaand C. septempunctata
foraging on potted birches in the absence of aiffisred with the former species eating more
aphids than the later. This advantage&Cofmagnificais greater when ants have access to the
birches.C. magnificaalso disturbed the aphids less in ant-attendednees. As ladybirds
often experience difficulties in eating aphids e tpresence of ants it is not surprising that
C. septempunctatand other ladybird species are rarely found Witmagnificain the field.

The results of the laboratory experiments repotteck indicate that ants have a negative
effect on ladybird foraging success, as is recordedhe hyperparasitoidlloxysta brevis
(Thomson) (Hubner, 2000). The number of aphidsrebieboth ladybirds decreased when
ants were present. Probably, the ants disturbesktlalybirds and therefore increased their
prey handling time.C. magnifica stayed in ant attended aphid colonies, whereas
C. septempunctatdeft when ants were present. This difference irhaveour enables

C. magnificato exploit a rich source of food, which is not dafale to many other
aphidophagous insects.

The degree of protection of mutualistic Hemipteyadmts is highly variable in space and
time, depending on the densities of the coloniest( & Addicott, 1992; Bishop & Bristow,
2003) or honeydew composition (Volkt al, 1999; Fishert al, 2002; Woodringet al,
2004). Depending on the ecological parametersngatéended species can benefit from both
a high and low level of protection by ants. Sintjlatwo species of aphid can compete for ant
protection in the same habitat yet be unequallygoted because of their species specific
characteristics. Mutualistic interactions therefare very variable, which could explain the
diversity of ant-associated mutualists’ predators.

The two myrmecophilous ladybird§,. magnificaand P. luteorubra strongly differ in prey
specificity, with the former a generalist (lik& septempunctatebut restricted to particular
habitats, and the latter is oligophagous feedingaphids infesting common plants like
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C. arvenser T. vulgare Myrmecophily is likely to have evolved indepentlgiseveral times
in the Coccinellidae and as a result is likelydket different forms. Comparisons with other
myrmecophilous Hemiptera-eaters are needed fortterbenderstanding of these complex
interactions.

Acknowledgements
We warmly acknowledge Marie Coulonval who helpethwine experiments.

References

Addicott, J.F. (1979) A multiple aphid-ant assaoat density dependence and
species-specific effect€anadian Journal of Zoolog¥%7, 558-5609.

Akino, T. (2002) Chemical camouflage by myrmecophd beetleZyras comes
(Coleoptera: Staphylinidae) amdaritiger fossulatugColeoptera: Pselaphidae) to be
integrated into the nest bhsius fuliginosugHymenoptera: Formicidae).
Chemoecologyl 2, 83-89.

Banks, C.J. (1962) Effects of the &mtsius niger(L.) on insects preying on small
population ofAphis fabaeScop. on bean plant&nnals of Applied Biology0, 669-
679.

Bishop, D.B., Bristow C.M. (2003) Effects of theepence of the Allegheny Mound
Ant (Hymenoptera: Formicidae) in Providing Enemgé&Space to Myrmecophilous
Aphid and Soft Scale Populatiosnals of the Entomological Society of America
96(3), 202-210.

Bradley, G.A. (1973) Effect dformica obscuripegHymenoptera, Formicidae) on the
predator-prey relationship betwedgperaspis congress{€oleoptera, Coccinellidae)
andToumeyella numismaticu(ilomoptera, Coccididaetanadian Entomologist
105 1113-1118.

Breton, L.M., Addicott, J.F. (1992) Density-dependautualism in an aphid-ant
interaction.Ecology 73(6), 2175-2180.

Bristow, C.M. (1983) Treehoppers transfer parecaaé to ants: a new benefit of
mutualism.Science220, 532-533.

Bristow, C.M. (1984) Differential benefits from aattendance to two species of
Homoptera on New York Ironweedournal of Animal Ecologyp3, 715-726.

Dettner, K., Liepert, C. (1994) Chemical mimicrydazamouflageAnnual Review of
Entomology39, 129-154.

Donisthorpe, H.St.J.K. (1920a) The Myrmecophiloasly-Bird, Coccinella distincta
Fald., its Life History and Association with AnfBhe Entomologist's Recqrd XXl
(12), 214-222.

Donisthorpe, H.St.J.K. (1920b) The Myrmecophiloasly-Bird, Coccinella distincta
Fald., its Life History and Association with AnfBhe Entomologist's RecqrdXXI|
(1), 1-3 + 11

El-Ziady, S., Kennedy, J.S. (1956). Beneficial eféeof the common garden ant,
Lasius nigeyon the black bean aphiflphis fabaeProceedings of the Royal
Entomological Society of LondoB]1, 61-65.

Fischer M.K., Volkl W., Schopf R., Hoffmann K.H.q@2) Age-specific patterns in
honeydew production and honeydew composition iragffedMetopeurum
fuscoviride implications for ant-attendancéournal of Insect Physiology8, 319-
326.

Flatt, T., Weisser, W.W. (2000) The effects of Malistic Ants on Aphids Life
History Traits.Ecology 81(12) 3522-3529.

41



Happ, G., Eisner, Th. (1961) Haemorrhage in a Cmatiod Beetle and its repellent
effect on AntsSciencel34, 329-331.

Hemptinne, J.-L., Dixon, A.F.G., Lognay, G. (1988arching behaviour and mate
recognition by males of the two-spot ladybird begidalia bipunctataEcological
Entomology21(2), 165-170.

Hemptinne, J.-L., Lognay, G., Dixon, A.F.G. (1998ate recognition in the two-spot
ladybird beetleAdalia bipunctatarole of chemical and behavioural cuésurnal of
Insect Physiologyt4, 1163-1171.

Hodek, 1., Honek, A. (1996) Ecology of Coccinelkd&luwer Academic Publishers
464 pp.

Holldobler, B., Wilson, E. O. (1990) The Anpringer-Verlag, Berlin Heidelberg
732 Pp.

Holloway, G.J., De Jong, P.W., Brakfield, P.M., Des H. (1991) Chemical defence
in ladybird beetles (Coccinellidae). I. Distributiof coccinelline and individual
variation in defence in 7-spdC( septempunctayfaChemoecology?, 7-14.

Hubner, G. (2000) Differential interactions betweenaphid endohyperparasitoid and
three honeydew-collecting ant species: A field gtofdAlloxusta brevigThomson)
(Hymenoptera: Alloxysidaejournal of Insect Behavipl3(5), 771-784.
lablokoff-Khnzorian, S.M. (1982) Les coccinelleso{€opteres - Coccinellidae).
Société nouvelle des éditions Boubée, R&68 Pp.

Jeffries, M.J., Lawton, J.H. (1984) Enemy free gpaicd the structure of ecological
communitiesBiological Journal of the Linnean SocieB8(4), 269-286.

Kleinjan, J.E., Mittler, T.E. (1975) A chemical ilnénce of ants on wing development
in Aphids.Entomologia Experimentalis et Applicati8, 384-388.

Lenoir, A., D'Ettorre, P., Errard, C., Hefetz AO(®L) Chemical ecology and social
parasitism in antAnnual Review of Entomologd6, 573-599.

Majerus, M.E.N. (1989Coccinella magnificdRedtenbacher): a myrmecophilous
ladybird.British Journal of Entomological Nature Histqr8, 97-106.

Majerus, M.E.N. (1994) Ladybirddlew Naturalist Series. HarperCollins, London
339 Pp.

Majerus, M.E.N., Kearns, P.W.E. (1989) LadybirdatiNalist's HandboolRkichmond
Publishing: Sloughl10, 103 Pp.

Majerus, M.E.N., Sloggett, J.J., Godeau, J.-F., pteme, J.-L. (2007) Interactions
between ants and aphidophagous and coccidophaapytsrds.Population Ecology
49, 15-27.

Morales, M.A. (2000) Mechanisms and Density Dependef Benefit in an Ant-
Membracid MutualismEcology 81(2), 482—-489.

Nixon, G.E.J. (1951) The association of ants wyhids and coccid€€ommonwealth
Institute of Entomology36 pp.

Orivel, J., Servigne, P., Cerdan, Ph., DejeanCArpara B. (2004) The ladybird
Thalassa saginataan obligatory myrmecophile @olichoderus bidenant colonies.
Naturwissenschafte®1, 97-100.

Pasteels ,J.M., Deroe, C., Tursh, B., Braekman, D&loze, D., Hootele, C. (1973)
Distribution et activités des alcaloides défendds Coccinellidaelournal of Insect
Physiology 19, 1771-1784.

Pasteels, J.M. (2007) Chemical defence, offenseabiadce in ants-aphids-ladybirds
relationshipsPopulation Ecology49(1), 5-14.

Rana, J.S., Dixon, A.F.G., Jarosik, V. (2002) Casis benefits of prey specialization
in a generalist insect predatdaurnal of animal Ecology’1, 15-22.

42



Skinner, G.J. (1980) The feeding habits of the WAatl Formica rufa
(Hymenoptera: Formicidae) in Limestone woodlandanth-west Englandlournal of
Animal Ecology49, 417-433.

Slipinski, A. (2007) Australian Ladybird Beetlesql€optera: Coccinellidae). Their
biology and classificatiorAustralian Biological Resources Study. Col. 1lji88 Pp.
Sloggett, J.J., Majerus, M.E.N. (2000a) Aphid-mestiacoexistence of ladybirds
(Coleoptera: Coccinellidae) and the wood lamtmica rufa seasonal effects,
interspecific variability and the evolution of acoinellid myrmecophileOikos 89,
345-359.

Sloggett, J.J., Majerus, M.E.N. (2000b) Habitafgmences and diet in the predatory
Coccinellidae (Coleoptera): an evolutionary persigecBiological Journal of the
Linnean Society70, 63-88.

Sloggett, J.J., Majerus, M.E.N. (2003) Adaptatioh€occinella magnifica
Redtenbacher, a Myrmecophilous Coccinellid, to A&ggiron by Wood Antd=prmica
rufa Group). Il. Larval behaviour and ladybird ovipasit location.European Journal
of Entomology100 (3) 337-344.

Sloggett, J.J., Volkl, W., Schulze, W., Schulenh@gv.D., Majerus, M.E.N. (2002)
The ant-associations and diet of the lady&otcinella magnificdColeoptera:
Coccinellidae)European Journal of Entomolog¥9, 565-569.

Sloggett, J.J., Webbereley, K.M., Majerus, M.E.20(4) Low parasitoid success on a
myrmecophilous host is maintained in the absen@atd.Ecological Entomology29
123-127.

Sloggett, J.J., Wood, R.A., Majerus, M.E.N. (1988pptations ofCoccinella
magnificaRedtenbacher, a Myrmecophilous Coccinellid, to rkggion by Wood Ants
(Formica rufaGroup). I. Adult Behavorial Adaptation, Its Ecolcgl Context and
Evolution.Journal of Insect Behavipfl1(6), 889-904.

Sokal, R.R., Rohlf, F.J. (1995) Biometry. Thirdtezh. W. H. Freeman and Co., San
Francisco, CA887 Pp.

Stadler, B. (1991) Predation succes€otcinella septempunctatehen attacking
differentUroleuconspecieBehaviour and impact of Aphidophagz65-271.

Vander Meer, R.K., Wojcik, D.P. (1982) Chemical marng in the myrmecophilous
beetleMyrmecaphodius excavaticolliScience218 (4574) 806-808.

Volkl, W. (1992) Aphids or their parasitoids: whatially benefit from ant-
attendance3ournal of Animal Ecology61(2), 273-281.

Volkl, W. (1995) Behavorial and morphological adstfins of the Coccinellid,
Platynaspis luteorubrdor exploiting ant-attended resources (Coleoptera:
Coccinellidae)Journal of Insect Behavip8(5), 653-670.

Volkl, W., Woodring, J., Fischer M.K., Lorenz, M. YWHoffmann, K. H. (1999) Ant-
aphid mutualisms: the impact of honeydew producéiod honeydew sugar
composition on ant preferenc&ecologia 118(4) 483-491.

Way, M.J. (1963) Mutualism between ants and honegycing homopteraAnnual
Review of Entomolog$, 307-344.

Witte, L., Ehmke, A., Hartmann, Th. (1990) Intersifie flow of Pyrrolizidine
alkaloids.Naturwissenschaftei@7, 540-543.

Woodring, J., Wiedermann, R., Fischer, M.K., HoffmaK.H., Vo6lkl, W. (2004)
Honeydew amino acids in relation to sugars and té in the establishment of ant-
attendance hierarchy in eight species of aphiddifigeon tansyTanacetum vulga)e
Physiological Entomology9, 311-319.

43



ARTICLE Ill : Ant trail : a highway for  Coccinella. magnifica
Redtenbacher (Coleoptera: Coccinellidae)
J.-F. GODEAU, J.-L. HEMPTINNE & J.-C. VERHAEGHE

GODEAU, J.-F., J.-L. HMPTINNE & J.-C. VERHAEGHE 2003. Ant trail: a highway foCoccinella magnifica
Redtenbacher (Coleoptera: Coccinellidae). Pp. 7988.0. SOARES M.A. VENTURA, V. GARCIA & J.-L.
HEMPTINNE (Eds) 2003. Proceedings of the Biternational Symposium on Ecology of AphidophaBalogy,
Ecology and Behaviour of Aphidophagous Inseéigjuipélago Life and Marine Sciences. Supplement 5: x +
112 pp.

Abstract : Red Wood Ant species chemically mark .trails renting their nest to aphid colonies. The trail
pheromone are produced in the ant's hindgut. Titge lxails are maintained thanks to visual clue bhedause
new pheromone marks are regularly laid down. Asrssequence, Red Wood Ant's workers create a netwfork
trails equivalent to hundreds of meters around yeverst moundCoccinella magnificas an aphidophagous
ladybird species living only in the vicinity of Rafood ant's nests. It preys upon aphid coloniearrigss of
ant's presence. We show here that, in the labgrabrmagnificacan follow a recruitment trail laid down by
Formica polyctenaunder artificial conditions with its hindgut's pbemone. This is confirmed by field
observations of ladybirds walking along natural Ra&od Ant's trails. AsC. magnificaappears to be a
specialist, this behaviour is adaptive to efficigidcate prey.

INTRODUCTION

In most temperate forests, lives a well-known gecsges : the red wood arfedrmica rufa
sensu latd which is a taxonomical complex including somelegiral species separated by
their habitat preferences fkrRow 1955; &IFERT 1996). It lives in large colonies whose nests
are built as a hillock of dead plant fragments.sTiiound can reach 1.5 to 2 meters high and
shelter hundreds of thousands ant individual®L(tHOBLER & WILSON 1990). The other
striking aspect of that ant are their wide foragtrgls, linking the nest to food resources
scattered in the surroundingk{SNER 1980). Trails are marked by workers which uses
chemical pheromones probably produced in the hindgd in other glands @BBA & PAVAN
1970; RRRY & MORGAN 1979; AITYGALE & MORGAN 1984). Moreover, visual cues have
been demonstrated to play an important role inrredd ants orientation.

Ants are largely known as invertebrate predators they also gather honeydew and
occasionally prey upon aphids dwelling in trees simdibs (e.g. Wy 1963; KINNER 1980).
What are the relationships between ants, aphidsaphidl predators?

Since more than half a century, it is largely atditthat ants increase attended aphid
populations by cleaning the honeydew droplets gloiedhe colony and by protecting them
against intruders, especially ladybirds, lacewirmgys and syrphids (e.gABKs 1962;WAY
1963;HOLLDOBLER & WILSON 1990).

Ladybirds found in red wood ant’s habitat are mamwbodland-specialised species whose
adults and larvae feed on tree aphids. In compangith open areas, aphid resources are
more dispersed vertically in the forest vegetatitages. All these hotspots of attended aphids
are scattered in a three-dimension maze of braneltesh create a more complex situation
for food location than a two-dimensions system @mblaceous vegetation. Some ladybirds
species encountered in woodland aMyzia oblongoguttataL. in deciduous ones, or
Myrrha octodecimguttatd. in pine forests, oCoccinella magnificaRedtenbacher in mixed
forests, which is morphologically very similar @occinella septempunctata but scarcer
because of its localised distribution AMRUS 1994). Some of these species are occasionally
observed on ants trails, being brought back tornest. Field observations revealed that
M. oblongoguttataand Anatis ocellatal.. are sometimes observed as prey, carrieé.lryfa
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L. on foraging trails (S0GGETTet al., 1999). In that cases, ladybirds have bdérdky ants

or found already deadC. magnificais the only species usually observed alive on drail
walking among ant workers (8GGETTet al., 1999; pers. obs.). This species is knowlivéo
aroundF. rufa’s colonies (NISTHORPE 1920a and b; MUERUS 1989), it is suspected to
benefit from ant-attended colonies, by preying uppnin spite of the ant aggressive
behaviour.

C. magnificahas evolved as a specialised predator, adapteddid ants aggressiveness.
Though, we ignore whether this apparent immunitydie to the use of appeasement
chemicals produced by the ladybird or only to behaal adaptations. Since it is clearly
established that adults and larvagCoimagnificaeat attended aphids, there is no information
attesting that it also follows ants trails to enteits food location efficiency. If it was the
case, this adaptation, combined with an apparentuinity toward ants, could represent a
strong selective advantage.

We want to test the fact th@& magnificais found alond-. rufa’s trails not as a prey but as an
intruder.

We report here the results of two experiments uaiRgrmica polyctendorester colony kept
in laboratory and two specie of ladybirds, magnificaandC. septempunctata

MATERIAL AND METHODS

Tests with a naturally-laid trail

In the first experiment, we used a naturally-land &ail which is obtained as follows. A nest
is connected by a bridge to an area with a sudatieo. When the recruitment of workers
was important, a cardboard sheet, on which a gas tnaced with a pencil, was place on the
bridge (shaded squares on Figure 1). Only a rowgofires was accessible to the ants, the
others were covered with two smaller cardboardtsh&@orkers walked for two hours on this
row when travelling back and forth between the reesd the sugary solution. Then, the
cardboard sheet was uncovered and deposited ireaa where the tests were performed with
C. magnificaadults.

Fig. 1. Cardboard sheet on which a row of squaieaded) have
been marked by trail pheromones laid by foraging.atin sample
of a path walked by a ladybird is figured.

N

Marked and non-marked squares on which the ladylwaitked were counted during two
minutes. The comparison between ladybird’'s path #rel rows of marked square was
obtained by using a similarity index Sl (1) (Verghe 1982), indicating if there is a
preference for marked squares :
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_ Nc2
S| =NaxNb (1)
where Nc = number of marked squares crossed bhadlybird, Na = total number of marked
squares and Nb = total number of squares cross#telgdybird.
Occupation time of each square was also measuraa estimation of walk speed.
Each adult was firstly tested with a marked cardéb@and then presented with an unmarked

cardboard. There were 9 replicates with the anstaad 8 with a clean cardboard.

Tests with an artificial circular trail

In the second experiment, we aimed at confirmingfiost results and obtaining more precise
information about the nature of the observed ailt-twe made an atrtificial circular trail, by
dissecting ants, extracting the gland which prodube trail pheromones. Ant workers were
collected on the foraging trails from the laborgtoest and dissected one by one under water,
with ophthalmologic dissection tools. When one Qimdwas isolated, it was transferred to 75
ml water and crushed. The results of five dissestwere gathered and deposited on a strong
filler paper with a Stadler® metallic pen. This ted, described by A3TEELS and
VERHAEGHE (1974), has already been used in numerous trifdiing experiments with ants
and other invertebrates A@MAERTS et al. 1990; ENOIR et al. 1992; QINET & PASTEELS
1995).

The 12-cm diameter circular trail on a filter papeas put in a circular arena of 25-cm in
diameter and left for 10 minutes before the begigruf the tests. Two identical sequences of
tests have been performed with the same trailto{lr) ants observed during two minutes; (2)
four ladybirds C. magnificaor C. septempunctataluring four minutes; (3) four ladybirds of
the second specie€ (septempunctatar C. magnifica during four minutes; (4) four ants
observed again during two minutes to check out kdrethe trail is still active). The first
sequence took place 10 min after the trail has bedrmdown and the second 70 min later.

The artificial trail was compared to a control krabtained with pure water. There were 5
replicates with the trail and 4 with the control.

All these observations were filmed and analyseeratird. For each sequence, the detection
rate was measured and the “following score” wagadol he detection rate is the number of
times an animal crossed the trail, stopped andtaaby followed it. The “following score” is
the number of 10° arcs consecutively followed byire®ct. This score was log-transformed.
Both the detection rates and the “following scor@® presented by their mean. The statistical
difference between detection rates is obtained dyparing the proportion of defectives
(Detection of trail or not) during all tests. Thesult is a binomial distribution on which we
calculated a value for z (NIST/SEMATECH 2003), eganting the significance level for the
difference between the two proportions (testontrol). The differences between following
scores were tested with a Median test.

RESULTS

Tests with a naturally-laid trail

As the trail is deposited by ants, we assume thatright pheromones are present on the
cardboard sheet. In comparison with the contlmagnificawalked more often (Sks=
0.4219 ; S.kontrom 0.0417; Mann-Whithney U = 109.0; P<0.01, Fig.agd slower (Median
occupation time: marked squares: 2.313 sec; cosedres: 1.259 sec; Mann-Whithney U =
126.0, P< 0.001, Fig. 3) on trail-marked squaré&se results are consistent with an olfactory
detection and orientation @f. magnificathanks to~. polyctendrail pheromones.
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Fig. 2. Following index performed l§y. magnificaon a marked

sheet (in grey) and on control (in white)

Fig. 3. Occupation time of squares, used as amasibn of walk
speed on marked (in grey) and non-marked (in wkiejgres.

Tests with an artificial circular trail

Over the course of the experiments the qualityhefttails deteriorated so that the detection
rate of ant F5 was not different in the presencalmmence of the pheromone (Table@).
magnifica show a strong tendency to respond positively ® gheromone and not to the
control. On the contrary, the detection rat€oteptempunctata not modified by ant trails.
For all the insects tested, there was no differdreteveen the “following scores” measured

with and without pheromone.

Table 1. The detection rates and “following score$F. polyctena (F2, F3, F4 and F5)
C. magnifica (CM_1 and CM_2ndC. septempunctata (C7_1 and C7_2) measured in two

sequential experiments

Detection rate (%)

Sequence Test (N=) Control (n=) Z=
F2 60 (225) 45.99 (137)  4.28 (**¥)
N CM_1 45,78 (166) 36.14 (166) 2.58 (%)
C7 1 56.25 (64) 51.19 (84) 0.81 (N.S))
F3 62.11 (190) 28.26 (92) 2.74 (*)
F4 57.22 (180) 48.62 (181) 2.31 (%)
Nr. 2 CM_2 41.38 (145) 27.52 (109) 3.74 (***)
C7 2 35.58 (104) 37.93 (58) -0.61 (N.S.)
F5 50.48 (198) 51.48 (154) -0.61 (N.S.)
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DISCUSSION

In the laboratory, C. magnifica, is able to folloav natural foraging trail delineated by
pheromone spots.

Artificial trails made up of hindgut extracts aes$ efficient than natural trails. They however
trigger detection and trail-following by ants andr@agnifica.

Our preliminary results might be confirmed by tegtan extract of 10-hindguts instead of 5,
expecting a response twice bigger with ants@nohagnifica

Knowledge about pheromones produced by Dufour,omo@d mandibular glands are quiet
scant in the literature, so that we do not knowrthespective role in the formation Bf rufa
foraging trails. Additional tests must be performtedcheck whether one or more of these
glands could be used to enhance trail-followingcefhcy.

The fact thatC. magnificais able to follow ants trails is adaptive becausssé ladybirds are
able to discover and exploit large aphid coloni¢ésnaled by ants.

This study leads to another question : does thag piaeromone intervenes in mate
encountering, selection of oviposition sites ang leging ?
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ARTICLE IV: A comparison of the reproductive traits of a
generalist and a specialist Coccinella species.
Jean-Francois Godeau and Jean-Louis Hemptinne

Introduction

The environmental conditions experienced by an rasga are likely to influence its life
history parameters, such as the achieved adultaizbe reproductive rate. It is therefore
challenging to investigate the influence of the ittbon the life histories trade-offs of
comparable species. The ecological characterigtias habitat, such as the period of time for
which an organism has access to its preferred ressuleads to specific pressures which will
influence the allocation of energy to various metabfunctions. In an habitat with a relative
high cost of reproduction, a species can achiewvelasi fithess either by combining a high
reproduction with a low growth or a low reproducatiavith a high growth. When the cost of
reproduction is low, the resources are first aliedao growth and then to provide a short but
intense bout of reproduction, usually followed bgath (Begon et al., 1996). But an
organism’s life history is also constrained by figlogenetical position it occupies. Hence, it
can obscures our understanding of the habitat-cterstics trade-offs.

In predatory ladybirds, the two speci€s septempunctatand C. magnificaconstitute an
interesting model. They belong to the same gemgsy; are sympatric, of the same size and
look extremely similar. They are therefore beliewedbe closely related but they have
contrasting habitat preferences (Sloggett & MajeAd®0a).C. septempunctats one of the
commonest ladybird in temperate Palaearctic regitins a generalist predator present in
most types of habitats especially those dominayeanbherbaceous vegetation and it feeds on
more than 30 species of prey (lablokoff-Khnzorigk§82, Hodek & Honek, 1996).
Conversely,C. magnificais one of the rarest species in the same regitins highly
specialized to only live with the red wood arfieimica rufa s.l.group) where it feeds on the
aphids attended by those ants (Donisthorpe, 1988a1820b; Majerus, 1989; Sloggett &
Majerus, 2000b).

The colonies of aphids tended by ants are gendeatigr, have a higher growth rate and last
longer because winged forms appear and dispeee(éay. El-Ziady & Kennedy, 1956; Way,
1963; Kleinjan & Mittler, 1975; Bristow, 1984; Ftat Weisser, 2000). A€. magnificacan
coexist with ants, it is considered to benefit framghly valuable aphid colonies, without the
competition of other predators which avoid anto@8kett & Majerus 2000b). Nevertheless,
C. magnificais not totally ignored by the ants. The workersrefi wood ants are very
aggressive (Mabelis, 1984). When an adulComagnificapreys upon attended aphids, it is
often attacked and is forced to escape (Sloggeit,e1998; Godeau et al. in prep).

In the areas without thE. rufa s.l. species, the colonies of aphids last for shorégiog of
time. ThereforeC. septempunctatand the other competing aphid predators shouleldpv
fast enough to achieve their development beforediy@etion of the preys in the patch.
Moreover, C. septempunctates a big species which should probably arrive eqlgite in a
developing aphid colony so that the aphid supg@lresenough for its offspring.

Therefore, we suspect the two Coccinella specieshdov contrasted life history parameters.
The females of all predatory ladybirds invest thme proportion of their biomass in gonads.
Thus, there is a trade-off among the species betywemducing a lot of small eggs or less but
bigger ones (Stewart et al., 1991). It is adaptafor specialized species to invest more
energy in each egg because the probability of figpdi suitable habitat is less than for the
numerous habitats of generalists. Sicenagnificais restricted to ant-influenced areas, we
predict that it would lay eggs of bigger size thiha generalisC. septempunctata he latter
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would benefit to spread its eggs in many differgplhid colonies as the risks will be shared
between numerous places.

The aim of this paper is to test the predictiort tha specialist species lays fewer but larger
eggs than the generalist one. The actual effethe®ggs size on the growth rate should be
also detected between the two Coccinella.

Material and methods

Ladybird culture

Adults of C. magnificaand C. septempunctatavere collected in the field to set up two
laboratory cultures. These consisted of a maximbd0Dadults reared at 20 + 1°C, LD 16:8,
in 5-liter plastic boxes, which contained a piedecorrugated filter paper on which the
females laid eggs. Three time a week the ladybwdse fed an excess of pea aphids,
Acyrtosiphon pisunHarris reared on broad bean4cia fabal. Two stems of broad bean
were added to each box to improve the survivahefdphids. At the same time the piece of
corrugated filter papers were changed and the agye taken from the stock culture and
incubated in 175-cthplastic boxes under the same conditions as thek stolture. After
hatching the larvae were fed three times a week antexcess of pea aphids until pupation.

The Weight of the eggs and the first instar larvae

Seven batches of eggs Gf magnificawere taken from the ladybird culture. The pieceés o
filter paper on which they had been laid were namiet with distilled water. After a while the
glue fixing those eggs dissolved and the eggs werdly separated using a fine paintbrush.
The eggs were left to dry for one hour for dryingfdse being weighted a Mettler
microbalance to the nearest 0.01 mg. Six batch€s séptempunctataere similarly treated.
The larvae from two egg clusters from t@e magnificaculture were weighed right upon
emergence as were the larvae from on egg clustér. séptempunctatarhe mean weights
were log-transformed before being compared wittuaé&ht T test.

The Reproductive rate

Twelve females o€. magnificawere taken from the ladybird culture and isolated a 9-cm
Petri dish containing a piece of corrugated filp@per. They were fed daily an excess of
A. pisum They were left to acclimatize for 24 h and thée nhumber of eggs laid were
counted daily for 10 days. Seven femaleLCotseptempunctatavere similarly treated. The
females were subsequently weighted alive to theese®.1 mg on a digital microbalance at
the end of this 10 days period. The ladybirds waen frozen and dissected to count the
number of their ovarioles. The reproductive ratg {(Robtained by multiplying the number of
eggs laid per day by the average egg weight. Tindeictive rate is plotted against the adult
weight and we compared the two species with temteduality of slopes and equality of
intercepts between two regression lines (Sokal &IR&995).

The Survival of the first instar larvae

Four batches of eggs @&. magnificawere taken from the ladybird culture and checked
several times per day to spot the moment of emeggehthe first instar larvae. As soon as
the larvae began to walk away from their egg clug@ individuals were taken up with a fine
paintbrush. Each larva was immediately weightea dettler microbalance (see before) and
subsequently isolated in an Eppendorf tube witleagoof damp filter paper. Once a day, the
tube were inspected to check for larval survivdde Bame experiment was repeated with 32
larvae ofC. septempunctathorn from 2 batches of eggs of the ladybird stogkure. Each
species was analysed by linear regression of the &f survival against the initial weight.
The reproductive rate is plotted against the adslight and we compared the two species
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with tests for equality of slopes and equalityrgercepts between two regression lines (Sokal
& Ronhlf, 1995).

The size of the legs of the first instar larvae

Five first instar larvae o€. magnificathat had recently dispersed from their batch ajseg
were taken from the ladybird culture and were Hille ethanol. Their legs were clipped with
a pair of fine scissors and placed in a balsam mogiMmedium between a glass slide and a
cover glass. These preparations were used to nee#tseirsizes of the tibia and the femurs
from the front, mid and hind legs under a binoctitéd with a reticule with an accuracy of
25 um . This was repeated with G. septempunctatkarvae. The lengths of the femurs and
tibias of the two species were compared with a pa@metric Mann-Whitney test because of
the non normality of the data.

The growth rate of the larvae of the two specie€adcinella on different species of aphids
The performances of the larvae ©f magnificaand C. septempunctatashen fed different
species of aphids was investigated in the laboyafbwo non-myrmecophilous aphids were
used :Metopolophium dirhoduniWalker) collected in the field oArrhenaterum elatiugL.)
Beauv. ex. J. et C. Presl. aayrthosiphon pisumeared onVicia faba ; one toxic and
facultative ant-attended aphidAghis jacobaeaeSchrank) collected in the field on
Senecio inaequider3C. and attended hyasius nigerL. (Witte et al., 1990; Pasteels, 2007)
and one aphid always attended by a@gn{ydobius oblongud/on Heyden)) collected on
pottedBetula penduld.. tended byF. polyctenafrom a nest maintained in the laboratory (see
Godeau et al. in prep for additional details). Indim&ely after hatching, 20 first instar larvae
of C. magnificawere fed ad libidunM. dirhodumuntil pupation. The larvae were weighted
after moulting and the duration of each instar réded. Ten first instar larvae were similarly
reared withA. pisum 12 with S. oblongusand 20 withA. jacobea This experiment was
repeated with 10 and 9 first instar larvaeCofseptempunctateespectively fedA. pisumand

A. jacobea The growth rate is calculated as the weight imeeeper hour for the first, second
and third instars. The growth rates of the thresgest are compared separately with an
ANOVA (+ post hoc Fisher comparison). The duratadndevelopment from the egg to the
adult is given for the two Coccinella species aochpared with a Mann-Whitney test.

Results

The Weight of the eggs and the first instar larvae

The eggs oC. magnificaare significantly heavier than those@fseptempunctatéec. magnifica
=0.25+0.025 mg (N = 154) an@ Eeptempunctaiz 0.20 + 0.034 mg (N = 139);T = 14.15; d.f. =
247; P = 0). Not surprisingly, the first instar Vae of C. magnificaare heavier upon
emergence than those oF. septempunctata(C. magnificaz 0.227 %= 0.0199 mpg;
C. septempunctatal.178 £ 0.0279 mqg; T = 7.14; d.f. =29; P = 0).

The Reproductive rate

C. magnificalays significantly less eggs per day tlanseptempunctatd@able 1; T = 3.88;
d.f. = 95; P = 0)C. magnificahas less ovarioles th&h septempunctatd@able 1; W = 45; P
= 0.016). The mean ovarioles number is nearly imes the amount of eggs laid per day,
which suggests that eggs are produced alternatiyebne ovary each day. The number of
ovarioles is weakly correlated with the daily eggdguction (r = 0.35; N.S.) and with the
adult weight (r = 0.27; N.S.). The slopes and titercepts of the relationships of the
reproductive rate (Rr) on adult weights are noniicantly different (Fig.1; slope:(Eis =
0.0534; P > 0.05; interceptsy fs) = 1.224; P > 0.05)C. magnificahas less ovarioles than
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C. septempunctatd@able 1; W = 45; P = 0.016). The mean ovariol@siper is nearly two
times the amount of eggs laid per day, which agnettsthe fact that eggs are produced
alternatively by one of its two ovaries each dayodgh unexpectedly, the amount of
ovarioles is weakly correlated with the daily eggguction (r = 0.35; N.S.) nor with the adult
weight (r = 0.27; N.S.).

Table 1 : The number of eggs laid per day, thereggs laid per day, the adult weight, the ratio od6RW, and
the number of ovarioles of Coccinella females. Teans are compared with a Mann-Whitney test for all
parameters but number of eggs which are comparbdantudent T test.

Eggs per dayi Egg mass per day Adult weight Log(Rr)/Log(Wa) Ovarioles
R Wo) :
Mean SD @ Mean SD Mean SD Mean SD: Mean SD
C. magnifica 29,2 16,87 7,3 1,35 48,5 7,63 0,51 0,049 68,6 5,63
C. septempunctata 441 29,61 8,9 2,32 57,4 11,81 0,53 0,067 88,8 5,20
Difference between T =3.88; W = 76; W =78;
species d.f. = 95; W = 98; P= p= W = 45:
P=0 P =0.069 0.1877 0.2617 P =0.016
134 T
12
117
10+ ~ +
9_
8_
} o
& 74
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Species
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Fig. 1 : The reproductive rate Rr (Egg mass laidday) plotted against the weight of the female,\Vén Log-
transformed scales.

The survival of the first instar larvae

The correlations between the duration of survivad #ghe initial weight are significant for
both species (Fig. 2cm = 0.74; £7 = 0.6) and the slopes and the intercepts are iffeteht
from each other (Slopesjils= 0.158 ; P > 0.05; interceptsi bsj= 1.658 ; P > 0.05). Thus a
larva survives in direct proportion to its resereégnergy. We can infer a mean survival time
from the mean weight of first instar larvae meadusefore. At 20°C, &. magnificalarva
would survive 89.3 hours ar@l septempunctatd5.3 hours before catching its first prey (T =
11.16 ; df =28 ; P ~ 0).
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Fig.2 : The relationship between the duration afisal of starved first instar larva and their ialtweight.

The length of the legs of the first instar larvae

The legs ofC. magnificaare significantly shorter than those ©f septempunctat@lable 2).
The length of the front, mid and hind legsGfmagnificaare respectively 84.4%, 91.8% and
94.6% shorter than those Gf septempunctata

Table 2 : The size of the legs of the two Coccisplecies.

Test between species

Femur Tibia (W=)
Species Leg | Mean SD N | Mean SD N Femur Tibia
Front | 0.34 0.016 13| 0.55 0.023 29 |67 *** 193 ***
C. septempunctata Mid 0.32 0.015 14| 048 0.022 24 |126.5* 150.5 ***

Hind | 0.31 0.013 13| 048 0.022 17 |122.5N.S. 381.5***
Front | 0.31 0.011 10| 0.46 0.024 19
C. magnifica Mid 0.30 0.013 12| 043 0.030 15
Hind | 0.30 0.013 11| 0.44 0.023 25

The Growth rate on different preys

The growth rates of the two ladybirds are differantording to the prey species, for each
larval instars (Table 3). The toxic aphid jacobaeads a resource of lower quality than
A. pisumfor C. septempunctatand is lethal forC. magnificasince no larva reached the
fourth instar (Godeaat al, in prep). The growth rate &. septempunctatied A. pisumwas
higher than those df. magnifica except for first instarC. magnificadeveloped well when
fed A. pisum, S. oblongus M. dirhodum The highest growth rate was achieved during third
instar withM. dirhodum
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Table 3 : The growth rate (mg/h) of the two Coclinspecies fed different species of aphids duttrafirst, the
second and the third larval instars and the tatedtibn of the development of the two Coccinellades fed
A. pisum

C. septempunctatg C. magnifica
A. pisum A.jacobaeap A.pisum A.jacobaecae Snghk M. dirhodum F

Firstinstar | 0.008 0005 | 0.01f  0.004 0.004 0.007 | Fis.ea=19.67
Second instaf 0.022 001" | 0.016¢  0.00 0.014 0.01%c | F.su=686
Third instar | 0.059 0.026' 0.033* - 0.044°¢ 0.047 F[4'-3§31*f 9.86
Development Ao
time (firstto | 554.7 - 585.75 - - - W=4L P =

) 0.134 N.S.

fourth instar)

Discussion

Our measures confirm that the reproductive ratbodh species is proportional to their body
weight. We also confirm the predicted differencéws=n the two Coccinella species in the
size of their eggs: those 6f magnificaare 25% larger than those ©f septempunctatd he
trade-off for fewer but larger eggs i@. magnificamay be attributed to its specialist
myrmecophilous strategy but it does not explainclwhevolutionary pressures led to this
trend.

The relatively large eggs @&. magnificagive birth to larvae which have more reserves of
energy to overcome starvation th@anseptempunctatdVe have shown th&. magnificalaid

its eggs at some distance from the aphid colofeether than other ladybirds do (Godeau &
Hemptinne, in prep). Hence, we suggest that thieenigurvival ofC. magnificawould allow

its larvae to search longer for their first preyoidover,C. magnificalarvae have shorter legs
than thoseC. septempunctatdhus the former cannot walk faster than the laffee size of
C. magnificalarvae is therefore likely to allow them for cowey bigger distance to find a
suitable patch of preys than the other ladybirccEgse As a larva o€. magnificareaches an
attended colony of aphids, it does probably notdneewalk away to find other colonies
because ant prolong the persistence of the aplahies. This can explain why its legs are
relatively small (Dixon, 2000).

C. magnificais sometimes observed to prey upon unattendedlsyfBiloggett et al., 2004;
Godeau & Hemptinne, in prep) and we found thalaitéae can develop on different attended
or unattended aphids, but not on toxic ofi@snagnificalooks therefore to be specialized for
ants but not for a specific prey species.

When fed the same pre.(pisun), the second and third larval instarsfmagnificahave a
lower growth rate tharC. septempunctatdarvae. Even with starting with bigger eggs,
C. magnificaachieves a smaller adult size during about theespeariod of growth. These
results suggest that, conversely to the other ladyjthe selection for big eggs is not likely to
be explained by a reduction of the development tm@. magnifica

We conclude that the females @f. magnificainvest more energy in each egg than
C. septempunctathecause of the presence of ants. But this cospusterbalanced by the
abundant and longer-persisting supplies of aphidgiged by these ants.
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ARTICLE V : Is variability of adult size an indicat  or of
specialization in predatory insects ?
Jean-Francois Godeau and Jean-Louis Hemptinne

Introduction

Assessing the degree of specialization of a spenesbe of practical interest, for example,
for conservation (Thomas & Morris, 1994). The sgies to implement in order to protect a
species confined to a narrow range of habitatsood fsources are probably different from
those that will protect a species able to expldarge set of resources. However, assessing
correctly the diet breath of a species may be attlagitask and may require time-consuming
field works. In addition, data sets assembled ffimial observations are often biased towards
the records of food eaten by insects encounteredaim made habitats where they aggregate
in rich patches. For example, the preferences ofe tHadybird beetle
Coccinella septempunctata, which is a dominant species in herbaceous cespsrather
well known. On the other hand, it is still a softaomystery for species dwelling in trees, like
Calvia decemguttatdl._.). It is tempting to bypass these difficulti@sd try to get some insight
into diet breadth by laboratory observations. Thés been done for some predators. The
suitability of different aphid species have beevestigated by comparing their development
or by measuring their fecundity (Blackman, 1965buquerqueet al, 1997; Obryckiet al,
1997; Kalushkow, 1998; Rarm al, 2002; Kalushkov & Hodek, 2005). These investmyadi
though bringing good information on the food requients, remain marginal to assess the
actual degree of specialisation of predators coméa with the huge diversity of prey
available in the field.

On the other hand, Museum collections represeauecs of data coming from the field. They
are made of numerous specimens that have beentcaugha large period of time and
coming from diverse territories. This source ofadas usually not rich in ecological
information but their advantage is that all thecspens can be easily handled and measured.
However, after a quick glimpse at insect collecdiome immediately gets the impression that
some species are much more variable in size thearsot

This questions about the processes that promotatiaspecific difference of size among a
population. Size is dependent on the species gahetiake-up but knowledge about the
amplitude of size variation in species under cartsé@vironmental conditions are still rare
(Grill et al, 1997; Dixon, 2000). In contrast, the influencetbé environment is better
understood. Temperature has a large influence zemssnce it influences larval growth rate.
(Butler, 1982; Katsaroet al, 2005). The quantity and quality of resources amlmence
larval growth rate and adult size (Blackman, 196%gushi, 1987; Dixon & Guo, 1993;
Haugeet al, 1998; Fujiyama & Katakura, 2001). When a lastandarva reaches a certain
critical size, starvation can lead to prematureltadwlting via a cascade of hormonal
interactions (Davidowitzet al, 2003). These premature adults are smaller thartsad
resulting from an undisturbed larval growth.

Is a relationship between size variation and sfizatson likely? In situations of food

scarcity, specialists are left with few options dnege the probability of finding a alternative
suitable prey is very small. The possibility thia¢ trarity of the normal prey would favour a
gradual acceptance of an alternative prey is thieatly possible. However, this appears
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unlikely in predator-prey systems where the abuodasf the prey fluctuates over a shorter
time scale than that needed by predators to adaptrtovel prey (Ranat al, 2002). The
alternative prey is likely to become rare whenghedators are still in the middle of their shift
in prey preference. In such a context, it is marasonable to assume that females will
compete for rare suitable oviposition sites and thay will become less choosy (Begen
al., 1996 ; Fréchettet al, 2004). Therefore, their larvae will scramble #windling food
sources and most if not all of them will die froranaibalism. The few individuals that
survive will nevertheless have benefited from adytmnd regime constituted of a mixture of
their normal prey and conspecifics so that theyexmected to be of a size not too different
from the optimum. On the other hand, generalistinfaan absence or a scarcity of their
preferred prey will add a new prey item to theiodorange providing that the average
searching time of their normal prey becomes vergdacompared to the handling time
(Begonet al, 1996). According to the models developed for pplgagous insects (Courtney
et al, 1989; Nylin & Janz, 1999), they will start to déoqe less optimal foods which are
known to reduce growth rate and lead to individuafisa smaller size (Ohgushi, 1987,
Fujiyama & Katakura, 2001). When they will againv@access to a high quality food, their
performances and size will increase again.

The aim of this paper is to use predatory ladybiedtles feeding on aphids to test the idea
that size variability recorded in Museum collecias an indicator of specialization. They
constitute a good biological model because theyagdnattracted the attention of amateur
entomologists and scientists because of their cotatation, their shiny appearance or their
practical impact in crop protection (Majerus, 198®jerus & Kearns, 1989; Hemptinmt

al., 2005). As a consequence of such an interest, dheyuite abundant in collections and
information on their preferred prey, their abundgnthe plants on which they are usually
caught are usually available in the literature. 8@pecies likeC. septempunctatare well
known as generalist. They feed on more than 30iepet prey (Hodek & Honek, 1996) and
are recorded in a wide range of habitats. Conwerséer species are highly specialized such
asMyrrha octodecimguttatdl.) or Anatis ocellata(L.). They are strictly dependent on pine
trees in which they feed on one or two species gifids (lablokoff-Khnzorian, 1982;
Majerus, 1994). Most species lie somewhere betwleese above two extremes. Fortunately,
Majerus (1994) gives information on the habitatsl aney of a large sample of European
species and provide some clues about the likelyegegf specialisation of these species.

Beside specialization for food or habitat, someyladl beetles are specialist because they
lives in association with ants. There are two sumayrmecophiles in Western Europe.
C. magnificalives in habitats dominated Wbyormica rufa s.l. where it feeds on attended
aphids. This species looks similar@o septempunctataut has a narrower geographic range
(Donisthorpe, 1920a and 1920b; Majerus, 1989; Stigg& Majerus, 2000).
Platynaspis luteorubrgGoeze) is most commonly located Girsium arvensgL.) Scopoli
where it feeds o\phis fabae cirsiiacanthoideScopoli tended by the ahasius niger(L.).
Myrmecophily affects the abundance of resourcespimlonging the life span of aphid
colonies (Nixon, 1951; Way, 1963; Kleinjan & Mitt|el975; Skinner, 1980; Flatt & Weisser,
2000). Therefore, myrmecophilous predators beredih more stable resources than non-
myrmecophilous ones (Stadler & Dixon, 1999; SloggeMajerus, 2000). Considering that
ant-associated specialists are expected to exgiedurces either of a better quality or more
stable than generalists (Hoeksema & Bruna, 2086y, $hould be less variable in size.

This available ecological information on ladybirdseetles will be correlated with
measurements taken in a Museum collection in deeek for a relationship between size
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variability and specialization.

Material and methods
Sampling procedure of measured individuals

Ladybird beetles of different species were sampmtethe collection “Faune belge” of The
Natural Science Museum of Belgium in order to sttithir size variability. The specimens in
the collection had been caught by various natusaiis Belgium from 1870 on. Fourty-two
specimens of each species were randomly selectedhaasured following the first 42 digits
of the number Pi, starting in the upper left corakthe collection boxes and following each
lines of specimens from the left to the right. B@ecies was represented by too few insects to
apply this procedure, all the specimens were medsur

Size was measured in four different ways (Fig. 1):

- the maximum length of the thorax and the abdomeasured dorsally ;

- the maximum width of the abdomen measured dgrsall

- the maximum width of the pronotum measured dtysal

- the maximum height of the body from the metasterno the highest point of the elytra.

Fig. 1. Localization of the measurements done on
the ladybirds from a Museum collection (see text
for details) : a. Total length ; b. body height; ¢
Pronotum width ; d. Abdomen width.

A
Y

59



Measurements were carried out under a binocutadfivith a reticule, whose accuracy varies
between 40 and 9@um according to the magnification of the binocul#r.these four
measurements could not be done on a particulactifiesome or another reasons, they were
taken on the next specimen to the right. Therefibre dataset does not have missing values.
To reduce bias due to space autocorrelation thebauwf specimens coming from the same
site was limited to two. If a third ladybird fronmdé same site was again selected, it was
substituted by the closest ladybird from anoth@mggaphic location to its right.

Under-represented species

The Museum collections had very few specimens vaov species. There were only 40
individuals forP. luteorubrathat were all measured. There were onlyC.8nagnifica In
order to complete the Museum sample, 12 males &@nterhales were randomly selected
among 89 individuals collected in the field (CharBglgium) and measured.

The selection of a good size estimator

In order to find a good size estimator, a Princi@@mponent Factor Analysis of the
Correlation Matrix was used on the log-transformadasurements. The coefficient of
correlation of Pearson of this axis with each &f litg-transformed measurements was used to
evaluate their aptitude at describing body size.

Statistical analyzes
Sex ratio

We could not distinguish the sex of the individuafsthe Museum collection. As ladybird
females are generally larger than males (Dixon020@e determined the sex ratio and the
mean pronotum width for each sex for a sampleCofmagnificaand C. septempunctata
caught in the field. The sex ratio have been coethdetween the two species with a Chi-
square test and, for each species, we comparesetheatio to an even proportion of males
and females with a Fisher exact test. We testediffexences of sizes between the sexes with
a Student t-test. These observed sex ratio andbdisons of frequencies of size were then
used to assigned a sex to the specimens measutezlMuseum collection.

Normality of the data

An Anderson-Darling test was performed to checkthe normality of the distributions of
sizes of each species separately.

Interspecific differences of size

The values of the size estimator for each specae Wg-transformed and then submitted to a
Bartlett's test to check for the homogeneity of Hagiances of the samples. Then, these
samples were compared by an ANOVA followed by at{pog comparison (Tukey 95%
individual confidence intervals).

Determination of the variability of the data
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The coefficient of variation expressed in perceesagvas calculated to characterize size
variability of each species. An estimate of thendtad deviation of the coefficient of
variation (Scv) was then calculated to test for glgmificance of the difference between two
variances (Sokal & Rohlf, 1995):

Scv = CV%HA/(2n) (for CV% < 15)
Correlations between the coefficients of variatioi ecological factors

We searched the literature and the database d@dkeinula Working Group for parameters
that could explain a significant part of the vaiiip in species size (Table 1). For each
species of ladybird, the degree of association &etmthe number of prey types (lablokoff-
Khnzorian, 1982), the abundance (Branquart & Mae83), the preferred habitats (Majerus
& Kearns, 1989), the number of host-plant taxa @viag, 1994; Data Coccinula, 2007
unpublished) and the coefficient of variation wasgeistigated by a multiple regression. The
coefficient of correlation of Spearman between pert@rs picked out by this first analysis
and the coefficients of variation was then caladat

Table 1. Summary of the ecological parameters @sgakcto ladybirds beetles

Food div._GB: Number of alimentary types (aphids, coccids, gidemildew, plants, mites, honeydew, pollen,
nectar). Principal (bold) and secondary alimentgpgs have been pooled. * : British food is notwndor this
species.

Abund_B : Abundance Index2 6: (1):Very Rare; (2): Rare; (3): Localized; (¥Yidespread; (5): Common,;
(6): Very Common.

Habitats_GB : Index for Generalist-Specialist continuum: (dptplant restricted specialist ; (2) conifer
specialist; (3) broad-leaved deciduous woodlandigfist; (4) arboreal generalist; (5) herbaceousegalist; (6)
generalists with environmental constraints; (7) &Galists, breeding in a wide range of herbaceodsaanoreal
habitats.

Host plants_GB: number of host plant taxa.

Host plants_B: number of host plant genus.

o
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Species 38 & 8
Food div. GB <I T T
Anatis ocellata(L.) 5 (aphids, coccids, adelgid, 4 1 9 39

honeydew, pollen)

Chilocorus renipustulatuéScriba) ﬁ]i(lcdoe(i;)lds aphids, adelgid, mites, 4 3 13 36

Coccinella hieroglyphica.. 2 (aphids, Chrysomelid*) 2 1 5 23
Coccinella magnificd&Redtenbacher 5 (aphids, coccids, adelgid, 2 6 18 21
honeydew, nectar)
. . 7 (aphids, coccids, adelgid,

Coccinella quinquepunctata honeydew, pollen, nectar, mildew) 4 6 4 98
Coccinella septempunctata 8 (aphids, coccids, adelgid, Mltes, 6 7 21 255

honeydew, pollen, nectar, mildew)
Coccinella undecimpunctata 8 (aphids, coccids, adelgid, Mltes, 3 5 20 70

honeydew, pollen, nectar, mildew)

. 7 (coccids aphids, adelgid, mites,

Exochomus quadripustulatys.) honeydew, pollen, nectar, mildew) 5 2 17 77
Myrrha octodecimguttatél..) 3 (aphids, adelgid, pollen) 3 1 1 11
Platynaspis luteorubrgGoeze) 14phids) 2 6 2 10

Subcoccinella vigintiquatuorpunctata.) | 2 (plants (Caryophyllaceag)nectar) | 3 5 17 27
Tyttaspis sedecimpunctath.) 3 (mildew, pollen, nectar) 4 5 12 69
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Results
The selection of a good size estimator

The first axis of the Principal Component Analysismmarizes 97% of total variance
(Var(Factl) = 3.88) of the four measurements (Goefits of correlation of the first factor to

. Log(total length) = -0.989 ; Log(abdomen width}3:989; Log(pronotum width) = -0.985;
Log(body height) = -0.977). Each of them is strgngbrrelated with the PCA axis and could
therefore be used as a size estimator. Thoughptbieotum width appears as a reliable
estimator of the size because it is a measurenagahtfrom one of the hardest part of the
body and because it was already used as a sineadstifor other ladybirds species (Koizumi
et al, 1999; Fujiyama & Katakura, 2001; Obryekial, 2001).

Normality of distributions

All species are normally distributed excéptocellataandC. quinquepunctatavhich show a
slight departure from normality (table 2).

Table 2. The mean, standard deviation, coeffictgntariation in percent (CV %), estimate of
the standard deviation of CV %, values of the AsdefDarling test (A-D test) and the
statistical values associated to this test of the sstimator of twelve ladybird species. Means
followed by the same letter are not statisticalffedent, P > 0.05 (Tukey post-hoc comparison).

Species N Mean SD | CV% Swv | A-D Test P
T. sedecimpunctata 42 1.67a| 0.11 6.40 | 0.698 0.574 0.128*
P. luteorubra 40 1.75b | 0.08 4.75 | 0.531 0.613 0.103*
S.vigintiquatuorpunctata | 42 1.99c | 0.11 554 | 0.604 0.617 0.101*
C. renipustulatus 42 | 2.115d| 0.14 6.41 | 0.699 0.55 0.147*
C. undecimpunctata 42 2.12d | 0.17 7.78 | 0.849 0.355 0.444*
C. hieroglyphica 42 | 2.14d,e| 0.13 6.12 | 0.667 0.702 0.062*

E. quadripustulatus 42 219e | 0.1% 6.82 | 0.744 0.347 0.464*
M. octodecimguttata 42 227f | 0.11 5.04 | 0.55 0.648 0.084*
C. quinquepunctata 42 2379 | 0.12 5.15| 0.562 0.765 0.043

C. magnifica 42 3.34h| 0.2 6.1 0.666 0.389 0.37%
C. septempunctata 42 3.37h | 0.26 7.57 | 0.826 0.369 0.368*
A. ocellata 42 4111 | 0.22 5.30 | 0.578 0.985 0.012

Sex ratio

The two field samples show a slightly female-biasex ratio for botlC. septempunctatand
C. magnifica(table 3). However, these two ratios are not déffieifrom an even proportion of
females and males and are not different from edbbrqChi-Sq = 0.0043; DF = 1; P =
0.948). The pronotum width of females and malesnatesignificantly different, neither for
C. magnificanor C. septempunctat@lable 2). The distributions of frequencies of siees in
relation to the sex established for septempunctatandC. magnificawere used to estimate
the sex ratio of the Museum sample. Therefore bthe due to the unknown distribution of
sexes among the Museum samples is considereddaviBnd equivalent for every species.
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Table 3. The sex-ratio and the mean pronotum w{dim) of a field sample o€. septempunctatand of
C. magnifica

Female Male Test between sexes
N = 26 16 Fisher test: P = 0.379

C.septempunctata o o oiimwidth  3.4+0.16 3.32+022 T =129 df = 40; P = 0.204
N = 53 36 Fisher test: P = 0.228

C. magnifica Pronotum width ~ 3.28+02 32+019 T=1.89: d.f =87:P=0.062

Interspecific size differences and variability

There are significant differences in size betwdetha species t (F11= 820.46; d. f. =11 ; P
~ 0), but forC. magnificaandC. septempunctatahich are identical (post-hoc comparison: t
=0.7; P =0.99).

The coefficient of variation of the more variablgesies is 3% higher than that of the least
variable. However, there are significant differenoé variability between the species (Bartlett
test = 23.81 ; P = 0.014; figure 2 and table 3).
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Fig. 2. The coefficients of variation (+1 estimat&d) of what for twelve species of ladybird beetRar legend:
open = predators; filled = myrmecophilous predateddid = non-predators. Bars with the same lettgesnot
statistically different, P > 0.05. Species: TYTSED. sedecimpunctai®@LALUT = P. luteorubra SUBVIG =
S. vigintiquatuorpunctata CHIREN = C. renipustulatus COCUND = C. undecimpunctafaCOCHIE =
C. hieroglyphica EXOQUA = E. quadripustulatys MYROCT = M. octodecimguttata COCQUI =
C. quinquepunctataCOCMAG+ =C. magnifica COCSEP =C. septempunctatANAOCE =A. ocellata

Multiple F comparisons on the estimated standandatien of the coefficient of variation
(fig. 2) emphasize 3 groups of species. Firstlgrehis a pair of highly variable species :
C. undecimpunctata(coefficient of variation = 7.78 = 0.85) an@. septempunctata
(coefficient of variation = 7.57 + 0.83). Secondipe myrmecophiloud®. luteorubrais
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among the least variable species (coefficient ofatian = 4.75 + 0.53). Between these two
extremes lies a third group of species.

Despite the similarity in morphology and sizeGfseptempunctatandC. magnificathey are
quite different in terms of variability. Their cdieient of variation differ by about 1.5 %, that
is half of the amplitude of the variability of thentire dataset. However, they are not
significantly different (fz1,41)= 1.54; P > 0.05). A sample of 61 individuals iasteof 42
would have been required to statistically sepatsse two species sincgds jso,60- 1.53.

The two non-predators speci€eS. yigintiqutuorpunctataand T. sedecimpunctafavere not
separated from predators; their coefficient of atawn were close to the general mean of the
data set.

Correlation between size variability and ecologjzalameters

There is no significant relationship between thermlance, the habitat preference, the number
of prey types and the variability of size. The n@mbf host plants explain a significant part
of the variance in the multiple regression betwéka ecological parameters and size
variability (table 4). It is strongly correlated tiwe coefficient of variation (Table 5 and figure
3). Although the maximum number of food categomess not an influent factor in the
multiple regression, it is significantly correlatéa the coefficient of variation of the size
(rspearmar= 0.64 ; P = 0.025).

Table 4. The results of the multiple regressionhef coefficients of variation
of the size of ladybirds to the ecological paramete

Predictor Coef SE Coef T P
Constant 4.6777 0.6447 7.26 0.000
Abund_B -0.0047 0.2062 -0.02  0.982
Host plant. GB  0.0929 0.0343 2.71 0.03
Habitats_GB -0.0535 0.0928 -0.58 0.582
Food div. GB 0.1194 0.1153 1.04 0.335

R-Squared = 72.7%
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Fig. 3. The relationship between the number of-ptetts on which twelve species of ladybird beetiage
been observed and the coefficient of variatiorhefpironotal width of these species. TYTSED =

T. sedecimpunctat@LALUT = P. luteorubra SUBVIG =S. vigintiquatuorpunctataCHIREN =

C. renipustulatusCOCUND =C. undecimpunctatdCOCHIE =C. hieroglyphicaEXOQUA =

E. quadripustulatusMYROCT =M. octodecimguttataCOCQUI =C. quinquepunctataCOCMAG+ =

C. magnifica COCSEP =C. septempunctat®ANAOCE =A. ocellata

The number of host plant genus taken from fieldeoletions in Belgium give a significant
correlation with the coefficient of variation (Tabb). That is, generalist ladybird beetles
appear more variable in size than more speciabpedies.

Table 5. The coefficients of correlation of Speanméthe coefficient of variation of the size o&tladybirds to
the host plant number.

Coefficient of correlation

Host plant (Great-Britain) 0.816 (P = 0.001)
Host plant (Belgium) 0.615 (P = 0.033)
Discussion

The degree of specialization of a species is ugsusdtimated on the basis of the food
resources it uses or the habitat preferencesptayis. The two parameters can be assessed in
the field and through experiments but it will na basy to convert this information into a
specialization index? We investigated if size Mality is somehow connected with
ecological parameters taken from the literature.

We suggest that size variability could be a paramiet take into account when one tries to
measure the degree of specialization. We showatkabstantial part of specific size variation
is related to food specialization. This is in agneat with the hypothesis that generalists
species have to prey upon low quality resource vibed become rare, so that the variability
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of size is higher than for specialists. Our resplént out that the two most size-variable
species €. septempunctatandC. undecimpunctajaare considered as generalist and that the
two conifer specialista|. octodecimguttatandA. ocellatg belong to the less variable group
within our dataset. The two extremities of the ggatiseem to fit the rule that specialists are
less variable in size than generalists, but therea correlation between the coefficient of
variation of size and the index of specializatibaugh the index we used have been proposed
from the results of survey in Great-Britain, we @pect to earn different results with an
index adapted to the Belgian context. An improvedek of habitat specialization, updated
and corresponding to the geographic area, woultebessary for further investigations.

Furthermore, the importance of food in shapingvidlial size distribution among species is
reinforced by the published results of experimentalanipulation on diet of
Harmonia axyridisPallas (Grillet al, 1997). Two groups of ladybird larvae were growa a
fed ad libitum in laboratory, one group was fed optimally withhms in excess
(Acyrtosiphon pisuntdarris), the other was provided with a sub-optimuificial food made
of meat. The mean size of adults obtained frontileetreatments were different. Optimally-
fed larvae gave birth to greater but less variaualts (coefficient of variation “Optimal
food” = 5.02), whereas sub-optimally fed larvaeduweed smaller adult whose coefficient of
variation was higher (coefficient of variation “Soptimal food” = 6.97). In this experiment,
the only factor explaining differences betweentthe groups was food quality. As expected,
food quality influenced mean size (Blackman, 196#igushi, 1987; Albuquerquet al,
1997) but, additionally, individuals grown in optirand artificially stable conditions reached
a low size variability coefficient, comparable tbetvalue we obtained for the highly
specialized. luteorubra

The position of the two myrmecophilous species @ldhe gradient of size variability
guestions about the processes we are intendingit put. Both species are considered as
specialists because of their obligatory associatiith ants, but they are nevertheless different
in terms of their diet diversity?. luteorubrais occasionally seen on various host-plant but is
mainly described as a predatorAgshis fabae cirsiiacanthoidd&/ing on Cirsium arvenser
Metopeurum fuscoviridé&stroyan living onTanacetum vulgareattended by ants of genus
Lasius (Volkl, 1995). ConverselyC. magnificahas been reported on a lot of host plants in
Belgium and Great-Britain, eating tenth of aphi@@ps (Sloggetet al, 2002; pers. obs.),
psyllidae (pers. obs.) and chrysomelid larvae @bif-Khnzorian, 1982). The two species
are highly specialized for living in contact witimtg, although they show contrasting food
preferences. As we knew that colonies of aphidsnamee crowded and live longer when
attended by ants, we expected that predators tledwesl the ability to tap these resources
would have benefited from a more stable environm&sta consequence, they should exhibit
a less variable size. Our results are in agreeméhtthis hypothesis. One myrmecophilous
ladybirds is located at the lower end of the gmadand the second is in the middle, far from
the generalist morphologically simil&@. septempunctatd he two myrmecophilous ladybirds
have such differences in their food preferences wea propose tha€C. magnificais more
variable tharP. luteorubrabecause of its generalist diet. The shift towaldvweer coefficient

of variation for both species can be attributedhi® increased stability of their ant-attended
prey populations. It was already proposed by othghors that myrmecophilous specialist
predators are positively selected thanks to resoabrindance since they can overcome ant
aggression (Albuquerquet al, 1997; Sloggett & Majerus, 2000).
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To investigate further this postulate, other simiktudies should be done with sex

differentiation of the individual measured and witbtermined conditions of space and time
scales. Additional results on other areas and Vather samples should be necessary to
reinforce the hypothesis that a specialization xndan be derived from intraspecific size

variability. We also emphasize here the importasfagaturalists observations and subsequent
Museum collections for the useful information whitten becomes available. It would also

be interesting to see if other taxonomic groups$ support the same conclusions.
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