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RÉ UMÉ 

L'approche par traits fonctionnel est bien implantée dans l'étude de l'écologie 
égétale mai demeure plus marginale en écologie animal . Le principe de 

l'approche fonctionnelle est de r li r les traits (morphologiques phy iologiques 
phénologiques ou comportem ntaux) des organismes à de gradients 
en ironnementaux ou des proce us écosy témiques dan l'optique d'identifier les 
mécanismes impliqués. Depuis quelques années un intérêt grandissant pour l'étude 
des traits fonctionnels des animaux s'est dé eloppé pour répondre a de question sur 
la structure des réseaux trophiques et leur impact sur les services écosystérniques. 
L'objectif de cette thèse est d'identifier des traits fonctionnels des macroarthropodes 
de la litière forestière permettant de prédire leurs interactions et oir comment ces 
traits sont di tribué dans l'espace. Une in1portance particulière a été accordée aux 
trait reli ' à l'alimentation. La pr mière étape a été d' ffi ctuer une revue de 
littérature sur l'utilisation de l'approche par traits fonctionnels chez les arthropode 
terrestres qui a r · élé plusieurs lacunes . Premièrement dans plu i urs publication il 
y a un manqu de transparenc dan l'élaboration des hyp thè e . De façon plus 
g 'nérale il y a un manque de cohésion entre les 'tudes limitant grandement les 
gén ' ralisations . ou y présentons un cadre de tra ail pro nant de la littératur sur 
le végétaux p ur élaborer des hypothèses permettant d'identifier le mécanismes 
impliqué dans l'as emblage d ommunauté trait répon es t le pr cessus 
·co ystémiques traits ffets . D plus nou uggérons une plus grande inclusion de 
traits 1 ié à la biomécanique et gén ·ra li ables à un larg · enta il de taxa en prenant 
omme exemple les traits d'alimentation. L'objectif du deuxième chapitre était de 

cr' er un modèle prédictif des int raction prédateurs/ proie en ce ba ant ur leurs 
traits respectifs et leur phylogénie. ne expérience a été réalisée durant laquelle 20 
espèce de carabes étaient mises en présence d'une grande ariété de proies (une à 
une pour déterminer s'il y a ait un int raction entre elle . De traits comm la taille 
du prédat ur t de la proie la ~ rce d s mandibules du pr ·dateur t la dur té de la 
cuticul d la proie ont été utili és pour con truire le rn dele. e trait permettent de 
prédire corre t ment - 76% de int ra ti ons (r ·ali ées et non réa li ées combinées) 
de carabe mais ne permettent pa de bien prédire le int raction non réa li · e . Par 
contr l'introduction d'une compo ante phyl génétique a i ant hyp tbétiqu rn nt 
comme une appro imation pour de trait non mesur comm les défen 
chimiqu am ' li r grandement la prédicti n des interaction n n r ·ali 'e . u final 
le mod ' 1 pr 'dit rr ctement - 0 % d int ractions. Dans 1 chapitre 3, nous nou 
int ' r n à la di tribu ti on dans l'espac d trait d'ali rn ntation d dé mp urs 
et de pr ' dateurs i a nt dan la litière fore ti ' re et c mment il arient a ec le 
facteur abiotiques et les traits d palatabilit · des res ources. Le macroarthrop d s 



x 111 

ont été échantillonnés dans 110 parc Iles réparties dan trois sites du ud du Québec. 
Le diplopodes i opodes (décompo eurs araignées opilions et carabes prédateurs 
ont été identifiés à l'espèce. Les traüs de palatabilité ont été mesurés pour les feuilles 
de la litiere (épaisseur dureté rétention en eau et les proi s taille largeur dureté 
et les traits d'alimentation pour les décomposeurs et prédateurs (taille force et taille 
des pièces buccale . Les résultats montrent que les traits d'alimentation des 
décomposeurs et des prédateurs co arient a c les facteur abiotique température et 
humidité) du milieu. De plus les traits d'alimentation des consommateurs et de 
palatabilité des proie co arient conjoint ment dans l'espace. L s r · ultats de cette 
thèse démontrent le potentiel que représ ote l'étude d s traits fonctionnels des 
arthropodes pour comprendre la dynamique des réseaux trophique et l'assemblage 
des espèces. De plus des traits généralisabl à une grande ari ' t · de taxa comme la 
force des pièces buccales et la dureté d la cuticule ont été identifiés. Quelque 
lacune 1 limitati ns de l'approche ont également mises en lumière· ce asp cts 
devront être considérés dans les prochaines anné s pour rendre l'approche pleinement 
fonctionnelle. 

M ts clés: raits fonctionnelles arthrop d s r ·seaux trophiques int raction 
prédateur 1 proi 
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TROD TION 

Le ol fore tier outient un ré eau trophique complex 

champignon bactéries amibe flagellés némat d s 

arthropode et petits rtébré Maraun et al. 2001 

et dj rsifié campo é de 

gastéropodes ann ·li des 

oleman et al. 2004 . Le 

interactions entre ces différents organismes ont un impact plu ou moins direct sur le 

processus de décomposition et de minéralisation de nutriments de V rie et al. 2013 . 

Démêler l'en emble de ces interactions t quantifier leur importance est une tâche 

hautement complexe mais néces aire pour comprendre et prédire leur dynamique 

Gra el et a1. 2016 . 

L' ' colog]e en générale est dan un be oin de dé elopper une approche plus 

pr · dicti e parti cu li· rement dans le contexte mondial des changements gl baux 

McGill et al. 2006 Kerr t a1. 2007 W odward et al. 201 0) . Dans le cas de 

l'écologie du ol où la di ersit ' st très éle ée a ec de nombreuses esp ' ces 

microscopiques et ù la majorité des interactions s'effi ctu nt de façon cryptique les 

outils prédictifs pourraient aus i aider à identifier les interactions inter pécifiques 

Morales- a tilla et al. 20 15). n outi 1 potentiel sou ent é oqué est l'approche par 

traits fonctionnels (McGill et al. 2006 Morale - asti lia et a1. 2015 Gra 1 et al. 

2016 . Par contre c tt approche a principalement ét ' dé lopp 'e a ec 1 plantes et 

e t ncore en c urs d dé eloppement pour les autres organismes. 

r ·if ' 1 d ' mp iii 11 

La d ' c mp ition t un pr cess us 'co logique de base dans le cycl des nutriment 

durant lequel les mati ' res égétales ont humifiés alors qu plusi ur nutrim nt tel 
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que l' azote et le carb n ( sont min ' ralisés ( oûteaux et al. 1995 . n mili u 

forestier plus de 80% du mat ' riel ég ' tal n ' est pas consommé par les herbi ores et 

doit être décomposé ebrian 1999 . Les feuilles représentent la part la plus 

importante d débris · g ' taux au sol (Gessner t al. 2010 . Les microbes (bactérie 

et champignon ) sont le organismes l s plus di ersifi ' s du ol a c au-delà d 26000 

peces par gramme d s 1 dans le ol for sti r R e ch et al. 2007 . Ll ont les 

principaux re ponsabl de la dégradation de la mati ' re rganique et du r tour des 

nutriments aux plante ( ol man et al. 2004 . Les micr bes repré entent égal ment la 

principale source de nourriture de plu ieurs membres de la microfaune amibes 

rotifères nématodes) et de la mésofaune c llemboles acariens . 

L'acri ité des animaux ba t ' riophages et fon 0 i or sa un impact ur la minéralisation 

d nutriments . Par x mpl collemb le et le nématodes fongi r p u nt 

a oir un effet p sitif ur la quantité de disponibl dan 1 ol en timulant la 

croi sance des champiQll ns h n et Ferris 1 99 ra g et Bardgett 2001 Filser 

2002 . es ffets vont ar1 r lon le espèce en pré ence mais le mécani me au-

delà des préférenc pé ifique (brouta ge sp 'c ifique ragg et Bardgett 2001 

rowther et A ' Bear 2012 ont mal connu . 

La macr faun e t constitué principal ment d'arthr pode , ann ' !ides t 

gast · r pode . Traditi nnellem nt leur rôle dans la décomposition e t perçu comme 

étant r lié à la fragrn ntation de la litièr Van D r Drift 1951 oleman t al. 2004 

Da id et Handa 2010 mai ce r le t maintenant cont té (Da id 2014 pui que 

leurs boul tte fécales n emblent pas se déc mpo r plu rapid ment que la litière 

ichol on t al. 1966 Rawlins t al. 2007 Fr uz et ... im k 2009 . 

p ndant c étud boulette fécale de peu d' p · ce de 

d ' c mp urs g · néralem nt n urri ur d feuille pr 

d'arbre. De plu l'int · grit · tru turell des b ul ttes fécal 

nant d'une s ul espèce 

·tait c n rv ' e · i. . e 11 e 

n' nt pa ' té ·cras ·es u fragmenté ce qui ne fa ori e pas une max imi a ti n de la 
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surface de contact des fra ments · gétaux. Par ailleurs une étud r · cente démontre 

que dan c rtains cas le fèces peu ent se d ·composer plus rapidem nt que la Ji ti ère 

en fonction de transformations chimiques subie durant la dige tion mais les cau es 

e actes n ont pas c1aires ou li et al. 2016 . 

Quoi qu'il en soit les macro-d ' triti ores ont généraJement un impact fa orable ur la 

flore microbienne en stimulant leur acti it ' dans les fèces fraîches Rawlins et al. 

2007) en relâchant de l'azote sous forme d'ammonium dans leurs déjections 

ârcarno et al. 2000 et en fracturant les cellule de la litière en la c nsommant 

Frouz t imek 2009). L'apport des fèces dépend à la fois de la nourriture 

con omm · e Coulis et al. 2016 et des caractéristiques d'ingestion t de di ge ti on des 

con ommat urs Frouz et imek 2009 . Des différences importantes sont bservées 

entre les grands groupes tax nomiques ( e.g. le tl' ce de ers de terr ont plu riches 

en que c ux des mill -pattes (Hedde et al. 2007 ) mais aussi ntre des e peces 

proches é oluti ement (Hedde et al. 2007 Frouz et .. imek 2009 ou lis et al. 2015 . 

Le fèces de décomposeurs ont un intérêt particulier puisqu'ils représ ntent un lien 

dir ct a c les microbes. L'impact d fèces ur 1 microbes et la décompo ition en 

général a dépendre de ces caractéristiques telle le ratio :N, le degré de 

fragmentation de débris égétau et leur c mpaction (Hedde t al. 2007 Frouz et 

Simek 200 Da id 2014 ouli t al. 2015 . es d 'jection des prédateur i ant 

dans la litièr foresti ' re et 1 ur impact sur la flore microbienne ne s mbl nt pa a otr 

été étudié s. Par contre l fèc des prédateur nt c noues pour être très riches en 

N (R rnero et al. 2006 t don devraient tre fa orables à l'acti 1t · bactérienne à 

court tenn tout en possédant tr ' p u d'élém nt r · calcitrants. Particulièr rn nt le N 

est ous forme de guanin dan les fèces d'araign · chmidt t al. 1 5 un 

amin acid facilement ab orbabl . 

Les x rn pl pré enté dan c tte ectioo font le li n entre 1 di ffi ' rents ni aux 

trophiqu d façon lin· air . enre d'obser ation t n ·ces aire p ur c mpr ndre 
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les interactions de ba e et le fonctionnement de écosystèmes. Dans la réa lit · les 

int ractions ne sont pas linéaire . Par exemple les macroarthropodes n'utilisent 

généralement pas la litière fraîche préférant la litière pr · décompo ée et conditionnée 

par les microbe (Wolter 2000 De Oli eira et al. 2010 Da id 2014 . Pour pou oir 

comprendre et prédire la dynamique de éco y tèm et son impact sur les processus 

comme la d ·corn po iri n il est important d'étudier 1 systèmes dans 1 ur entière 

complexité Duffy et al. 2007 . 

Ré aux trophiqu du ol 

Une façon implifiée d ir la d ' compo iri n t d con idér r que troi ru eaux 

tr phiques ont direct ment impliqu · · l s plant fourni ant le matériel de ba e 1 

microb et 1 s décompo eur . À ceu -ci s'ajoutent le prédateurs qui ne ont pas 

dir ct ment impliqué dans la décomposition . Plusieur étud d ' montrent 

qu ' augmenter la di er ité a un ou l'autre des ni eaux tr phiques peut augmenter la 

ite e d déc mp iti n: di r it ' de plante (H ctor et al. 2000 P · r z 

Harguindeguy et al. 2008 , di ersit ' d s microbes ll et al. 2005 Gra el et al. 

20 Il) di rsité des d ' corn po eur ri a ta a t al. 200 Handa t al. 2014 . Par 

contre plu ieurs résultat contradictoires sont ·gaiement ob ervés Griffiths et al. 

2000 Bonanomi et al. 2010 q et al. 2011 , is nhau r t al. 2011 . P ur expliquer 

ces résultats c ntradictoire plusieurs ont ·mi l'hypothè e que la di ersité 

~ neri nnelle à un plus grand impact que la di r ité pécifiqu ur la it e de 

d ·corn po iti n McTieman et al. 1997 He rn b r n et al. 2004 Hatten ch wiJer et 

al. 2005 himel t Ha tt n hwil r 2007 11 . Par di r it ' 

fonctionn Ile nt ent nd la di r ité d ph · no logiques 

ph i Jo iqu et comp rtementale d rgani rn s r pr nté dan une 

c rnmunaut · Violle et al. 2007 P y t al. 20 14b ( oir ction sui ante) . 
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En th ' orie, une augm ntation de la di ersit ' devrait a oir un impact positif sur le 

r ndement des processus écologiques en fa arisant la complém ntarit ' entre les 

espèces (Loreau et al. 2001). La complémentarité peut s'exprimer d deux façons : 1 

par un s 'paration de niche fa arisant une meilleur utili ati n des re source 

disponible .g. une ariation dans la température optimale d'acti ités ntre les 

e peces d'ab ill es augmentent le taux de fl urs pollinis · Fründ et al. 2013 · 2 par un 

processus de facilitation (De Oli eira Haett nschwil r & Handa 2010 . ependant la 

maj rité de études ont ' té réalisées sur un seul ni eau trophique (mais oir Naeem et 

al. 1994 . Déterminer l'impact de changements de di ersités à plusieurs ni eaux 

trophiques peut être difficile puisque plu i urs méchanisme sont impliqué Duffy et 

al. 2007 . D'une façon général il faut s'attendre à c qu'une augm ntation de la 

di r ité à un ni eau tropique augmente l'utilisa ti n des ress ure à ni eau 

précéd nt (Loreau 2010 . L'impact sur le ni eau inférieur est difficilemet pré isible 

mais l'impact de rait etre de moins en moin fort ur le ni eaux sub équent" donc 

plus le ni au trophique est éloigné du processus étudié moins sa di ersité 

foncti on elle de rait l'affecter (Lore au 2010 . 

Peu d' ' tudes ont étudi · imultaném nt la di er it ' spécifique ou fonctionnelle à plus 

d'un ni eau trophique dans la décomposition mais le peu de résultat ur 1 sujet 

semble démontrer un impact positif de la dj r ité d s décomposeurs (Handa et al. 

20 14). n impact de la di er it ' d décomp eur ur la décomposition e t plus 

probable i on onsidèr un système natur 1 où les feujlles présent nt dans la litiere 

possed nt d traits et des stades de décomp iti n différents · dan un tel scénario 

une utili arion différente de ress ure par différentes e pèces de décomposeurs 

risque d'ace ï ' r r la ite s de déc mpo iti n. Il n mble pa qu cett hypothè e 

ait ét ' te t · e ju qu'à pr ' nt. étude rn ttant n r lati n d d ·campo eur a ec 

d typ d'alimentation différ nt tendent à d ·montrer un ffet yn rg ' tiqu sur la 

ites e de d · omposition (Hatten chwil r t Ga er 2005 Zimmer et al. 2005 

Partsch t al. 2006 D 01 i ira et al. 2010 ou li t al. 2015 . L'impa t d la 
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di ersité des pr ' dateurs n'a quant à lui jamais était formellement étudié majs certains 

résultats emblent démontrer que l'impact des prédateurs dépend a ant tout des proie 

utilisées Lawrence et Wi e 2004 chmitz et al. 2010 . 

Les interactions réalisée jouent un rôle important dans la ites ede d ' composition et 

la di ersité a probablement un effet positif sur la décomposition n fa ori ant la 

di ersification des interactions réalisées Kardol et aL 20 16). ependant identifier les 

interactions dan le réseau trophique du ol p ut représenter un défi majeur en 

con idérant la di ersité spécifique et la difficulté taxonomique qu'elle r pr ' ente la 

petite taille de plusieurs esp · ce et 1 s interactions s u ent cryptiques Bro e et cheu 

2014 . T ut de m Ame différents réseaux trophique du sol ont été décrits ( cheu 

2002 Berg et Bengtsson 2007 H ltkamp et aL 200 mais les lien ont ou ent 

gros ier i.e. il nt décrits entr des groupes tax nomiques ou de guildes large 

(bact ' ries n ' mat des omni or acari ns prédateur co1lemb les plutôt qu'entre 

les espèce . e manque d ré olution ta onomique p ut cr' er un biai d'interprétation 

en ayant une influence sur la structure et les propriétés de ré eaux trophiques (Sechi 

t al. 201 . Récemment Di 1 t al. 2014 ont publi ' le ré eau trophique du ol d 

16 forêt Il magne en ce basant à la fois ur d te t d'alimentation des donnée 

rn lé ulair s et i topiqu des trait écologiqu t d r lati n allom ' triques d 

taille. e d u d miers point ont particulièrem nt intér ssant pui qu'il r fl ' tent 

deux aspects déterminant la probabilité d'int racti n entre deux la 

probabilité d'un r ncontre t 1 couplage des traits du prédateur t de la pr ie Gra el 

et al. 2016 . Dé elopper d util prédictifs pour l s interaction st n 'c a1re pour 

pou ir 'tudi r les r ·seaux trophique à large · cbell et pour prédire l'impact des 

introducti n t des pert d' p ces dans 1 s éc s st · me · 1 trait [1 n ti nnels 

pourrai nt aid r à répondr à c b in Gra el t al. 201 M 

2015 Gra el t al. 2016 . 
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Trait fi 11 lionn 1 d arthr 'P de. 

L'approche par traits fonctionnels a principalem nt ' té d · eloppée a c les · gétaux 

La orel et al. 2007 Vialle et al. 2007 Garni r et al. 20 16) et repose sur deux 

principe de bases: le "traits r ' ponse " des organismes déterminent 1 ur capacité de 

survie et de reproduction dans un milieu en fonction d ses caractéristiques abiotiques 

et biotique Keddy 1992 · les "traits effets" des organi mes déterminent leur impact 

sur 1 s proc écosystémique Chapin et al. 2000 . L'approche par traits 

fonctionnels présente une capacité de généralisation plus grande que l'approche 

tax nomiqu traditionnelle et facilite l'identification des mécanismes menant à 

l'assemblage d s e pèces t déterminant les pr cessus ·cosy témique McGill et aL 

200 hi pl y 2010 Lau ghlin 2014 . 

hez les animaux les traits fonctionnels ont ' té étudjés dans un grand nombre de 

group incluant les mammifères Da ies et al. 2007) les oiseaux ( r ci et al. 2008) 

le poissons Mouillot et al. 201 les in ertébré aquatique (Poff et al. 2006 et du 

sol (Hedde t al. 2012 nématodes Schratzberger t al. 2007 tc. ependant 

peu d'études ont tenté d'unit! rmi é l'appr che fonctionnelle a ec 1 s animaux en 

tenant compte de leurs particularité d'hétérotroph Luck et al. 2012 Pey t al. 

2014b Fountain-Jone t al. 2015 . Une exception notable est chez le macro-

in ert ' brés aquatiques sseglio-Polatera et al. 2000, Bêche et al. 200 Poff et al. 

2006 pour 1 squels une culture de las ification d or anismes n fi nction de leur 

trait e t plu anci nne ummins 197 . Le cas d arthropodes t rr tr p se un 

problème particulier de par 1 ur rande di r ité pécifiqu d fi rm et d nich . 

Plu ieur ' tude nt utili é l'approch par trait fon tionnels a ec les principaux taxa 

comm le acan ns Maal3 t al. 201 Mari t al. 201 arajgnée Bonte t al. 2006 

Pod aiski t al. 201 coll mb 1 (Malm tram 2012 antorufl al. 2014 

orthoptèr (Dziock et al. 201 1 D raison et al. 2015 c léoptères t al. 2001 

Watts t Ma on 2015 abeille (H hn t al. 200 Fründ t al. 201 tc . mai une 
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approche collecti e générali able à l'ensemble des taxa est toujours manquante. 

L'approche par traits fonctionnels a c le arthropodes a principalement ' té utilisée 

pour décrire leur répon e à différentes perturbations ( man et al. 2013 Hedde et al. 

201 Bachand et al. 2014 t dan quelques cas pour décrire leur impact sur les 

processus 'co ystémique He rn bergen et al. 2004, Fründ et al. 2013 Munyuli 

2014 ulisetal.2015 . 

Un aspect intéressant mai moins étudié est l'utilisation du couplage de trait entre 

différentes espèces pour décrire ou prédire leurs interaction potentielles Rohr et al. 

2016 . L'int ' rêt est d'identifier les traits des res uree qut nt impo er une 

contrainte sur les traits d'alimentation du consommateur. Par exemple la 1 ngueur de 

la langue d'une abeille a d'terminer le fleur p tenti llem nt utili ' s n fonction 

d la profi nd ur d la cor Il Ibanez 20 12). hez 1 i eaux frugi ore la tai li du 

bec dét rmine la taille de fruit con ommés Dehling t al. 2014 c qui à un impact 

sur la taille des raines di per 'es par l'oiseau (Moran t atterall 2010 . bez le 

prédateurs le ra6o taille du prédateur 1 taille de la proie e t un coupla e de trait 

important u ent ' tudié (Bro e t al. 2006 Gra el et aL 201 . Le d mande 

éner étique p u ent égal ment contraindre les interacri n · ainsi 1 à nage 

rapide t à haut d mand én r ' tiqu ont tendanc à pri il ' gi r de 

haut t n ur caloriqu et lipidique pitz t al. 2014 . Finalement d traits 

biom 'canique comme la fore des pièces buccal p u ent égal rn nt c ntraindre la 

dureté des plant utilisées par les herbi ores Ibanez t al. 201 . Par c ntre les 

' tudes ur le couplag de trait a c les artbr podes e limit nt aux gr upes 

h rbi or lnouye 19 O· Kunte 2 07· Ibanez 2012 · lbanez et al. 201 · D rai n t al. 

rt et al. 201 t 1 trait d'alimentati n t de uln ' rabi lit · dans 1 s 

r la ti ns prédateur 1 pr ies nt mo in bi n c nnu . D plus , ju qu'a tr ' r 'c mm nt 

L Pr t t al. 2017 aucun ' tude n'a ais anal ' si les ariatioo dand le 

aleur d traits ntr les mm unit ' d'un ni eau tr phique pou ai d ' t rmin' les 

ariati n de al ur de trait au autr ni eau tropbiqu . 



Obje tifi 

L'objectif de cette thèse est d'identifier des traits fonctionnels des macroarthropodes 

d la litière forestière penn ttant de prédir 1 urs int racti ns t oir comment ces 

trait ont distribués dans l'espace. ne importance particulière a ' té accordée aux 

traits reliés à l'alimentation pui qu'ils sont directement reliés aux interaction 

int r pécifiques et que cet aspect a été rarement traité dans la littérature a ant le début 

de ma thèse en 2011 : depuis quelque tra aux 'y sont attardés ( e.g. Ibanez et al. 

201 Deraison et al. 2015 . Idéalement l'ensemble des intéractions i.e. alimentaire 

compétition abiotique etc.) de raient être analysées pour déterminer l'importance 

r lati e de chaque. Par contre les connaissances actuelles ne permettent pas de la 

faire ans inclure des xp · rimentation pour bien identifi r les trait pertinents pour 

repré enter adéquatement chaque type d'interactions . Les trait d'alimentation nt été 

pr · ilégié car ils sont directement relié à l'utili ation des re sources (donc reli ' à la 

compétition et sont mieux connu dans la littérature sur la morpholo ie foncti nnel1e 

des arthr pode . 

L chapitre 1 est une r ue de la littérature critique ur l'urili ation d l'approche par 

traits~ ncrionnels a ec les arthr podes terre tre . L'objectifpremi r ' tait d faire une 

synthèse des djfférents traits utilisés dans la littérature et de oir c mment il 'taient 

reli ' aux filtres environnementaux. ette revue a p rmis de mettre en lumière 

c rtain problèmes reliés à l'application de l'approch a e les arthr pode affectant 

particulièrement le potenti 1 de généralisation d certains r ' ultats. n ce ba ant ur 

les ba es po ée par n s prédéc s urs dan l' ' tude de traits de arthrop d s t en 

é olo i il e t pr po é des recommandations quant à la ' le ri n des traü 

' tudi ' et ur la gén ' ralisation d traüs ntre taxa. ntr autres il est ug ' ré 

d'ac rder une plu grand pl ac aux trait biom ' caniqu en pré entant des mple 

reli ' aux traits d'alim ntation. e chapitre t en ré i i n et era r oumis au ours 

d l'automne à~ urn 1 of Anim 1 ' ·olo 
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L'objectif dans le chapitre 2 est de dé elopper un modèle prédictif les interactions 

prédateurs-proies basé ur les traits fonctionn 1 t la phylogénie. L'hypothèse d 

d 'part était que l'occurence des interactions est d ' t rminé par le couplage des traits 

d'alimentation des prédateur et des traits de palatabil ité des proies. Par exemple la 

taille des prédateurs e t couplée à la tail.le des proies et la force des mandibules d s 

prédateur est couplée à la dureté de la cuticule de proi . De plus la phylogénie est 

introduite pour tenir compte de traits c mme le défen es chimiques des proies qui 

ont un effet di suasif sur certains prédateurs mais qui ont difficile à documenter et 

à introduire dans un principe de couplage de traits. L'hypothè e sous-jacente est que 

le pèces proche é oluti rn nt ont a oir de interacti ns a ec les même groupe 

d'espèces. ne expéri nee d'aJim ntation impliquant 20 e pèces de carab s a 't' 

effectu ' pour récolt r 1 doon 'e d'int racti n . tt appr ch nous perm t 

d'obtenir des information ur le int ractions réali ' mat égal ment sur celles non 

r 'alisées ce qui permet d mieux cerner l s contraintes d'interactions ntre prédateur 

et proie . De données d'interactions pro ena nt de la litt' rature ont également été 

utili 'es. e chapitre ra bient t soumis à Fun ti na/ • 

Le troi i ' rn hapitre st un ' tud sur la co ariation d traits d'alim ntation d s 

macroarthrop caractéri tiqu abiotiqu t le 

traits de palatabilité de 1 ur r uree. Les traits d ba ont très imilaire à 

c u utilis ' dans 1 chapitre 2 mais appliqu ' à une plu grande di er ité d taxa. 

L'hyp thè est qu le traü d palatabilité d s re urees a intluenc r la 

di tributi n d'alimentation des con ommat urs c qut a r ' ulter en une c aria ti n 

et ' tudi'e pour d ux ni eau 

pr 1 macroarthr pod 

tr i si t du ud du 

pac . La c ariation d trait 

d'interaction : d ' c rn po ur -litièr et prédat ur -

nt t r ' parties dans 

gr upe d d' ompo eur con ti tu ' des 
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diplopodes et des isopodes les prédateurs par les carabes araignées et op il ions et les 

proies par les décomposeurs larves et autres rnacroarthropodes . 





HAPITRE 1 

ON THE DEVELOPM T OF A F TIONAL TRAIT APPROA H FOR 
T RRESTRIAL ARTHROPODS 
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Q H2X JY4 anada 
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1. 1 Ab tract 

The characterization f cological communitie with functional traits allows to 

con ider simultan ously the ability of a specie to survi e and reproduce in an 

en ironrnent, its interactions with other species, and its effects on the ecosystem. 

Despite its rec nt popularity in community ecology and biog ography functional 

trait ha e been studi d mainly by plant ecologi ts . Trait-based studies for other taxa 

including arthropods r main marginal. Arthropods repre ent a group for which a 

fun tional trait approach could be highly profitable becaus of th ir high di rsity, 

abundance ubiquity and role in many important cological processes. The literature 

re 1 w how that the appr ach i often used in the absence of a clear hypothe is­

dri n approach which limits g n ralizations and tb ability t id ntify e ological 

m hani rn . T palliat the e probl rn , w pr po e a step-by- tep protoc 1 to 

po tulate clear hypoth sis b for selecting respon e or effect trait to tudie and 

integrate more generalizable trait . The functi na] approach with arthropod would 

benefit of th d lopment fa li t f trait determinin int r p ci fic int racti n . We 

pr sent the c ncept of trait-matching with se eral e amples of arthropods traits 

kn wn to be effl cti e predictor f their interacti n . Including th c ncept f trait­

matching in functional approach with artbr pod could belp an wer que ti n related 

t re poo e and ffi ct trait . Th d el pm nt f a uc e fui functi nal trait 

approach for terrestrial anhr pods will neces itate an understanding f rele ant traits , 

tandardized m asurement prot ol and op n a c to har this 

inforrnati n. uch pr gr s will pro ide col g1 t with a n w t of tools to an wer 

broad que tion in se eral fi Id includin0 the tudy of mmunity a mbly 

col gical netw rks and multi-trophic functionality. 



1.2 Introduction 

The u e f traits to understand the relationship of an organism to its en ironment ha 

been fundam ntal to ecology. While early studie on trait were limited to qualitati e 

assessments of comrnunity structur e.g. Raunk:irer 1934 a new generation of 

studies i building on a wid range of quantitati e indices Mouillot et aL 2013 

pro iding a more predicti e approach (Webb et aL 2010 and allowing for a gr ater 

empha is on understaniling function within ecosystem (La orel 201 . A "trait" 

refers to any morphological physiological phenological or beha ioural cbaracteristic 

measurable at the indi idual le el (Violle t aL 2007· Pey et aL 2014b). "Functional 

traits" are "traits" eitber related to the performance growth rate sur i al or 

reproduction probability of the organism to an ecologica] process 

effect traits) (Vialle et aL 2007 or in some ca es to both La orel et aL 2013 . 

While taxonomie tudie typically de cribe changes in community composition 

functional trait studies aim to re eal the mechani ms behind these changes and their 

cons quences for ecological proce ses Shipley 201 O· ulp et aL 2011 . The appr acb 

builds n a higbly int grati e ision of the ecosystem. 1t considers simultaneou ly the 

ability of an organism to survi e and reproduce in an en ironment it interacti ns 

with other organisms, and its contribution to ecosystem function Green Bobannan 

& Whitaker 2008). The concept transcend the notion of species making trait-based 

tudie more generalizable than taxonomie tudie by pro iding a cornm n currency 

to c mpare imilar communities from different re ions or en ironment with few 

p ci s in common (M Gill t aL 2006 . 

The description of ecol gical communities u ing functional traits is ba ed n two 

byp the s ba d r pecti ly n th Grinn llian and lt nian dim nsion of the 

nich ha e & Leib Id 200 . Fir t, th abi tic and biotic dimen ions f the 

eco yst rn act as filt rs selectin organism that ha e traits allowin them to urvt e 

and r produ e eddy 1 92 . ec nd organi m haring the ame trait ha a 
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similar effect on eco y tem pr ces es hapin et al. 2000 . o far the approach has 

been restr1cted mainly to plants e.g. ornelissen et aL 2003 · Garnier & Na a 2012· 

Reich 2014 but functional di ersity of ecosystem e ist at multiple trop hic le els 

and increasing our knowledge of functional traits of animais bacteria and fungi is a 

priority Duffy et aL 2007 · de B li et aL 2010 · La or 1 et aL 2013). 

The response tralt approacb is ba ed on the hypothesis that the en ironment 

(landscape abioric conditions and biotic interactions acts as a filter selecting 

indi iduals ba ed on their traits (Diamond 1975· outhwood 1977· Keddy 1992 

Figure 1.1 . pecies with the right traits in a gi en ituation will b more likely to 

increase their populari n ize througb hi her performance (growth survival 

fecundity (McGill et aL 2006) and immigration rate (Pulliam 2000 . Respon e traits 

are u ed a pro ies for pe~ rrnanc ioll t aL 2007 a perfonnanc an rarely be 

rn asured dir ctly M Gill et aL 200 . As links are indirect measured r ponse traits 

should be related to en ironroental filters (e.g. bumidity le el a ailable n od to 

diminish the risk of spurious interpretation. If int racrions between tralt and 

en ironmental factors are weil und r t od it i xpe t d that sp cie sbaring 

parricular traits will react similarly e en in differ nt geographical regions, thus 

r ling ec 1 ·cal mecbani rn in ol ed in community a embl hipl il & 

Garnier 2006 · bipley 2010· Laughlin 2014· adotte et aL 2015. 

ffect traü d termine the impact of an organism on co y t rn proc es (Diaz & 

ab id 2001 . col gical theory bas argued that c mmunities composed of sp ci es 

with higb dissirnilarity b tw en their effect trait alue ould act compl mentarily 

through nich paration and facilitati n Loreau & He tor 2001). It mean that a et 

f functionall diffl rent rgani rn can ha e a hi 0 ber ffici ne to a compli h a ta k 

(e.g. p llinati n decomp sition than e p ct bas d n their indi idual fficienc 

L reau et aL 2001 . e eral xp ri rn nts ba e hown thi c mplem ntarity ffi ct 

with plant bact ria and in rtebrates H emsb r n t aL 2004· adotte ardinale 
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& Oakley 200 · De Qlj ira, Haettenschwiler & Banda 201 O· Gra el t al. 20 11 · 

ou li et al. 2015). Effect traits cana Iso be used to e aluate the effici ney of different 

organism to accomplish a task. For example hairiest pollinators are e pected to be 

b tter pollinators as they can transport a larg r amount ofpol1en ta ert et al. 2016 . 

Arthropods are a key element of terres trial ecosysterns because of their high di ersity 

abundance ubiqujty and their role in many important ecological processes including 

d composition Kocâr k 2003 · Handa et al. 20 14) and pollination Aguilar et al. 

2006 . They form the most di erse phylum of or ani ms with more than 1.2 million 

species described worldwide and probably a many undescribed Grimaldj & ngel 

2005 . The functional trait approach is therefore particularly uitable, allowing to 

infer both abiotic (Kearney et al. 2010 and biotic niches (Eklof t al. 2013) where the 

autoecology of peci is poorly k:nown Langlands t al. 2011 . ol1ecting sucb data 

is time con uming xpensi e and for rare pecies practically impossible. till the 

potential use of functional traits to predict the ecological impact and the niche of 

arthropods remain largely unexplored. Also few papers summarize the 

particularities f arthropods and h w functional trait h uld be implemented in 

entomological tudies but see Pey et al. 2014b· Fountain-J ne Baker & Jordan 

2015 · M rettj t al. 2016 . 

Our objecri e in this paper is to determine h w the functi na] trait approach was 

integrated o far with terrestrial arthr pod and t propo olutions to impro the 

outcornes of future re earch on the subject. T do thi w re i wed th literatur on 

the use of a functional trait approach with arthr pods 1 to d termine if po tulated 

hypothe es permit to identify in ol ed ecot gical rn chani rn and 2) t ompile ali 

the funcri nal traits of t rre trial arthr pods u ed in the publish d lit ratur u ing the 

highligbt that the appr ach i often u d in the 

ab ence of clearly p stulat d hyp thesi which limits gen raJizations and th abilit 

to idenrify ological mechani rn . We als ob erved that studied traits are often 



weakly related to studied functions and cannot be gen raliz d througb taxa. To 

palliate the e problems we propose a st p-by-step protocol to postulate clear 

hypotbe is before selecting traits to studies and integrat more generalizable traits . 

We und rl:ine orne important aspects of arthropods tbat may impede the integration 

of functional traits if not bandled correctly sucb as tbeir bigh di er ity sex 

dimorphism and the diffl renee between lar al and adult stage . Finally we propo e a 

researcb agenda for the de elopment and application of the propo ed researcb 

approacb. 

1.2 lnc n istent use of arthropod functi nal trait in the literatur 

The literature r iew was done by earching publi bed studi son the Web of c1 nee 

and Google Sch lar with the criteria "traits" + "function*" + ali principal ela s and 

rders ofterrestrial arthropods (e.g. "arthropods" "ins cts" "spid rs" "be tles" tc .. 

itation w r al o track d aero pap r . Only paper that were e plicitly traits 

or1ented were retained· i.e. papers that us d arthropod funct ional traits to study the 

re pons to a perturbati n or to an n 1r nm ntal fi1t r r poo e traits r their 

impa t on ecosy tem pr esses effi ct traits . We delib rat ly one ntrat d our 

r 1 w on tudies r fi rring t the fun ti nal trait appr a h and tb r for ign r d 

oth r tudies fi cusing on om aspect of rganism sucb a morphology but that 

ar not relating them to tb ir perfonnance or ec s t m pr c . We did n t include 

tudies wher the guild or trophic 1 el wa the only trait a th se typicall de rib 

a oup f pecie rather than a functional attribut p r . W al o r j ct d tudi 

ba d lu i ely on b d siz due t it mmonn and th difficult to formulate 

hypoth si relating tbi trait to a single en ironmental filt r ( e cti n 4 . The 

lit ratur re i w includ paper published b fi re January 2 17. 



19 

For ali published papers that included respon e traüs of arthropods we e aluated if 

the elements present in the introduction material and methods and supplementary 

materials permit to identify how the tudied traits are mechani tically related to the 

subject of the study explicit examples in Table A.l) . It mean that in a perfect 

cenan we hould be ab! to say· 'if [trait x] ary between communities, [proce s y] 

i in o1 ed in the structuring of the conununities'. More precis ly, we answered three 

que tians Figure 1.2). First, we checked wbether environrnental filter abiotic 

biotic and geographie) were clearly identified Bremner 2008). To a ess thi aspect, 

we edfied if en ironmental gradients e pected to ary and thus act as filters, were 

presented. Identified filter across studies were di erse and included humidity le el 

temperature a ai1ab1e food di ersity of predators 1andscape fragmentation etc. 

ase where filters were c1ear1y identified genera11y had a sentence in the form of 

'We bypothesized a direct effect of [filter x] on [organisrn y] communitie '. Other 

accepted forms were '[Perturbation z] is known to influence [filter x]'. ases where 

the perturbation was related to the cornmunities without identifying any clear filters 

(e.g. 'Land use will impact the community structure of [organism y]' were rejected . 

Wben a gradient was identified, but that this gradient did not permit to identify the 

filtering mechanism in ol ed the filter was considered as unidentified. For xample 

it will bappen if a gradient of tloristic composition i identified with ut further 

preci ion to determine if it affects eg tation structure di er ity of a ai1ab1e food 

microclimate, etc. 
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Figure 1.1 Hyp thesiz d proc 1 adin t a local p cies and trait a mblag 
fr rn a regi na! p 1. h r gi nal p ci s pool i fir t d t rmin d by luti n 
bi ograph and immigrati ni migrati n with oth r rebi n . tabli b 
th rn el s in th local c mmunity p ci ne d to through thr e fi lt r acting 
imultane u ly r pr ent d a a yclin pr ess with arnpl f limiting fact rs 

s lecting p ci ba ed n th ir r p ns traits. P rtl rrnan e repre ents gr wth rate 
urvi al rat and tl cundity. A fe dback Jo p i e pect d b tween effect traits and the 

biotic filt r r pr nt da a da h d lin . 



21 

econdJy we e aluated whether a clear bypothesis linking en ironmental filter to 

organi mal functions was postulated aeem & Wright 2003). Functions w re 

di erse and included d1 per al ab il ity feeding interactions thermal tolerance 

fecundity etc. Table A .2 . For this aspect, we looked for sentences in the form 'We 

bypotbesized that [fil ter x] will influence the [function y]'. We al o considered this 

a pect fulfilled in sentences sucb as '[Filter x] can ha e a negati e/positi e impact n 

pecies with a low/ high ability in [fonction y]' . It was consider d as unfulfilled if the 

function was directly related to the perturbation but the filters were not clearly 

identified. 

Finally we e aluated if the selection of ali traits was explicitly ju tified by linking 

them to organismal functions and performance Luck et al. 20 12). W did not 

e aluate if the traits were weil selected but only if they were adequately justified. 

When adequately justified the information was often shown in a table with a column 

'Traits' and a column 'Role' or 'Hypothesized mechanism' . Alternati ely it was sbown 

in the text as a sentence of the forrn '[Trait x] is related to the ability of the organism 

to [function y]'. a e wbere justifi.cations were considered as ague and thu 

unfulfilled were examples uch as 'These traits are known to impact organi rn 

performance' or '[Trait x] is related to [fonction y]' without pro iding any reference. 

Only references explicitly demonstrating the mechanistic link between the trait and 

the fonction were ace pted. 

For tudies using effect traits of arthropod we aluated two questions Figure 1.2 . 

Fir t we checked if the tudjed taxa were cl arly related to the eco1ogica1 proc 

Thi will gen rail y app ar in a s ntence of th form '[Taxon ] i kn wn to play a 

role in [ecological process ]'. We al o accepted cases wbere the 'taxon x' was 

replaced b 'guild x' when the taxon wa clearly related t thi guild . 

condly we checked if the hypothesi r lating select d trait and the e ological 

proc were fonnulat d. Ju tificati n of ffect trait can be at two le ls. Tb y an 



22 

represent traits contributing to the functional dissimilarity and thus that are 

susceptible to create synergetic effect wben combined (e.g. pollinators with different 

phenology can pro ide ervices throughout the growing seasons) or they can be used 

to compar the efficiency of different organisms. Otherwise this asp ct was 

e aluated as for the respon e traits . 

Step 1 

Step 2 

Step 3 

Response traits 

ldentify constraining 
environmental filters 

Humidity. Available food . 
Landscape fragmentation . 

Relate function to 
filters 

[filter x] will influence the 
[function y] 

Justify traits in relation 
to the function 

[Trait x] is related to the 
ability of the organism to 

[function y] 

Effect traits 

ldentify role of the taxa 
in the ecological process 

[Taxon x] plays [this role] 
in [ecological process] 

Justify traits in relation 
to ecological process 

[Trait x] is responsible for 
functional dissimilarity. 

or 

[Trait x] is related to 
efficiency 

Figure 1.2 chematized representati n of a tep-b - tep protocol to po tulate clear 
hypoth e in r p n and ffi ct trait studies of arthr pod . 

Our r iew criteria i lded a total of 116 publi hed tudi Annexe A · the arlie tin 

19 6 a tel la & peigbt 1 96) but o er thr e quarters of th rn 87) w re pub li bed 
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ince 201 O. tudies on effect traits wer underrepresented in the literature witb onl 

twel e publi hed studies found. Howe er it is not wortby tbat traits are often 

considered in th study of sorne ecological process and particularly for p llination 

but witbout using a functional trait approach tang, Klinkhamer & an d r Meijden 

2006· Ibanez 2012 . We excluded roughly one fiftb ofthese studi (n = 18 from the 

r i wed response trait studies n = 10 as they dealt with broader que ti on 

regarding con ervation e.g. Kotiaho et al. 2005 or olutionary proc s (e.g. 

Blaimer et al. 2015 for which it was impo sible to answer our que ti ons r garding 

trait selection and associated hypotheses. 

Our analysis of whether studies were clearly hypothesis-dri en re ealed that only 2 

% of respon e trait tudies n = 8 clearly rn t all three criteria i.e. identifying 

en ironmental filter and postulating hypothes s linking traits organjsmal functions 

and filters) . When each criterion wa con ider d indi idually 9 % of the papers 

clearly identified en ironmental filters 38 % offer d hypotheses linking traits to 

en ironmental filters and re pondin organismal function and 7 % pro ided a 

justification for elect d traits Figure 1.3 . Effect trait tudies n = 12 h w d a 

more consi tent approach witb ecological proce se and hypoth e bein clearly 

identified in 70 % of the case . 
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Figure 1.3 Percentage of publlsh d pa pers on res pons trait ft rrestrial arthropods 
clearly identifying limiting en ironmental filters and hypothese linking traits 

rgani mal function and fil ter . umber in parenthese are the number of publi hed 
papers p r taxa . 

Within the 116 urv yed tudi we di tingui hed 149 diffi rent r poo or effe t 

trait a sociat d to 50 differ nt function . The w r sunllllarized m relation t 

hypothesized di per al abiotic and biotic en ironmental filter or a ociated 

co ystem process Table A.2 . orne traits 33) were imp s ibl to relat to a clear 
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function bas d on gi en information and wer t apart in the category "function 

undescribed" . Only 33 traits were repeated in at lea t three studjes and with at least 

two taxa. W also clas ified each trait to the fi categori s morphology physiology 

life hi tory beha iour and fi eding) de cribed b Moretti t al. (2016). Almost half of 

in entoried traits were morph Iogical traits 7 J while only ten pbysiological trait 

were found . The three other categories were represented with around 20 traits. 

M rphometric traits a Iso repre nt 31 of the 33 traits that we were unable to assign to 

a clear function Table A.2 . 

The e results point towards the Jack of a conceptual framework and c llecti e 

approach to study the functional ecology of arthropods. A lmost ali tudies were 

conducted independently with the purpo e of increa ing knowledge in particular 

re earch fi Ids e.g. land use fore t tire ecology of a particular taxon but not to 

establish common goals that w uld optimize the us of a trait-based approach. 

onsidering th high di er ity of arthropod it is not surprising that disparitie occur 

between tudie · howe er as mea ures of performance (growth rate repr duction 

and ur i al and ecological filters djsper al abiotic and biotic remajn th same 

b tw n taxa me generaliries hould emerge and under tanding them would be 

use fui. 

The re ults of the literatur re iew on functional traits of t rrestrial arthropods 

r ealed an incon i tency in tb u f th functional approach . Tb int r t b hi nd 

th functional traü approa b i to permit gen ralizati n and h lp to de lop a 

pr dicti ec logy bipl y Vil & Garni r 2006 . Howe er th e obj cti es can 

only be r a h d if comrnon ais are identifi d and that th i nee re pect the right 

a umption hiple et al. 2016 . While the a sumpti n wer well id ntified in 

earli r tudi R ich , Walt r llsworth 1 97· a or 1 & Garni r 2002· a em & 

Wright 200 · McGill et al. 200 · P tche & Ga t n 200 · hipl y et al. 2006 the 

e rn to ha b n fi rgott n nin plant logy with the incr asing p pularity of 
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the approacb Didbam Leather & Basset 20 l · rupley et al. 20 16). With arthr pods 

o er three quarters of response trait studies Jack of clear hypotheses formulated 

regarding en ironmental fihers organismal functions and selected traits Figure 1. . 

Thi aspect can be easily resol ed by going back to the basis and by po tulatin 0 

hypoth sis allowing to identify in ol ed ecological mecbanisms Figure 1.2). 

The litera ture re iew also r ealed an o er r presentation of morphological traits and 

tbat few trait are replicat d acros studies and taxa (Table A.2 . Morphological traits 

are int re ting as they are easy to measure and can be measured on a high numb r of 

specimens and pecies. Howe er they do not al ways represent functionally important 

traits and sbould be used with caution Didham Leatber & Ba et 2016· hipley et al. 

201 . Furth rmore ften the cannot be g neralized a the are associated witb 

di fu r nt functi n a cr s ta a. Fore ample 1 ngth f th fr nt leg of m-o und be tle 

can be a sociat d with runnin ame trait is relat d 

to prey type in orb-wea er piders Oli e 19 0 and to catching distance of prey in 

mantis (Michael Prindle & Turvey 1 85). A functional trait approach need to rely 

on fun tionall m anin fui i.e. r lat d to fitnes and o-en ralizabl trait Morettj et 

al. 20 16; hipley et al. 201 

The problem r late t trait ele rion i mor compl a it can nly b r sol ed on 

the lon tenn througb perim ntation and agr ern nts betwe n researcher . 

e ertheless thi a pect h uld n t be n gle ted in the sb rt t nn as th rele ance of 

any functional trait tudy i higbly influenced by th sele tion f appropriat traits 

ae rn & Wri 0 ht 200 · Bartomeus et al. 2016 . A fir t imp rtant t p wa mad b 

th publicati n of a li t f core trait with standardjz d pr t ol t rn a ur th rn 

M retti et al. 2016 . W ncourage ba ing futur studi on this li t a much a 

p s ibl this list is not xhausti and th r trait ar p cted t be 

r quir d m orne circum tanc . An imp rtant missing part is a li t f traits 

d termining int r pecifi int raction i .. traits fan organi rn that can b related to 
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th traits of a s cond organjsm to determine if they interact t g ther. In the next 

section we demon trate that tbjs aspect can play an important r le in different aspects 

of arthrop ds functional ecol gy from response to ecologjcal processes. 

1. Traits-matching 

The functional trait approach could be hjghly intere ting to determine the tructure of 

ecologi al networks Reiss et al. 2009· M raie - a tilla et al. 20 15· Bartomeus t al. 

2016· Gra el Albouy & Thuiller 2016. In tum the structure of cological networks 

is seen as important component determining pecies distribution (Araujo & Roz nfeld 

2014 and eco ystem proce e Loreau 2010 . Traits relate to interaction cao b 

used in a one-dimensional way i.e. considering only the consum r point of iew or 

in a bi-dimen ional way through trait-matching i.e. by considering traits of b th 

int racting organi ms . In th ory trait-matching can be applied to any kind of pecies 

interaction rai - a tilla et al. 2015 howe er it was poorly tudied otherwise 

than for fe ding and mutuali tic interaction . In these cases foraging traits of the 

c nsumers (e .. body size str n0 th length of the tongue) can be match d to 

vulnerabil ity/ palatability traits of th re ource e.g. body size toughnes depth f the 

c rolla to d t rmine the pr bability of interaction b tw en two organism . An 

int re ting asp ct of trait-matching is that the same trait can be us d to answer 

qu ti ons rel at d to r pons L Pr o tet al. 2017 and effl ct trait D rai on et al. 

20 15). 

Trait-matchin can h lp to id ntify how c mple filter uch as chang tn plant 

community structur affect arthrop d community. han0 in plant c mmunity 

tructure is ften prop ed as an ecological filter affecting arthropod c mmunities 

. . Fr n tt -Du ault hipley & Hin rat 201 · Bar mann et al 201 but 
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identifying the right in 1 ed asp ct can be tricky as it impact e eral filt r 

simultaneously. Identifying traits of plants affecting the filters and traits of arthropods 

affected by the filter could h lp distinguish the importance of each component. For 

example the bi ting D r e of grasshopper wa hown to be related to the toughness of 

of con umed plants (Ibanez et al. 20 J 3 · Derai on et al. 20 15) and in tu rn the 

toughness of lea es in a plant community is correlated to the biting force of 

gra hopper community Le Pro ost et al. 2017 . We are not aware of oth r tudies 

using trait-matching t plain community structure but sorne hypothesis cao be 

postulated. As leaf ar a and root length of plants ha e an impact on soil humidjty 

Gross et al. 2008) we can hypoth ize that ariation in tbese traits in plant 

c mmuniti will ha an impact th d i caf n r i tance f il arthrop d 

c mrnunities . Th inter t of such hyp the i i that it p rmit a direct link betwe n 

plants and arthropods and is le taut 1 gical than hyp th izing tbat m i tur 

aria ti on impact the d iccation re istance of arthropod . 

Trait-matching can ais b u ed in effect trait tudies by gi ing inforrnati n n the 

ffici ney of an rgani rn in a particular ta k cbleuning Fruend & Garcia 2015 . 

This a pect wa principall y studied with poll inator and more precise! y the matching 

tb pr b cis l nQtb of th p llinat r and the depth f the or !la f th fi wer 

Inouy 1980· Kunt 2007 · lbanez 2012 . Thi traü-match is a g od pr dictor of 

pec1 interacti n (Ibanez 2012 and of the handling ti rn · thus of the numb r of 

i it d flower and pollinati n efficiency (Inouye 19 O· Herrera 19 . It wa also 

ted th at the locati n of the ha ir n th b dy of the poli ina tor can b matched 

to th morphology f the flower to det nnine the effi i ney to pollinate a fi wer 

ta n t al. 2016 . rar e am pl witb h rbi hown that bitin0 fore of 

gras h pper d t rmin th ir [i eding niche and th 1r impact on plant bi mas 

D rai on tal.2015 . 
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Works on th dec mpositi n of lea es demonstrate that increasing th fun tional 

di ersity of b tb d composers and lea es litter traits increase the decomposition rate 

oulis t al. 2015 . Thi c uld be related to r source preference shown by 

d compo ers Da id 2014 and by a matcbing of th ir traits witb pby ical and 

chemical traits of leaf litt r af6 cting tbeir assimilation efficiency. Traits of the faeces 

of d compo er e.g. :N ratio, fragmentation f plant materiaJ can also influence 

microbe acti ity and be related to the decomposition rate Hedde et al. 2007 . As the 

traits of the faeces are influenced by the traits of the deco rn po ers Kohl r & Alberti 

1990· Frouz & Simek 2009) and the traits f tb lea s ou lis et al. 2016 we cao 

hypothe ize that trait-matcbing could help to better understand th impact of 

functional di ersity on decomposition rate. Howe r w need more experimentation 

on thi aspect t understand th impact of functional di rsity on decompo iti n rate. 

1 .4 Particularities of arthropods 

1.4.1 Treatin ral taxa imu/tan u 1 

Arthropods are highly di ers in species shape and rn rphological tructur which 

complicat th ir study a a whole in functi nal trait studies. Typicall tudie 

in orporating e eral taxa t nd t in lude only ry g n rai traits e.g. body size 

di per al .0 . Morerti & L t al. 2013). 

Howe er under tanding c ITilnunity tructur and eco tem proce e ar unlikely 

with in ular er sucb a b dy tz Enquist et al. 201 . In 

particular, b dy 1z wid tudied and ha ail w d ummarizing c mple 

c l gical networks ra 1 t al. 201 . How er its predicti ability arie 

enom1 u 1 acros co y tem particularly betw en aquatic and terre trial ones 

t al. 2011 tz 1 a Iso entrai to the metabolic the ry of col ogy 
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rown t al. 2004 but en th n it pr dicti e power i limited to 2-20 % of 

bserved aria ti n in metabolic function for pecies in a 1 0-fold ize range (Tilman et 

al. 2004) a scale corre ponding t that typically observed in arthropod cornmunities. 

A contra ting approach for studies across taxa bas been to u e a different et of traüs 

[! r ach tax n (e.g. Barbaro & an Halder 2009 · Aubin et al. 2013). This approach 

allowed in estigations aero trophic le el howe er by eparating taxa sharing 

imilar niches in the analys dirninishes the p wer of infl r nee. This challenge 

points to th importance of e tablishing standard trait e.g. biting fore disper al 

di tance, water loss rate tc . to increa e our capacity to infer across ta a and 

pr cesses. Another a pect to con ider is tbat different strategies can e ol e to re ol e 

the am pr bl em ~ thu diffl r nt trait alu an r ul in th am m n , 

Ha elk rn & Bad ae 2007 . Fore arnpl , tw diffi r nt trategie can be u d t eat 

a snail : crushin the h Il with trong rn uthpart or atta king thr ugb the ap rture 

with long appendices yffi 1 r & ymond n 2001 . Tbu the trai 

s lected to reflect the outcome in this cas the fe ding niche of the trait in tead tb an 

the trait per se. For example traits a biting force or ize of the mouthparts are botb 

r late t the fi eding strate Howe r the bitin for probably ha tb am 

utcome for the in e t and th arachnid it is just calculated diffi rentl an d r 

Meijd n t al. 201 2· Mor tri t al. 2016 . On th tb r band it i uncl ar if the 1 ngth 

f the mandible can b c rn par d to the length f the ch licerae . 

. adu/1 

In many arthrop d taxa Od nata le pt ra L pid ptera om cari tc. 

immatur ta ar rn rph lo ically and/or col g i ally dra ticall diffl r nt from 

adult and tbu face different c nstraint . ln orne ca es respon e trait f th 

immature could b mor important than those f the adult particularl y for capital 
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br d rs Ted r Tarnmaru & perk 2008 1.e. pec1 n r which important traits 

sucb as size and fecundity are determined by th res uree they accumulate during 

the immature stages Tammaru & Haukioja 19 6 . It is also tru for effl ct traü of 

d fi liators as immatur e.g. cat rpillars g nerally cause tb mo t important 

damages. 

Including tralts from a stage that i not a sociated witb an en ironmental filter or 

acti e in the studied ecological process will not nly be meaningles but may lead to 

misinterpretation. The way to treat immature tages will ary depending n the 

subject and the taxa studied. For ametabolous taxa the alue of the traits of the 

immature represents an intraspecific ariation (Violle et al. 2012 . The problem i 

differ nt for hol rn tabolous taxa as immature stage can b in a different traits 

spac than the adults. Wben it is the case w uggest treating both sta 0 es eparately 

t allow con id ring intraspecific ariation caus d by stage diffl rene . Another 

significant ad antage is that it w uJd aJlow integrating larvae in the analyse en if 

the exact pecie is impos ible to determine . 

1.4.3 F, mal . male 

dimorphi rn i a particularity f animal that can po a problem wh ile rn a urin0 

trait . Femal arthrop ds are generally Jar r than mal and s ual electi n affects 

principally males o that they ften pres nt h pertrophi d mandibles r ther 

particularitie . ln orne ca e the differ ne cao be tr rn nd us with males and 

fi males Jo king lik two diffl r nt pecies . In su h ituati n u in the mean alue 

will i ld a trait alu representing neitber whil th median i es th alu of 

th most ften caugbt se . A fi r larvae fi mal s and males bould be treated 

di tinctly when differ nee are major. 
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1 .4.4 E lo i al pr iferen and fi edin guild 

onfusion arise in many functional trait studies with the use of 'habitat pr ference' or 

'guild' (predator b rbi re gram re tc.) as functi nal traits. Bas d n a trict 

definition habitat preference i not a trait a externat ariable are requir d to d fine 

them Vialle et al. 2007 but falls und r the br ad r category of " cological 

preference" P y t al. 20l4b). F eding guild are more problematic but are nerally 

c nsid red as a trait (Van den Brink et al. 2011 · M retti et al. 2016. In a way guilds 

can be compared to the growth forms of plants · i.e. representing an important niche 

s paration that cannot be ignored but of poor predicti e power (La orel t al. 1997 · 

P teh y & Ga ton 2006· Wright t al. 2006· rimp ng & Ang rm i r 201 O· 

Fountain-Jones Bak r & Jordan 2015 . Guilds r al littl in[i rmation on th 

rn chani ms tn 1 ed tn community tructuring and an hardly b r lated to 

performanc Blaum t al. 201 1 . F r example d t rmining that herbi ores are 

disad antag d by a perturbation does not re ea l the underlying rn cbani rn e .g. 

d creasing resources increa ing competition increa ing predation decr as in the 

quaJi of abi tic c ndition or a amplin ef:D t . r thi rea on r omm nd 

cons idering guilds as a high-1 1 fun tional group u d t split anal y but n t to 

erve r ffi t traits . 

1. T wards a trait-ba d appr ach [! r t rrestrial arthr pod 

1.5.1 D 1 rminù1 landard 1 of trait / ·1ud 

stabli hing a standard et f trait to docum nt is ne essary t facilitate 

0 n ralization a r s studie . Th c re traits hould b r lat d to the di p rsa 

c 1 nization ability toleran e t abi tic factor and fi eding int racti n . fir t li t f 
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trait with standardized protocol for their measurement wa recently published 

(Moretti et al. 20 16) which we encourage following when po ible. The main missing 

asp ct now is a list of traits related to species interactions. Principally, we need tralts 

r Late to other interactions than fe ding whicb are almo t complete] y missing. Also it 

was shown that it was possible to predict realized interactions of predators based on 

traits only howe er unrealized interactions were predictable only ba ed on the 

pbylogeny see bapiter 2 . This demonstrates tbat we m is aluable information by 

lacking a better knowledge of traits impeding interaction . 

Another a pect that was neglected is to conduct experimentation clearly 

demon trating the link between traits of artbropods and their performance Moles et 

al. 2011 · Violle et al. 2014· Asner et al. 2016). So far these links are merely 

hypothetica l and tested only at local scale and are thus subject to local-dependent 

effect that cao impede robustness generalizations and predicti e abilitie (Vi Ile et 

al. 2014 . This a pect can be impro ed by analyzing large scaJe dataset to determine 

how functiona l traits respond to en ironmental changes Violle et al. 2014 . 

Howe er large datasets of traits are required to acbie e these goals Violle et al. 

2014 . 

1.5. Data ath rin and r po il rie 

D elopment of pen acce s databases are required to synthe ize a rouch data a 

p ssible and allow m re ompl t and generalizable studies. The only open databas 

for terre trial arthropods that we know of ar the B T I databa e for oil 

in ertebrat P y et al. 2014a and arabid .org [i r the round b etl of the 

Palaearctic r gion (Homburg t al. 2014 . Databases are essential to synthesize the 

high amount of in[i rmation a ai labie in pecialized literature Luck et al. 2012 · Pe 
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t al. 20 14b ). or ex ample information on the rn tabolic rate of many pecie bas 

b en published e.g. Reinhold 1999 . Data gath ring requires the e tablishment of a 

common language to describe traits and ancillary data to pre ent mi interpretation of 

a ailabl data Pey et al. 2014a· hipley et al. 201 . A part of the work was done for 

oil in ertebrates Pey et al. 20 14a) but it needs t be generalized ideally for ali 

animais . 

One pr bl rn in the philosophy behind open databas which could irnpede their 

de elopment IS that they ar highly profitabl to us rs but not profitable to 

contributor . Tbi probl rn could b resol ed by enc uraging data citations and ther 

rn asures for the recognition of contributions Baird et al. 2011 · Poisot Mounce & 

Gra 1 20 13). Howe er such data bases are al mo t useless if trait are not defin d 

properly (Baird Ruba b & Van d n Brink 200 ) and thu ac mplementary ben ficial 

ffi ct of open databa e i to pr mote the u 

H rnbur t al. 20 l4) . 

1.6 onclu ion 

f tandardjzed mea ure f traits 

The use of functi nal trait t study plant community tructur and d namic 1s 

highly profitabl for c mmunity ec logi ts a w Il a for appli d ec logy. tudi s of 

artbr pod functi nal trait sb uld be as pr fitable . Ne rth 1 we mu t ke p in 

mind that a trait ba d appr ach is a simplificati n of a sp cie ba ed approacb. The 

tr ngth i in th capacity to n ralize and off! r cl ar rn cbani rn thus mpba izing 

th importance t appl a hyp tb is ba d frarn work for tudi . acti e 

h t r tr ph tb r ality of arthropod is tr rn ndou 1 dif.fl r nt from the reality f 

il aut tr pb a plant . Thi r aJity ne d to b con ider d by gi ing a hi 0 her 

importance to the traits r lat d to their int r pecific intera ti n a weil a th ir 
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dispersal ability. Identifying the r1ght set of trait to tud arthropods w111 be a long 

chail nge because of their di ersity and the Jack of data for many taxa . Howe er 

w1tb the d elopment of good trait and databases to share thi information it could 

b come a powerful tool in the future . 
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2.1 Ab tract 

With multipl global change dri ers modifying spec1es as emblag s within 

ecosyst rn ur sucees in pr dicting ecosy tem 1 el consequences of these new 

communities will depend on our ability to under tand interaction betwe n pec1e . 

urrent food web theory c nsiders interaction between num rou species 

simultan usly but descripti e mod ls are unable to pr dict interaction between 

newly co-occurring species. lncorporating pr xie uch as functional traits and 

phylogeny into models could h lp infer predator/ prey interactions. Her we used 

trait-matching between predator foraging traits and pr y vulnerability traits along 

with phylogeny t infer pr datory interacti n u ing ground b et! a mode! 

organi rn . A n edin e p rim nt wa conducted in 1 ing 20 gr und b tl and 115 

prey species to d termine which pair of species did r did n tint ract. i ht predator 

and four prey trait were m a ured dir ctl on pecim n . Th n u ing a tati tical 

approach ba d on the matching-c ntrality formali rn w e aluat d 511 pr dicti e 

mode! that t t d differ nt c mbinations of ali predator and pr y trait and 

phylogenetic information. The rn st parsimonious mode! accurately predict d 81 % 

of the ob rved r alized and unrealiz d interacti n u ing pbylogen ti inn rmation 

and the trait-match predat r/ prey b dy size ratio and pr dat r mandibular tr ngtb/ 

pr cuti ular t ughn . Th b t trait-ba ed rn del pr dict d c rr ctly > % f 

realized int raction but wer unable to predict unr alized int racti n . Addin a 

phylo en tic term repre ntin th luti nary di tance within a h tr phi 1 el 

increa ed th ability to pr dict unrealized interacti n on a era0 

matching f pr datar mandibular str ngtb and pr y uticular t ughn d rn n trated 

a better predicti power than th commonly u ed pr dat r/ pre lZ rati . Our no el 

mod 1 c mbinin b th trait and pbylog ny t accurately predict pr dat r/ pre 

interactions xtend b yond xi ting de cripti appr aches and uld r pres nt a 
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aluable tool to predjct consumer/ re ure interactions of newly introduc d sp ci es 

and tor ol e cryptic food web . 

2.2 Introduction 

Prerncting the dynamics of no el communities arising witb global ebange will depend 

on our ability to understand interactions between species (Van der Putten Macel & 

Visser 2010 . Current food web theory con id ers simultaneous interactions between a 

high number of species and is useful to anticipate the consequences of pecies 

extinction on the structure of food w bs Dunne Williams & Martinez 2002 . Its 

predictive ability is howe er limited to known interacting species and i tbus unable 

to predict interaction between newly c -occurring specie resulting from a recent 

in a ion or a range shi ft Gra el et al. 2013 . A further problem is that food web 

models are limited by the documentation of interactions. It is not fea ible to 

docum nt all potential interaction between pecies of a region witb traditional 

technique direct ob rvation DNA analysis of gut content, etc. , makin 0 it 

important to de el op inference tool (M raies- as tilla et al. 2015 . 

Recent d scripti e mod ls of food web structure rely on two imp rtant source of 

in fi rmation · functional traits Petch y et al. 2008 · AJ1e ina 20 L 1) and ph logen 

attin et al. 2004· Bersier & Kehrli 2008 . Functional trait repre nt any 

charact ristic mea urable at the indi idual le el influencing the fitne of an 

organi rn Violle et al. 2007 and could be in trumental to determine fora gi ng abilit 

of a con um rand the ulnerability of the re uree. Pre ious tudies dem n trat that 

most cological netw rks can be r pre nted in a three to fi e dimen ional pace 

presuma bi y related to functi nal traits klof et al. 2013 . Phylogen is us d as a 

pro y of irnilarity in trait alues betwe n related roup of p cies Webb t al. 
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2002) and accordin ly indicat an olutionary ba ed on ervatism in interacti n of 

cl se relati es (B rsier & Kehrli 2008). This aspect c uld be particularly important 

for traits that are hard to mea ure su ch as cbemical defi nse of prey Eisner isner & 

iegl r 2005) or di ge ti e enzymes of pr dator Feyer isen 199 ). 

Althougb mixing both traits and phylogen could be efficient to predict cological 

interaction (Morales- astilla et al. 2015 fi od w b rn d ls including th rn are 

descripti only (Rezende et al. 2009· Rohr et al. 2010 · Rafferty & I es 2013· 

Krasno et al. 2016). The few existing predicti e mode! are till ba ed uniquely on 

trait-matcbing Gra el et al. 2013 · Rohr t al. 2016 . The trait-matching approacb 

takes into account the probability of interactions betwe n the traits of the consumer 

and th trait of th resource (Rohr & Base mpte 20 14· Gra el Al bouy & Thui1ler 

201 6a) . An xamp]e of trait-matching would b th matching of p llinat r t ngue 

length with flower traits sucb a corolla tube deptb (Iban z 2012 . imilarly traits of 

marine mammal predators sucb a wimming speed and muscle lipid cont nt can be 

matched to prey traits such as lipid and calorie content pitz, Ridoux & Brind'Amour 

2014 . 

Th trait-mat hin appr ach has be n tend d tbrough the matchin -c ntrality 

fi nnali rn which con id rs simultaneously the matching and th entrality 

comp nent of a netw rk and ha th added ad anta of being able to pr dict 

un b erved bute i ting links betw en rar r newly -occurring specie Rohr t al. 

201 ). The mat hing comp nent quantifie the compatibility betwe n th fora ing 

trait f the c n um r and the vuln rability traits of th re ure . The centrality 

c mp nent determine the pecificit 1 0 nerality fa p ci · in other w 

haring similar traits ar e pect d t realiz a imilar numb r of int racti n R hr & 

Ba c mpte 2014 . Each p cie c n um rand re ource) i characteriz d b a set f 

matching trait and centrality trait · thes aluated a lat nt ariabl or 

directly using mea ur d traits .g. b dy iz t ngue 1 ngth nectar h lder d pth . The 
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phylogenetic po ition of a species in a community could be used as an intennediate 

since it is e entially a latent ariable aimed to represent unmeasured functional traits 

adotte et aL 2009 . It pro ides an elegant solution to circurn ent problems related 

to the measurement of sorne trait but the drawback is that one doe n t acquire 

insight into po ible mechani ms as when measuring true functional traü . 

In the specifie case of predator/ prey interactions in terrestrial en ironments the u e 

of trait-matches to predict interactions has been limited to the size ratio of predator 

and prey through the matching-centrality formalism Gra el et aL 2013). Other 

known important traits of predator such as biting force (Wbeater & E ans 1 89· 

hristiansen & Wroe 2007 and handling ability (Brodie & Formanowicz 198 · 

unba & Plana 1999 ha e yet to be matched to rele ant prey traits . For instance the 

cuticular toughne of prey can act as an armor protecting them from weaker 

predators Broeckho en Diedericks & Mouton 20 15). uch matching cou Id crea te a 

shift in the predator/ prey size ratio relationship such that the predator could interact 

witb larger soft prey and smaller hard prey (Enders 1975). Including the e traits could 

belp to refine trait-matching models, but so far neither their de cripti e nor they 

predicti e ability wer quantified for any ystem. 

Our objecti e was to de elop a predicti e mode] to infer predator/ prey interactions 

using ground beetles oleoptera: arabidae as mode] organism . We used 

functional traits a the main predictor of interaction based n the matching­

centrality formalism and we complemented our analysis with ph 1 g netic 

inb rmation tor present traits that were not documented or that w re bard torn a ure. 

Our working hypothesi was that bath traits and phylogeny would e plain mo t of the 

b erved feeding interaction . Our pr diction were that i the most important 0 round 

b etle traits w uld be bod size mandibular ap and mandibular tren0 th ans & 

For ythe 1 8 · Wbeater & E ans 1989· ohen t al. 1993 combined r pecti ly to 

the pr y trait body iz body width and cuticular t ughne , and ii round be tles 
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belonging to the same clade would be more likely to bare prey tban distantly related 

ones. We tested tbese predjctions with a feeding exp riment to determine prey with 

whicb djffi rent species of ground beetles djd or ilid not successfully interact. Then 

we pr dicted the feedin g interactions of ground beetles based on the matchin0 -

centrality fonnali m. 

2.3 Material and methods 

oll ti 11 if' pe im n 

Ground beetl and their pr were collect d at eral ite and in ari u habitat 

types in outhem Quebec anada to maximize pbylogenetic and rn rpbological 

di ersity. 0 erall we collected specim ns of 20 species of ground beetles 

r pre enting 13 genera nine tribes and four sub-farnilies Table 2.1 and B.l and a 

t tai of 11 prey species f arthr pods (woodlic rni11ip des cat rpillars spid rs 

etc) earthworrns mollusks and land planarians Table B.2 . These included all life 

stag s fr rn eggs to dead sp cirn ns. Pr w re identifi d to the 1 w t taxon mie 

le l we were able to reacb or were classified as morphospe ie h reafter reD rred to 

as peci when pecies le el identificati n wa imp s ible. We kept at lea t one 

sp cimen of each pecies in 70% alcob l wben po ible i.e. when we bad mor than 

on p cim non band) to rn a ure trait that could n t be a se d on li sp ci mens . 

Likewi e ali ground beetl predators were pre erved in 70 % alcohol. 
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Table 2.1 List of ground b etle specie studied and summary of the realized + and 
unrealized (- int ractions obser ed in the feeding ex periment deri ed from the 
hterature (only realized) Lit. (Larochelle & Lari ière 200 or from forbidden links 
(FL) and the total of int ractions included in the analysis. 

Subfamily 
Tri be 

arabinae 
arabi ni 

Harpalinae 
Harpalini 

Perigonini 
Platynini 

Pterosticbini 

Spbodrini 
briinae 

briini 
Notiophilini 

Trechinae 

pee tes 

,arabu nem rali Müller 

Ani oda tylu harri ii Le onte 
Harpalu providen asey 
P rigona ni ri ep Dejean) 
A onum retra tu.m Le ontet 
Plat nu opa ulu (Le onte) 
Piaf) nu · tenui /lis Le onte) 
M a ane cen Dejean 
Pt ro ti hu audi ali ay 
Ptero ti hu oracinu 

ewman) 
Piero ti hu dili ndu 
( haudoir) 
Pt r tichu la hl) mo u 
Newman 
Pt ro li hu mutu · ay 

r tratu 
ewman 

Ptero ·ti hu · tri ti (Dejean t 

nuchu impzm tatu (Say 

Bembidiini Bembidi n hal um De jean t 
Elaphr pu an 'P LeConte t 

Total 

for which n crophagous habit 
nt. 

Obser ed 
interaction 

+ Lit. FL Total 

7 

14 
5 
17 
7 
6 
24 
0 
12 
40 

17 

6 

7 
27 

40 
3 

17 
5 

12 

4 
6 
10 
4 
3 
17 
14 
2 

17 

5 

6 
16 

27 

16 
2 

11 7 
4 6 
269 206 

12 

0 
1 1 
0 
0 
0 
0 
1 
0 
12 

1 J 

1 1 

1 1 
8 

1 J 

0 

0 
0 

0 

1 
16 
6 
1 
1 

1 
3 

31 

19 
23 
43 
17 
10 
42 
16 
15 
6 

46 

23 

25 
52 

79 
5 

1 4 
10 17 
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e din xp rim nt 

We conducted a total of 475 paüwise fe ding experiments in the laboratory in a 

regulated en ironment at 24°C 70% humidity and a day/ nigbt cycle f 16/ 8 bours . 

Gi en the major effort to c llect rgani ms ( e.g. once or twice a week for two 

months identify them and keep them ali e prior to the e periment pairwise tests 

were generally not replicated and not e ery po sible interaction wa test d. 

onetheless interaction were chosen to maximize the ariation in traits and 

phylogenetic di ersity of prey for each ground beetle pecies (Annexe ). Ground 

beetles were kept separately in plastic containers of 11 x 11 x 4.5 cm lined with a 

b tt m. Filt r pap r wa rn i t n d daily and han d 

twice a week. 

Ground be tles were tarved for 24 h prior to the fi edin 0 xp rim nt after whi b 

they were pro ided witb one prey at a time. Prey consumption wa r corded after 24 

and 48 h. A realized interaction was noted if the prey was killed and consumed at 

lea t partially. An unrealiz d int raction wa record d if the ground beetle did not ki li 

the prey after 4 h. n two occa i ns, the ground be tle ucce sfu lly ki ll ed the prey 

but did n tc n um it· the int ra rion wa con idered a unr aliz d. 

Fun liona/trait · 

Ground beetle and rnatched pre traits w re selected t r pr nt hypoth sized 

limitati ns in their potential interaction Table 2.2 . Th limitations includ d 1 

predator/ pr y ize ratio measured a bod 1 ngth) which i a cornmonl u ed pro 

~ r pbysical limitati n of interaction h n et al. 199 · 2 predator mandibular 

tr ngth (e timat d from aJJom tri with h ad and rnandibular ize Wheater & 

an 1989 tbat wa to match pr y cuticular toughness (Wh ater & an 1989· 
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Broeckho en et aL 2015)· 3 predator mandibular gape which is related to bandling 

ability and was to match prey body width ans & Forsythe 1985 · and 4 predator 

eye ize that was to match th peed of mo ement of prey Bauer & Kredler 1993 . 

We also included four pr dator traits associated to mandibular cbaracteristics 

bypothesized to relate to prey handling (E ans & Forsythe 198 · Acom & Bali 1991), 

but that were difficult to match to any prey traits. These were mandibular length 

length of liqujd ab orption section length of cutting section (terebra and length of 

apical tooth. Body length instead of body mass wa selected for practica] rea ons: it 

was impossible for us to weigh prey before offering them to predators and metrics to 

estimate body mass were not a ailable for many of our prey types. Ail measurements 

of ground beetle traits were made on alcohol-preserved specimens under a dis ection 

micro cope witb a graduated yepiece. Body length and width of prey wer mea ured 

when pos ible on li ing pecimen . uticular tougbne of prey was measured on 

dead pecimen witb a Pesola pressure set Medio-Line to whicb w added an 

entomological pin of 0.45 mm of diameter. Ali traits except for cuticular toughne 

were measured on e ery indi idual ground beetle and prey pecimen. uticular 

toughne s wa measur d on one to ix specimens p r pecies depending on 

a ailability · a rn an trait alue per species was used for mod 1 construction. Further 

detail on the methodology us d to measure traits can be found in Annexe . 

Ph lo nJ 

Tb pbylogen tic distanc matric of pr and ground b etl pecies were ba d on 

taxonomie 1 1. F r eacb of the 15 taxonomie le el to uper-ph lum the 

distance was in rement d by ne s that it chara t rized only the topology of the tree. 

F r morpb sp cies tb di tance was a Î0 n d as th ne t taxon mie 1 1· .g. ali 

octuida p . were con id red as belonging to different ub-famili . Principal 

oordinat analy es P A were performed on both ground beetle and pre di tanc 
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matr]c s to determine th positi n of each pecte in the phylogenetic pace. he 

P oA w re perform d on a tran formed phylogenetic distance matrix to reduce the 

imp rtance of uperior taxonomie le els on the species cores p rmitting a fin r 

r olution between lower taxa (arder families genera (Pagel 19 7 . We selected 

th b alue for each group g1 ing the be t goO(ine -of-fit of the madel with the 

hypothesized trait-matches predator ize/ prey size predator mandibular strength/ 

prey cuticular toughness and predator mandibular gape/ prey body width · it wa et to 

thr e for ground beetles and six for pr y. The phylogenetic score f ali eggs pupa and 

dead sp ci mens of a particular pr y pecies was set to the ame alue corre ponding 

to 50 point o er the pr ious stage group on b th ax s. By so doin g it wa po sible 

to c rrectly di tingui h f gr und b etle with inacti tag f prey 

from int ra tion with acti tage . 

tati ti al anal is 

W re rd d for each t t d pair f pe i i j if th y int ract d r not n ted Lu . 

Realized int raction wer c ded a Lu = 1 and unr aliz d intera tians Lu = O. When 

de elopment tag fa am were highl y differ nt th y w r in lud d a 

two differ nt speci e.g. immobil tages s. rn bil tages larva and adult f 

holometabolou insects ach with their own trait alues . 0 rail the matrix 

includ d 151 prey typ . W add d 8 r aliz d interactions rep rt d in Larochell 

and Lari i · re 2003 · 

includ d Tabl 2.1 

n we could confirm from cit d r fer nees w r 

repres ntin pr y p cies) pr wer 

attribut d trait alu nt rn asured pe im n . unr aliz d int ra ti n 

ha b en rarely docum nted . W al o 

add d 74 forbidden int raction (M rai - a tilla et al. 201 ) b tw en the malle t 

pr dators and larger pre such a b tw en th ground beetl an p · 
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L nte) stz = 2.1 mm) and the milliped am ri nu de Beau ois) stze 

= 70 mm . 

Table 2.2 Trait cons id r d in the in tigation of grou nd b etle/ prey intera ti ons 
based on the matching-centrality formali m. 

Traits Function 
Ground beetle 
traits 

Body 1 ngth 

Mandibular 
strength 
Mandibular gape 

Eye size 

Mandible lengtb 
Terebra length 
cutting d f 

mandibles 
Lengtb f 
absorption ecti n 
of mandibles 

ngth of apical 
t otb of mandibles 

Prey traits 
Body length 

uticular 
toughn s 
Body width 
Mo ement p ed 

Body length is used as a measure fbody ize. It i a 
commonly used proxy of physical and physiological 
constraints of interspecific interactions ohen et al. 1 93 . 
Related to the a bi lity to use strong and hardened food 
(Wbeater and E ans 1989). 
Determines the bandling ability- i .. the maximum ize width 
of used prey E an and Forsyth 19 
Related to the isual acuity and the rn ement sp ed of used 
prey (Bauer and Kredler 1993 

sum d to be related to prey handling 
Lon er for trict predator · shorter n r omni ores an and 
F r yth 1985 · assumed to be related to pr y handling 

Longer on liquid feed rs ( · an and Forsythe 19 5 · assurned 
to b related to pr y handling 

Handling ability- maintain the prey in place white slicing it 
with the terebra Acorn and Bali l 91 · a umed to be r Iated 
to prey handling 

A for ground b etl 
Hard curicle acts a an armor again t pr dat r Bro ckbo en 
et al. 2015 
Animais with thin bod ould b ea i r to handle by predator 
Fast mo ing prey are more difficult to catch 



4 

Mat hin - ntra/it) forma/i m 

Interactions were analyz d following the rnatching-centrality fom1alism (Rohr et al. 

2016 . Each specie was represented by a "matching" and a "centrality" component. 

The "match in " component repres nted the c mbined ffi ct of predat r (jj) and prey 

( 1 traits · i.e. how the trait interact. The "c ntrality" compon nt represent d the 

direct effect of the traits al ne for pr da tor and prey i .. accounts for their resp cti e 

sp cificity/ generality relati e to the number of associated prey r predator . The 

probability of interaction P(Lu = 1 ba don a general linear mod 1 GLM follows a 

o-linear mode! oftbe form Rohr t al. 2016 : 

(1 

wh re À !J1 and 2 ar pararn ters d cribin the importance fthe "matcbing" 1 - t? 
and of the "c ntrality" of pr y and predator (f/ . colo ically th tem1 

repre ents the vulnerability f th prey wbile the ft rm r pr nt th ~ ra ing 

ability of the pr dator Rohr & Ba c rn pte 2014 . Rohr t al. aluated lat nt 

traits and related them after to obser ed trait , whil her we con idered them 

ir tl . W t t -[! h tra · -mat h r at r 

length/ pr y body l ngth predator rnandibular tr ngth/ prey uti 

pr dator mandibular gape/ pr body widtb and predator eye iz 1 prey pe d f 

rn ement. For unmat h d predator trait Table 2.2 only the centrality was 

accounted for. We also consider d the phylogen tic po iti n of a specie a 

d t rmined by P oA sc r along th first tw ax which i qui aient to a latent 

trait repres ntin the c n ervati rn f int racti n re ulting fr rn e olutionary 

pr ce se B r ier & hrli 200 · M rai - a tilla t al. 2015 . 
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nera/ Additi Model {1 AM) 

We used 0 nera] additi e models GAM which permit a higber flexibility than 

g neral linear rn dels GLM) Wood 2006 to fit the matching-centrality formalism . 

GAMs ar ba ed on a smooth function determining the number f infl x ion p ints in 

the curve of th mode! for ach tenn. High sm otbing can howe er force tb curv 

to o er-fit ob erved data uch that missing data higbly influence the shape of the 

curve and can make it ecologically meanin Jess Wood 2006 p. 128 . To pre ent this 

problem w tested separately each traü-match to find the lowest smoothing limit 

from which a smooth curve repr enting the hypothetical r lation bip wa btained 

Annexe D . 

We fitt d the phylogenetic mode) as an interaction b tw en the score f the two 

P oA axes of ground b etl and prey. This mod 1 tbus x plain the probability of a 

sp cies to int ract with an ther ba ed only on its position in pbylogenetic pace. The 

new equation for the matching-centrality fonnalism based on a GAM and including 

the pbylog n tic compon nt is gi en a : 

(P Lij = 1 ) = 1 (P oAl , P Al ,.,)+ 1 P A2,.; + 1 (P A2 fi P oA1 ,-;)+ 

1 (P oA2 
1 

P A 2 ; ) - Â ( 2 1 
- f, 2

) + 81 2 

wher ar mooth functi n and P A - 1 and P Axv; are respecti ely P oA c res 

[i r predator and prey on a is . 

Theo er-fitting of the pbylogenetic term by tb GAM cannot bee aluated isuall as 

for the trait-matche . Thu we created a null mode) a suming a random phylog netic 

r lation hip b twe n ground be tles and pr y pecie . ln a fir t step the ph logenetic 

of gr und b etl and prey p ci s wer randomiz d. Then we alculated th 

true skill stati tic T of a model ba d on equation 2 in luding only the 

pb logenetic term . We aried the d gre s f mo thing 1 from 10 to 0 with a step 

f two. Th e peration w r performed with 500 it ration [i r a b d gree f 
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smoothing. We kept the upper degree of moothing for wbich the rn an was 

within the range of the null madel (information n T and null models pr ided 

below i.e. the higher moothing alue for which a randomized phylogeny did not 

predict more interactions than chance alone. The degree of moothing wa fix d at 

24. Ali sm thing was done using the "Thin Plate Regr ssion plines TPR with 

shrinkag '' approacb Wood 2006 . The gamn1a term wa et to J .4 to pr ent o er­

fittin Kim & Gu 2004). Ali mod Is were computed as a binomial r gres ion u mg 

the function 'garn' in the R package 'm '(Wood 2015). 

oodn offit 

We want d to d t rmin th pr di ti ability f pr dat r/ prey interaction f each 

trait-match, unmatcb d trait and th phylog netic terrn but al o t determine wbich 

rn d 1 bad the b t fit. The goodn -of-fit wa defin d bas d on four rn tric : 

accuracy ensiti ity specificity and true skill tatistic (TS ) (Ali ucbe Ts ar & 

Kadm n 2006 . ccura y i th p r ntag of well-pr dict d r alized and unrealiz d 

int ra tians· s nsiti ity i the p r nta0 e of well -predi t d realized intera ti a ns and 

spe ificity i the percentage of w 11 pr dict d unrealiz d int racti n . Il thr 

mea ure ha e a alu b tw en 0 absenc f go d prediction and 1 p rtl ctl 

pr dict d . TS r pres nt c rrect pr dicti ns in r lation to inc rr ct pr dicti n and 

aries betw n -1 incorr ctl pr di t d and 1 (p rfe tly predict d . The o dn 

of-fit wa c mputed :D r ali p s ibl ombination 

unmatch d trait and th pbylo n tic t rm r pr 

mbinati n of the nin t rm .1 

f the four trait-match t ur 

nting a total of Il p ssible 

F r man pr y p c1es we b rv d a id rang of trait alue r fl tin0 

intra p cific ariati n. Giv n that predator/ pr y int racti n would b influenced by 

this ariability the pr bability f interaction wa calculat d for ali potential 



combinations of prey trait a lues con id ring a st p of 0.5 mm for length and width 

and a st p of 2 o mm-2 fi r cuticular toughnes . No aria ti on was allowed for sp ed of 

mo ement. Preructed real ized int ractions betwe n a ground beetle and a pr y species 

were determined in tw t ps . First the pr dict d probability of int raction n eded to 

be 2: 0.5 for at }east one comb inari n of the trait a lue of the prey. Second th madel 

needed to predict at lea t 25 % of realized interaction . This approach allowed us to 

eliminate case where tb ground beetle wa predicted to interact only with 

indi iduals of th speci s with extreme trait alues . 

u/1 m d 1 

W tested the tati tical ignificanc by comparing tb predicti e ability of the 

models with two null madel . The fust null madel hyp thesiz d that int racti ns 

were di tributed indep nd ntly of traits phylogeny or pecies. This c nario wa 

comput d by randomizing the interaction in the observed matrix between pr dat rs 

and pr y. The econd null madel hypothesized that the le el of pecialization 

number of interaction obs rved wa sp cie - pecific for ground beetles but that 

trait and phylogeny w r not in ol d. In this scenario interaction of th observed 

matrix w re randomized only between prey o that ach gr und be tle pe ies 

alway bad the sam numb r of realiz d and unr aliz d interaction . Ten thousand 

it rati n w re run fi r bath null rn del . W calculat d accuracy 

p cificity and T :[1 r each randomiz d matrix. ignificanc of ach a pect of the 

tested madel ac urac , s n iti ity pecifi ity and T wa d t rmin d b 

calculating tandardiz d effi ct size ( E with the formula l ob - 1 un)la im 

wh r l ob i the obs rv d a lu and l m, and Œ ·iln ar 

tandard de iation of th null mad 1. was 

mean and the 

al ulat d fi r bath null rn d 1 

aft r rifyin nonnality and the mean alue was u d t te t the ignificanc e h 
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20 12). We accepted that a > 1.96 (?<0.05) indicated a b tt r go dne s-of-fit than 

the null models (Veech 2012 . 

Theo er-fitting of the phylogenetic term by the GAM could not bee aluat d isually 

as n r the trait-matches. Thus we created a null mod l a uming a random 

phylogenetic relationship between ground beetles and prey pecie . In a first t p the 

phylogenetic scores of ground beetles and prey peci w re randomized. Then we 

calculated tb T S fa model based on equation 2 including only the randomized 

phylo en rie term. We ari d the degre of moothing 1) from 10 to 30 witb a step 

of two. The e operations were performed with 500 it rations for each d gree of 

moothing. We kept the upp r degr e of smoothing for which the mean TS was 

within the range of the null rn d 1 i.e. the higher mo thing alue for whi h a 

rand miz d phylogen did not predi t rn re int racti n than chan alon . The 

deQTe of smo thing wa fix d at 24. Ail moothin0 wa d ne using the " hin Plat 

Regr sion pline TPR with hrinkag "approach (Wo d 2006 . The gamma term 

was tt 1.4 to pre ent o r-fitting Kim & Gu 2004 . Ali mode! w re c mputed as 

a binomial regr ion u ing the funcrion 'garn' in the R pa kag 'rn c ' W d 20 l ). 

2.4 Results 

B tween 4 and 71 ob ervation w re made for each ground beetle p cies with on 

a ra 2 p r pec1e Tabl 2.1 . Realiz d intera rions w r b erv d in 54 % of 

the n edin t ts for the 17 0 round be tle pe with ~ 10 rvation . Only four 

pec1 had < 0 % f r aliz d intera ti n with offered pre including MJ a 

Jan an th at did not int ract with any f the 14 offered pre 

audi ali ay wa th pec1 with the high t percentage 8 %) f 

r aliz d intera rions 12 int racti n o r 14 b ervati n . 
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The best o erall model had an accuracy of 8 .4 % a TS of O. 5 and included three 

trait-matches predator size/ prey ize pr dator mandibular strength/ prey cuticular 

t ughness and predator eye size/ pr y speed two unmatched predator traits length 

f the mandible and l n tb of cutting section and the phylogenetic term (Tabl E.l . 

Ali fi ur aspect f th oodne of fit accuracy sensiti ity pecificity and TSS 

were significantly higher tban b tb null mode! (SE > .9 P<O.OOl . The be t 

par imonious' model was predator size/ pr y size + pr dator mandibular trength/ 

prey cuticular toughness + phylog ny with an accuracy of 81.4 % and a TSS of0.61. 

This mode! al o had significantly higher scores for the four aspects of the g odness of 

fit than for both null mode! (S > .7, P< 0.001 Table 2. . Adding the trait-match 

pr dator mandibular gape/ prey body w1dth lightly increas d th accuracy to 82.5 % 

and T S to 0.6 

The best singl trait-match model was predator strength/ prey cuticular toughne s 

accuracy = 71.5 % SE = .17 P<O.OO 1 · T S = O. 7 SE =2.92 P=0.002 ) 

followed by predator mandibular gape/ pr y body widtb accuracy = 67 .5 % ( E = 

2.44 P= 0.007 · T = 0.26 = 1.94 0.05 and pr dator size/ pr y iz 

accuracy = 66.4 % ( = 2.24, P= 0.01 · T = 0.2 = 1.67 0.05 Table 

2. . The m del with predator strength/ prey cuticular tougbn bad a signifi antly 

high r accuracy sensiti ity and T tban null rnod ls but not pecificity. The rn del 

predict d an increa d probability of realiz d interacti n b tween strong predators 

and bard n d pre but we found an abrupt threshold r pon e around a cuticular 

t ughness f 40 g mm-2 following whi h n realized int racti n wer pr dicted 

Figur D .2 

Addin 0 ph 1 0 n tic information increa ed the accuracy and the T of ali models 

able .1 . It al o had a tr n p iti e impact on the p cifi ity incr asin it on 

a era0 for ali rn del by 24 %. or indi idual trait-matches and unmatch d trai , the 

p cificity in r a ed by 29 % n a erage with th add d phyl genetic t rm . When 
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taken alone ph logenetic information accuracy = 74 % ( = . 1 P <0.001 · 

Table 2.3 Goodness of fit of two null rnodels of the two best models out f 511 
te ted models (best o erall and best parsimoniou ) and of ali used tenns tested 
indi idually four trait-matches four unmatch d traits and a phylogenetic t rrn) to 
infer ground beetle/ prey 1nteractions observ d in a feeding exper1ment. Null model 1 
is a complete randomization of the observed interaction matrix wh il null mod l 2 is 
a randomization of prey pecie only. Values for the null models represent the lower 
and upper limit of a 95 % confidence intervaJ for 10 000 it rations . "Best" i the 
mod l w1th the bighe t T without limit f tenns white "Be t parsimonious" is the 
rn del witb th lowest number of terms and a similar T to the 'best' model. 

of each - f-fit a pect was determin d by calculatin 

40-63 
51-62 

Best models 
Best 

... 8 ••• 

Best par im ni oust t••• 
Phylogeoy 74··· 

Trait-matches predator/ prey) 
Mandibular trength/ cuticular 71··· 

t ugbn 
Mandibular c;,ape/ body widtb 67 •• 

Body siz 1 body siz 
ize/ mo ment sp ed 60 

nmatched predator traits 
Apical t otb 

b orption 
Ter bra 
Mandible 

> .09 

tou hn + y 
ter bra (pr dat r 
t Phylog ny + pr dator bod size/ pr y b d 
tou hness 

43-73 
5 -76 

87. 
87··· 
7 •• 

7 ••• 

89··· 
92··· 
84. 

2 •• 
94 •• 

24-60 
2 -59 

78. 
74··· 

•• 

4 

7 
0 

25 

22 

-0.24-0.24 
-0.1 -0.2 

o.65··· 
0.61 ··· 
0.46··· 

0.26 
0.2 
0.1 

0.2 
.16 

0.18 
0.2 

ize + mandibular tr ngth/ cuti ular 
mandibl (pr dat r + length f the 

ize + mandibular tr ngth/ curicular 
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2.5 Discussion 

We found that the matching-centrality formalism accurately predicted pr datory 

interactions of ground beetles (Table 2.3). The combination of the phylo enetic term 

with trait-matches predator strength/ prey cuticular toughness and predator/ prey size 

ratio captured most of the ariation of predator/ prey interactions ob erved in our 

exp riments. This success demonstrated that combining these three terms could 

increase our ability to infer trophic interactions among arthr pod and s il 

in ertebrates better than considering predator/ prey size ratio alone. Wbile predator/ 

prey size ratio is of common use mandibular strengtb or force bit ) bas rarely been 

considered when studying interactions of arthropods but see Ibanez t al. 2013 · 

Deraison et al. 2015 for herbi orous arthropod e ample . It i howe er commonly 

used with rtebrates (e.g. Wroe McHeory & Thomason 2005 · bristian en & Wr e 

2007 . The resistance of arthropod ecologi ts to u e it is possibly due to the difficulty 

to measure the force of arthropod bites, but this could be circum ented by the use of 

allometrie as used witb extinct ertebrates Wroe et al. 200 ). Our study shows that 

the e allometrie are reliabl at 1 ast as a comparati e t ol and cao b used to 

sucee sfull predict interaction between arthropod . ontrary to our e pectation 

predator strength/ prey cuticu lar toughne had an o erall better goodne s of fit than 

predator/ prey ize (Table 2.3 . 

Ph 1 en 

mode] accurat ly pr dicted unrealiz d interacti ns without th inclusion of 

ph logenetic informati n. Whil ali the models with T higher tban the null mod ls 

predict d at 1 a t 80 % f r alized interaction n ne pr dict d more than 58 % of 

unrealized interaction i .. equal to the null rn d ls) . Thi differenc dem nstrates 
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that realized interactions were ea i r to predict than unrealiz d int ra tion ba ed on 

trait-matcbing only. The Jack f replication for many interaction in the feeding 

experim nt may ba e artificially increased the number of unr aliz d interactions 

making them harder to predkt. Furtbennore it is highly probable tbat unrealized 

int ractions c uld be bett r predi t d by including traits tbat reflect prey defen e 

strategies, such as mucus ecretion by slug (Pakarin n 1 94), fast jumping ability of 

pringtail (Bauer & Kredl r 199 and deterrent ch mica] compound isner et al. 

2005 . H w er cbemical and tber specialized defense strategi can be bard to 

quantify and tbus to include in a trait-matcbing model. As tb traits ar 0 en rally 

sbar d with clos relati es (Eisner t al. 2005) phylogen tic inti rmation can be 

u fui t a f pr dat rf pr y interacti n that cann t be accounted 

for a il y with a ailable trait data (Morales- a tilla et al. 2015 . 

Pb logen in it If captur s mu b of th ariati n ex plain d b the trait Table 2. 

which c uld suggest that u ing pbylo0 eny alone would be more parsirnoniou . 

Howe er, ph logeny i rele ant nly for peci s (or maybe gen ra included in the 

pres nt p rim nt and do n t bring any informati n on tb rn chani m in 1 ed 

in prey election. ln contras the information gathered tbrougb trait rnatcbing is 

n ralizabl t other mandibulat arthr pod and u fui t under tand fo d w b 

tructur (Morale - astilla t al. 2015· Gra l et al. 2016a . Al o a ph 1 genetic 

anal i could mi rele ant ariation am ng cl r lati . F r xarnple, it was 

shown that in tig r b etle arabida : icindelinae b dy ize and l n0 th of the 

mandibl w r unrelated to th ir ph logen tic p ition Barracl ugb Ho an & 

ogl r 199 a a us fui tool belping to cir um ent problem 

cau d b th c Il ction of imp rtant but hard to rnea ur trait . 
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Trait-mat hin 

The trait-match mandibular strength of predator/ cuticular tougbn s of the re ource 

was the best predictor with ground be tles, but we pect it to b generalizable to 

other pr dat rs V rwaijen Van Damme & Herr l 2002 grani ore Abb tt, Abbott 

& Grant 1975· Lundgren & Ro ntrater 2007 herbi ores Ibanez et al. 2013) and 

p tentially detriti ores Da id 2014 . It pr ides a common currency more 

eneralizable than body ize Bartom us et al. 2016 and thu has potential to 

de cribe interactions of omni orous sp cies. ontrary to our original bypotbesis the 

trait-match mandibular gap of the predator/ body widtb of the prey did n t bring 

significantly more information to the trait-matches mandibular str n tb of predator/ 

cuti ular toughne s predator/ pr y size ratio and the phylog n tic t rm. H we er 

tbi trait-match is expect d t be more important ti r predators tbat wallow their 

r sources as a whole Bremigan & tein 19 4 , wbicb were ab ent from our dataset. 

Similarl , the matching of tb ye ize of the predator and the mo ement spe d of 

prey wa hypotbesized to be 1mp rtant to predict predation of ground be tles n 

pringtails that oft n co- cur in th leaf litt r lay r (Bauer & Kr dl r 199 

H we er thi trait-match wa also a poor predjct r possibly e plained by th 

inclusion f only ne truly big- yed predator tiophilu aen u Herb t ). D pite 

tbat it is of int rest tbat 

pringtail in our experiment. 

ole sp cies to ucce sfull consum 

A n ltoolt quantifj pr dai r-pr ) int ra lion 

Our tudy brin0 s a n w to 1 to r s 1 e crypti fo d w bs and uld b g n ralized to 

a larg array of rganism a all predatory intera tions ar d b similar 

c n traint · the ability to cat h handl rn t and dio t pre Gra el t al. 2016a . 

Trait ba e b en intuiti ly c n id r d in tb past to e plain tb ccurrenc or tb 
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abs nee of interactions but our approach now formally int grates them into a 

predicti e mode!. Thu important traits identified in one ystem might al o pro e 

u eful to understand th interactions in another one. F r example tudi on rotifers 

r eal d similar trait-matching limitations as we obser ed for ground be tles: 

catching ability was limited by prey speed handling by physical defence, inge tion 

b pr y length and digestion by cbemical defence andini, Pérez- ha ez & Sarma 

200 · D ines Matz & Jürgens 2009). 

e rtheless other trait c mbination will undoubtedly be requir d to predict 

int racti ns of predat rs with different foraging b ha iour than gr und b tl . 

Pas i e predators a web piders, use traps adapt d to beha ior of prey chmitz 

2005 . In th ca e of flying pr dators traüs r lat d to flying man eu erability of b th 

pr dat rand prey .g. wing loadin0 could b match d to d t rmine th ir probabilit 

of int raction bai & ry0 ley 19 0 mb t al. 201 imilarl wtmmmg 

p r6 rmance could be imp rtant to detennine interactions in aquatic n ironment 

( oop r mith & Bence 19 5 McPeek chrot & Brown 19 6). Beyond pr datar­

prey interaction for xampl in p lhnat r netw rk on might c n ider the trait 

match of p llinator pr bo cis length/ depth of th corolla (Ibanez 2012 or to match 

the hairin s of di ffi r nt part of th poli in at r' bod and the morpho} f flo ers 

( ta rt et aL 2016 . Th principal limitation in ur capa city to xt nd uch an 

approach remains d umenting more trait that r trict pr dat r/ pr y int raction 

al ng with an xtensi e documentation of predatory int racti n and th ir ab enc ). 

Finally our mode! inc rporat ca nging which allow acce s t high quality fo d 

a quir d at a low nergy co t for the predator and could b fa rabi to the 

maint nanc of pr dator p etes without any c t [i r th f th cam n 

Wil on & W lko icb 2011 _ nfortunately thi inti m1ation fr qu ntly 

o ri ked . Laroch Ile and Lari ièr 2003 r p rt n cr phagy obser ation tl r only 

7 p ct f gr und b tle in orth Am rica ut f +2400 sp cie . During our 
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fe ding e p riment ali 14 ground beetle peci s (only one already id ntified as 

n crophagous Larocbelle & Lari ière 200 that were offered a dead prey ate it at 

least occasionally re ealing that sca enging could be an important aspect of tbeir 

n edin 0 habit Table 2.1 . M 1 ular techniques ba e p rmitted many ad ances in 

understanding food webs but do not easily discrirninate ca enging from pr dation 

and can include errors in food web analysi (King et al. 2008 . Increasing the 

d umentation of these interactions will be important to allow tbeir prediction in 

natural food web , althou h ideally separate models will be u ed to di tingui h 

sca enging from more ela sic predatory interactions gi en tbat ca enging will not 

influence population dynamics of prey. 

Pe~ pe ti e 

While our rn del identifies the potential feeding niche of gr und b etles in the 

lab ratory the realized niche in a truly natural en ir nment will ary from the 

potential niche due to fo da ailability bi 0 her-order int racti ns and aryin abiotic 

conditions P i ot touffer & Gra el 201 . Akin to p cies di tribution rn deling 

where pres nee-absence bas to b rn deled di tincti ely to abundance because th y 

r pond to different dri er (Boulangeat Gra el & Thuiller 2012) pot ntial 

int raction and the tr ngtb of interactions b uld b c nsid red parately. The 

int racti n f two sp ci in a natural en ironment will d pend on th ncounter 

pr babil ity f th spec1 the matching of their traits Bartomeus et al. 20 16) and the 

foraging ability of th pr datar. Th bi tic conte t c uld al o influ nee the 

ccurrenc and the realization of intera tians for in tanc with an tb r pr dat r 

influ n in the b ba ior f the prey r para ite r du ing it abili ty to e cap 

pr dation . Whil w focu elu i ly n trait-matching and phylog ny in ur mode! , 

future efforts h uld att mpt t int rat tb r dri er of interaction tr ngth . While 

th re are pr mi in me th d to a cou nt for -occurr n e P i ot t al. 201 5 · Gra 1 
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et al. 2016b and relati e abundance Poisot et al. 2015 · Bartomeus et al. 2016 

int grating fi raging beha ior may be more challengjng. Integrating interacti n 

strength is the next fronti r and doing so will require u to consider aspects ucb as 

the ability of a predator to optimize energy intake per handling time (MacArthur & 

Pianka 1966). It i still unclear which traits if any) will correctly approximate energy 

intake and handling ti me but traits such as predator/ pr y body size ratio (Brose et al. 

200 · Petch y et al. 200 ) and biting fore 1 resource t ughne erwaijen et aL 

2002) could b important. 

2.6 onclu ion 

pec1 intera tion influ ne p ete distributi n at mali and lar0 pariai cal 

Araujo & Roz nfeld 2014 whicb in tu rn ha e con equence fi r local ecologjcal 

pr cesses Bart meu et al. 2016 . Th us int raction netw rks ne d to b weil 

understood to predict the con equence of sp ci es Joss and specie in as ion caus d by 

global chang dri ers . Our appr ach mixing traits and phyl g netic inti rmation 

offer a new pp rtunity to und r tand and infer accurat ly predatory interacti n for 

pect that ar diffi ult to ob erve in the fi Id. W d monstrate tbat trait ucb a the 

m utbpart trength of arthr pod pr dat r and corr ponding prey cuticular 

tou ]mess can belp unra 1 tbeir interactions. his trait-match i inter ting as it i 

more gen ralizable tban b d ize matchin infl r anta ni tic int ra tions 

includin0 h rbi ry. The pr po d approach c uld also b benefi ial to inti r ther 

interacti n 

dding data ab ut pe i and optimal fi ragin 0 ar 

futur tep t bett r predict fi od w b int racti ns. 
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.1 Ab tract 

The functional traits approacb a um s that relating traits of organisms within a 

community to ariation in abiotic and biotic characteri tics f tbeir en ironment will 

pro ide in ight n the mecbanisms of community a s mbly. Tbi hypothe is is 

upported by a large arnount of work in plant ecology but has been les studied witb 

animais. Traits at a gi en tropbic le el might act as fil ter for the selection of traits at 

another trop hic 1 el and tb us w can hypotbesize th at traits of the con su mers and of 

th ir resource c - ary m pace. We te ted tbi hypothesi with litter-dwelling 

macroartbropod and their re ources coll cted in thre forest d site of outbern 

Québec. Trai r lat d to the palatability of 1 af litter touohn s thickn and water 

r t nti n and pre b dy olum body widtb and cuticular t ughn w r 

rn a ured as weil as th fe ding trait of dec mpo rs and predat rs includin body 

olume bi ting ft rce and size of the mouthparts . Our re ult showed that feeding 

traits of both decomposers and predators co- ari d witb the abiotic gradients 

t mp rature and bumidity and 1eaf p ci ft und in the litter. F eding trait f th 

consumers partially co- aried wjtb the palatability traits of their resourc , bow er 

c - ariation betwe n sp cies identity at ea h tr pbic 1 1 was g n raJI high r. ur 

trait-based co- ariation result remain non thel int r ting a tb y offer insight on 

th rn cbani rn in ol d in peci assembly thus pem1it generalizati n aero 

arthropod i . . traits fa trophic l 1 can act a a bi tic filt r on the trait f ther 

tropbic le el . ln luding trait r lat d dir ctly t abi ti filt rs would pr bably furth r 

in rea e our ability to d ri be community a mbl f arthropod . 



.2 Introduction 

Th tudy of functional traits relie on the hypothesi that the abiotic and biotic 

en ironmental characteristics act a filters electing indi iduals based n their traits 

Diamond 1 75· Keddy 1 92 · hipl y 2010 . orrespondingly functi nal traits are 

any rn rphological physiological phenological or beha i ural characteristic 

measurable at th indi idual le el that can be related to the fitness of an organism 

Violle t aL 2007· Pey et al. 2014b) . Thus relat:ing trait r presented in a communüy 

to the n ironmental con di ti ns of that same community could provid insight on the 

mechanisms of community ass mbl.y. Tbere i a lar amount of work in plant 

ecology upporting thi bypothe is La or 1 et al. 2007 · Reich 2014· Garni r a a 

& Griguli 2016 . In c ntra t the use of a functional trait approach with animais ha 

be n lower to impl ment and mu ch r main to b done Luck et al. 2012 · Pey et al. 

2014b· Fountain-Jones Baker & Jordan 2015 · Mor tti et al. 2016· se hapit r 1 . 

Filters selecting traits among animais are more complicated todi entangl , as traits at 

a gi en trophic 1 el migbt act a filters for the s 1 ction f trait at an tber trophic 

le 1 lbanez 2012· La orel et al. 201 . For in tanc traits determining th foraging 

capacity f predator communiti wi11 act as filters of traits tl r the prey. 

Altemati ly th traits of the prey such a chemical or physical d fen e will also 

dri which predator could be present in a community. a con equ ne , ne could 

hyp the iz that trait b uld co- ary among consumer and their re ourc . 

Tb trait appr acb ha n u ed witb many animal taxa includin fi h M uillot et 

aL 20J , zooplankt n Litchman Ohman & Ki rboe 201 esarz et al. 

201 , bird Luck t al. 2012 b etl F untain-J n Baker & Jordan 2015 tc . 

urpri in ly while fe ding trait are lar0 1 studied in e luti nary and 

bi rn chanical studies Manton & Harding 1 4 · R b rt 1970· Acorn & Bali 1991 · 

hri tian n & Wr e 2007· li Id 2007 · H rrel t al. 200 · mythe 201 the are 



66 

rarely con idered in studies u in a functional trait appr ach . Studies con id ring 

feedin 0 trait generally only c nsider the consumer perspecti e (Da ies et al. 2007 · 

Brind'Amour t aL 20 11 · Podgaiski et al. 201 which means that the ariation in 

trait alu b tween communities is assum d to be r lated to resource ariability 

instead to be ft rmall te t d. H we er it could be more effecti to look at both 

consum r and resource trait to better understand the importance of fe ding 

interactions Derai on et al. 2015 · L Pro ost et al. 20 17). Examples of tl eding traits 

include biting force Wbeat r & E ans 198 · an d r Meijden et al. 2012 and 

handling ability ba edon th mouthparts gape Brodie & Formanowicz 19 3· unha 

& Plana 1999). Ne ertheless, they are hypothe ized to play an imp rtant role in the 

tru turin f ani al communiti ill et al. 00 · Hawe et al. 2009 . 

nd r tanding how fi eding trait 1 ar c -di tribut d in pa 

is required to b tter under tand th tructure of th n twork f interactions and 

e entually co tem proce s such as pollinati n tropbic r gulation or 

rel et al. 2013 · cbleuning Fru nd & Garcia 2015 · Gra el 

lb u & Thuill r 20 J 6 . e ral tudies ha sb wn that the first conditi n for an 

interaction to ccur i a match of traits between the consumer and the resource see 

the re i w in Bart rn u t al. 2 1 . The econd nditi n for thi int raction to 

ccur 1 that the species harboring the e trait mu t encounter ach oth r in pace 

Gra el Albouy & Thuill r 2016 . In ther w rd int raction are more likely to 

happ n if the e traits are po 1ti c -distribut d in spac . 

The di tributi n of the ft din trait m a community determining int nruild 

an b influ ne d b differ nt proc . Firstl y the di tributi n f th 

ft edino traits can b aŒ ct d b abiotic conditi n r di p r al ability irre p cti e f 

biotic int raction . For b found in r c ntly bumed [! r t f witz rland 

h rt r tongues than bees in unburn d ites · howe r thi 

obs rvation i pr babl du to a correlation b twe n t n ue length and n ting ite 
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which are strongly affected by fire Moretti et al. 2009 . ln such a ituation we could 

expect indirect trait association b tween con umers and the resource uch that the 

trait of the con umer determining its response to the abiotic en ironment could be 

related to the traits of the resource determining tbeir palatability. Secondly, feeding 

traits of consumers can co- ary in space with traits of their resource . If this parti cul ar 

interaction i of predator-prey typ for instance th n a po iti e trait co- ariation 

would imply a tranger tropbic regulation . in1ilarly if the interaction is rather plant­

pollinator theo a positi e trait co- ariation would be re ponsible for higher plant 

producti ity. An appropriate in estigation of the functional structure of animal 

cornmunities in ol d in ari u type of ecolo 0 ical interactions b uld therefore 

in ol e a quantification of the trait co- ariance structure. The co- ariance within 

guilds has been studied for sorne group Edwards & tachowicz 2010· Astor L n ir 

& Berg 201 5) wbat remain unknown i bow traits co- ary aeras guïld o er spac 

and en ironmental gradients . 

Typical studies using the functional approach are based on the quantification of the 

a erage trait alue e.g. using cornmunity weighted means - WM and their 

ariance using a ariety of approaches such a conununity weighted anance 

functional dispersion or measure of e enness (Swen on 2014). Community 

weighted mean are cornmonly used to describe changes in functional campo ition 

along an en ironm ntal gradient (Wri ht et al. 2004· ba et al. 2009) and r present 

the rn an trait alu for ali measur d rganism in a community. ln a mu1ti-tropbic 

tem it could b hyp thesized that a change in the WM of a palatability trait of 

tb r source will be r flected in the WM of a matched feeding trait of the 

con umers . Tbu if a ailable pr y are bi ger predator sb uld also be big0 r. 

Functi nal disp r ion FDi repres nt the mean distance of m a ur d organi ms to 

the centroid f c mmuoities Lai ibert ' & Leg ndr 2010 and thu it i a rn asur of 

th ariation in trait alues . Jt c uld b hypotbesized tbat an iocr a e in th FDi of 



6 

palatability traits of resource c rresponds to an incr a in niche a ailability for the 

consumer wbich will be reflected in an increa e of the FDis of th ir fe ding traits . 

In this tudy we tested the hypothesis tbat palatability trait of a ailable resources 

will influ nee the distribution f consumer based on their tl eding trait ident 

tbrough their co- ariation in pace. To do o we tudied the communities of 

rnacroarthropod detriti ore and pr dators dwelling in fore t litter and tbeir re pecti e 

resources. These communities were ampled at three differ nt ites acb pr nting a 

trong gradi nt in o er tory tree composition. We analyzed the relation hip between 

the feedin and palatability trait of decornpo ers and leaf litter, and of pr dators and 

prey. We fir t tested bow the di tributi n of the feedin traits ofthe decomposers and 

th predator in a multi-dimen i nal space c - aried with the abiotic filt rs . Then we 

analyz d tb co- ariation of tl ding and palatability trait in multi- ariat pac _ 

.3 Material and M thods 

tudy il . 

amplino wa arried out in thr e pr tected temp rate deciduou for st of uth rn 

u 'bec Parc nati nal du M nt- t-Brun Gault atur Re rve of M nt- t-Hilair 

and M nt- , cho which i situat d in the Montagn c logical r _ ites 

at Mont- t-Brun and M nt- t-Hilaire are eparat d by - 12.5 km whil M nt-, ch 

is - 7 km outh fr m them . Mont- t-Brun 45° '0 " 7 °19'18"W and M nt- t-

Hilair " 7 °0 ' 9'W ar b tb piz na! inclu i n from th retaceou 

ag ituat d tn the t Lawr ne L wland Feinin r & G odacr 1 95 and are 

dominated by deciduous fore ts urrounded b agricultural and ubuiban 

d el pm nt Th fore t i main! compo ed of A r ·a harum rubra and 



andifolia. Otber common trees in tbese sites include A r p n l ani um 

Fraxinu am ricana and trya ir iniana. A erage annual temperature from 2000-

2012 is 7° at both sites and a erage annual pr cipitation amount to 1071 mm 

En ironm nt anada, 2016). Total precipitation o er the sarnpling period June 

July, August) of 2011 and 2012 was respecti ely 331 mm and 211 mm. The Mont­

Écho it 45°06'06' 72°30'37"W) is part of tb Appalachian Mountains and is 

dominated by mature forest of A. a harum and F. randifolia at low le ation and 

Abi bal am a and B tula pp. at higher ele ation. Sorne ections of the study site 

are also co ered by high density of Viburnum lantanoid and ferns (main! 

D nn ·ta dtia pun tilobula) . A erage annual temperature from 2000-2012 is 6° and 

a era e annual precipitation amounts to 1371 mm En ironment anada 2016). 

Total precipitation during the 2011 and 2012 sampling peri d was respecti ely 496 

and 30 mm. 

Pl t 

Ten ampling plots were installed at bath Mont- t-Hilaire and Mont- t-Bruno, in 

three distin t stands dominated by A. · harum Q. rubra or F. -andifolia for a 

total of 0 plots per site. Plot were at !east 40 rn apart. A Bobo data logger was 

in talled at 1 rn height in each plot to record t mp rature between June 2 and Augu t 

30 2012 . M asur ment were taken at h urly intervals. Soi! humidity was measured 

at the center of th plot identifi d by a pitfall trap at each three amplin period in 

the ummer f2012 with a Field cout TDR 300 with 4 cm long r ds . 

Fift pl t were in talled n Mont- ' ch aJon tw parall 1 tran ect 25 pl t 1 

transect o ering an ele ation gradient f 200 rn and foll wing th [1 r t gradi nt 

between the A. a harum and the A. bal ·am a tand . Pl t w re parated al ng 
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transects by 40 m. emperature and humidity were recorded a in Mont- t-Bruno/ 

Mont-St-Hilaire at the end of each trapping period in June July and Augu t 2012. 

Arthrop d ·ampling 

One multipher pitfall trap Job in & Coulombe 1988 wa in ta lied at acb of the 110 

plot and were continuously acti e from late June to late August 2011. amples were 

collected each two weeks at Mont-St-Bruno/ Mont- t-Hilaire and each three weeks at 

Mont-Écho. Traps were a ti e only during two c nsecuti e weeks in June Jul and 

ugu t 2012 . Pitfall trap w r 12 cm in di am t r and 16 cm d pth. thyl ale h 1 

40 % with 5 %of white inegar wa u ed a pre rvati e. 

Litt r amples and the sup rficial milhmetres f il humu la r wer co11 cted 

adjacent to each pitfall trap (Jess than 1 rn awa once in Augu t 201 J and once 

during each trapping peri d in 2012. Sarnple olume wa standardiz d as the !ume 

that fill d a clos d pla rie ba of 20.4 x 15.4 cm without an c mpaction. 

Micr arthropod were e tracted from litter amples using a Tullgren funnel method. 

Litt r was placed in funnel 16 rn diamet r 1 than 24 h aft r th ir c 11 cti n. 

Temperatur wa gradually incr ased o er one we k from - 20 to - 40° by arymg 

ligbt inten ity of 60 W light bulb . 

V talion hara 1 rization an fun tiona/ Irait 

Ail lea coll ct d tl r th Tullgren extraction wer i ually id ntified to pec1 

when po ible and indi iduall w ighed to the neare t 0.01 g. Tbree fun ti nal traits 

related t 1 af litter dec mpo ability and palatability for detriti ore arthrop d were 

mea ured : 1 af toughne leaf thickness and water retenti n (Berna 1998 · 
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Mak:konen et al. 2012 · David 2014 . Ali traits were measured on ten lea es r th 

maximum number a ailable in th amples p r speci s per tand at Mont- t-Bruno/ 

Mont- t-Hilaire and at fi e e enly di tributed ele ation on Mont- · cho. Leaf litter 

wa rehydrated by spraying water on them twic and k eping them in a clo ed box for 

48 b before rneasuring traits . Leaf toughn g mrn-2) defin d a the pre ure 

r quired to perforate the 1 af, wa measured with a Pe ola Medio-Lin pre sure et. 

Up to fi e rn asurements were taken per leaf and the a erage alu was used in the 

analysis. Leaf thickness wa rneasured with a microcaliper to th nearest J.Ull . Water 

retention represented the mass of th hydrated leaf mea ur d after the rehydratation 

pr ess di ided by the mass of th dry leaf. 

Traits were measured on partially decompo d l a es and thus mo t likely fall n the 

pre ious autumn. Partially-decompo ed 1 a es were fa oured to freshly en scent 

lea becau macro-d triti ores as m.i11iped s ar k:nown to prefer partly 

d c mpo ed to fresh lea es olters 2000· D Oli erra Haett n chwiler & Handa 

2010. Furthennore leaf litter i highly modifi d during th first winter in temperate 

forests Mo re 1 83 · chida et al. 2005 · trukelj et al. 2012 . Particularly 

conc ntration increa es progressi ely durin fir t year of dec mpo ition b cau e of 

microbial imrnobilizati n (Uchida t al. 200 · trukelj et al. 2012 . The fr eze-thaw 

p riod also has a disrupti e action on the litter facilitating the acti n of 

microorgani ms and re ulting in a decreasin in c llulo e c ne ntration and an 

incr a e of r calcitrant compon nts a lignin (Wu t al. 2010 . Thes processes could 

rn dify the physical re i tance of lea es D r arthrop d ommuniti li ing in th litt r 

la r during the acti e plant gr win ason . 
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Arthr 'P d id nti l a lion and fun tiona/ trait 

Ail Diplop da Isopoda arabidae Araneae and Opiliones cau0 ht in pitfall traps 

were identified to the p cies 1 eL Larvae f Diptera oleoptera M captera and 

Lepidoptera were also identifi d as rn rph specie . Ali macroarthropods except 

winged Diptera and Hymen ptera and snail found in Tullgren extractions were 

identified at pecie or morphospecies le el (hereafter referred to a sp cies . pecies 

caught nly once or twice in Tullgren extractions w re not con idered in the analy is 

unless tbeir ecology clearl ass ciated them t the s il food-w b . For example ail 

hilopoda and apterous Hym noptera kn wn to parasite soil arthrop d w re kept in 

the analy i th ir abundance but rarely caugbt epidoptera 

caterpillar were remo da few are a sociat d witb d ad plant material. 

ding guild d triti re predator berbi ore omni r and parasit id of acb 

pecies was determined based on th literature. Body olume in mm· wa e aluated 

ba ed on shape length widtb and height f each species and us d as a measure of 

body iz repr enting b tb a palatability and a fi edin0 trait. uticular t u hn 

repre enting a palatability trait was measured using a P ola Medio- ine pressure 

t to which w add d an nt rn log ical pin f siz 2 diam ter = 0.4 mm . 

Toughness in g rnm-2 wa d fined a the pr ure required to br ak througb the 

integurn nt with the pin . A a lue of zero wa 0 i n fi r ry ma11 and ft p te 

while a alue f 1 wa gi n t small but sel r tized sp cie . F r d triti ores and 

pr da tor , w al e aluated th biting force and th length/ width ratio f mouthparts 

(both r pr enting fe ding trait bitio 0 for e ind of rn utbpart tip wa measur d 

ba d n the formula h x hl . F r mandibulat arthrop ds h wa th widtb f tb 

h ad b hi nd the e e i.e. the attachm nt p int of th mu cl es r lat d t mandibl b 

was tb ba al widtb of tb mandibl b tw n tb condyl and th m rti np int f 

th adductor mu cie and wa the 1 ngtb fr rn th condyle to tip Wh ater & ans 

19 · li old 2007 . Th bi ting force index of the mol ar plate was a Iso e aluated for 
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Diplopoda and I opoda b mea unn b betw n the condyle and the ins rtion point 

of the abductor muscle and betwe n the condyle and the mid point of th molar 

plat . For arachnids h wa the size (lengtb x width of the cbelicera , b wa the basal 

width f th mo able di it and wa its length ( an d r Meijden Herr 1 & urnmer 

2010· anderMeijden tal.20l2. 

tati ti al anal i. 

e eral pitfall trap samples were ]ost principally due to marnmal disturbance or 

flo ding resultin in an unequal number of days per trap between plots. W r mo ed 

from th analysi the plots that wer acti e for le than 2/ f the trappin p riods. 

0 rail nine plots were remo ed (Table 3.1 . The abundance of ach sp cie wa 

umm d in each plot and corrected to refl ct a total of 3 days of trappin by 

applying the formula: 9 x abundance 1 trapping day , rounded to the upper whole 

numb r. Data for the dec mpo r and predat rs came alrno t exclu i ely from the 

pitfall traps uni s a p cies was found in th e traction but not in th pitfall traps 

for a plot. Th repr ent 74 mentions o rail main! in ol ing smaller p ci s of 

spid rs 3 rnillipede 2 and gr und beetle 6 . ln thes case on 

added to the species abundance matrix to aclcn wledge th 

Prey includ d data from the pitfall traps and the Tullgr n e tra tion · [! r this r a on 

w appli d a Wi con in double- tandardization to th pe i s abundanc matrix of 

pr y. Th ry large milipede sp cie arc u americanu wa not con id r d as a 

pre a it i unlikel t b pr dat d by any f ur predators and would ha 

artificially in flat the WM and FDi of pr y wh r the pecies is pr ent. 

W d crib d th d c rnp er and predator communiti witb r dundanc anal i 

RDA to d t rmine if th ir fe din 0 trait co- ari d with n ]ronrn ntal fact r . The 

RD w re performed n th standardiz d WM and FDi f tb d comp r and 
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predators per plots with temperature and humidity a en ironm ntal fa tor . Leaf 

litter composition was al o included as an n ironmental factor by e tracting the 

c re of axes e plaining more than 10 % of the observed ariation i.e. the first 

three f a principal c mponent analysis (P A . Finally the WM of each leaf 

palatabHity trait was includ d t describe decompo r communitie . The ame logic 

wa u ed for predator communities but the score of a P A n prey communities 

were ais added. Thre axe were al o used to be ymn1etric with 1 af litt r howe er 

the aria ti on explained was < 10 % for ali axes. A Iso, the WM of the palatability 

traits of the prey were u ed. Ali xplanatory ariables were standardized. The RDA 

were a]so performed on species abundance matrice with Helling r's tran [1 rmation 

Leg ndre & alla 0 h r 2 01 t if th am 

and functi nal compo iti n. The ignificant contribution of planatory ariables was 

a d with perrnutati n t t witb 99 9 it ration witb the functi n an a in R. 

The co- ariation f fe ding trait of the consum r and palatability trait of the 

re ourc was analysed in a multi ariate pace with Procruste co-in rtia anal is . We 

fir t p rformed P A on each tandardized functional c mponent WM and FDi of 

the lea litter d compo ers, prey and predat rs ind pendently. Th P A were 

ompared with a Pr ruste anal i with tb fun ti n pr t . 1 f th 11 library in R 

with 9999 iterati n Ok an n et al. 2013 . The Procru te were al o u d t c rn pare 

th c mpo iti n of ach trophic 1 1 t aluat the relati e d cripti e 

tr ngth fthe ommuniti ba don tbeir trait . 
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3.4 Results 

Data de ·ription 

We identified 16 species of lea es in litter amples. A. a harum and F. randifolia 

were the only tree sp cies producing leaf Iitter comn1on to ali thre sites. Other 

dominant leaf litter in Mont-St-Bruno/ Mont- t-Hilaüe wa from Q. rubra while A. 

bal amea and B tula pp. were dominant trees in Mont-Écho. The presence of A. 

bal amea and B tula pp. at Mont-Écho separate this site from others on the first axis 

of the P A on leaf litter composition Fig. . lA). The sites are more rnixed up on 

axe 2 and 3 ig. . lB). 0 erall 966 adult dec mposers (7505 Diplopoda and 2158 

I opoda belon ing to 20 species were caught Table 3.1 . The speci richnes was 

bigber in the Mont- t-Bruno site 19 specie than in the oth r two site 12 or Jess 

pec1es . arabidae w re the dominant predator taxa in abundance with 14,013 

specilllen caught but Araneae had the higher species richness witb 122 pec1es 

(Table 3.1 . pecies richne and abundance f Araneae wa higher in Sutton than in 

other site and the abundance was particularly low in Mont- t-Bruno. In rsely 

arabidae and Opiliones were more abundant in Mont-St-Bruno than in oth r site 

but the richness of arabidae wa high r in Mont-Écho. Finally 4471 larvae (from 

which 2471 c me from Tullgren e traction of the litter) and otber prey belongin0 to 

2 2 pecie were caugbt. Mo t sp cie 1 11 w re caugbt fi e tim or Jess o erall. 

Th P A on pre peci s di tributi n re eals a eparation of Mont- cho from other 

ite n the fir taxi and a separati n of Mont- t-Bruno and M nt- t-Hilaire on th 

econd axis Fig 3.2A . Mont-Écho and Mont- t-Hilaire ar irnilar on a is two and 

ali 1t are imilar n th third a is ( ig .2B . 



76 

A
) A

xes 1 and 2 

+
 F

a
g

u
s_

g
ra

n
d

ffo
lia

 

~
-~-------,-~--------T~---------,I---------,1------J 

-0
.5 

0 
0.5 

1 
P

C
A

 1 (A =
 0.55

) 

<q
_ 

0 "11:_ 
0 ~

-
9 

B
) A

xes 2 and 3 1 

-0
.5 • 

• • 
• 

•• 

1 

0 

0 

P
C

A
2 (A

=
 0

.16) • 

+
 

Q
ue re us _

ru
b

ra
 

D
 

c 

A
c
e

r sa
cch

a
ru

m
 

-
+

 1 

0
.5 

F
igu

re 3.1 Principal c m
p 

n nt anal 
i 

(P 
A

 
on th 

abundan 
f leaf 

pecie 
found in th 

fore 
t litter in thr e 

ite 
m

 
uth 

m
 Q

u 'b c: 
ire! 

=
 M

 nt-
t-B

run
o· 

quar 
=

M
ont-

t-H
ilair · triangle

=
 M

ont-É
cho. 



N
 

0 ..-0 

-v 0 0 Il 

~
0
 

~
 

0 a.. 

N
 

9 

A
) A

xes 1 and 2 

+C
yfm

drow
lus 

l 
ca

e
ru

le
o

cin
c 

ts 
1 

i C
arabus_nei;oora/is (la

.) 
. 

: : 
+U

robl 
m

u/us 
+

 
+

 +
 

: 
ca

n
a

 
e

n
sis 

• • 
+

 
1 

P
anorp 

sp1 (La ) 
'+

 
+

 
-

• 
•: +1~ 

~ 
~~2~1~/0SIS_Sp+(la.) 

,;+
 • .

,
 

+
• 

1 
+

 
u
l[jl 

• 
• 

•
t•+

 
:++ 

ô
+n 

G
eostiba 

• 

....................................... .,..Jwnt-1· 'IJR'2f 
+

 4 ... -ëPP.alaclligen
a. 

+
 

+
 +

 +
 

+
 

cu..
: 

++
 

+
 

++ 
+

 ~
 

C
anthandae_

sp
1 (la

.) 

cC
 e~C~~C 

c
+

D
 c 

c
; 

D
g 

1 

N
octU

!dae sp4 (la
 )+

0
c +T

rpuljdae_sp4 (la
) 

+Pseu~opo/ydesmus 
scrr :u

s 

+
 O

phiulus_pt7q:;us 

-0.2 
-0

.1 
0 

0.1 
P

C
A

 1 (À
 =

 0
.0

7
) 

0.2 

B
) A

xes 2 and 3 

Laf'Tl)yridae_
sp2 (La

.)+
 

6 
+

G
eo

stiba 

N
 

0 

a
p

p
a

la
ch

ig
e

n
a

 

M
 

4 
0 

. 
6 

0 
..-

c 
1 

+U
roblam

ult;s 
11 

0 
~
~
+
 

ca
n

a
d

e
n

sts 
~
 

c 
+

 
. 

(") 
P

seud 
ly e

sm
u

 · 
~
 

• 
• 

77 

Q
_

 
0 

~~-~"."."..~ .
.
.

.. ;.)im'Y1t . 
;:t++~.:&:::::~~-~-~~~ 

{5 
~hw/us 

e 
u 

8 +
 ~

4 
.e t 

C
yl 

droiulus 

N
octU

idae_sp4 (la
) 0 

+
c +o+ 

'+
 ~
 

• 
n

e
rro

ralis (la
. 

+
• 

+
 

l 
6 

+
 

fh
ilon

th
us_sp1 {la

.) 

A
 

N
octuid 

_sp1 0 (la
.) 

..-9 
A

go
nu

m
_sp

 (la
.) 4 

-0
.3 

-0
.2 

-0
.1 

0 
0

.1 
0.2 

P
C

A
2

 (À
=

 0
.0

4
) 

m
p 

n nt anal y i 
n th 

abundanc 
f prey 

p cie 
found in th 

for 
t litt r in thre 

it 
tn

 

: cir 1 
=

 M
 nt-

t-B
run 

· 
quar 

=
 M

 nt-
t-H

ilair · triangle =
 M

ont-É
ch 

. R
ed =

 D
iplopoda 

B
lu 

r 
n =

 L
 pid 

pt ra 
P

ink
=

 D
i pt 

ra 
D

ark g
r 

n =
 M

 c pt ra. " L
a. " a ide th 

nam
 

indicate a lar al 
tag 



7 

Table 3.1 umm~ descriEtion 
Mont Mont 

t-Hilaire Écho All 
Plots Number 28 46 101 
Leaflitter Richness 6 9 13 
Dipl poda Abundance 245 3425 835 7505 

Richnes 15 9 16 
l op da A bun dance 1 50 207 1 215 

Richnes 4 3 1 4 
arabidae Ab un dance 50 3 4050 4870 14013 

Richne s 21 26 32 45 
Araneae A bun dance 1261 2 22 3 0 6 

Richne s 60 59 77 122 
Opilione Abundance 686 13 294 129 

Richness 10 10 9 16 
Other prey Abundance 1022 1202 22 7 71 

Richn 144 160 2 2 

it are generally well eparat d ba d on their mean recorded temp rature. At 

M nt-Écho rn an t mperatur p r plot aried betwe n 16.4 and 1 .1 ° and are 

constantly colder than other ite . Mean temp rature al o t nd to b lightly 1 wer at 

M nt- t-Hilair 19.9- 20. 0 than at Mont- t-Brun 20.7 - 21.4° . Th ariati n 

of the hum idity is larger within than across sites, with highest humidity record d in 

M nt- · ch . Within it ariation in humidit ranged b tw en - 14 % at M nt- t­

Bruno 4- 17.2 % at Mont- t-Hilair and 4.5- 7.7 % atM nt- · ch . 

o- aria/ ion b lw en n ironm niai fi lor and fi din trait 

Arthr pod d c mpo er communiti irre pe ti f wh ther d crib d b pecte 

ompo iti n WM or FDi wer ignificantl e plain d b temp ratur tru tur of 

leaf litt r c mmunitie and the WM of 1 af litter t ughn s (Fig. 3. and .4 

Table .2 . The fir t P A axis of th leaf litter c mmunity wa c rr lat d w1th thicker 

leaf litter whil a e 2 and wer c rrelated with touaher 1 af litt r. D c mpo r 
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cornmunities described by pecies composition or Fctis) wer significantly correlat d 

to the WM of leaf litter thickness (Table 3.2 . Arthropod decomposer traits (bod 

olume biting force, mandible siz and mandibular gape) co- aried with each oth r 

and with leaf litter toughness . The bi ting force of the mol ar plate co- aried with water 

retention of l af litter and soi! humidity (Fig. 3.4). Specie communities of arthropod 

decomposers were weil separated on the fir t two axes showing di tinct communities 

at the three sit . This separation was Jess clear when the WM or the FDi was 

analysed but plots in Mont-St-Bruno still tended to be distinct from the otber two 

sites. 

Table 3.2 Surnmary statistics (F- alue and statistical ignificance of Redundancy 
Analy i (RDA perforrned on decomposer communitie . pecies compo 1t10n 
community weighted mean WM) and functional dispersion (FDis) of fi e feeding 
traits body !ume, mandibular gape biting force at the tip of the mandibles, bi ting 
force f the mortar region of the mandibles and the length/width ratio of the 
maodibles are compared. 

Explanatory variables Species CWM FOis 
Humidit 1.8 0.4 0.4 
Temperature 15.4··· 4.4* .3· 

eaf litter c mmunity (P 5.6··· 6.3·· 11 .6** 
Leaf litter community P 1.8 3.8· 2 
Leaf litter community (P 4.6··· 13 .3 •• 1 .4 ••• 

Leaf litter thickness WM • 1.4 5.7· 
Leaf litter toughness WM 2.8· 4.9· 7.7·· 

Leaf litter retention WM 1.4 0.3 1 
0.54 0.3 0.5 

The xplaoatory ariables significantly related to the artbropod pr dat r communiti 

aried depending on whether n c n idered species comp iti n the WM or 

functional disp rsion of their n ecting trait Table . . p cies structure of pr data r 

communities wer de crib d by il bumidity and temperature by ail thr e P A axes 

of the 1 af litter community and by one P A axis of the pr y ommunity ig 3. B . 

In contrast both WM and FDi of predat r traits were bett r described b the pr y 
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community tructure with a small contribution of leaf litter community tructure for 

FDis and temperature (for WM). Predator traits body olume and biting force co-

aried with the presence of prey wjtb tougber cuticle for tbe CWM and with prey 

toughness and body widtb for tbe FDi Fig. 3.5 . The predator trait mandjbular 

length/ width rati co- ari d negati ely with body olume and bod width f prey 

when its WM wa con id red and was ortb gonal to ali prey traits wh n its FDis 

was consider d . As ob rved in the d campo er communirie predator communities 

were distinct amon tbe thr e ites wb n pecies omp sition wa c n idered, but 

sites tend d to be less di tinct wh n functional c mpo ition ( WM or FDis) was 

con idered (Fi0 . .5 . 

Table 3.3 urnrnary statistic - alue and tari tical ignifican 
Anal i (RDA pern nn d on pr dat r c mmuniti . p ci 
community weigbted mean WM) and functional disper i n FDi 
traits (body olume biting fore and the length/width rati of tb 
compared. 
Explanatory variables Species CWM FDis 
Humidity 2.5· 0.9 2.1 
T mperatur 4.7··· 11. ••• 2. 
Leaf litter community (P 4. •• 2.7 2.7 
L aflitt r ommunity (P 2.1· 2.5 .1· 

eaf litt r mmunity P 2.6· •• 1.9 
Prey community P 1 1. 4. 

Prey contmunity (P 2 11 . 1 ••• 4. • •• 1 .1··· 
Prey community P 3 1 0.1 
Prey olum ( WM 1 2.2 2. 
Pre width WM 1.2 2 2. 

O. 0.7 0.4 
0.55 0.54 0.42 

fR dundancy 
campo ition 

of fi feeding 
mandible are 
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- ariation in mufti aria/ :pa 

Arthropod decomposer body olum co- aried con istently with leaf litter toughness 

for both WM and FOi wben sit were considered ali togetber or eparately except 

b r the FDi in Mont-Éch Fig .6 and 3.7) . o otber con istent co- ariance was 

ob erved betw n feeding and palatability trait . Ali Pr crustes ~alyses betw en 

artbropod decomposer c mmunities and leaf litt r communities w re significant 

except for tb WM at M nt- t-Hilaire (Table .4 . The correlation between the 

P A f the WM and th FDi of palatability traits of leaf litter communities and 

fe ding traits of arthropod dec mpos r communiti s was imilar - 0. wh n ail three 

it w r, tb rr lati n b tween the P f the 

tw communiti s was higb r O. when specie comp ition wa u d to de cribe 

ommunity tru ture. hec rrelati n b twe n tb FDis was g n rall y hi gher tban tb 

WM when the sites were analy ed s parately and it was also bigb r than for 

corr lations betwe n communities de cribed with pec1 composition in Mont- t-

Bruno. 

Tabl 3.4 orr lation b twe n tb P A of th functi nal structur community 
WM and fun ti nal di per i n Di and p i tructur of 

communiti 

D composers 1 litter 
Il sit 

M nt- t-Bruno 
M nt- t-Hilaire 
Mont- ' ch 

Predators 1 prey 
Il it 

0.6··· 
0.42 •• 
0.4 •• 
O. 7••• 

0.72··· 
0.81 ··· 
O. 7••• 

cho 0.82••• 

0.29 •• 
O. 9• 
0.2 
0.32. 

FDis 

0.3··· 
0.52 •• 

O. 4 
0.3 • 

0.26 •• 
O. 

and arthrop d pr dat r and prey 
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Predator bi ting force and prey cuticular tou 0 hne s and body olume of b th predator 

and pr y communit1es co- ari d positi ely for botb WM and FDis when ali sites 

were analysed together h w er they co- aried negati ely wben the WM ofMont­

St-Hilaire was analysed alone Fig. 3.8). The correlation betwe n the P A of the 

WM and FDi f prey traits and predator traits wa significa11t only when ail site 

were analysed togetber and for tb WM at Mont- t-Hilaire Table 3.4 . A for 

correlation between 1 af litter and arthropod de ompos r communities the 

corr lation de cribing p ete c mpositi n f arthropod predator and prey 

communiti was always high (>0.7) . 

. Di us 1 n 

Our r ult pro ide new in i ht on how feeding traits of arthropod co- ary witb 

en ironmental factor and th palatability traits of th ir r ources. We how that in 

th litt r la r f decidu u ternp rate fore t in outbern Québ c th ariati n in 

sp cies composition functional composition e pr ss as the WM and functiona l 

ar1anc e pr ss as th Di of arthrop d de omp s r communiti is b t 

plain d b the sam fact rs but in different prop rtion . Thu ariation m 

t mp ratur at tb micr - it ale b t de crib d pec1 c mpo iti 11 f 

ommuniti but the functi nal characteri ries f arthrop d decomp s r communities 

wer plain d by 1 af litt r pecies and fun rional structur . imilar re ult 

b rv d for arthrop d pr dat r peci s and fun tional omp ition with pr y 

compo ition influen in the functional tructure stron 1 

HO\ r there wa no appar nt link b tw en th functi nal tructur 

pr dator . 

f predator 

and pr . A c - ariane in th di tribution f th palatabil it traü r ource 

and the feeding trait of tb con umer wa b rv d with Pr cm t anal es. 

H w r correlation betwe n p ci s compo iti 11 f communiti 



higher than between functional comp sition e c pt for th d composer community 

and the leaf litter in Mont- t-Bruno. Finally r ult c mparing functional 

c mpo itio11 WM and functional ariance FOis of commu11ities were generait 

similar. 

Determi11ing factors influ 11ci11g the distributi 11 of fun tional trait in a community i 

a prerequisite to make the approach effecti e and t p rmit prediction (McGill et al. 

2006 . Our results show that our communitie are better de cribed ba ed on pe ie 

identity than 011 the selected traits. However the results based on the traits are till 

rn re int r ting as they permit generalizati n and predktion McGill et al. 2006· see 

hapit r 1 . In our ites we found that th millip d species arceus am ricanus and 

Oriulus enu tus tend to be a sociated with th pr ence of Q. rubra but this result is 

only interesting for ites where these specie co- ccur. On the otber hand the 

observation that th bi ting force of the d compo rs co- aried witb the toughn s of 

the leaf litt r is probably still r l ant in a [1 r t where none f the e sp cies are 

pre nt. ucb co- ariance can ba an impact on the food web tructure Gra el 

Alb u & Thuiller 2016 . Thu our result help to understand bow oil ft od web ar 

tru tur d and with orne r finements the study f fe ding trait c uld pr ide an 

int r ting to 1 to und rstand food webs dynamic Morales- a tilla t al. 20 15 · 

Gra el Al bouy & Thuill r 2016 . 

n ir nm nta/ fa lor 

The abiotic factor we rn a ur d nly bad a mali influence n the functional 

comp ition f dec mp s r and pr dat r . Th nl con i tent co- ariation was 

ft und b tw n oil humidit and the WM f th lengthl width ratio of th 

mouthpart fi r both trophic le el . It i not urpri ing a the traits were s lected t 

r fl ct the fi ding int raction of arthr pods not their abiotic interaction . Otherwi e 
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om o- aria6 ns were b rv d betwe n the t mperature and orne trait but it 

probably r flected the ariation in term of peci c mposition in the three sites 

instead of a real co- ananc . In our study temperature repre ented inter-site 

ariati n while hurnidity repres nted intra- ite ariation. This int rpretation could 

expia in why temperature wa a b tter descript r of th macroarthropod communitie 

o er humidity, contrary t xp ctation, but the low number of sites cann t permit to 

c nfirm it. 

Trait mal hin 

ln th d ompo er-litter trait match th nly on i tently b erv d co- ariati n (i .e. 

aero anal es and in ali it but M nt- was b tw n th 1 af litt r toughnes 

and the biting force of d compo r . The biom chanical co- ariati n b tw n the 

r and the toughn of used re ources wa poorl 

tudi d but studies on gra h ppers re eal that leaf toughn can act a a pbysical 

barrier r training intera tion (Iban z et al. 201 ur r ult ugg t tbat thi 

limitation is reflect d in the distribution of th d ompo er . imilar r ults w re 

ob rv d b tw en the 1 af tou hness of li ing plant and bi tin fi rce f r 

(Le Pro t t al. 2017 . lnt r ting! , bi ting for e of the predat r and the cuticular 

toughn f the pre al o - aried in the uni- and multidim nsional pace . Body 

olum f predator and pr y al co- aried a ro it . While the b d ize ratio is 

a w Il known limitati n f pr dat r/pr touffer Rez nd Amaral 

201 I · Gra 1 t al. 20 1 th bi ting fore 1 t u hn match is not w Il studied but 

uld b a bett r r di t r tban b d hapit r 2 . 
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. d mp er. 

We obs rv d that correlation between trophic le el were bigher at th fine scale 

traits ar rn re correlated wh n sites are analys d eparately) for d compo er 1g . 

. 6 and .7) and at a coars r scale (traits are more corr lated when it are analy ed 

tog th r for predator ig. 3. . This difference can be explained by the fact that 

pr dators ar in general more mobile th an decomp ser (Da id & Banda 201 0) and 

tbus ar pected to be le d pendent on the conditions at the plot cale. Ais the 

arthrop d prey community is far more complex tban the leaf litter and harder to 

sampl . Jt w uld ha e be n higbly complex to ample identify and measur traits of 

ali potential prey tbus we limit d data collection to two trappin t chniques and 

id ntification t un-win ed macro-artbropod and nail . W ar awar tbat this 

metb dologi al choice may ha limited our ability t d cribe the di tributi n f the 

feeding traits of the predators. 

Th spatial co- ariation betw n consumers and re ources was generally tronger for 

p c1 s c mp sition than for fun tional structure. This can be xpJajn d by the fact 

that we nly onsidered fe ding interacti n while abiotic filt r al o play an 

important r l m tructurina artbr pods of the D r t litt r Frouz t al. 2004 . RDA 

anal re al tbat il humidüy and t mp ratur influenc tb tru ture of 

c mmunities. Howe r we are still lacking morphological traits tbat can be 

r lat d to abi tic fact r with arthropod e hapiter l . rn re arch r 

1r um nt th probl rn by int grating ecologi al trait de ribing m be ( .g. 

M r tti al. 2010 but th se are not directly 

or amsm iolle et al. 2007 and ar ubje t t ircular rea onin . In orne 

circUJn tanc pbylo0 ny can b us d t comp n at mi in infom1ati n ab ut hard 
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to mea ure traits (Webb et al. 2002 · adotte Albert & Walker 2013 . Howe er 

pbylogeny does not pro ide information on the direct mechanism contrary to 

functional traits. 

3.6 onclusion 

Our results show that the traüs of interacting trophic le el (litter/ decomposers and 

predator/ prey) co- ary in space. Inter stin0 ly similar results were ob erved in a 

different ecosystem b tween plants/ herbi ores witb equi aient traits (lea e 

toughn s 1 biting force (Le Pro o t et al. 2017 . uch informati n could ha e an 

impact n fo d-w b structur and temporal dynamic Gra el Albouy & Tbuiller 

2016 . In our data the strength of the co- aria ti on between th res ure and the 

consumer traits aried ba ed n the tr phic le 1 and the tud sit . Tbese difference 

could be explained by comrnunity complexity (speci richne s functional di ersity 

or co- ariation b tween disper al or abiotic re p ns trait and palatability/ fe ding 

traits. This point out the need to de el op r li able traits to a sess the dispersal a bi lity 

and a bi tic int racti ns of artbropod to b tter understand peci s a mbl proc ses 

and fo d-web tructure. A next tep would be to determin if th di rg nee in th 

tr ngth of the co- ariation between re ource and consum r trait are reflected in 

food-w b properties a connectance or ne tedn 
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0 L lON G .ÉRALE 

L' bj ctif principal de ette th · e ' tait d'identifi r des traits fonctionnel 

générali able à un grand nombre de taxa et permettant d'augmenter n tre 

compr 'ben i n des rn' cani me impliqués dan la formation des rés aux trophiqu s 

et l'as mblage de e p · c . La revue de littérature du chapitre 1 a permi d'identifier 

quelques Lacunes dan l'utilisation de l'approche par traits u nctionnels a c les 

arthrop des terrestres . Nous y pré entons un cadre th' orique d' dié principalem nt 

aux nt rn logi tes néophytes avec l'approche fonctionnelle, mais aussi pertinent 

pour une plus large part d'écologistes. e cadre de rait con tribu r à am ' liorer la 

générali ation de l'appr ch par traits fonctionn ls a c le arthropod . u y 

présenton 'gaiement l'int ' r t des traits biomécaniques qui r présentent des 

c ntrainte phy iques influ nçant l'écolo ie d animaux et générali ables à un grand 

nombre de taxa, mais rarement utilisé jusqu'à maintenant. En ce ba ant ur l'idée d 

traits biomécaniques un nou eau modèle incluant à la fois le principe du c uplage de 

trait entr prédateur t proies et le relations phylog 'nétique d esp · ce 

pr nt ' dan le chapitr 2. e modèle e t int ' re sant pui qu'il p rrnet de pr 'dire 

autant 1 interaction réalisées qu c Iles n n réali é · un asp ct ou ent né ligé 

dans la con truction d ré eaux trophiques mai qui p rmet d'identifier 1 

c ntraint d'interaction . ette ' tude a également penni de fair r ortir 

l'importance du couplag de trait fore de mandibules du prédat ur 1 dur té d la 

cuticule de la proie· un couplaa éaal rn nt util pour prédire les r lation plant 1 

berbi ore . es résultat du chapitr 3 dém ntr nt que la tructur fonctionn Ile d'un 

nt au tr phiqu influ n e parti Il ment la tructure u ncti nn Il au m eau ui ant. 

Le traits utili és pour prédir le interacti n d nt d ne égal rn nt util 

p ur étudi r l'a mblag d e p . De plu n u observons qu la c ariati n 

entr les d ' c mpo ur t la li ti · r 'e plique mieux à p tit ' chelle entre les 

par ell al rs qu'ell 'e plique mieux à grand 'chell entr ite p ur 1 
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prédateur qui ont plu mobile et leur proi r ' ultat eront util p ur rn1eux 

comprendre la dynamique des réseaux trophiqu s. Finalement un aspect secondaire 

mais n n négligeable de ma thè e est d'offrir une meilleure connais anc de la faune 

du Qu 'b c de certajns gr upes taxonomiques comme 1 s dipl pode et 1 opilion 

{App ndices A et B . 

Appr h taxonomiqu ' . fon tionn 

L'approche par traits [! nctionnel dem ur peu dé eloppée a ec les arthropodes et 

un d emble Atr la réticence de plu ieur ent rn logi te à l'utili r. En 

particuli r certains sembl nt oir l'approch c mme r 'duc6 nni t par rapport à 

l'appr che tax n miqu traditionn Ile. L'appr che par trait il ncti nn 1 

pr ' ntée comme un approche "transcendant la notion d'e pèce" (McGill et al. 

2006 mais n'exclut pa pour autant l'asp ct tax nomiqu . L s deux approches ont 

comme i ées d a pect différent de l' ' col gie. L'approche tax n mique sert à 

d ' rire le changement c rnmunautés uite par e emple à une 

p rturbation. L'appr ch fon tionne11e rt plutôt à id ntifier le rn ' cani mes 

r p n able d e chan0 ment t 1 ur irnpa t sur 1. proc u ' o y témiqu . 

D'un point d ue de con rvation l'appr che taxon mique a généralement être 

pr 'férable bi n que l traits fonctionnels peu ent être uri li é p ur id nrifier le 

p ' c le plu a ri qu de oir leur population diminuer Koriaho t al. 2005 

om nt et al. 2014 . D plus la pér nnit ' d d nné de trait D ncti nn ls est 

fort rn nt limit ' e i l traits n s nt pa c upl 's à l'idenrit , des sp 'c . Mesur r 1 

trait t un tâ h qui p u Atre l urd t il ibl d pr ndr d 

rn ur ur un tr ' 

d 'montr nt que la 

grand nombr de pécim 

ariabilité intra pé ifiqu dan le 

ur 1 

aleur d 

'gétaux 

t une 

c mp ant impo11ante d la structur tl ncti nn Ile d ommunaut t qu n · gliger 

lb rt t al. 2012 et a p ct p u r ' du ir l' actitude d ré ultat Jung et al. 2010 
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t al. 20 12). De plus connaître la aria ti on intrasp 'cifique pourrait être 

important pour pou oir prédire adéquatement la distribution de pèces Laughlin et 

al. 2012 . Or pour pou ir déterminer la ariabi11t ' intraspécifique un grand nombr 

d nant d plu ieur p pulations est n ' cessaü , c qui r qujère un 

effort collectif de ba es de d nné n libre accè et des méthodes de me ures 

standards des traits. Les deux pr mières exi ences ne p u ent pas être remplie ans 

un id ntification à l'espèce. 

Variali n in/ra :p ' ifiqu 

La ariari n intra pécifique peut s'exprimer d d ux façons : premièrem nt il y a une 

ariati n r lié à la énérique t aux phénotypes qui devrrut sui r un courb 

tandard a c la major1té des indj idus pré entant une aleur mo enne t qu lques 

rares indj idu présentant 1 s al ur extr"m . Deu i ·rn ment il y a une aria ti on 

reliée au stade de dé eloppement iolle t al. 2012 pour laqu Ile la représenta ri ité 

des aleur de traits ra é au pr mier tade d ppement et a 

dimjnu r progr si em nt lon le taux de rn rtalit ' à chaqu tade. et aspect à un 

impa t direct sur la tru ture fonctionn Ile dans le temp et sur interactions 

int r pécifiques mais peu être difficile à in e ti guer. Ain i nou pou on 'mettre 

l'hyp th · qu le trait r lié aux straté ie d dé elopp ment nt un impa t ur la 

structur t mpor lie d rés aux tropbiqu .g. l'impact temp rel de la ariabilit ' 

intra pé ifiqu s ra plu faible chez le pè es où le différ nts tad d 

d ' 1 ppem nt côt i nt que pour les pee um oltines. Du à des limitation 

t chnique et a p ct n'a pa été considér ' dan anal y du chapitre c qm 

influ ne probabl rn nt 1 ré uJtats. rai p ur le carab s qui 

nt un d ' elopp ment hol rn ' tabole don p ur qui les traits d adult ont tr ' 

di ffi ' r nts d ceux de immatur . Dan un t 1 ca il n' t pa p ibl d'a ci r le 

trait de l'adult à es tade irnmatur ontrrurem nt au autr taxa ' tudi ' 



9 

dipl pod 1 op de araigné t pili n ) qui nt un dé elopp ment amétabole. 

Étudier la ariabilité intra pécifique des traits d arthrop d s d rait " tr une pri rit · 

dans les pr hain années. 

A · mblag de ommunauté 

Malgré ce limitati n ré ultats obt nus aid nt à mi ux comprendr la structure 

d communauté et la dynamique des réseau trophiqu n permettant d'identifier 

des mécanisme r liant les différents ni eaux trophiqu entre eux. Les résultat du 

chapitre complètent bien ceu du chapitre 2 qui permett nt de mieu comprendre 

le mécanismes impliqu r dan 1 s int ractions ntre peces. in i on b rve dans 

1 chapitr qu les trait tl n ti nnel lié à l'alim ntati n d nt à 

la tl i influ ncé par les facteur abi tiques t 1 trait de palatabilit · d 1 urs 

r ource . Ensuite ont r ' ulter du 

couplage d traits d'alim ntati n des c os mmateur et de palatabilité de 1 ur 

res ourc . deu nt imp rtant pour comprendr la dynamique des 

r ' eaux trophiqu s Gra el et al. 201 6 . La tru tu r tl neri nnelle de ommunaut ' s 

n'e t probabl rn nt pa tabl dan le t mp n rai on d ariation dan 1 péri d s 

d'acti ité de e pèces et de leur différent tade de dé elopp rn nt ain 1 qu par 

l'action top-down qu 1 n ommat ur p u nt a ir. Par c ntr l'amplitude de 

es ariations e t difficile à pr · oir. t a p rait pr bab! m nt plu facil à 

étudier a ec les d ' c mp urs pm que ure ont ari r d façon plus 

lin ·air qu 1 s pr i d 

l'aut mn , mai l'app rt n n u ell r 

ratio tl uill à d · comp itio rapid 1 tl uill 

'ac umul nt rapidem nt à 

t tr · faibl par la uit · ain i le 

r · calcitrant d rait diminu r 

rapid ment au c ur d la a1s n c qui e refl · t pot ntie11 ment ur le trai d 

t d tad i tel t le ca la tai Il et la force 

rn nn de d · c rnpo eurs d rai nt t ndr à ~tre plu faibl au print mps qu'à la 
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fin de l'été. L'échantillonnage pour le chapitre 3 a c mmencé à la mi-Jum· me 

donné s n permettent donc pa de t ter cette hypothèse. 

L' ffet top-down des prédateur d rait aner elon la di tr1bution d trait 

d'alim ntati n des prédateurs et de palatabilité de proie . On peut ' mettre 

l'hypothèse que si le traits d'alimentati n et de palatabilié ont équitablement 

di tribués i.e. qu'ils pr ' entent Ufle di per i n fonctionnelle similair la pr ion de 

prédation ra équitabl sur l'en emble des proies. Dan un tel scénario les 

interactions devraient être principalem nt det rminées par la probabilité de rencontre · 

donc le proies le plus abondantes d raient être 1 s plus prédatées ce qw 

fa ori erait une plus grande di ersit ' spécifique en diminuant la comp 'titi it ' d 

espèce dominantes. Par contre si 1 s trait d'alimentation d prédateurs et de 

palatabilité des proie ne ont pa r 'parti équitablem nt i.e. tou le prédateurs ont 

de pièces buccale faibles) la pr i n d pr 'dation ne era pa r ' partie 

équitabl ment. Dans un t 1 cénario la pr s ion d prédation de rait fa ariser 

l' 'tablis em nt de espèces a cuticule dur. De plu les prédateur n jou ront pa de 

rôl dans la compétiti it' ntre 1 à cuticule dur . peut fa ori r 

l'établissem nt d'une p ·ce d minante diminu r la rich e pécifiqu et 

fon tionn Ile de la c mmunaut '. Un tel c ' nario e t plus probabl dans un ituation 

u 1 filtres de disp rsion ou abiotiques ffi ctuent un tri n n aléat ire ur le trait 

d'alim ntati n des pr 'dat urs du à un c rrélation ntre leur trait de disp r ion ou 

d t leur trait d'alim ntati n. 

e c uplag d traits d'alimentati n t d palatabilité e t l'a pect 1 plu dire t r li' à 

la probabilité d'int ra ti n entr les mai l asp t r liés à la probabilité de 

r n ntre s nt au i imp rtants Gra 1 t al. 2016 . es filtres abi tiques ont a 1r 

un impact dir ct ur lac mpo iti n en esp t ont tendr à uni[! rrni r les trait de 

répon s dans la communauté mwell t al. 2006 Grim 2006 . La capacité d 

di per ion a ' al rn nt influ ne r la omp ition en p ·ce parti uli · rement dan 



lOO 

les habitat isolés e.g. par la fragmentation du paysage ou récemm nt perturbé . Par 

contre l'impact de la di per i n sur la structur fonctionnel e t pr bablement plus 

al' at ire t difficile à pré oir onnier et al. 2010 . Dé elopper de traits r liés à ces 

filtres t oir 'ils co arient a ec les traits d'alimentat1 n est donc important. 

Dan la 1 itt ' rature sur le traits fonctionnel de arthropodes la capacit' de di pers ion 

est général ment considér 'e comme éle ée u faible t est seulement p rtin nte par 

comparaison à l'intérieur du taxon étudié. Pare emple, pour les carab s un capacité 

de disp r ion éle ée corre pond à la prés ne d'ailes fonctionnelles chez l'adulte 

R.jbera et al. 2001 . Par contre, cette caractéri tique n permet pa de comparer la 

capacité de dispersion des carabe ailé par rapport aux autre in ct ailés. 

ertain métriques perm ttraient une comparai on comme la portanc 

c rr p ndant à la surface d ail 1 la ma d l'ins ete) mai nt rar rn nt 

ma1 oir Barton t al. 2013). D fa on une 0 rande portance 

fa n e le longs d ' placern nt (Angelo lan ky 1984 alor qu'un faible 

p rtanc fa or1 ela man euvrabilité haî et rygley 1990 . 

e trait reli ' à la rép n e au filtres a i tique p ent un pr lèm différent 

puis u'il d 'p nd nt d'a p ct phy iologiqu b au oup plus diffi il à ' tudi r que la 

biom 'caniqu . La eul faç n efficace d proc ' der à ce tade-ci st par 

l'e périrn ntarion· i.e . en ob er ant espèce par espèc 1 ur tolérance à la t mpératur 

ou à la p rt d'humidité rda et al. 1 98 Wi ch ret al. 2012 . Par contre c' t un 

approch fa tidieu e et qui d mande un grand n mbr d réplicati n h wn 200 l 

Bahrndorff et al. 2006 dém ntrant une fois d plu l'importance d grand base d 

d nn 'e a c ibl s. 
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Pr 'dateur t d ' mpo iti 11 (un xpéri n e · hou 'e 

Au début de rna thèse une expérience ur l'effet de la di ersité fonctionnelle des 

prédateurs ur la itesse de décornpo ition a ait ' té propo ée mai de tests 

prélirrunaire ont rapidement démontré que l'objectif était inatteignable. L'e périence 

pré oyait de arier la di ersité fonctionnelle des prédateurs dans d rn1crocosme 

installé en milieu natureL Un mélange de feuilles composé de Quer u rubra Fagu 

randifi lia et A er a harum en proportion égale de 3 g étaü installé dans quatre 

sacs à maille de 1 cm dans chaque microco me. mq ni eaux de di ersité 

fonctionne11e étaient cr· és a ec djffi ' rentes combinai ons de trois espèces de 

prédateurs: nu hu impun talu ~9 mm) un arabidae à chasse acti e· Pirata 

m nlanu - 4.5 mm) une araign · e Lyco idae à chass acti · Wadol · h; bridu - J 0 

mm une araignée Agelenida à chas e de type "sit and wait" . Des microco mes à 

di ersité fonctionn lie éle ée était également compo é a ec cinq espèce de 

prédat urs: arabu n mOJ-ali ~23 .mm et Pt ro li hu oracinu - 15 mm d ux 

arabidae à chasse acti e· i urina robu la (- 6 mm) une araignée Dictynidae a 

t ile au ol · Ta iu m /anariu · (- 15 mm) un tapbylinidae à chasse acti e· et W 

hJ bridu . La conception des microc sm es permettait le passage des p rit arthropode 

grâce à de ou rtures latérale re ou ertes de moustiquaire à maille fines de 0.6 

mm. 

Plu ieur problèmes ont émergé de c rte expérience. MalQTé l'utilisation de maille 

fines plu i ur prédateur nt r 'ussi à 'intr duir dans le m1croco me : 

principalement d p eudo corpions de petites araignées et de tapbylinidae. D 

plu , le taux de mortalité en un m i était a s z éle é: 50 % pour P. m 111 nu et 73 

% p ur . impun /atu . Fi nal ment p u d'information ont di p nibles dan la 

littérature sur l'alim ntation pécifique de pr ' dat ur utili é . En mm n u 

n'étion pa en mesure de a ir i le proie disponibl 1 ur c n enai nt et 'ils 

allai nt vraiment pou oir s'alim nter. L'e péri ne ' tait définiti rn nt tr p 
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ambiti u e. du r u1 j c n id ' re qu'un t Ile e p 'ri nee aurait plu de chance 

d'être oncluante n tra aillant à deux ni eaux. Premièrem nt il faudrait déterminer 

le traits effl ts des décompos urs influençant la it s e de décomposition et 

d · el pper de outils permettant de pr ·dire l'impact d'un communaut' di ersifi · e sur 

la décomposition . Deuxièmement il faudrait déterminer c mment le traits effets de 

prédat ur influencent la structur des communauté de d ·composeur . Le 

connais ance actu Iles ne perm tt nt pas de répondre à l'un ou l'autre des points. 

on lu i n 

u cour de -4 demièr anné s il y a eu une amélioration marqué dan la qualité 

d articles publi ' ur l'appr ch foncti nn Il a c 1 ntre 

que l'appr che à atteint une certaine maturité grâce aux ns tgn rn nts tir · d 

études pi nni ' res et da antag explorat ire. n parti cu li r des réflexions 

conceptuell ont été entamées (Pey t al. 20 14b F untain-Jon et al. 2015 et une 

imp rtanc plu grande a été accord · e au trait effi t ründ t al. 2013 Munyuli 

201 4, ouli et al. 201 5, Derais n t al. 201 5. La pr hain étape e t probabl rn nt 

d' ' tablir d bj crifs c mmun p ur tandardiser l'appr che particulièrement n 

établi ant une li te d traits d'intér At gén 'ra] et d ' finir d tandards de 

rn sur p ur le trait lon le mod ' le disponible a ec le plantes ( om li n et al. 

2003 P ' rez-Harguindegu et al. 20 1 . L'établi ment ré ent de ba de donné 

de trait P et al. 20 14a t un pa imp rtant rs un effort de tandardisarion . 

La co aria ri n ntre l s trai d rait Atre ' tudi · plu en pr fond ur parti cu li ' r rn nt 

n intégrant un plu grande ariari n dan les gradi nt d facteur abiotiqu 

comm l'humidit ·. Dan le chapitr le gradi nt sélecti nné représ ntait uniquem nt 

la c mp si ti n sp · cifique d s arbr · les parcelle n'ont d ne pa '1 ctionn ·es 

p ur maximi r la ariati n des gradient d températur et d'humidité. c le 
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dé elopp ment des traits effet des arthropodes il sera également intére sant de mr 

comment ces traits co ari nt a ec 1 filtres abiotiques et biotiques. FinaJem nt 

certains traits effets sont difficiles à mesurer comme ceux reliés au taux 

d'assimilation et les caractéri tiques de fèces aulis et al. 201 . Par contre, il est à 

pré ir que ces trait effets co arient a ec certain traits d'alimentation c mme la 

taille et la densité des dents utilisé pour déchiqu ter le ub trat Këhler et Alb rti 

1990 ce qui faciliterait leur étude à grande 'chelle. 
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A E 

ADDITJO AL ORMA TION 0 METHODOLOGY 

.1 round b tl amplin and n er ali n 

Ground beetle were ollected u ing i ual sighting and pitfall traps . ampled 

habitats included ri r bores forest l af litter and open fields . Predators wer kept 

alone in micr cosms in the laboratory and starved for 24 h prior to th fe ding 

e periment. When a ground beetl died le than fi e days after its c Il ction and did 

n t eat any of the offer d prey it was r mo ed from the data. imilarly we r mo ed 

ali ground b etl s that were n und to be parasitiz d by matomorpha gi n that 

n n of parasitiz d grou nd beetle aten any pr y offered . 

. 2 Pr amplin and n rvati n 

Prey were ampled in the field n ri er shor forest leaf litter p n fi Id and 

dom tic c rn post at lea t twice a week from June to September 2012. llection 

techniques includ d i ual ighting weep n ts and Tullgren traction f leaf litter 

and d m rie c mpo t. Li ing pr w re k pt t g ther at 1 a t 12 b in the laborat r 

en iromnent b fore fD r d to ground beetl but c uld ha e b n k pt a 1 n a a 

w ek. Wh n a pre wa n t eaten by the gr und be tle after 4 b 1t wa a ailabl for 

a ec nd p rim nt with another r und b etle. D ad pr y were u ed nly if they 

recently di d and w r till ft. 
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.3 Feedin experim ni 

A ailability of prey was d pendent on wbat was collect d in th fi Id and tbus wa 

n t predjctable ( except for orne sp ci es of Diplopoda and Isopoda). For this r ason 

we did not ha e a tep by step pr tocol to determine the arder of the prey th at w r 

gi n to the ground b tles . Howe er the objecti e was to identify the limit in trait 

alues with whicb a gr und beetle sp cies can interact. Thus, as much as po sibl we 

started wüh a oft pr sp cies that was about half th s1z f th ground be tle. 

ub equent prey were eith r larger or small r until an upper and lower limit was 

ti mat d; i.e. th und id t ra t w"tb pr fa gi n ize fi r which 

th tber trait and th ph logeny an d . 

. 2 Ground beetles 

.2.1 B d iz 

B d 1z i r c gniz d a one of th mo t imp rtant trait det rmining int racti n 

b tw en predators and their pre hn id ret al. 2012 ra el et 

al. 201 . We rn asur d body size as the length of the gr und b tl from labrum to 

lytra tip (Fig. . 1 . Il our pe ie f ground b etl bad 1 n lytra co rin th 

wb le abd men . und r 14 mm w re mea ur d with a graduat d ocular and 

di crion micro op to a pr ci i n of 0.1 mm. Laro- r pe im n wer rn a ur d 

ith a tandard rul r t th n ar t mm. 



Figure .1 Mea urernent of the len CTÙl. 
pecim n = laphropu an p . 

.. 2. - Mandibu/ar Ir 11 th 

Figure C.2 Measuremeot of head id th. 
p cimen = ynu 11 impun tatu . 

145 

Mandibular trength con train pr y election relati e to it cuticular toughn s . 

Mandibular str n
0

th wa det rmined with the formula h x bi wh re h wa the w1dth 

of the h ad b wa th ba al widtb f th mand1ble and it 1 ngtb Wbeater and 

an 1989 . We mea ur d the head width h) ju t b hind th ey wh re mu cie 

respon ible fi r closin the mandibl s are attached. Templ were includ d in the 

rn a ur ment wh n d el p d as on Fig. .2 . Ba al widtb b of the mandible was 

rn a ured from upper c ndyle to the abduct r mu cle attachment point while 

mandibular length ) was measured from upper condyle to mandible ap x Fig. 

B th mea urements were made on the left mandibl . 
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Figure .3 Measurement of the 
ba al widtb of mandjble (b and 
maodjbuJar length c . p imen 
= ni dac/ lu harri ii . 

. 2.3 Mandibular gap 

Figure C.4 Mea urement of mandibular ape ba ed on labrum 
length L and length of utting dge of tbe m dibles c . 
p cimen = Pt r fichu ado u . 

Mandibular gape constrains prey selection relati e to its body size· principally body 

width and d pth Br die and Forman wicz 19 an and For yth 19 Lawson 

and Morgan 1993 Brann n et al. 200 . Maximum mandibular gap d p nds n th 

length hape and angle of attachment of the mandibl · howe er we w re unable to 

find an metric to estimat it. We observed that th blade f th mandible generall 

fitted with th lateral border of tb labrum on d ad sp ci rn ns witb mandibl 

the ir maximum. 1 o, gen rail onl the terebra (cutting dge of tb mandibl 

extend d past th labrum. Tbus w consid r d that maximum mandibular ap 

wa g1 en by: 

= L +2 (in(a)) 
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wbere L wa the lengtb f th labrum· wa th l ngth of the terebra of the left 

mandible se ection 1.5 and a. was an angle in an ima0 inary ri ht-an led triangle 

where the t rebra repres nted the hypotenu e ig. .4 . The angle a wa rn asured 

by opening the left mandible to the maximum. Then a picture wa taken under a 

dissecting microscope. On the picture th p cimens were orient d o that the 

labrum appeared a flat as possibl to ensur r plicability between specimens. The 

angl was d t rmined with the image ana1ysi oftwar ImageJ. As we bad few 

specimens of eacb sp ci es we u ed the a erage measured angle of ail pecimens to 

reduce mea urem nt ariability. Measured angl aried between 18° and 0 with a 

rn an a lu at 28°. We con idered an angle of 30° so that in (30°) = 0.5 and = L 

.-.4 E i= 

Eye size of predators i r lat d to prey detection and pec1e feeding n fa t rn ing 

prey t nd to ha larger e es Bauer & Kredler 19 . We measured e e ize relati e 

to head siz by di idin the olurn of one eye by tb h ad olume. y olum was 

rn asur d a th product b tw en length and beight from a side iew and width from 

a dorsal i w Fig. .5 . Head olume wa measured a the product b tw en head 

width behind the es the length from clypeal dge t ccipital sutur fr rn a dor al 

iew and th h ight acr s tb y in a lat ral i w. 
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Figure C.5 Mea urement of the dim n ion of the ey of ground beeLie . pecim n = Plat; nu · 
opaculu . 

. 2. 5 Mandible 

All measurements were made on the left mandible that was extracted from the head. 

We used the same mandibular length as for the mandibular strength. Apical tooth 

length was rneasured from the terebra to the apex on the internai dorsal side (Fig. 

C .6) . Absorption section leogth and terebra lengtb were measured from the dorsal 

side of the rnandible (Fig. C.6 . 



A 8 

Figure C.6 Measurernent of the apical tootb lengtb (T lenoù1 of terebra 
and lengù1 of absorpUon section on left mandjbJe of A arabu 11 m rali . 
and B hia niu mar inatu . 

C.3. Prey 

.3.1 Bod i::.e 

l49 

Two body 1z measur ments wer taken on acb prey type. Mea ur rn nt w re 

don on li ing indi idual when possible. First a for ound beetles body length 

wa rn a ured from th tip f th h ad to the tip of the abd men Fig. .7 . For snails 

and ca e bear r caterpillar the length was the 1 nge t ide of th ir protecti ede ice. 
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condl th width wa rn asur d as the largest portion from a dor al tew ig . 

. 7) . 

Figure . 7 M a urem nt of bod lcn ù1 and width on pre . Specim n = Lampyridae p . 

. 3.2 uli ular 1 uu/m 

uticular toughness wa measur d with a Pesola Medio-Lin pre ure set to whicb 

w add d an ntomological pin f iz 2 diameter = 0.45 mm). Tou hnes was the 

pr re r quired t thr u h th integum nt üb th pin in o mm-2 alu of 

z ro was gi n for ry small and s ft prey. Tougbn ss f the cu ti 1 can be ariable 

d p ndin n the b d part s rn a ur rn nt wer c n ist ntl taken at th el of 

th abdomen fr rn tb dor al ide. ln small beetle , it wa sometim asi r t take 

the mea urement n the elytra alon . For 5 p cies out f 11 5 4 % w had n tra 

p ctm n to mea ur th tou hnes . In the e few ca w 

rn a ur d n ery irnilar p One sp cies f naïl wa rem d fr rn the 

anal si becau e the he11 d c mp d partially in al h 1 and w w re unable t g t 

a r liabl mea urement. 
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3.3 lj)e d ofm 'em nt 

Speed of mo ement was e timat d a a fi e le e] cat gorical ariable determined by 

the presence/ absence of legs ability to run and ability to jump (Table . 7). 

Table C. 7 Speed of mo ement categories of prey ba d on pr ence/ab ence of legs 
ability torun and ability to jump. 
Value Type Characteristics 

0 Immobile Egg pupa dead 
1 rawl No leg 
2 Walk Short legs 
3 an run Mid-lengtb legs 
4 Mo tly runner L ng legs 
5 Jump Jumping apparatu 





A
 

E
X

E
D

 

D
 

T
 

R
M

IN
IN

 
T

H
E

 
M

O
O

T
H

 T
E

R
M

 IN
 T

H
E

 G
E

 
E

R
A

L
 A

D
D

IT
IV

E
 M

O
D

E
L

 
G

A
M

 

T
he dang r 

fG
 

M
 i 

t 
add t 

m
uch 

m
o 

th 
that the curve o 

rfit 
the ob 

rv d data 
W

ood 20 
p. 12 

rnaking it 

col gi 
ali 

m
 aningl 

. T
o pr 

nt thi 
problem

 
w

 
parately each trait-m

atch to find th 
Low

 
r 

m
 oth requir d 

to 
btain an 

c 1 g1cally interpretable cur e. T
he 1 w

 
t po 

ible 
rn 

othing 
i.e. three 

w
as 

t to th 
trait-m

atch pr dat 
r 

m
andibular 

tr ngth/ pr y cuticular toughne 
a 

in crea ing th 
a lu 

o
f the 

rn 
thjng did not afn ct the r la ti 

n hip 

F
igur 

D
.l . A

 
rn 

thing 
f thr 

w
a 

al o attributed t 
th 

trait-m
atch pr dat r eye size/ prey 

p 
d

a
 

a sm
oothing 

f 

fi 
r 

ult d in an u
n

 xp ct d 
jn

u
 oidal relation hip 

Figure D
.2 . 

on 
er 

ly a 
rn 

othing o
f fi e w

as 
et to trait-m

atch 

pr dator 
iz 1 pr 

iz 
a 

a 
m

 
thing 

f thr e cr ated an un 
p cted 

inu oidal relati n bip w
ith larg r prey· the 

m
ark d

a
ta

 
m

 othing o
f fi 

e 
F

igur 
D

.3 . A
 

m
oothing o

f fi 
w

a 
als 

attribut d
t 

the trait-m
atch 

pr dator m
andibu

lar gap 1 pr 
b dy w

idth a 
n 

r lation hip 
w

ere predicted for larger gape 
alue 

w
ith a 

m
 othing o

f 

thJ 
w

h il 
a 

m
 othing 

f ten cr ated a
c
 m

ple 
pattern 

Figure D
A

 . A
 

rnoothing o
f thre 

w
a 

attributed t 
th 

four 

unrnatch
ed trait . 



154 

0 
20 

40 
60 

80 
100 

0 
20 

40 
60 

80 
100 

0 
20 

40 
60 

80 
100 

P
rey (cuticular toughness) 

F
igure D

.l Pr di 
t d pr 

ability 
f int ra ti n

b
 tw

 
n

a
 

arabida 
and a pr y a 

a function ofm
andibular 

tr ngth o
f th 

pr dat r and th 
uticular t ughn 

f th 
pr y ba 

d 
n th 

m
atching-centrality form

ali 
rn in a G

A
M

 m
ode! w

ith thr e 
di ffi r nt 

a lu 
for th 

rn 
oth t rm

. Pr dicted probability 
f int raction d cr a 

from
 gr 

n to red. 



155 

C
) S

m
ooth =

 6 

0.5 

0 
2 

3 
4 

5 
6 

0 
2 

3 
4 

5 
6 

0 
2 

3 
4 

5 
6 

P
rey (speed o

f m
ovem

ent) 

F
igure 0.2 Pr dicted pr 

bability 
f int racti 

o betw
e n a C

arabida 
and a pr y a 

a function o
f ey 

ize o
f the pr dator 

and th 
p 

d o
f rn 

rn 
nt 

f th 
prey ba 

d on the rnatching-centrality form
ali 

rn in a G
A

M
 rnodel w

ith three diffi r nt 
alu 

fi r th 
m

ooth t rm
. Predicted pr bability o

f interaction decrea e 
fr 

rn gr en t 
red. 



15 

Il") 
N

 

A
) S

m
o

o
th

 =
 3 

20 
40 

60 
80 

100 
20 

40 
60 

80 
100 

20 
40 

60 
80 

100 

P
rey (body length) 

F
igure 0

.3
 Pr dict d pr 

bability o
f int racti n betw

 en a 
arabidae 

nd a pr y a 
a function o

f th 
ir re pecti 

b dy 
1 ngth 

ba 
d 

n the m
atchin

g-c ntrality form
ali rn 

in a G
A

M
 

m
odel 

w
ith three different 

alue 
for the 

rn 
th 

tem
1. 

Pr dict d pro ability 
f intera ti on d cr a 

s fro
m

 g
r 

n t 
r d. 



157 

A
) S

m
ooth =

 3 
~
 

N
 

Q
) 

a. 
ro 
0>

 
~
 

..... 
~
 

T
""" 

:::::1 
.J:) 

'6
 

c 
q 

ro 
.s 

T
""" 

Cl> 
ro 

"'0 
:.0 

1
/') 

~
 

0 
ro 
0 

2 
3 

4 
5 

6 
2 

3 
4 

5 
6 

2 
3 

4 
5 

6 

P
rey (body w

idth) 

F
igure 0.4 P

r di 
t d Pr di ct d pr babi lity o

f int racti 
n b tw

 en a 
arabidae and a pr y a 

a functi 
n o

f m
andibular gap 

o
f th 

pr dat r and th 
body w

idth 
f the prey ba ed 

n the m
atching-c ntrality form

ali 
rn in a G

A
M

 m
ode! w

ith thr e 
di ffi r nt 

a lu 
tl r th 

rn 
th terrn. Pr dict d pr 

bability o
f interacti 

n decrease 
from

 gr en t 
r d. 



0
0

 
V

)
 



GOOD 

x 

OF FIT 0 THE DIFF RE 
PR DATORJ PREY 

D TOP DI T 

Table E.l Goodness of fit for ail poteotial combinations of four trait-matche and 
four unmatch d trait with and without a pbylogenetic term. For eacb model 
interaction b tween 20 arabidae species and Il pr y spe ie were pr dicted ba ed 
on tb matching-centrality formalism in a eneral additi e model GAM . Mode! are 
order d by the true kill statistic alue (TS . Highlighted mod ls r present the best 
and th most parsimonious one . 

th 

b rpli n 

th 

b rpti n 

T th 

th 

ra T 

b rpti D 

b, rpti n 

th 

Phyl 
Y es 
Ye 
Ye 
Yc 
Ye 
Ye 
y 

Ye 
Y es 

c 
Ye 
Y es 
Yc 
y 

Ye 
Y cs 
Ye 

y 

Y es 
Ye 

e 
Y es 
Ye 
y 
y 

4. 
4. 

74. 
4. 

74. 
7 . 1 

75 .13 
74. 



160 



161 

Phyl 
Y es 

es 
Y es 
Y es 
Ye 

th Ye 
Ye 
Y es 

tb Ye 
Terebm Y es 
T th Y es 

Y es 
Ye 

b rpti n Ye 
b rpri n Y es 

Y es 
Ye 
Y es 
Ye 
Ye 
Ye 
Y es 
Y es 
y 

Y es 
Ye 
Ye 
Y es 
Y es 
Y es 
Ye 
Y es 
Y es 
y 

Ye 
Y es 
Y es 

th y 
y 

Y es 
Ye 
y 

Y es 
b rpti Il Ye 

1- Mnndible + Tooth + b rpti n Ye 



162 

Ph~l 
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Phyl Accuracy 
Y es 74.56 
Y es 

0 

th 0 .46 
T Ùl 0 0.4 

0 0.4 

tb 0 0.46 
0 .4 

0 75 . . 7 55 .0 0.4 
Mandibl Ter bra + T th 

0 75. 5 .61 0.46 
No 75.6 57. 7 0.46 

0 75.44 54.5 0.4 
0 75.44 0.45 
0 75.44 54.5 0.45 
0 75.44 54.5 0.4 
0 75.44 4.5 0.45 

75.44 54.5 0.4 
75.44 0.45 

0 75 .44 .4 
0 75. .4 
0 75. 92.02 .44 
0 75.44 54.5 0.45 
0 7 .44 0.45 
0 7 .66 .4 
0 75 0.44 
0 5.22 0.44 

th 0 7 .22 .44 
0 5 .44 
0 75 91.25 0.44 
0 75.22 52.91 0.44 

Manùible + Terebra + b rpti D 0 7 2. 0.44 
0 75 4. 0.44 
0 5 54.5 .44 
0 75 .22 2. 1 .44 

rpti n 74.7 54. .44 

0 0.44 
0 .44 
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0 .4 

Ùl 0 .4 
tb 0 .43 
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74.12 52.91 .42 
74.34 .42 

0 74. 12 .42 
0 74. 12 .42 

th 0 74.12 0.42 
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b. rpti n 

T th 

T th 

b rpti n 
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ere ra 
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T lh + 

b ' rpti n 
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71.02 1.63 

90.11 
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41.27 
41.27 
41.27 

. 7 

. 6 
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O. 5 
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0 .35 

. 3 
0 .33 

·- 2 
O. 2 
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0.3 1 
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70. 1 
7 .35 9 .5 

ap Terebra + b rpti n 69.25 91.25 3 .62 

Mandible th 40.21 0.3 
ap Mandible erebra T th 0 40.21 O. 

Terebra No 40.74 0.29 
0 41.27 0.29 
0 39.6 0.2 

39.6 0.29 
b rpti n 0.29 

No 0.29 
No 0.29 
No 0.29 
No 91.25 0.2 

0 0.29 
0 0.29 
0 0.29 
0 0.2 
0 69.03 0.29 
0 0.29 
0 0.29 
0 

0 

b rpli 11 0.2 
0 0.27 
0 41 .27 0.27 
0 90.11 36.51 0.27 
0 44. 7 0.27 
0 44.97 0.27 
0 44.97 0.27 
0 41.2 0.2 
0 7.57 0.27 
0 36.51 .27 

b 0 44.97 .27 
0 66.59 44.97 0.27 
0 2. 0.27 

b ·orpti n 0 44.44 0.27 
0 7.04 0.26 
0 67.04 0.26 
0 7.7 0.2 
0 67.04 .2 
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b rpti n 

b rpti n 

b rpti n 

Terebra 

Mandibl Terebra 

lh 

Mandibl 

erebra 

M dibl 
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Mandible 1 Terebrn 
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4 . 1 
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4.14 4 .15 
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4 .1 
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4 .1 
39. 15 

.1 

. 1 
35.9 

ap 
y 

= pr dat r mandibular str ngth/ pr y cuti ular t ughn s 
= pr dat r mandibular gape/ pr body width 
= predator e e iz 1 pre p d rn ement 

nmatch d traits 
Mandibl = pr dat r mandible 1 ngth 

.26 
0.25 

.25 

.25 

.24 

.24 
0.24 

.2. 
0.23 

.2. 

.22 

.22 
0.22 
0.22 

.22 
0.22 

.22 
.2 

0.2 

.2 

.2 

b orpti n 
T r bra 

= Length of the liquid ab rpti n e ti n of pr dat r mandible 
= Len th f th ter bra utting cti n) of predat r mandibl 

To th = Length of the apical t tb f pr dat r mandibl 
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APPENDI E 

LE ONTE 

(Publié dans le oleopterists Bulletin (2014 

Pi rre-Marc Brou seau 1 D mi nique Gra el2 and I. Tanya Handa 1 

1. D · partement de scienc biologiques ni rsité du Québ cà Montr ·al Montréal 

Q H2 1Y4 anada 

2. anada Research bair in lnt grati e Ecology Département de biologie 

Uni er ité de Sh rbrooke Sh rbrooke Jl K 2R1 

W e report the first rec rd f the peci nlh tphilu ph-1ri /alu L nte 

ol ptera: Hi teridae in anada and a new mention [! r the rar ordithon 

ni r Gra nhor t Col pt ra: taphylinidae . One sp cimen of . pluri o talu 

wa caught in a pitfall trap in a r d oak ( u rcu rubra L. taod in the Parc national 

du Mont- aint-Bruno 45° '0 .5" 73°1 '27.8"W in southem Quebe . The trap 

u ed a olution of 40% ethanol and 5% ine0 ar as pre ervati e and was acti during 

1- 2 ugu t 2011. 

Our re rd r pre ents the n rth mm st record for . pluri ·ta/u . It pr iousl 

report d range t nded nortbward Ma achu ett with th uthem Iimit 

ccurring in northem 

Laplante 2006 . lthou 

rida and th west rn limit in Michi an B usqu t and 

ha n t b en r p rt d from Ontario a sp cim n 
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report d from D troit Michigan indicat it may be found in tbat pro ince Hela a 

1977 Bousquet and Laplante 2006). 

Two specimens of L. nig r were observed together (one collected) under the bark of a 

mid-fallen dead deciduous tree most likely sugar maple (A r a harum Marshall 

or red oak) on 1 May 2013 also in the Parc national du Mont- aint-Bruno. The 

pecie is consider d potentially endan ered in w England (Mc ollougb 1997 

and potentially extirpated in Pennsyl ania Rawlins and Bi r 19 8) and Virginia 

(Roble 2003 . The statu of tbi species i unknown in anada but eems le s 

critical. ampbell (1982) reports only e en records of L. ni er after 1942 but four 

of th e were in Quebec. Furtbermore Webster et al. 20 12) report four records in 

New Brunswick between 2006-2009 and one in Quebec for aint-Rapbaël in 2006. 

The oth r records of tbi pec1 in Qu bec were for ueb c ity b ur r c rd and 

W st Brome ( ampb Il 1982). 

The id ntification of O. pluri o /a/u was confirm d by erge Laplante from the 

anadian National ollection f Insect Arachnid and ematode in Ottawa 

ntari wber the ucb r i ke t. Th . ni r ere identified by the 

first au thor and the oucher is kept in the arthropod olle ti on in th laboratory of I. 

Tanya Han da at th Uni r ité du Qu 'b cà Montr ·al. 
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APPENDI E B 

CONTRJBUTION À LA ONNAISSAN EDE LA DIVERSITÉ DES 
ARTHROPODES DU SOL DU QUÉBEC 

Étudier la faune du sol m'a amené à m'intéresser à de groupes d'arthropodes qui ont 

été p u étudiés au Québec précédemment com1ne les Diplopoda et le Opiliones. Ma 

thèse à donc comme contribution econdaire d'augmenter nos connaissances sur la 

di ersité de ces groupes au Québec. 

J'ai identifié 18 espèces d'Opiliones durant mon piégeage· de ce nombre quatre 

seraient nou elle pour le Québec dont une nou elle pour le anada (Holmberg 

2007 . La nou elle espèce canadienne est Trogulu tri arinatu Linné Trogulidae), 

une e pèce introduite d' urope et retrou ée précédemment dans les États de New 

York et du Mas achusetts hear 2016 . Un total de 15 spécimens a été capturé tout 

au Mont t-Hilaire. Les trois autres nou el1es espèces pour le Québec sont ro b; cu 

da nemu ( rosby) Ceratolasmatidae Rilaena trian ulari Herb t) 

Phalangiidae) et L iobzmum aldri hi Weed) ( clerosomatidae). Deux autres e pèces 

potentiellement nou elles ont également été identifiées, mais leur identification est 

plu incertaine et a de oir être examinée par un spécialiste: La iniu sp. 

Phalangiidae et Leiobunum exilipe (Wood) ( clerosomatidae . 

Un total de 17 e pèces de Diplopoda ont été capturées durant rn n pié eage· de ce 

nombre cinq ont des nou elles mentions pour le Québec dont une espèce 

pr bablement nou el1e pour l'Amérique du ord. D ux autre espèces ont été 

tr u ées lors de la rech rche de proies pour les arabidae dan le chapitre 2: trois 

spécimens de honeiulu · palmatu · ernee ont été ollectés dans de la litière en 

milieu semi-hurn:ide à La al· un pécimen de Pol d mu d nticu!atu Koch a été 

trou é dan le jardin de L'UQAM. La nou elle espèce nord-américain n'e t 
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touj ur pas nommée· d pécirnens ont ' t · en oy · au péciali t de Myriapods 

Rowland M . Sh lley rth arolina Mus um fNatural cience) mais il n'a pas été 

plus en rn sure qu moi de déterminer l'espèce. L'e pèce fait partie de l'ordre des 

bord umatida et t di tincti e par sa p tit taille (- .1 mm et s n nombre de 

egm nts ulement 26 au tade adulte) . Bien que relati em nt commune dan nos 

tr i ites 88 pécim ns capturés lie t facilement confondue a c de immature 

d'autres p tits bordeumatida. eule la famille des Branneridae r trou é dan l ud­

pèces à 26 segm nt en Amérique du ord mais une 

' rificati nd s gonopod des mâl 'limin facilement c tte famille ( bear 2003a · 

rn me cho pour la famil1e ur p · enn Brachychaeteumatidae qui p ssède 

éga l ment 26 ment , mai d r ' d "ffi ' r nt Bio er 19 6 . Il pourrait 

donc 'agir d'un non d ·cri te · de pécimen eront en oy à d'autres 

sp · cialistes prochainem nt. 1 n la tru ture d g nop des la famill de 

Trichop talida rn rnbl la plus probabl ma1 aucun nnue n p s · de 

rn m de 28 gment h ar 200 b . 

Les bil poda ont été tr ' peu 'tudiés n Am ' rique du rd et la s ul clé 

d'identificati n di ponible s limite à la fa une d u centre nord des tats- ois 

umm r 197 qui comple ifie fi rt rn nt 1 ur identificati n · p ur cett rais n 

rn n'ont pas t u pu être id ntifié à l' p · c . la fa un du 

Québ c e t parti ulièr rn nt peu étudié 

en mili u natur 1 M rcurio 2010 ma1 le o mbre r ·el e t pr babl ment au rn ins le 

triple. Dans rn n pr j t 1 1 pè et rn maj due à 

rn limit s tax nomiqu ûr peu ent ~tre aj ut ' à li t des 

du Qu ' b c hi 11 phil W Koch t 

ewport t un pot nti Il ( dabiu. p litu B lln1an) . 

s autr gr upes étudi ' nt mi u c nous u p u di ersifi ' et d ne peu de 

n u e ll rn ntion supplémentaire ont ' t' trou ' out d même pour les 



Pseudoscorpionides trois des quatre espèces identifiées seraient nou 

Québec selon la liste de Buddle 201 0): P lapho herne c rpionid 
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Iles pour le 

(Hermann) 

lllinicherne di lin lu Hoffman et arinu enhu ki Muchmore. Chez les araignées 

(Araneae) , on ajoute l'espèce Z lot dupl x hamberlin (Gnaphosidae) et 

potentiellement Di emb lu orneliae ( hamberlin & I ie (Linypbiidae) . hez le 

insectes outre O. plurico talu nous ajoutons l'e pèce de Thysanoptera Merothrip 

jlorid n. i (Watson) et sa famille Merotbripidae à la fatme du Canada· l'identification 

a été confmnée par Eric Maw anadian National ollection of Insects Arachnid 

and Nematodes, Ottawa). Le genre fl1ri coptiloide ( oleoptera: Ptiliidae et 

également répertorié pour la première fois au Canada La tribu Nanosellini est 

nou elle pour le Québec · l'identification au benre a pu être confirmée par photo par 

le spécialiste Gene Hall ni er ity of Arizona) mais malheureusement le spécimen 

a été perdu par les services po taux entre Montréal et Tuc on lorsqu en oyé pour une 

identification à l'espèce! Finalement, chez le Hymenoptera l'espèce Dipara 

tri/in a lu (Y oshimoto (Pteromalidae e t également mentionnée pour la première 

foi au anada. 
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Table l.B Liste des espèces nou lies pour le uébec trou er durant ce proj tet leur 
répartition dan le site échanti llonnés : SB t-Bruno H = t-Hilaire MÉ = 
Mont- ' cho Au = Autre. Un' . ' indique une identification incertain . 

Taxa Famille E pèce SB H MÉ Au 
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