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Résumé 

Les écosystèmes de pin blanc du parc national du Canada de la Mauricie (PNCLM) ont été 
altérés par les coupes forestières et la suppression des incendies forestiers depuis 1850. En 
raison de ces altérations, la trajectoire écologique des écosystèmes de pin blanc a été 
modifiée et ils ne sont plus en mesure de se perpétuer naturellement, la majorité des sites 
n'ayant aucun individu au stade de gaule. Ainsi, dans ces écosystèmes, les gaules de pin 
blanc sont presque absentes et les gaules de sapin baumier, très abondantes, 
compétitionnent fortement les semis de pin blanc pour l'espace et la lumière. Depuis 1991, 
le brûlage dirigé est utilisé pour restaurer les écosystèmes de pin blanc du parc national du 
Canada de la Mauricie. Ces pratiques s'inscrivent dans la politique d'intégrité écologique 
de Parcs Canada. Sept sites brûlés entre 1995 et 2005 et neuf sites non-brûlés ont été 
étudiés afin d'évaluer l'effet des brûlages dirigés sur différentes composantes biotiques du 
milieu, notamment la densité des gaules de sapin baumier et la densité des semis de pin 
blanc. Les brûlages dirigés ont tué plus de 67% des gaules de sapin baumier, éliminant ainsi 
une partie significative de la compétition faite aux semis de pin blanc. Dans les sites brûlés 
où la régénération en pin blanc a eu lieu, ces derniers sont quatre fois plus abondants dans 
les sites brûlés que dans les sites non-brûlés (moyenne de 21 333 vs 5 135 semis/ha). Le 
sapin n'a pas réintroduit les sites brûlés tandis que la banque de semis de pin blanc est 
abondante et stable, les plus grands spécimens atteignent 50 cm de hauteur 11 ans après le 
passage du feu. À court terme, les objectifs de régénération du pin blanc fixés par Parcs 
Canada ont donc été atteints. Cependant, la croissance des semis établis devra faire l'objet 
de suivis périodiques afin d'assurer le succès à moyen et long terme de ce programme de 
restauration. Par ailleurs, l'impact de ce traitement sur la diversité des communautés 
animales a aussi été étudié en utilisant les assemblages d'espèces de coléoptères comme 
modèle. En effet, il s'agit de l'ordre d'insectes le plus diversifié et le mieux connu, 
comptant entre autre de nombreuses espèces associées aux arbres moribonds et morts, une 
composante importante résultant de l'utilisation du brûlage dirigé. Les analyses portant sur 
l'abondance, la richesse et la rareté des coléoptères démontrent que les assemblages des 
sites brûlés et non-brûlés diffèrent énormément. Les résultats indiquent que les assemblages 
de coléoptères des peuplements non-brûlés possèdent moins d'espèces saproxyliques que 
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les sites brûlés. La majorité des différences entre les communautés proviennent de la forte 
présence d'espèces "rares" et capturées principalement ou uniquement dans les sites 
brûlés. L'analyse de redondance des espèces saproxyliques abondantes a démontré de fortes 
relations entre la majorité des espèces et le bois mort récemment rendu disponible par le 
traitement. Les effets sur l'abondance et la diversité des coléoptères saproxyliques est 
maximale entre trois et spet ans après le traitement. En l'absence de feux naturels et malgré 
leur faible intensité, les brûlages dirigés semblent donc générer des conditions propices 
pour de nombreuses espèces saproxyliques. 
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Abstract 

Ecosystems with Eastern white pine of La Mauricie National Park of Canada (LMNPC) 
have been affected by logging and forest fire suppression since 1850. Because of these 
alterations, the ecological trajectory of these ecosystems has been changed and they are no 
longer capable of persisting naturally, as saplings of this species were almost absent of 
unburbed forests. Thus, in these forests, Eastern white pine saplings are almost absent and 
balsam fir saplings competing strongly Eastern white pine seedlings for space and light. 
Since 1991, prescribed burning was used to restore the ecosystems of Eastern white pine. 
These practices have been initiated following Parks Canada ecological integrity restoration 
policies. Seven sites burned between 1995 and 2005 and nine unburned sites were studied 
to assess the effect of burning on various components of the biotic environment, including 
the density of balsam fir saplings and the density of Eastern white pine seedlings. The 
bums have killed more than 67% of balsam fir saplings, thus eliminating a significant part 
of the competition to Eastern white pine seedlings. In burned sites where Eastern white pine 
regeneration has occurred, they are four times more abundant than in unburned sites (mean 
21 333 vs. 5 135 seedlings / ha). Balsam fir has not reintroduced burned sites while the 
Eastern white pine seedlings bank is abundant and stable, larger specimens reaching up to 
50 cm of height 11 years after prescribed burning. In the short term, the objectives 
established by Parks Canada have been met. Seedling growth now established should be 
monitored periodically to ensure success in the medium and long-term. We have also 
studied the impact of prescribed burning on the diversity of animal communities through 
Coleoptera species assemblages. -Analysis on the abundance, richness and rarity of beetles 
demonstrate that communities of burned sites differ greatly than those in unburned sites. 
Results indicate that beetle assemblages in unburned sites have fewer saproxylic species 
than burned sites. Differences mainly aroused from "rare" species caught mainly or only in 
burned sites. The redundancy analysis of abundant saproxylic species showed strong 
relationships between species captured and recent snags generated by the treatment. The 
beneficial effects on the abundance and diversity of saproxylic beetles, however, abate with 
time after the treatment, these being highest between three and seven years after the fire. In 
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the absence of natural fires and despite the low intensity of prescribed burning, this 
treatment appears to create adequate conditions to maintain several saproxylic insects. 



Avant-Propos 

Ce projet a été réalisé grâce au partenariat de trois organismes soit, l'Université Laval, 
Parcs Canada et Ressources Naturelles Canada. Les travaux de terrain se sont déroulés au 
parc national du Canada de la Mauricie tandis que l'identification des insectes a eu lieu au 
centre de foresterie des Laurentides, dans le laboratoire d'écologie et diversité des insectes 
forestiers (EcoDEF) du Dr. Christian Hébert. Les fonds investis proviennent du programme 
de gestion des feux à Parcs Canada. Ce projet n'aurait pu être possible sans la participation 
de mon directeur Louis Bélanger (Université Laval), mon co-directeur Christian Hébert 
(Ressources Naturelles Canada), Victor Kafka, Michel Thériault et Raymond Queneville de 
Parcs Canada. 

Je voudrais tout d'abord remercier mon directeur, le Dr Louis Bélanger. Ses connaissances 
concernant l'aménagement et la conservation des écosystèmes ont été indispensables tout 
au long de ce vaste projet. Ses connaissances sur les parcs et réserves ainsi que sur leurs 
modes de gestion, sont impressionnantes et ont été d'un grand atout tout au long de mes 
études. Louis, merci pour les discussions sur la conservation et les parcs nationaux qui ont 
fait de moi un meilleur biologiste de la conservation. Ces moments ont été grandement 
appréciés et laisseront un souvenir irremplaçable dans ma mémoire. 

Merci aussi à mon co-directeur, le Dr Christian Hébert, pour son support tant logistique 
qu'intellectuel. Il a su me conseiller tout au long de l'échantillonnage sur le terrain et a mis 
à ma disposition les meilleurs outils d'identifications d'insectes. Il a su, au courant des 
journées, remettre mes opinions en cause et améliorer grandement mes aptitudes 
scientifiques. Par son ouverture d'esprit et sa rigueur scientifique, il a fait de moi un 
meilleur homme de sciences. Nous avons eu de très bons moments, professionnels et 
amicaux, et j'espère que l'avenir nous en réservera encore. 

Il ne faudrait pas oublier tout le travail accompli par l'équipe du laboratoire du Dr Hébert 
(Laboratoire d'écologie et de diversité des insectes forestiers). Cette équipe, ainsi que les 
étudiants mis à ma disponibilité, ont été d'une aide essentielle et combien appréciée. Merci 
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à Carole Germain, Yves Dubuc et Georges Pelletier de Ressources Naturelles Canada. Yves 
et Carole ont toujours été disponibles pour moi et je ne peux que leur dire merci. Georges 
m'a aidé à identifier plusieurs insectes et m'a formé sur plusieurs groupes. Merci georges 
de bien vouloir transmettre des connaissances qui se perdent aux nouveaux étudiants. 

Un remerciement spécial aux gens de Parcs Canada pour m'avoir encadré sur le terrain tout 
au long de l'étude. Ils m'ont permis de comprendre les processus de gestion des brûlages 
dirigés et d'assister à la réalisation d'un brûlage à l'été 2007. Victor Kafka a été disponible 
tout au long du projet et a énormément travaillé à la mise au point de ce dernier. Ses 
commentaires sur le manuscrit ont été très appréciés. Victor, tes connaissances sur le feu 
sont essentielles et tu représente un atout pour cette organisation. Michel Thériault s'est 
occupé du bon déroulement sur le terrain et a permis ma visite du brûlage réalisé en 2007. 
Merci Michel d'avoir permis la réalisation de ce projet. Raymond Quenneville y est allé de 
commentaires très appréciés et essentiels concernant le projet et la rédaction du mémoire. 
Sa sagesse et son expérience sont des atouts importants pour le programme de gestion du 
feu au parc. Messieurs, merci d'avoir cru en moi et de m'avoir supporté tout au long de mes 
études. 

Merci aussi à ma famille, père, mère, et frère, pour m'avoir soutenu universellement tout au 
long de ma formation. Sans eux, rien n'aurait été possible et une grosse partie du mérite 
leur revient. Merci à ma copine, mon amour, pour sa patience ainsi que son agenda plus que 
flexible. Ce parcours n'aura pas toujours été facile mais elle fût invariablement présente 
pour moi à chacun des hauts et des bas. Un merci important à mes copains qui sont toujours 
là malgré la diminution du temps que j'ai pu leur consacrer durant les trois ans de 
formation. Les gars, on profitera du temps que l'avenir nous réserve. Finalement, merci à 
mes collègues de laboratoire (Richard, Carole, Georges, Jean-Philippe, Jonathan, Pierre-
Marc, Sébastien et Philippe) pour tous ces bons moments de vie et de science. Vous ferez, 
et même déjà, d'excellents scientifiques, j'en suis convaincu. 
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Introduction 

Au cours des dernières décennies, les forêts de l'Amérique du Nord ont subi 

d'importantes modifications et la raréfaction de certaines essences forestières 

pourrait menacer le maintien de la biodiversité (Bergeron et al. 2001 ; Reich et al. 

2001). Dans les forêts précoloniales de l'Est de l'Amérique du Nord, le pin blanc 

(Pinus strobus Linnaeus) fût jadis une essence abondante (Sargent 1947; Horton 

et al. 1960; Peattie 1966; McRae et al. 1994; Carleton et al. 1996; Davis 1996 ; 

Quenneville et Thériault 1998). À l'arrivée des premiers européens dans le nord-

est de l'Amérique, vers le 16e siècle, d'immenses forêts de pin blanc étaient 

présentes dans la vallée du fleuve Saint-Laurent et des Grands Lacs (Sargent 

1947; Peattie 1966; Weyenberg et al. 2004). Le pin blanc est une essence indigène 

à l'Amérique du Nord et son aire de répartition va de la côte atlantique, à l'est, 

jusqu'au Manitoba, à l'ouest. Il atteint sa limite nordique à Terre-Neuve, et au sud 

il atteint l'état de la Géorgie aux États-Unis (Horton et Brown 1960; Farrar 1995; 

Abrams 2001; Vlasiu et al. 2001; Lorimer 2008). Le pin blanc est l'arbre qui 

atteint les plus grandes tailles dans l'est de l'Amérique du Nord, atteignant jusqu'à 

30-50 m de hauteur et un diamètre à hauteur de poitrine de plus de 100 cm (Farrar 

1995). Il pousse sur une grande variété de sols, mais plus souvent sur les terres 

arides et les sols acides où les espèces compétitives n'obtiennent pas d'aussi bons 

résultats (Wendel et Smith 1990; Abrams 2001). C'est une précieuse ressource 

forestière étant un élément important de l'économie, de la culture et de la 

médecine des anciens colonisateurs, ainsi que de l'histoire de certains peuples 

autochtones (Day 1953). Cette espèce de conifère est aussi utilisée comme 

nourriture et abri par plusieurs espèces fauniques (Naylor 1994). 

Le pin blanc est associé aux incendies forestiers et autres perturbations naturelles 

(Maissurow 1935; Sargent 1947; Horton et al. 1960; Weyenberg et al. 2004). Bien 

que ses cônes ne soient pas sérotineux, il profite des nouvelles conditions crées 

par le feu pour bien s'installer. Il possède une écorce épaisse et ses premières 

branches sont hautes, conséquemment les flammes des feux de surface ne les 

atteignant que très rarement (Maissurow 1935; Sargent 1947; Horton et Brown 

1960; Weyenberg et al. 2004). Selon la sévérité de la perturbation et des essences 



présentes sur le site, le feu améliore le lit de germination du pin blanc, élimine la 

compétition moins bien adaptée à ces événements et ouvre le couvert du 

peuplement à la lumière en tuant certaines essences plus vulnérables tels le sapin 

et le bouleau blanc. Les semis de pin blanc peuvent coloniser divers habitats 

perturbés, dont ceax créés par les feux (Carleton et al. 1996; Dovciak et al. 2001; 

Elliott et al. 2002). 

La diminution de l'abondance de cette essence en Amérique du Nord semble 

grandement attribuable à la colonisation européenne (Watson 1923; Day 1953; 

Baker 1992; Frelich 1995; Ôstlund et al. 1997; Turbis 2005). En effet, le pin blanc 

a été une des essences forestières les plus exploitées en Amérique du Nord au 

début de la colonisation (Watson 1923; Carleton et al. 1996). Au départ, les 

grands semenciers ont été coupés pour la construction navale en Grande-Bretagne 

(Carlton 1939; Mirov et Hasbrouck 1976; Burgess et Methven 1977; Wilkins et 

Kiceluk 1994). Dans l'Est du Canada, l'impact de l'exploitation forestière s'est 

fortement fait sentir à la fin du 19e et au début du 20e siècle (Watson 1923; Palik 

et Pregitzer 1994; Weyenberg et al. 2004). Ces pratiques ont été si intenses que 

plusieurs peuplements ont été coupés une deuxième et même une troisième fois 

pour y récolter les tiges laissées lors de la première coupe (Burgess et Methven 

1977). L'élimination des arbres matures et semenciers sur de grandes superficies a 

favorisé le remplacement de plusieurs forêts de pin blanc par des forêts mélangées 

de conifères de fin de succession et de feuillus tolérants (Quenneville and 

Thériault 1998). Cela a contribué à entraîner une diminution importante de 

l'abondance du pin blanc dans nos forêts actuelles par rapport aux forêts 

précoloniales (Watson 1923; Davis 1996; Pelletier 1998; Weyenberg et al. 2004). 

La forte réduction des feux de forêt au cours des dernières décennies a 

grandement modifié les cycles de feux qui prévalaient autrefois dans les forêts de 

pin blanc (Baker 1994; McCullough et al. 1998; Carleton 2003; Backer et al. 

2004). La réduction des feux a eu pour effet de permettre l'accroissement de 

l'abondance de certaines essences moins résistantes aux feux (Brown et al. 2004) 

comme le sapin baumier (Abies balsamea Linneaus) (Methven et Murray 1977; 



Pelletier 1998). Sous les pins blancs matures, la régénération naturelle de ce 

dernier est négativement affectée et les gaules sont très rares en absence de 

perturbation (Watson 1923; Burgess et Methven 1977; Ziegler 1995; Carleton et 

al. 1996; Quenneville et Thériault 1998; Abrams 2001; Dovciak et al. 2001; 

Weyenberg et al. 2004). 

Avant la création du Parc National du Canada de la Mauricie (PNCLM), les 

coupes forestières ont été importantes sur ce territoire. Depuis la création du 

PNCLM en 1970, le pin blanc est présent en faible proportion dans quelques 

secteurs du parc. La présence de plusieurs souches de pin blanc sans tiges au sol 

sur le territoire du PNCLM confirme l'intense activité forestière du passé. De plus 

depuis le début de la colonisation, il a été estimé que l'abondance du pin blanc 

serait passée de 5-12% à 0.5% du volume forestier du parc tandis que celle du 

sapin baumier serait passée de 13.1% à 31.8% (Richard 1975; Pelletier 1998; 

Barrette 2004). L'augmentation du sapin baumier dans la mosaïque forestière nuit 

grandement à la régénération du pin blanc car il capte la majorité de la lumière 

nécessaire aux semis de pins (Quenneville et Thériault 1998). La suppression des 

incendies forestiers a aussi grandement contribué à l'augmentation du sapin 

baumier. Au PNCLM, le groupe Dryade (1986) a évalué que depuis la création du 

parc, le cycle de feu moyen des territoires forestiers appartenant au PNCLM s'est 

allongé drastiquement. Cet allongement marqué a eu plusieurs effets sur les 

peuplements de pin blanc dont l'écologie est souvent rattachée aux incendies 

forestiers (Baker 1992; Abrams 2001). 

Les insectes et les incendies forestiers 

Les espèces vivantes des forêts de pin blanc de l'est de l'Amérique du Nord 

étaient intimement liées aux processus naturels qui prévalaient dans ces habitats 

(Naylor 1994). De plus le feu, qui affecte l'hétérogénéité des peuplements 

(Methven et Murray 1974; Granstrôm 2001; Weyenberg et al. 2004), représente 

un facteur important dans le maintien de la diversité des espèces animales au 



niveau du paysage forestier (Louck 1970; Attiwill 1994). Conséquemment, la 

réduction des incendies forestiers a eu des effets sur certains groupes, plus 

particulièrement sur les coléoptères forestiers (Baker 1992; Wikars 1997; Wikars 

2002; Backer et al. 2004; Brown et al. 2004; Varner III et al. 2005). Il s'agit d'un 

ordre d'insecte très diversifié et reconnu pour réagir aux différentes perturbations. 

Ces derniers jouent différents rôles trophiques faisant d'eux un excellent groupe 

taxonomique pour évaluer l'impact des feux de forêts et la suppression des 

incendies forestiers sur la diversité des communautés animales (Niemelà et al. 

1993; Buddie et al. 2006; Toivannen et Kotiaho 2007). 

En Scandinavie, l'altération de certains processus naturels comme les incendies 

forestiers a eu pour effet de modifier les communautés d'insectes rattachées à ces 

perturbations (Wikars 1997; McCullough et al. 1998; Martikainen et al. 2000). La 

suppression des incendies forestiers dans les forêts actuelles étant très efficace, 

plusieurs attributs et composantes des peuplements se sont modifiés (McCullough 

et al. 1998). En Scandinavie par exemple, le volume de bois mort brûlé a été 

réduit à une petite fraction de ce qu'il était autrefois (Siitonen 2001; Toivannen et 

Kotiaho 2007). Plusieurs coléoptères profitent des habitats forestiers brûlés où le 

bois mort et moribond est disponible en grande quantité (Wikars 1997). C'est le 

cas des espèces saproxyliques, qui dépendent de ce type de bois durant une partie 

de leur vie, des champignons qui s'y développent ou de la présence d'une ou 

plusieurs autres espèces saproxyliques (Speight 1989). En Scandinavie, 

l'aménagement intensif des forêts a réduit considérablement le volume de bois 

mort ou moribond en forêt et, par conséquent, plusieurs espèces saproxyliques 

sont en déclin et se retrouvent sur les listes rouges d'espèces en danger (Similà et 

al. 2002; Vàisânen et al. 1993). Ces espèces sont souvent associées à certaines 

parties très précises ou stades de décomposition du bois mort. Les attributs 

importants du bois mort sont l'essence, la position (couché ou debout), 

l'exposition au soleil et le stade de décomposition (0kland et al. 1996; Jonsell et 

al. 1998; Jonsell et al. 1999; Siitonen 2001; Simila et al. 2002 ; Harmond et al. 

2004 ; Jonsell et al. 2004). Plusieurs espèces saproxyliques et de milieux ouverts 

associées à ces perturbations; certaines d'entre elles peuvent même détecter les 

signaux émis par le feu et les habitats brûlés (Evans 1966; Muona et Rutanen 



1994; Wikars 1997; McCullough et al. 1998). En Europe, le feu via la création de 

grande quantités de bois mort est donc un facteur important dans le maintien de 

certaines espèces saproxyliques (Wikars 1997), dont certaines sont des espèces 

rares et menacées (Simila et al. 2002; Hyvàrinen et al. 2005), et pour le maintien 

de la richesse spécifique rattachée à ces peuplements (Muona et Rutanen 1994; 

Wikars 1997; Hyvàrinen et al. 2005). En Europe, la réduction des incendies 

forestiers et l'aménagement intensif des forêts a mené plusieurs espèces 

saproxyliques et de milieux ouverts au bord de l'extinction (Wikars 1997; Siitonen 

2001; Simila et al. 2002; Hyvàrinen 2005; Toivanen et Kotiaho 2007). 

La gestion active à Parcs Canada: Les brûlages dirigés 

La Loi sur les parcs nationaux du Canada exige le maintien ou le rétablissement 

de l'intégrité écologique des parcs à travers la protection des ressources naturelles 

et des processus écologiques. L'intégrité écologique est définie comme "un état 

jugé caractéristique de sa région naturelle et susceptible de durer, qui comprend 

les composantes abiotiques et la composition de même que l'abondance des 

espèces indigènes et des communautés biologiques, les rythmes de changement et 

les processus qui les soutiennent » (Département de Justice du Canada 2000). 

Parce que plusieurs parcs ont été créés dans des endroits précédemment perturbés 

par l'exploitation forestière (Bonnicksen et Stone 1985; White et Mladenoff 1994; 

Conseil canadien des parcs 2007), les gestionnaires de Parcs Canada ont souvent 

besoin de développer de nouvelles approches de gestion active afin de restaurer 

ces écosystèmes. 

Alors que la politique du «laisser brûlen> ne peut être mise œuvre dans un petit 

parc comme le PNCLM, la gestion active est nécessaire pour rétablir les 

conditions qui prévalaient dans les forêts de pin blanc du parc. Les gestionnaires 

de Parcs Canada ont choisi les brûlages dirigés afin d'émuler les effets des feux de 

surface de faible intensité qui sévissaient autrefois dans les forêts de pin blanc 

préindustrielles et précoloniales (Attiwill 1994; Haeussler et Kneeshaw 2003). Ce 

traitement émule les effets du feu de surface et diminue les conséquences de 



l'utilisation passée de nos forêts (Barden et Woods 1976; Linder et al. 1998; 

Kouki et al. 2001; Uotila et al. 2002; Hyvàrinen et al. 2005; Partel et al. 2005). En 

Europe, ce traitement a déjà été utilisé comme méthode de restauration dans le but 

d'augmenter les volumes de bois mort disponibles dans les parcs et réserves 

(Juninnen et al. 2008). 

Depuis 1991 au PNCLM, 10 peuplements à dominance de pin blanc ont été traité 

avec la technique du brûlage dirigé. L'objectif à court terme de ce traitement était 

de générer des conditions écologiques qui permettraient d'accroître la densité des 

semis de pin blanc à plus de 1000/ha et de diminuer la compétition faite par le 

sapin. A moyen et long terme, les objectifs sont d'augmenter la densité des gaules 

jusqu'à 100/ha dans le but d'accroître éventuellement la couverture de pin blanc à 

3-4% du territoire forestier du parc (Quenneville et Thériault 1998). 

Objectifs et hypothèse 

La régénération naturelle du pin blanc ainsi que les effets du brûlage dirigé sur la 

régénération de cette essence ont été étudiées à l'intérieur de 16 sites d'étude. 

Pour le premier volet du projet, les objectifs étaient 1) de documenter la situation 

de la régénération du pin blanc dans les forêts du PNCLM et 2) de déterminer si le 

brûlage dirigé réduisait la compétition faite par le sapin et favorisait la 

régénération du pin blanc. Nous avançons les hypothèses que le feu réduira la 

compétition faite par le sapin baumier et que la régénération en pin blanc sera 

significativement plus abondante que dans les forêts non-brûlées. 

Dans le but de connaître les effets du brûlage dirigé sur les communautés 

animales, les assemblages de coléoptères ont été étudiés l'intérieur de 15 sites. 

Pour les familles de coléoptères abondantes, ainsi que les espèces saproxyliques et 

non-saproxyliques, nous avions pour objectifs de caractériser la richesse 

spécifique, l'abondance et la rareté dans les forêts brûlées et non-brûlées. Nous 

avons émis l'hypothèse 1) que la richesse spécifique des coléoptères sera plus 

élevée dans les sites traités, 2) que les communautés de coléoptères des forêts 



brûlés seraient différentes et distinctes de celles des forêts non-brûlées, 

particulièrement pour les espèces saproxyliques, et 3) que les assemblages 

d'espèces saproxyliques sont associées au bois mort récent généré par les brûlages 

dirigés. Nous avons aussi mesuré l'effet du temps depuis le brûlage dirigé sur les 

assemblages d'espèces capturés en comparant les données des forêts brûlées entre 

1995 et 2005. Bien que certaines études aient laissé entendre que des avantages 

pour la régénération du pin blanc pouvait être attendus en utilisant les brûlages 

dirigés, il existe peu de dispositifs qui ont permis d'étudier les effets de ces 

derniers sur la végétation et les communautés animales (Simberloff 2001; Niwa et 

Peck 2002). Le programme de restauration du pin blanc au PNCLM représente 

donc une occasion unique d'évaluer les impacts du brûlage dirigé. 
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Résumé 

Les écosystèmes de pin blanc du parc national du Canada de la Mauricie 

(PNCLM) ont été altérés par les coupes forestières depuis 1850 et la suppression 

des incendies forestiers plus récemment. En raison de ces altérations, la trajectoire 

écologique des écosystèmes de pin blanc a été modifiée et ils ne sont plus en 

mesure de se perpétuer naturellement, la majorité des sites n'ayant aucun individu 

au stade de gaule. Ainsi, dans ces écosystèmes, les gaules de pin blanc sont 

presque absentes et les gaules de sapin baumier compétitionnent fortement les 

semis de pin blanc pour l'espace et la lumière. Depuis 1991, Parcs Canada utilise 

le brûlage dirigé pour restaurer les écosystèmes de pin blanc. Sept sites brûlés 

entre 1995 et 2005 et neuf sites non-brûlés ont été étudiés afin d'évaluer l'effet 

des brûlages dirigés sur différentes composantes biotiques du milieu, notamment 

la densité des gaules de sapin baumier et des semis de pin blanc. Les brûlages 

dirigés ont tué plus de 63% des gaules de sapin baumier, éliminant ainsi une partie 

significative de la compétition faite aux semis de pin blanc. Ces derniers sont 

quatre fois plus abondants dans les sites brûlés que dans les sites non-brûlés 

(moyenne de 21333 vs 5178 semis/ha). Le sapin n'a pas réoccupé les sites brûlés 

tandis que la banque de semis de pin blanc est abondante et stable, les plus grands 

spécimens pouvant atteindre 50 cm de hauteur après 11 ans. À court terme, les 

objectifs de régénération du pin blanc fixés par Parcs Canada ont donc été atteints. 

La croissance des semis maintenant établis devra faire l'objet de suivis 

périodiques afin d'assurer le succès à moyen et long terme de ce programme de 

restauration des écosystèmes à pins blancs. 
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Abstract 

Eastern white pine forests of La Mauricie National Park of Canada (LMNPC) 

have been affected by logging since the 1850s and, more recently, by forest fire 

suppression. Because of these alterations, the ecological trajectory of Eastern 

white pine ecosystems has been changed and they now appear hardly sustainable. 

In these ecosystems, Eastern white pine saplings are nearly absent and balsam fir 

saplings are strong competitors of Eastern white pine seedlings for space and 

light. Since 1991, Parks Canada has been using prescribed burning as a means of 

restoring Eastern white pine ecosystems. Seven sites burned between 1995 and 

2005 and nine non-burned sites were studied in order to evaluate the effects of 

prescribed burnings on different biotic components of the environment, 

particularly the density of balsam fir saplings and Eastern white pine seedlings. 

Prescribed burnings killed more than 63% of balsam fir saplings, thus eliminating 

a significant part of the competition to Eastern white pine seedlings. These were 

four times more abundant in burned than in unburned sites (21 333 vs. 5 178 

seedlings/ha). Balsam fir has not re-established itself in the burned sites while the 

Eastern white pine seedlings bank is abundant and stable, the largest individuals 

reaching 50 cm in height after 11 years. In the short term, the Eastern white pine 

regeneration objectives established by Parks Canada have been achieved. The 

growth of seedlings that are now well established will need to be monitored 

periodically to ensure the mid- and long-term success of this restoration program 

of Eastern white pine ecosystems. 
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Introduction 

Over the last decades, changes in the forest composition from primeval stages and 

the reduction in the abundance of noble tree species have become critical issues 

for biodiversity (Bergeron et al. 2001; Reich et al. 2001). In the pre-settlement 

forests of North America, Eastern white pine (Pinus strobus L.) was more 

prevalent than it is today (Sargent 1947; Peattie 1966; McRae and al. 1994; 

Carleton and al. 1996). Selective logging of mature Eastern white pines during the 

18th and 19th centuries has reduced the density of seed trees and made 

regeneration much more difficult to establish (Ahlgren 1976; Mirov and 

Hasbrouck 1976; Palik and Pregitzer 1994). Thus, the majority of these harvested 

stands have been converted into stands where Eastern white pine abundance has 

decreased progressively (Smidt and Puettmann 1998; Burgess et al. 2005). 

Moreover, fire suppression policies have also altered the natural dynamics of 

Eastern white pine stands by allowing shade-tolerant species to outcompete pine 

seedlings (Watson 1923; Burgess and Methven 1977; Ziegler 1995; Carleton et al. 

1996; Quenneville and Thériault 1998; Abrams 2001; Dovciak et al. 2001; 

Weyenberg et al. 2004). 

Eastern white pine is native to North America and distributed from the Atlantic 

coast in the east to Manitoba, Canada, in the west; it reaches Newfoundland, 

Canada, in the north and Georgia, USA, in the south (Horton and Brown 1960; 

Farrar 1995; Abrams 2001; Vlasiu et al. 2001; Lorimer 2008). Eastern white pine 

is the tallest tree in eastern North America; it can grow up to 30-50 m and reach a 

diameter at breast height larger than 100 cm (Farrar 1995). It grows on a wide 

variety of soils but is more often found on dry and acid soils where competing 

species do not perform as well (Wendel and Smith 1990; Abrams 2001). It is a 

valuable timber resource and an important component of the present and past 

economy. Furthermore, it has been recognized as an important part of the culture, 

medicine and history of Native peoples and early settlers (Day 1953). This conifer 

species is also used as food and shelter by several wildlife species (Naylor 1994). 



12 

The historical role of fire in maintaining Eastern white pine stands in North 

America has often been reported (Maissurow 1935; Mayall 1941; Heinselman 

1981). In these stands, surface fires are known to improve seedbed quality, 

increase light availability and reduce competition from saplings of other tree 

species (Methven and Murray 1974; Van Lear and Waldrop 1991; Clinton et al. 

1993; McRae et al. 1994). Mature trees of Eastern white pine survive most surface 

fires due to their thick bark (Hengst et al. 1994), branch-free lower trunks, and a 

moderately deep rooting habit (Beverly and Martell 2003). Their needles have a 

low content of resin and thus are not highly flammable (Landers 1991). Prescribed 

burning provides excellent seedbeds for Eastern white pine because it bums the 

upper organic layer of the soil, making it more suitable to Eastern white pine seed 

germination (McRae et al. 1994). Fire suppression policies have favoured non 

fire-resistant species (Brown et al. 2004) such as balsam fir (Abies balsamea L.), 

which grows better than Eastern white pine under shady conditions (Horton and 

Bedell 1960; Methven and Murray 1974; Wendel and Smith 1990; Krueger and 

Puettmann 2004). 

The Canada National Parks Act requires maintaining or restoring the ecological 

integrity of the parks through the protection of natural resources and ecological 

processes. Ecological integrity is defined as "a condition that is determined to be 

characteristic of its natural region and likely to persist, including abiotic 

components and the composition and abundance of native species and biological 

communities, rates of change and supporting processes" (Department of justice 

Canada 2000). Because several parks have been established in areas previously 

disturbed by logging, Parks Canada often needs to develop active management 

approaches to restore these ecosystems. For example, in La Mauricie National 

Park of Canada (hereafter LMNPC), Eastern white pine proportion in pre-

settlement forests has been estimated at 5-12% but it now represents only 0.5% of 

the current forest composition (Richard 1975; Pelletier 1998; Barrette 2004). 

During the same period, balsam fir abundance has been estimated to shift from 

13.1% to 31.8% in LMNPC (Richard 1975; Pelletier 1998). These changes are 

due to past logging and current fire management policies (Quenneville and 

Thériault 1998). LMNPC is a small park (536 km2) where all ignitions are 

suppressed for safety reasons. Thus, the objective of restoring the ecological 
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integrity of Eastern white pine ecosystems to pre-settlement conditions, or at least 

within their historic range of variability (Brown et al. 2004), can be achieved by 

using prescribed burning as a management approach (Barden and Woods 1976). 

Since 1991, a total of 10 Eastern white pine stands have been treated with 

prescribed burning at LMNPC. The objectives of this treatment are to generate 

ecological conditions that increase Eastern white pine seedlings density (short-

term objective) to bring saplings density up to 100/ha (mid-term objective) in 

order to increase the cover of Eastern white pine dominated stands to 3-4% (long-

term objective) in the future forested area of the park (Quenneville and Thériault, 

1998). As the number of published studies addressing the ecological effectiveness 

of management practices in protected areas is limited (Gaston et al., 2006), this 

restoration program represents a unique opportunity to evaluate the effects of 

prescribed burning, as a management practice in a national park. We hypothesized 

that prescribed burning would kill the vast majority of balsam fir saplings, thus 

reducing competition for light and promoting Eastern white pine regeneration. In 

LMNPC, balsam fir is the most important competitor of Eastern white pine 

seedlings (Quenneville and Thériault 1998) and by far the most abundant sapling 

species in this study, so we will pay special attention to it throughout the paper. 

The objectives of this study were 1) to provide an appraisal of the issue of Eastern 

white pine regeneration in LMNPC forests, and 2) to determine if prescribed 

burning reduces competition and favours Eastern white pine regeneration. 

Materials and methods 
Study area and stand selection 

Study sites were located in LMNPC, Quebec, Canada (Figure 1-1). The park is a 

536 km2 plateau located north of the StLawrence River, just beside one of its 

most important affluent, the St.Maurice River. It belongs to the Sugar Maple -

Yellow Birch bioclimatic domain (Ministère des ressources naturelles du Québec 

2003) and is a typical Laurentian Mountains landscape moulded with hills and 

lakes. Annual precipitations vary between 900 and 1400 mm and annual mean 

temperatures vary between 2.5 and 5.0 °C (Gosselin 2001). For our study, seven 
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sites treated with prescribed burning between 1995 and 2005, and nine unburned 

sites, were selected over an area of 40 km" (Figure 1-1). The 16 selected sites had 

an altitude ranging from 217 to 341 m and slope varying between 1% and 47% 

(Table 1-1). Balsam fir was the most abundant understory species while Eastern 

white pine and spruces dominated the overstory (Table 1-2). 

Prescribed burning was used in forest stands where Eastern white pine density 

was >15 trees/ha, the slope was <50% and balsam fir saplings dominated the 

understory. In these sites, Eastern white pine seedling and sapling densities were 

considered to be too low to ensure Eastern white pine renewal and thus to 

preclude the park from reaching its objective of maintaining ecological integrity 

(Quenneville and Thériault 2002). Burning prescriptions were elaborated using 

the Canadian Forest Fire Danger Rating System (Forestry Canada Fire Danger 

Group 1992) and the software FBP97 for forecasting fire behaviour (Remsoft Inc. 

1997). Prescribed burnings were done in spring because conditions are better 

before budflushing of broadleaved trees and shrubs (Vlasiu et al. 2001). When 

these conditions were met, fire was ignited using burners (driptorch) or a 

helicopter equipped with a Premo MK3 aerial ignition device. Low-intensity 

surface fires were isolated and controlled with natural and artificial firebreaks. 

Forest inventory 

Three 400 m2 circular plots located 50 m apart along a transect and at a minimum 

distance of 50 m from the edges of the stand or treatment were set up in each site 

to survey and describe the forest environment. In each plot, the slope (%), altitude 

(m), surface deposit, drainage and soil organic layer (litter and humus) thickness 

were recorded (Table 1-1). Flame height and length were recorded during each 

prescribed burning event by LMNPC's staff and were used to estimate fire 

intensity based on the Canadian forest fire behaviour prediction system (Forestry 

Canada Fire Danger Group 1992) (Table 1-1). For low intensity surface fires, 

these classes usually range from 1 (frontal fire intensity <10 kw/m; flame length 

<0.2 m; flame height <0.1 m) to 5 (frontal fire intensity >4000 kw/m; flame 

length >3.5 m; flame height >2.5 m). Fire intensity' in burned sites was mostly of 
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class 3 (frontal fire intensity 500-2000 kw/m; flame length 1.4-2.6 m; flame 

height 1.0-1.9 m), the only exception being for a site burned in 1999 where fire 

intensity reached the class 4 (frontal fire intensity 2000-4000 kw/m; flame length 

2.6-3.5 m; flame height 1.9-2.5 m) and killed many mature trees including some 

Eastern white pines. 

Species, diameter at breast height (hereafter DBH) and decay class of each 

standing tree >9.1 cm at DBH were recorded. Decay classes were determined 

according to Hunter's (1990) classification, which recognizes nine classes for 

trees (1: alive and 2: declining) and snags (3: dead tree with bark intact up to 9: 

stump). Because most of red and Eastern white pine trees are large and tall, their 

density was rather low and, to get more accurate estimates of their basal area, we 

enlarged the sampled plots up to 1200 m2 (radius = 19.55 m). In each 400 m2 plot, 

four smaller plots of 25 m2 (radius = 2.82 m) and four micro plots of 4 m2 (radius 

= 1.13 m) were established at 8.46 m from the plot centre, in each cardinal 

direction (Figure 1-2). Saplings and seedlings were recorded in the 25 m2 and 4 

m2 plots respectively. Saplings were young trees in which DBH ranged between 1 

and 9 cm, whereas DBH of seedlings was smaller than 1 cm (Canada 1992). 

Sapling DBH was measured and seedling height was recorded into 5 cm classes. 

Eastern white pine relative dominance was estimated on the basis of its relative 

basal area (hereafter BA, in m2/ha) in 1200 m2 plots, in relation to BA of other 

tree species estimated in 400 m2 plots. The area covered (1-5%, 6-10% and then 

by 10% classes) by non-commercial tree, shrub, herbaceous, fem and moss 

species was also estimated in the 25 m2 plots. The most abundant non-commercial 

trees or shrubs encountered were blueberry (Vaccinium sp.), mountain maple 

(Acer spicatum Lamarck) and beaked hazel (Corylus cornuta Marshall), while 

bush honeysuckle (Diervilla lonicera Mill), wild sarsaparilla (Aralia nudicaulis 

L.) and Canadian mayflower (Maianthemum canadense Desf.) were the most 

prevalent herbaceous plants. The only dominant fem species was bracken fem 

(Pteridium aquilinum (L.) Kuhn.). Bryophytes were not identified and simply 

recorded as mosses. 
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Statistical analysis 

Because Eastern white pine seedling establishment probably involves interactions 

with many variables, a multiple linear stepwise regression was used to identify 

variables that significantly influence natural Eastern white pine seedling density in 

unburned plots. This procedure tests variables one by one and these were retained 

when a < 0.10. Variables known to influence Eastern white pine regeneration are 

mainly related to local site conditions, forest openings and competition for light 

(Wilkins and Kiceluk 1994; Carleton et al. 1996; Quenneville et al. 1998; Dovciak 

et al. 2001; Elliott et al. 2002). Thus, the variables tested in the model were slope, 

thickness of the organic soil layer, live sapling density, live tree BA, live Eastern 

white pine BA, and % cover by shrub, fem and herbaceous species (see Table 1-

1). Analyses were made at the plot level because Eastern white pine regeneration 

was considered to be a highly localized process. Multi-colinearity among 

environmental variables was assessed using variance inflation factors (VIF), but 

none was removed from the analysis as VIF ranged from 1.32 to 2.57 for all 

variables; VIF >10 indicate multi-colinearity (Graham 2003). Linear and 

quadratic regressions were tested to relate variables that were significant in the 

multiple regression model predicting Eastern white pine seedling density. The 

technique described by McDonald (2008) was used to determine if linear and 

quadratic curves were significantly different. Regressions showing the highest R-

square values were retained. 

We also tested the short-term effects of prescribed burning on various components 

of the forest environment to assess how the treatment generates favourable 

conditions for the establishment of Eastern white pine seedlings. Considering that 

stands had not been sampled before treatment, the short-term effects of prescribed 

burning were assessed using the percentage of recent tree or sapling mortality. 

Tree BA and sapling density (stems/ha) of each decay class were calculated for 

Eastern white pine, balsam fir, spruces and broadleaved species. Then, the 

percentages of recent mortality (Hunter classes 3 and 4) were calculated for both 

burned and unburned sites. Student's t-tests were used to compare recent mortality 

of trees and saplings in both stands types. Such analyses were also performed to 
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compare the thickness of the soil organic layer and ground cover of shrub, 

herbaceous, fem and moss species between burned and unburned sites. For these 

variables, recovery after burning was assessed using simple linear regressions 

relating them with the time elapsed (years) since burning. Sites burned in 1995 

and 1997 were excluded from further analyses because some of these variables 

had already returned to levels found in unburned forests and could not represent 

the short term effects of prescribed burning. 

Finally, to determine if prescribed burning made it possible to achieve the short-

term objective of increasing Eastern white pine seedling density, we used 

Student's t-tests to compare the density in burned and unburned sites. Sites burned 

in 2004 and 2005 were excluded from the seedling analysis because no seed crop 

has occurred since the treatment, thus precluding the establishment of 

regeneration in these sites. Logarithmic transformations (log x+1) were used to 

normalize the distribution and stabilize variances when necessary. When 

transformations did not achieve equality of variances, we used results obtained 

with Satterthwaite's approximate t-test, a method that belongs to the Behrens-

Welch family (Armitage et al. 2001). All t-tests and regressions were performed 

using SAS software v. 9.1. (SAS Institute 2000). 

Results 
Current status of Eastern white pine in LMNPC forests 

Forest composition of unburned sites was dominated by conifers, with slightly 

more than 75% of the tree basal area belonging to Eastern white pine and other 

conifers, mostly spruces and red pine (Table 1-2). Balsam fir represented less than 

10% of tree basal area, and broadleaved trees slightly more than 15%. Eastern 

white pines represented more than a quarter of the total BA and were well 

distributed among DBH classes, reaching maximum densities between 20 and 60 

cm of DBH (Figure 1-3; bottom right). However, small balsam fir trees (<20 cm) 

as well as saplings outnumbered Eastern white pine (Figure 1-3; bottom right and 

middle). Balsam fir saplings represented 80.1% of total sapling density while 
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Eastern white pine represented only 0.9% (Table 1-5). Eastern white pine seedling 

density was lower than that of balsam fir in each height class observed (Figure 1-

3) and they represented only 26.7% of all seedlings in unburned sites (Table 1-5). 

Moreover, they never reached more than 75 cm in height (Figure 1-3; top right). 

The multiple regression model, aimed to predict Eastern white pine seedling 

density in unburned plots, was significant (p = 0.0003), and two of the eight 

variables tested were retained (a < 0.10). The slope showed a highly significant 

and positive relationship while die density of live saplings had a slightly negative 

relationship with Eastern white pine seedlings density (Table 1-3). These 

relationships were confirmed by quadratic regressions, the strongest relation 

arising from plot slope (R2 = 0.6673; p < 0.0001) (Figure 1-4 a, b). 

Prescribed burning impact on the forest environment 

Prescribed burnings significantly increased the mortality of balsam fir and 

broadleaved trees, with 38.2% and 39.0% of mortality in burned sites compared 

with 3.7% and 14.3% in unburned sites (Table 1-2). Mature Eastern white pine 

trees and other conifers were not significantly affected by the burning treatment. 

Saplings of balsam fir and broadleaved species were significantly affected by the 

burning treatment (Table 1-2). Mortality averages of 67.4% and 37.0% were 

measured respectively for balsam fir and broadleaves saplings in burned sites 

compared with 9.2% and 6.1% in unburned sites (Table 1-2). The most severely 

burned site (1999) had a percentage of recent mortality of 93% for balsam fir, 

which was 25% higher than in any other burned sites. Overall, mortality of 

saplings was significantly higher in burned sites (63.6%) than in unburned ones 

(9.2%) (Table 1-2). However, after burning, the density of balsam fir saplings was 

still high, mostly because some patches of the forest remained unburned in some 

sites (Fig. 1-1; left middle). 

Shrub and fem covers were similar in both burned and unburned sites, but 

herbaceous plant cover increased significantly in burned sites while mosses and 

organic layer thickness decreased significantly (Table 1-4). Simple linear 
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regressions showed that two variables (herbaceous cover and organic layer 

thickness) were significantly related to the number of years after burning (Figure 

1-5). Shrubs, ferns and mosses were not significandy related to the number of 

years after burning (Figure 1-5). 

Prescribed burning effect on Eastern white pine 

Prescribed burnings increased significantly the density of Eastern white pine 

seedlings when compared with unburned sites (Table 1-5), their proportion 

increasing from 26.7% to 83.7% of all seedlings in burned sites. By contrast, the 

proportion of balsam fir seedlings decreased from 39.6% in unburned sites to 

20.6% in burned ones (Table 1-5). However, Eastern white pine seedlings were 

largely dominant in the first five height classes (1-25 cm) and they rarely 

exceeded 50 cm. Balsam fir seedlings were more evenly distributed up to 130 cm 

and dominated Eastern white pine seedlings in all height classes higher than 25 

cm (Figure 1-3; top left). 

No distinctive pattern in Eastern white pine seedling growth was observable along 

the burning chronosequence. Sites burned in 2004 and 2005 only harboured 417 

seedlings of Eastern white pine per hectare because these sites (1-2 years after 

burning) have not yet benefited from a good seed year (Frelich 1992; Nolet et al. 

1999). The stand burned in 2003 (3 years) was exposed to a good seed crop the 

summer after the treatment and regeneration was the most plentiful in the 5-10 cm 

height class. The site burned in 2001 (5 years) was exposed to a good seed crop 

two years after the treatment and seedlings were a slightly more abundant than in 

the stand burned in 2003, with almost all seedlings being found in the 5-10 cm 

height class (Figure 1-6). In the site burned in 1999 (7 years), Eastern white pine 

seedlings were asymmetrically distributed to the right of the 5-10 cm height class, 

with seedlings reaching 25-30 cm (Figure 1-6). However, the site burned in 1997 

(9 years), which benefited from two good seed crops (1998, 2003), did not 

harbour more Eastern white pine seedlings than the other sites, with its seedlings 

being mainly found in the first two height classes (1-5 cm and 5-10 cm) (Figure 1-

6). In the oldest burned stand (1995; 11 years), which benefited from three good 
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seed crops, seedlings were mainly found in the first two height classes. However, 

Eastern white pine seedlings reached their maximum height (40-45 cm) in this 

stand. Balsam fir seedlings <50 cm high were not abundant in any of these five 

burned sites compared with Eastern white pine seedlings, the only one showing 

more than 10 000 balsam fir seedlings/ha being the one that burned in 1997 

(Figure 1-6). 

Discussion 

As elsewhere in North America, Eastern white pine suffers from shade tolerant 

tree competition at LMNPC. Almost no saplings of Eastern white pine were 

observed in the forest stands studied. At LMNPC, fire suppression has remained 

active since the 1930s, and no large fire has been recorded over the last 80 years. 

This means that competing species of Eastern white pine regeneration, such as 

balsam fir, have been growing in the absence of fire for at least the last 80 years 

(Richard 1975; Pelletier 1998). Many studies have reported the same pattern of 

occupation by balsam fir in Eastern white pine forests over the last decades 

(Alhgren 1976; Heinselman 1981; Wendel and Smith 1990; Carleton et al. 1996; 

Abrams 2001; Burgess et al. 2005; Ontario Ministry of Natural Resources 2009). 

According to McRae et al. (1994), survival of the remaining Eastern white pine 

stands in Canada may need the reintroduction of fire into these forests. Logging 

has also probably affected Eastern white pine abundance and stand dynamics by 

removing most of the mature seed-bearing trees. In the Mauricie region, massive 

exploitation of Eastern white pine started around 1850 (Boucher 1952). It has 

been recognized that more than 90% of Eastern white pine trees were harvested 

before the park's creation (Boucher 1952; Quenneville and Thériault 1998). Our 

observation of several Eastern white pine stumps larger than 75 cm of diameter in 

each study site are in agreement with this statement. In LMNPC, Eastern white 

pine volume went down from 12% (pre-settlement level) to 0.5% (now) (Richard 

1975; Pelletier 1998). However, it could be very appropriate to conduct scientific 

projects to confirm the abundance of white pine in the preindustrial and 

precolonial forests of LMNPC. Some authors also pointed out declines in Eastern 

white pine abundance following logging across eastern Canada and United States. 
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For example, in northeastern Minnesota, Eastern white pine represented 20% of 

the basal area in pre-settlement forests and it now represents less than 2% (Frelich 

1995; Davis 1996; Weyenberg et al. 2004). 

Current status of Eastern white pine in LMNPC forests 

An obvious problem with Eastern white pine seedling growth was observed in 

unburned stands at LMNPC. In these stands, even if mature Eastern white pines 

were present in relatively high densities (mean of 84/ha) and bank seedlings 

averaged 5135/ha, it seems that some suppression occurred because seedlings 

were restricted to the lower height classes and Eastern white pine saplings were 

absent from almost all unburned sites. Other authors also described this growth 

problem in Eastern white pine stands (Wendel and Smith 1990; McRae et al. 

1994; Carleton et al. 1996). They found that fir and broadleaved species were 

exercising suppression on Eastern white pine seedlings by reducing light 

availability, thus limiting pine regeneration success. In our unburned sites, the 

density of Eastern white pine seedlings was negatively related to total sapling 

density. Several authors have concluded that balsam fir competition was the main 

factor explaining the failure of Eastern white pine regeneration and growth 

(Methven and Murray 1974; Burgess and Methven 1977; Smidt and Puettmann 

1998; Abrams 2001; Dovciak et al. 2001; Beverly and Martell 2003). In our 

unburned stands, balsam fir was also the main sapling species to compete with 

Eastern white pine seedlings for light. In these stands, only a few Eastern white 

pines reached the sapling stage, while the vast majority of seedlings remained 

suppressed. 

Eastern white pine regeneration in unburned sites 

A significant and positive relationship was found between the density of Eastern 

white pine seedlings and the slope in unburned sites. Eastern white pine seedling 

density was particularly high when the slope was >25% while saplings (mainly 

balsam fir) were less abundant. It has been demonstrated that competition to 
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Eastern white pine seedlings by other species is less important in low-productive 

sites located on rocky slopes (McRae et al. 1993; Carleton et al. 1996). Balsam fu

is known to perform better in soils with high humidity levels (Ritchie 1959; Farrar 

1995). Steep slopes of white pine stands are expected to have thinner soils and a 

better drainage that may poorly retain water, thus providing conditions that may 

limit balsam fir establishment in these sites. When appropriate soil conditions are 

not met, balsam fir and broadleaved species cannot grow optimally, thus 

favouring Eastern white pine regeneration (McRae et al. 1993; Carleton et al. 

1996). 

The few Eastern white pine saplings found in unburned sites were all located in 

forest gaps where light availability is higher, which favours growth. Local 

disturbances caused by windthrows (Quinby 1991; Carleton et al. 1996; Powers et 

al. 2008) can thus provide conditions favourable to Eastern white pine growth. 

One of our unburned sites (Control 6), which is located on an island, had a high 

density of Eastern white pine saplings (100/ha) even though its seedling density 

was rather low (625/ha). This site had been disturbed by a small wind storm due 

to its location on an island. Gaps created in the forest cover were large enough to 

favour the growth of Eastern white pine seedlings up to the sapling stage. This is 

important for Eastern white pine forest renewal as Stiell (1985) demonstrated that 

pine's ability to compete is greatly improved when the sapling stage is reached. 

Even if all the saplings surveyed in our unburned sites were to reach the canopy, 

their numbers would still be below the density objective of 100/ha (Quenneville 

and Thériault 1998). 

Prescribed burning effect on the forest environment 

Prescribed burnings were efficient in reducing sapling competition, balsam fir 

being the species most affected in our study. Balsam fir is not resistant to fire 

because of its thin bark and the high degree of inflammability of its needles 

(Ontario Parks 2008), so these high percentages of recent mortality are not 

surprising. However, some unburned patches still remained. Several factors may 

explain these green patches, including terrain heterogeneity and remaining snow 
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patches in dense conifer stands at the time of the bum. Weather conditions may 

also constrain fire spread rate and fire sustainability. Unburned patches should be 

kept at a minimum because their presence facilitates balsam fir recolonization and 

subsequent dominance in the understory (Methven and Murray 1974). In their 

study, these authors showed that balsam fir reintroduced itself in the seedling 

community rapidly after prescribed burning and was still an important component 

of the understory. Its competition was weaker in burned sites than in unburned 

ones but still high enough in some cases to restrain pine growth. Furthermore, 

according to Heinselman (1981), balsam fir is efficient at reinvading burned sites 

from seeds blown in from islands of unburned neighbouring stands. Weyenberg et 

al. (2004) reported that fire was efficient at regenerating Eastern white pine if it 

inhibits competition for at least 10 years after the bum. In our study, post-

treatment reoccupation by balsam fir seedlings does not appear to be of major 

concern. At each burned site, Eastern white pine seedlings were largely more 

abundant than balsam fir seedlings. This is important because reducing balsam fir 

competition was one of the objectives of the prescribed burning program. Mature 

Eastern white pines were not significantly affected by prescribed burnings so they 

remained abundant, which is important since these sites need substantial Eastern 

white pine seed supply to regenerate at high levels (Burgess et al. 2002; 

Weyenberg et al. 2004). 

Prescribed burning effect on Eastern white pine 
regeneration 

The prescribed burning treatment made it possible to increase Eastern white pine 

seedling density up to an average of 21133 seedlings/ha in burned sites, compared 

with 5135 seedlings/ha in unburned sites. Methven and Murray (1974) observed 

12000 seedlings/ha 5 years after a prescribed bum in a Eastern white pine stand at 

the Petawawa forest research station located in Ontario. Lynham and Curran 

(2003) reported a high density of 45000 seedlings/ha 4 years after a natural 

surface fire in mixed stands of Eastern white pine across Ontario. Compared with 

these seedling densities, prescribed burnings at LMNPC seem to have been 

efficient at regenerating Eastern white pine in burned sites. 
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Sites burned in 2004 and 2005 had a very low density of Eastern white pine 

seedlings when compared with other burned sites. It is probable that this low-level 

regeneration results from the absence of a good seed crop in these sites since the 

treatment was applied. However, in these sites, the bracken fem species (P. 

aquilinum) was abundant with an average cover of 26%. This fem was highly 

competitive in recolonizing burned sites where it was present prior to treatment. It 

is a fire-adapted species that possesses deep fire-resistant rhizomes (Gleissman 

1978). Bracken ferns are strong competitors for light and their presence is known 

to increase the level of competition for the establishment of Eastern white pine 

seedlings (Horton and Bedell 1960). In the future, after a first good seed year, it 

would be important to monitor and measure the regeneration of Eastern white pine 

and the effect of the abundance of this fem on the dynamics of this tree species. 

The sites burned (2001 and 2003), and exposed to a good seed crop in 2003 had a 

high number of seedlings, approximating 20000 seedlings/ha. Most pine seedlings 

were grouped in the 5-10 cm height class and showed a normal growth rate for 

Eastern white pine (Horton and Bedell 1960). The site burned in 1999 was 

submitted to the highest fire intensity and showed the highest recent mortality of 

trees, including some pines. It also had taller Eastern white pine seedlings than the 

site burned 2 years before. No competition reinvaded this site and the good seed 

crop of 2003 seems to have allowed the regeneration of Eastern white pine, even 

if it occurred four years after the treatment. Furthermore, the taller seedlings 

observed indicate better growth conditions in this site, probably linked with a 

higher penetration of light due to higher tree mortality. Finally, the tallest Eastern 

white pine seedlings were observed in the oldest burned site, but these only 

reached 50 cm of height, which shows a slow growth rate after 11 years (Horton 

and Bedell 1960). 

Implications for management 

Active management is an important approach for restoring the ecological integrity 

of ecosystems in Canadian national parks. The current policy states that when 

park ecosystems have been seriously altered by human activities and natural 
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processes alone cannot achieve restoration objectives, intervention may be 

prescribed. In LMNPC, the ecological integrity of Eastern white pine ecosystems 

has been altered by logging and fire suppression. On a short-time scale (10-15 

years), the prescribed burning program implemented in LMNPC has been 

successful in increasing significantly Eastern white pine seedling density. 

However, in the near future, it would be important to continue monitoring each 

burned site to determine Eastern white pine seedling growth rates under different 

local environmental conditions. Initial growth of Eastern white pine usually 

averages 10-15 cm after 5 years (Horton and Bedell 1960), which is slow 

compared with faster growing competitors such as firs and hardwoods (Wendell 

and Smith 1990). It would also be important to survey balsam fir in burned sites to 

make sure that it will not compete against Eastern white pine seedlings and 

preclude them from reaching the sapling stage. In order to evaluate the ecological 

integrity of a national park, Timko and Innes (2009) recently recommended such 

monitoring for assisting managers in evaluating the effectiveness of their 

management actions. 

According to Ontario Ministry of Natural Resources (2009), Eastern white pine 
seedlings that receive more than 45% of full light have a higher probability of 
reaching the sapling stage. Otherwise, these seedlings will probably survive but 
might not be able to grow rapidly enough to compete with fir and broadleaved 
species. In such cases, it might be necessary to use further treatment to reach the 
objective of restoring Eastern white pine forest ecosystems. It might be the case in 
burned sites of LMNPC as the densities of Eastern white pine seedlings are high, 
but their growth remains clearly slow. It might be necessary to open the canopy 
by different methods to allow better penetration of light. This objective could be 
achieved by girdling mature trees (mostly spruces) or by increasing fire intensity 
in future prescribed burnings. Continuous monitoring of seedling growth in burned 
sites would help managers to determine if such actions could be useful in helping 
LMNPC to restore Eastern white pine ecosystems. These evaluations would also promote 
adaptive management and ensure that decision-making is based on sound science (Pullin 
et al., 2004). 
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* 
Province of 

Quebec 

La Mauricie National 
Park of Canada 

Others 

Deciduous 

Mixed 

Coniferous 

Controls (n = 9) 

Mm Prescribed burns (n = 7) 

Figure 1-1: Location of the study sites in La Mauricie National Park of Canada. 
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400 m2 

Figure 1-2: Sampling plot, subplots and sub-subplots used to measure trees, saplings and 
seedlings respectively. 
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Figure 1-3: Comparisons of Eastern white pine (black columns) and balsam fir (pale grey 
columns) seedling, sapling, and tree densities (mean± S.E) between burned (n = 7; 2004 
and 2005 included) and unburned sites (n = 9). 
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Figure 1-4: Relationships between the number of Eastern white pine seedlings and (a) the 
total number of tree saplings or (b) slope in 27 unburned plots of forest stands. 
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Figure 1-6: Distribution of Eastern white pine and balsam fir seedlings among 5 cm height 
classes in burned sites of different ages at LJMNPC. No Eastern white pine seedling 
exceeded 45 cm of height. 
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Résumé 

L'altération des peuplements de pin blanc de l'Est au PNCLM par les coupes forestières et 
la suppression des incendies forestiers a modifié la dynamique naturelle de ces 
peuplements. Face à ces changements, les gestionnaires de Parcs Canada ont décidé 
d'utiliser les brûlages dirigés afin de restaurer l'intégrité écologique de ce type de 
peuplement forestier. Ces traitements sont reconnus pour être efficaces en éliminant la 
compétition et en stimulant la régénération du pin blanc de l'Est. La chronoséquence de 
brûlage dirigés offre une occasion intéressante d'étudier les effets des ces traitements sur 
les communautés d'insectes. Il semble que les brûlages dirigés ont aussi d'importants 
impacts sur les communautés de coléoptères des sites traités. En effet, le feu augmente 
l'abondance et la richesse spécifique des espèces saproxyliques. De nombreuses espèces 
saproxyliques ont été détectées uniquement ou en très grande proportion dans les sites 
brûlés. Beaucoup de ces espèces ont été favorisées par le volume de bois mort généré par 
les brûlages. Un total de 10 espèces (neuf saproxyliques) et six genres (cinq saproxyliques) 
ont été identifiés comme indicateurs des sites brûlés alors qu'aucune espèce indicatrice n'a 
été identifiée pour les sites non brûlés. De plus, la mortalité des arbres et surtout des gaules 
ont permis la mise en place de conditions post-traitement favorables à certaines espèces de 
coléoptères floricoles. Plus d'espèces saproxyliques et non-saproxyliques considérées 
"rares" ont été capturées dans les sites brûlés. Les brûlages dirigés, malgré leur faible 
intensité, semblent donc être un outil très intéressant et efficace dans le but de restaurer 
l'intégrité écologique des peuplements de pin blanc de l'Est. Il est cependant difficile 
d'évaluer le niveau d'intégrité écologique atteint en ce qui concerne les communautés de 
coléoptères étudiées puisqu'il n'existe pas de référence préindustrielle. Cependant, le 
nombre élevé d'espèces saproxyliques indique clairement que les communautés observées 
se rapprochent davantage de celles de sites naturellement brûlés que de sites non-brûlés. En 
plus de régénérer les forêts de pin blanc de l'Est, ces traitements ont aussi des effets positifs 
sur les groupes d'insectes habituellement rattachés aux incendies forestiers. 
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Abstract 

The alteration of Eastern white pine stands by logging and forest fire suppression has 
modified the natural dynamics of these forest stands in LMNPC. Faced to these changes, 
managers of Parks Canada decided to use prescribed burning in order to restore the 
ecological integrity of this type of stands. This treatment has been effective by eliminating 
competition and stimulating Eastern white pine seedling establishment. This 
chronoséquence of prescribed burning represent an interesting opportunity to study the 
effects of this treatment on the insects. It seems that prescribed burning also has significant 
impacts on beetle communities. Indeed, increases in abundance and species richness of 
saproxylic species have been observed in burned stands. Many saproxylic species were 
detected only or mostly in burned sites. Many of these species have been favoured by the 
volume of deadwood generated by the burning. Overall, 10 species (nine saproxylics) and 
six genera (five saproxylics) were identified as indicators of burned sites while no indicator 
of unburned sites was identified. In addition, mortality of trees and saplings allowed the 
establishment of favourable post-treatment conditions for certain species of beetles 
attracted by flowering plants. Furthermore, we captured significantly more non-saproxylic 
and saproxylic species considered "rare" in the burned sites. The bum, despite its low 
intensity, seems to be an effective tool for restoring the ecological integrity of Eastern 
white pine stands. It is however difficult to estimate the level of ecological integrity 
achieved in regards to species assemblages because we do not have a preindustrial 
reference. However, the high numbers of saproxylic species indicate that the communities 
are closer to those of naturally burned sites than unburned sites. In addition of their 
usefulness to regenerate the Eastern white pine forests, these treatments also have positive 
effects on groups of insects usually associated with forest fires. 
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Introduction 

Forest harvesting has resulted in important changes of forest composition in many countries 
(Hansen et al. 1991; Hyvàrinen et al. 2005). At the time of European settlement in North 
America, Eastern white pine (Pinus strobus L.) was an important component of coniferous 
forests (Horton and Brown 1960; Quenneville and Thériault 1998). European newcomers 
were the first to use Eastern white pine but intensive harvesting mostly occurred during the 
last 100-150 years, causing major alterations in both structure and composition of these 
forests (Boucher 1952; Baker 1994; Simila et al. 2002). Almost all accessible Eastern white 
pine stands were harvested and even the trees of lower quality were cut (Mirov and 
Hasbrouck 1976; Burgess and Methven 1977). This has lead to important reductions of 
Eastern white pine stocks and to the conversion of the majority of these forests into stands 
composed of late successional coniferous (mainly balsam fir) and tolerant hardwood trees 
(mainly maples) (Ziegler 1995; Carleton et al. 1996; Quenneville and Thériault 1998; 
Abrams 2001; Dovciak et al. 2001; Weyenberg et al. 2004). In recent decades, the rare old-
growth Eastern white pine forests still existing and residual logged stands also faced 
another threat. Fire, which has been historically an important natural disturbance for 
maintaining Eastern white pine stands (McRae et al. 1994; Carleton 2003), has gradually 
decreased in importance because of the implementation of fire suppression policies (Baker 
1994; Quenneville and Thériault 1998). Remnant trees now die without having access to 
appropriate stand conditions for seedling establishment and growth that would ensure the 
persistence of Eastern white pine. Therefore, there is a growing concern about management 
of Eastern white pine forests (Carleton et al. 1996; Ontario Ministry of Natural Resources 
2009). 

At La Mauricie National Park of Canada (hereafter LMNPC), Eastern white pine stands are 
now rare and most often Eastern white pine is loosely distributed into a mosaic of different 
tree species. Before the creation of the park in 1970, Eastern white pine logging has been 
selective and intensive since at least a century (Boucher 1952; Valcourt and Gagnon 2000). 
This has led to a decrease in Eastern white pine prevalence from 5-12% of wood volume in 
the preindustrial forest to 0.5% in the actual forest (Pelletier 1998; Barrette 2004). 
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Furthermore, fire suppression remained active since the 1930's and no large fire has been 
recorded over the last 80 years. According to Dryade (1986), the fire cycle in LMNPC has 
drastically increased over the last decades. These changes in the natural dynamic of Eastern 
white pine stands have resulted in an increased abundance of balsam fir, a competing 
species which now dominates the understory of remnant Eastern white pine stands of 
LMNPC. The volume of this species has increased from 13.1% before the preindustrial 
period to 31.8% in the actual forest (Pelletier 1998). 

In addition of being effective to regenerate several types of forests, natural fire enhances 
spatio-temporal heterogeneity of forests (Granstrôm 2001; Weyenberg et al. 2004) by 
modifying age structure, tree species composition (Zackrisson 1977; Simila et al. 2002) and 
stocks of dead wood available for several years (Siitonen 2001; Wikars 2002). Recently 
burned forests provide abundant stressed or dead trees rarely seen in other phases of forest 
succession (Linder et al. 1998; Pedlar et al. 2002). 

These volumes of dead wood are known to be important for many saproxylic beetles 
(Siitonen 2001; Grove 2002; Saint-Germain et al. 2004; Toivanen and Kotiaho 2007), those 
that depend on dead or dying wood, on wood-decaying fungi or on the presence of other 
saproxylic organisms during at least a part of their life cycle (Speight 1989). Saproxylic 
beetles often specialize on dead wood with particular characteristics such as tree species, 
size, decay stage, sun-exposure and position (lying, standing or on the ground) (Okland et 
al. 1996; Jonsell et al. 1998, 1999, 2004; Siitonen 2001). Some beetle species found in 
burned forests use sensory organs to detect chemicals released by dead or dying trees 
(mainly ethanol and monoterpenes), smoke, heat and infra-red to locate these high quality 
and competition-free habitats (Evans 1966; Montgomery and Wargo 1983; Schroeder 1988; 
Muona and Rutanen 1994; Wikars 1997; McCullough et al. 1998). Several fire-favoured 
beetles have become rare in European countries where fire suppression has been 
implemented (Muona and Rutanen 1994; Wikars 1997; Simila et al. 2002) and intensive 
forestry particles have been used. This has resulted in the addition of many fire-associated 
species on red-lists of threatened or endangered species (Wikars 1997; Siitonen 2001; 
Simila et al. 2002; Hyvàrinen et al. 2005; Toivanen and Kotiaho 2007). Therefore, we may 
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hypothesize that fire-favoured species might be adversely affected when under efficient fire 
suppression (Wikars 1997). 

Because the "let it burn" policy cannot be implemented in a small park like LMNPC, 
management practices are thus needed to achieve the objectives of Parks Canada's 
ecological integrity policy, including those that concern the restoration of preindustrial 
Eastern white pine forests conditions. Since 1991, Parks Canada has developed a 
restoration program of Eastern white pine stands where prescribed burning is used to 
emulate low-intensity fires that prevailed in primeval forests (Attiwill 1994; Haeussler and 
Kneeshaw 2003). 

In Eastern white pine forests, this treatment has already been used as a restoration method 
(Barden and Woods 1976; McRae et al. 1994); it has also been used for the restoration of 
different types of stands in parks and reserves (Juninnen et al. 2008). In North America, 
some authors have demonstrated its success in regenerating Eastern white pine (Methven 
and Murray 1974; McRae et al. 1994; Quenneville and Thériault 1998; Domaine et al. 
unpublished). The LMNPC restoration program represents a unique opportunity to evaluate 
the effects of several prescribed burning events carried out in Eastern white pine forest 
stands, and along a chronoséquence covering 11 years. 

Because they occupy almost all ecological niches and are highly sensitive to environmental 
changes, Coleoptera represent a powerful group to measure the effects of prescribed 
burning on biodiversity. Furthermore, several species of Coleoptera, mainly saproxylics, 
are known to be associated with fire or post-fire conditions (Evans 1966; Wikars 1997, 
2002). These insects take advantage of fire because they are mostly decomposers and there 
is more food available for them. They have many characteristics required for use as a taxon 
that allow evaluating the impact of prescribed burning on the ecosystems fauna (Fernandez 
Fernandez and Salgado Costas 2004). 

We may hypothesize that, based on several studies carried out in natural wildfires, 
prescribed burning could also affect biodiversity (Siitonen 2001; Grove 2002; Saint-
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Germain et al. 2004; Toivanen and Kotiaho 2007). Few studies have investigated more than 
short term effects of a single fire event (Simberloff 2001). Furthermore, several studies 
have addressed the issue of natural fire and its effects on beetle diversity, but the effects of 
prescribed burning (low intensity surface fire) remain almost unexplored (Niwa and Peck 
2002). The aim of our study was to determine how diversity and species assemblages of 
Coleoptera change after prescribed burning in Eastern white pine stands, along a 
chronoséquence covering 11 years. More specifically, our objectives were to determine (1) 
if abundance, species richness and rarity increase after prescribed burning, (2) how species 
assemblages and P-diversity dispersion differ among burned and unburned sites, and (3) 
how long the changes induced by burning last in treated sites. 

Materials and methods 

Study area and sampling sites 

Study sites were located in the La Mauricie National Park of Canada (LMNPC) (Figure 2-
1), which is a vast plateau located north of the St-Lawrence River in Quebec, just beside 
one of its most important affluent, the St-Maurice River. The park has been created in 1970 
and it covers 536 km2. Annual precipitations vary between 900 and 1400 mm and the 
annual average temperature from 2.5 to 5.0°C (Gosselin 2001). LMNPC is located between 
two terrestrial Canadian ecozones, the boreal shield and the mixedwood plains. It is 
characterized by a typical landscape of Laurentian Mountains moulded with hills and lakes 
that belongs to the sugar maple - yellow birch bioclimatic domain (Ministère des 
ressources naturelles du Québec 2003). The park is a diversified land where over 30 forest 
types are found (Lalumière and Thibault 1988; Quenneville and Thériault 2002). Eastern 
white pine a small component of mixed forest stands, associated with spruces (Picea sp), 
balsam fir (Abies balsamea (L.) Mill.) and deciduous trees. In LMNPC, it also grows more 
rarely in nearly pure stands or combined with red pine (Pinus resinosa Ait). 

Between 1995 and 2005, prescribed burning has been used in seven forest sites where the 

slope was <50%, Eastern white pine density >15 trees/ha, and balsam fir saplings were 
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dominating the understory. In these sites, Eastern white pine seedling and sapling densities 
were considered to be too low to ensure Eastern white pine renewal. Thus, prescribed 
burnings were used to achieve the objective of restoring the ecological integrity in Eastern 
white pine ecosystems (Quenneville and Thériault 2002). Prescribed burnings were done in 
spring, before budflushing of broadleaved trees and shrubs (Vlasiu et al. 2001). When 
meteorological conditions were met, fire was ignited using burners (driptorch) or a 
helicopter equipped with Premo MK3 aerial ignition device. Low-intensity surface fires 
were isolated and controlled with natural and artificial firebreaks. 

Eight closely located unburned sites were selected as reference sites to estimate the effect 
of the burning treatment on coleoptera diversity and species assemblages. All sites were 
located across a territory of 40 km2 (Figure 2-1). The altitude of selected sites ranged from 
217 to 341 m and slope varied between 1% and 47% (Table 2-1). Balsam fir was the most 
abundant understory tree species while Eastern white pine and spruces dominated the 
overstory. 

Forest inventory 

In each of the 15 sites, we established three 400 m2 circular plots located 50 m apart. Plots 
were distributed along a transect and distanced by a minimum of 50 m from stand or 
treatment edges (Figure 2-2). We determined the slope (%), altitude (m), surface deposit 
and drainage for each plot (Table 2-1). Flame heights were recorded by LMNPC's crews 
during each prescribed burning event and were used to estimate fire intensity, based on the 
Canadian forest fire behaviour prediction system (Natural Resources of Canada 2008. Fire 
intensity of surface fires used during field operations was mostly of class 3 (frontal fire 
intensity 500-2000kw/m; flame length 1.4-2.6m; flame height 1.0-1.9m) except for the site 
burned in 1999 where fire intensity reached the class 4 (frontal fire intensity 2000-
4000kw/m; flame length 2.6-3.5m; flame height 1.9-2.5m) and killed many mature trees 
including some Eastern white pines. 
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In the 400 m2, we recorded the species, diameter at breast height (hereafter DBH) and 
decay class for each standing tree >9.1 cm at DBH. Decay classes were determined 
according to the Hunter (1990) classification that recognizes 9 classes for trees (1: alive and 
2: declining) and snags (3: dead tree with bark intact... to 9: stump). In each 400 m2 plot, 
four smaller plots of 25 m2 (radius=2.82 m) and four micro plots of 4 m2 (radius=1.13 m) 
were established at 8.46 m from the plot center, in each cardinal direction (Figure 2-2). 
Saplings and seedlings were recorded in the 25 m2 and 4 m2 plots respectively. Saplings 
were young trees in which DBH ranged between 1 and 9 cm, whereas DBH of seedlings 
was smaller than 1 cm (Canada 1992). For each sapling, we recorded the species, DBH and 
decay class while we classified seedlings by species and height in 5-cm classes. Coverages 
(1-5%, 6-10% and then by 10% classes) of non-commercial species of trees, shrubs, 
herbaceous, ferns and mosses were also estimated in the 25 m2 plots. Bryophytes were not 
identified and simply recorded as mosses. 

Volume of trees and saplings were calculated for two different groups of snags: recent 
(Hunter's decay classes 3 and 4) and old (decay classes 5 to 7) (Table 2-2). To estimate the 
volume of each snag, we used three different equations depending on the decay class of 
individual trees: (1) if crown was intact (Hunter's decay class 3), volume = cylinder x 0.50 
(a paraboloid); (2) if crown was missing but large branches were present (Hunter's decay 
classes 4 and 5), volume = cylinder x 0.75 (intermediate between paraboloid and cylinder); 
(3) if branches were absent and only bole was present (Hunter's decay classes 6 and 7), 
volume = cylinder x 1.00 (a cylinder) (Tyrell and Crow 1994). Volume of downed woody 
debris was estimated using the line-intersection technique described by Van Wagner 
(1968). Three transects of 15 m (total length 45 m) and oriented at 0, 120, and 240 degrees 
were settled, each one beginning at the center of the plot. Each debri of more than 1 cm of 
diameter was recorded. Species, diameter at interception and decay class were recorded for 
each debris. For analyses, we classified volume of downed woody debris into two classes: 
recent deadwood (Hunter's decay classes for woody debris 1 and 2) and old deadwood 
(Hunter's decay classes for woody debris 3 to 5) (Table 2-2). 
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Coleoptera sampling 

Coleoptera were continuously sampled between May 16th and August 17th 2006 in seven 
burned sites and eight unburned sites. Four pitfall traps and one multidirectional flight-
interception trap were installed in each 400 m2 plot (Figure 2-3). The multidirectional 
flight-interception trap was placed at the center of the plots, 0.5-lm above the ground for 
sampling flying Coleoptera. They were built using four 15 x 40 cm panels (two made of 
Plexiglas and two of mosquito net) mounted into a cross pattern, along a black ABS 
cylinder of 10 cm diameter, with two funnels leading to the top and bottom collecting 
bottles. This "hybrid" trap was designed to account for different behavioural responses 
shown among beetle families when hitting different types of interception panels (Saint-
Germain et al. 2004). Four pitfall traps (MultiPher® traps) were buried into the ground, 7 m 
away from the multidirectional flight-interception trap in each cardinal direction, to sample 
ground-dwelling coleoptera (Figure 2-2). Thus, the pitfall traps were positioned in a square 
pattern around the center of the plot and at 10 m from each other. They had 10 cm diameter 
and were screened with a wire mesh (10 x 10 mm) to reduce vertebrate captures. An inner 
removable recipient was placed inside the trap to make insect collection easier. In both 
types of trap, a 40% ethanol solution with traces of household vinegar (5% acetic acid) was 
used as preservative. A detachable lid was placed on the top of each pitfall trap to protect 
samples from rain and reduce ethanol evaporation. Traps were emptied every two weeks 
and most beetles were identified at the species level whenever possible. Reference 
collections of labelled and identified beetle specimens are stored in the René-Martineau 
insect collection of the Laurentian Forestry Centre (Natural Resources of Canada). 

Statistical analysis 

Abundance, species richness and rarity in burned and unburned forests were compared 
using t-tests for saproxylic and non-saproxylic species, as well as for each of the six most 
abundant families, those in which at least 250 beetles were captured among the 16 study 
sites (Carabidae, Cerambycidae, Curculionidae, Elateridae, Lathridiidae and Nitidulidae). 
Because the Lathridiidae were identified at the genus level, we haven't tested species 
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richness and rarity for this family. Staphylinidae were identified at the family level and 
were not included in further analyses. We used the Saproxylic Database (The Saproxylic 
Database 2009) and relevant literature to classify coleoptera as saproxylic (facultative and 
obligatory) or non-saproxylic species. In our study, species that were caught only three 
times or less, over the 15 sites, were considered to be "rare". We also compared the 
abundance of common and abundant species (n>20) to pinpoint differences between burned 
and unburned sites. When necessary, data were transformed (log x + 1) to normalize 
distributions and stabilize variances. Analyses were performed using SAS version 9.1.3 for 
Windows (SAS Institute 2000). To better appraise the prevalence or not of species for 
burned sites, we also determined the proportion of species that were mostly found in burned 
versus unburned sites. First, we classified species according to their overall abundance: 
"rare" species (1-3), uncommon species (4-20), common species (21-100) and abundant 
species (>101). Among "rare" species, those that were caught exclusively in burned sites 
were considered to have been favoured by the treatment. Any other species which have 
been caught at least 75% of the time in burned sites was considered to be favoured by the 
prescribed burning treatment. The resulting matrix (3x4 contingency table relating the 
number of species showing prevalence for burned or unburned sites or absence of 
prevalence X abundance classes) was compared using chi square analysis to determine if 
the prevalence or not for burned sites was equally distributed among abundance classes. 

We used the Anderson's (2006) test for homogeneity of multivariate dispersions (using 
Betadisper in R) to pinpoint differences in beta diversity dispersion among species 
assemblages of burned and unburned groups of sites. Beta (P) diversity is defined as the 
variation in species composition among sites (Whittaker 1972). We composed a priori 
groups using treatment (burned and unburned) as a discriminant variable. The R procedure 
Betadisper compares the average distance of species assemblages of each site to their group 
centroid, defined in the space recognized by the Bray-Curtis measures. To test if the 
dispersions (variances) of burned and unburned groups were different, we used a test which 
permutes model residuals to generate a permutation distribution of F under the Null 
hypothesis of no difference in dispersion between groups (Anderson 2006; Anderson et al. 
2006). These analyses were carried out using the R software (R development core team 
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2008). We also used the Indicator Value analysis (IndVal) to identify species that would be 
indicative of the burning treatment. To fully benefit from the potential of this analysis, sites 
were classified as recent (2004-2005), mid-aged (1999-2001-2003) or old bums (1995-
1997) and, for unburned sites, those growing on steep slopes (>35%) or not (<20%). It has 
also been shown that Eastern white pine dynamic differed as a function of slope, sites 
located on steep slopes showing higher Eastern white pine seedling density and lower 
competition from balsam fir (Domaine et al. unpublished). Only significant (alpha = 0.05) 
species (n > 10 individuals at 1st and 2nd levels; n > 5 individuals at 3rd level) that had an 
indicator value > 55% (asymetrical indicators) were retained. The analysis was made using 
IndVal 2.0 Software (Dufrêne 1998). 

Redundancy analysis (RDA) was performed to examine how environmental variables, 
including those resulting from the burning treatment, influenced non-saproxylic and 
saproxylic species assemblages. In RDA, species are arranged to maximise the explanatory 
power of the environmental variables. It is a multivariate method in which species are 
presumed to be linearly related to environmental gradients (Legendre and Legendre 1998). 
Bums were expected to generate characteristics that would form major gradients that may 
structure Coleoptera assemblages. Analysis was performed on raw data including all the 
species captured. We used Hellinger transformation to relativize the weights of abundant 
species (Legendre and Gallagher 2001). Environmental variables used in the RDA of non-
saproxylic species were the mean percentages of ground covering by herbaceous and 
shrubs, plus fire intensity. Environmental variables used in the RDA of saproxylic species 
were the mean percentages of ground covering by each herbaceous and shrubs, fire 
intensity, the volume (m3/ha) of snags and the volume (m3/ha) of downed woody debris 
with respect to young decay classes (Hunter classes 3-4 for snags; Hunter classes 1-2 for 
debris) of either deciduous or coniferous trees. 

Because the RDA makes it difficult to interpret the relationships between "rare" species 
and the environmental variables, we used linear regression to highlight their relationships 
with the volume of dead trees, dead saplings and downed woody debris. Deadwood was 
categorized as young (Hunter classes 3-4 for snags; Hunter classes 1-2 for debris) or old 
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(Hunter classes 5-9 for snags; Hunter classes 3-4 for debris). Simple linear regressions were 
also used to verify if the abundance and species richness of non-saproxylic beetles were 
related to the time elapsed (years) after the treatment. We also used second order 
polynomial regressions to relate the abundance and species richness of saproxylic beetles to 
the time elapsed (years) after the treatment. Regressions were performed using SAS 9.1 for 
Windows (SAS Institute 2000). 

Results 

A total of 14 203 coleoptera belonging to 62 families were captured throughout the study. 
Coleopteran fauna was dominated by seven families (Carabidae, Cerambycidae, 
Curculionidae, Elateridae, Lathridiidae, Nitidulidae and Staphylinidae) which accounted for 
85% of the total abundance. Eight species were strongly dominant, each with more than 
500 specimens captured, representing 69% of all beetles collected (Annexe 2). Among 
these, the weevil Hylobius congener (pO.0001) and the Nitudilidae Glischrochilus s. 
sanguinolentus (p=0.0127) were more abundant in burned sites; the six other species were 
not significantly more abundant in either burned or unburned sites (Annexe 2). A minimum 
of 319 taxa were identified at different levels (1 family, 44 genera and 274 species), 
including 222 saproxylic taxa (23 genera and 199 species). Overall, 115 species were 
caught exclusively in the seven burned sites (27 from the site burned in 1999) compared to 
only 41 species in the eight unburned sites. The site burned in 1999 showed the highest 
species richness (142) among all sites, while the oldest burned site (1995) had the lowest 
species richness (90) of all burned sites; however its species richness was still higher than 
the average species richness found in unburned sites (Table 2-2). 

Abundance and species richness 

At the family level, only the Lathridiid beetles were significantly more abundant 
(p<0.0001) in burned than in unburned sites (Table 2-2). For this family, four out of six 
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genera (Corticaria, Corticarina, Cortinicara and Melanophtalma) tested were significantly 
more abundant in burned sites (Annexe 2). Overall abundance, as well as that of saproxylic 
species were significantly higher in burned than in unburned sites (Table 2-2). Non-
saproxylic species abundance was not significantly different in the two types of stands. 
However, species richness of both saproxylic and non-saproxylic species were significantly 
higher in burned sites, as well as total richness (Table 2-2). Among these, three families 
(Cerambycidae, Curculionidae and Nitidulidae) showed higher richness in burned sites 
(Table 2-2). High species richness in burned sites resulted from the presence of many 
"rare" species in four of the five abundant families (except the Nitidulidae) identified at the 
species level. The chi square analysis comparing the prevalence of species in burned versus 
unburned sites among abundance classes confirmed this pattern: more ""rare"" species 
(compared to the common and abundant classes) were found in burned sites than expected 
if distribution would have been random (Table 2-3). Nevertheless, some common and 
abundant species of Curculionidae and Elateridae were significantly more abundant in 
burned sites such as the weevils Hylobius congener (p<0.0001) and Polygraphia rufpennis 
(p=0.0456) (see Annexe 2) and the elaterid beetles Agriotes stabilis (p=0.0290) and 
Melanotus castanipes (p=0.0315) (see Annexe 2). However, abundances of the vast 
majority of common and abundant species were riot significantly higher in burned than in 
unburned sites. 

The abundance of non-saproxylic species was significantly and negatively related to the 
time elapsed (years) after the treatment (Figure 2-4). For saproxylic species, the mean 
species richness was significantly related to the time elapsed (years) after the treatment, 
species richness peaking between three to seven years after prescribed burning (Figure 2-4). 
Despite its non significance (p=0,0765), the quadratic regression relating the mean 
abundance of saproxylic species to the time elapsed (years) after the treatment showed the 
same pattern as for the saproxylic species richness (Figure 2-4). 

Species assemblages and p-diversity 
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There was no significant difference in the dispersion of the non-saproxylic species 
assemblages between burned and unburned sites, the mean distances to the centroids being 
respectively of 0.3175 and 0.3357 (F = 0.28; df = 1; P = 0.6023). Control sites 4 and 6 
mostly overlapped with the group composed of burned sites (Figure 2-5a). However, for 
saproxylic species assemblages, a significant difference was found among burned and 
unburned sites, the average distances to the centroids being respectively of 0.2619 and 
0.3204 (F = 4.82; df = 1; P = 0.0468), showing that saproxylic species assemblages of 
burned forests were less variable than those of unburned sites. This was illustrated by the 
differences in the location of sites among groups in the ordination space (Figure 2-5b). 

The IndVal analysis revealed that 16 taxa were indicators (10 species and six genera) of 
burned sites while no species was significantly indicative of unburned sites (Table 2-4). 
Species or taxa with the highest indicator values for burned sites were mostly saproxylic 
species such as Corticarina sp., Corticaria sp., Silvanus bidentatus and Hylobius congener 
(Table 2-4). Other less abundant species, such as Acmaeops p. proteus and Dryopthorus 
americanus, had lower indicator values but were exclusively found in burned sites. The 
analysis also recognized six indicators (five identified at the species level and one at genus) 
of recent bums, four indicators of mid-aged bums but no indicator of old bums (Table 2-4). 
Five out of six indicator species of recent bums were non-saproxylic species (mainly 
Carabidae) while all four indicators of mid-aged bums were saproxylic species (Table 2-4). 

Relationships between environmental variables and species 
assemblages 

The RDA allowed to determine how attributes affected by the burning treatments were 
connected or not to the non-saproxylic and saproxylic species assemblages. The model was 
not significant for non-saproxylic species (p=0.2821) but it was significant for saproxylic 
species (p=0.0290) when tested with 999 permutations. The eigenvalues of the first two 
axes of the ordination were 0.186 and 0.118 respectively, explaining 30.4 % of the 
variation in the dataset (Figure 2-6b). The first axis of the ordination (p=0.0447) clearly 
contrasted burned sites on the left, along with vectors of recent deadwood (including both 
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trees and saplings), fire intensity and herbaceous covering; the unburned sites were mainly 
located on the right side of the axis, along with shrub coverage and downed woody debris 
(including both coniferous and deciduous) vectors (Figure 2-6b). The cloud of saproxylic 
species was located slightly at the left of the biplot center, along with burned sites. Simple 
linear regressions showed that recent deadwood variables (trees, saplings and downed 
woody debris) were significantly related to the number of "rare" species captured at each 
site (Figure 2-7 left). However, the old deadwood variables were not significantly related to 
the number of "rare" species captured at each site (Figure 2-7 right). 

Discussion 

Our study shows that the number of "rare" species of Coleoptera increases more than it 
would have been expected by random after prescribed burning in Eastern white pine 
forests. This results in higher species richness in burned than in unburned forests for both 
saproxylic and non saproxylic species, indicating that prescribed burning does not only 
increase the amount of recent deadwood necessary for saproxylic organisms but also 
favours other resources mostly linked with post-fire environment. Moreover, even if 
species richness returned to the level observed in unburned forests 11 years after the 
burning, saproxylic species assemblages were still different, indicating that the treatment 
effects last longer than a decade and that a new ecological trajectory may have been 
defined. Our results indicate prescribed burning creates conditions useful in restoring the 
ecological integrity of these ecosystems in a much larger sense. By favouring several "rare" 
species and saproxylics species favoured by the fire effects, prescribed burnings help to 
improve biodiversity conservation, an important aspect of the ecological integrity concept. 
This is particularly important in the context of a protected area such as La Mauricie 
National Park of Canada. 

These newly generated habitats are used by several species of different abundant families 
(Cerambycidae, Curculionidae and Elateridae) known to be associated with post-fire 
conditions (Wikars 1992). Several saproxylic species (and genera) were identified as 
indicators of burned sites (Corticarina sp.. Corticaria sp., Silvanus bidentatus and Hylobius 
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congener; Acmaeopsp. proteus for the recent bums group) while no species were identified 
for the group of unburned sites. Most of these taxa have been reported in several studies 
done after wildfires (Saint-Germain et al. 2004; Boulanger and Sirois 2007). By killing 
trees across wide areas (often several thousands of hectares), wildfires produce large 
amounts of deadwood that release chemicals and produce large plumes of smoke which are 
known to attract several saproxylic species (Evans 1971; Montgomery et al. 1983; 
McCullough 1998). Even if prescribed burnings are less intense than wildfires, they 
increased significantly the mortality of broadleaved and balsam fir trees and saplings, and 
they produced great amounts of smoke. This seems to be enough to induce responses of 
saproxylic species and significantly increase their abundance and richness compared to 
unburned sites. 

As expected, different saproxylic species assemblages were found in burned sites when 
compared to unburned ones. Saproxylic species assemblages appeared tightly clustered, 
apart from the group of unburned sites, in the homogeneity of multivariate dispersions 
analysis. This, and results arising from the RDA, indicate that saproxylic species 
assemblages of burned sites, in addition of being richer, were clearly distinct from the 
species assemblages of unburned sites. Furthermore, the saproxylic assemblages were more 
homogenous than in unburned sites giving them a distinctive and important ecological 
value for species conservation. It is in agreement with Wikars (2002) who concluded that 
some species not only need deadwood as substrate but are also favoured by particular 
habitat characteristics. While placing scorched and non-scorched logs in burned and 
unburned forests, Wikars (2002) came to this conclusion when he found that scorched logs 
placed in burned forests hosted different saproxylic species than non-scorched logs placed 
in burned or unburned forests. 

The distinction of non-saproxylic species assemblages of burned and unburned forests was 
not as clear as for saproxylic species, the RDA model being not significant. Several authors 
have demonstrated that immediately after a fire, post-fire habitats represent a favourable 
environment for open-habitat species (Muona and Rutanen 1994; Moretti and Barbalat 
2004; Saint-Germain et ai. 2004; Hyvàrinen et al. 2005; Buddie et al. 2006; Toivanen and 
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Kotiaho 2007). In our study, we found significantly more non-saproxylic species (mainly 
carabidae) in burned sites, indicating that even if prescribed burnings do not kill as many 
trees as severe wildfires, they generate suitable conditions for many non-saproxylic species. 
For example, some non-saproxylic species were considered as indicators of recent burns 
(the carabids Notiophilus aeneus and Syntomus americanus). These species are known to 
use xeric open-habitat (Arnett and Thomas 2001; Larochelle and Larivière 2003). Saint-
Germain et al. (2005) also found these two species to be restricted to recently burned 
spruces forests. 

The RDA linked abundant saproxylic species to burned sites and to the higher amounts of 
recent deadwood (mainly coniferous trees and saplings) generated by prescribed burnings. 
Saproxylic species were more closely related to standing deadwood than to downed woody 
debris. Snags are probably more important for maintaining species associated with younger 
stages of decomposition while downed woody debris might be more important for 
maintaining species associated with older stages of decomposition (Jonsell et al. 2004). 
Saproxylic species abundances were also associated with herbaceous resources suggesting 
that a greater exposure to the sun favours flowering plants, which are important resources 
for several saproxylic and non-saproxylic beetles (Moretti and Barbalat 2004; Fayt et al. 
2006). 

Abundance and species richness of saproxylics were lower in the first and second years 
following treatment. Studied prescribed burnings were low intensity fires and appropriate 
conditions for many saproxylic species may take time to establish. This may explain that 
the abundance and species richness of the 2004-2005 sites were low compared to the mid-
aged burned sites. Higher catches following the third year may reflect activities of beetles 
still attacking trees and emerging from these trees (a higher activity means higher trap 
captures). In Finland, Martikainen and Kaila (2004) observed dramatic decreases in 
longhorned beetle abundance seven years after a fire. This is probably due to the end of the 
tree mortality period caused by the burning and thus to the reduction in the abundance of 
recent snags of high quality that are used as substrate by wood-borers (Lâchât et al. 2006). 
According to Ahnlund and Lindhe (1992), fire-favoured species use burned areas mostly 
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during the first five years after a fire. In our study, the significant and nearly significant 
quadratic regressions concerning the abundance and the species richness of saproxylic 
species, as well as the decrease in the number of "indicator species" as a function of the 
time after burning (6 in recent bums, 4 in mid-aged bums and 0 in old bums) suggest that 
the burning "signal" may lose strength as time elapsed after treatment. A decreasing 
temporal pattern was found in the abundance of non-saproxylic species but not for species 
richness. Some species may have benefited from the recent post-fire habitat to increase in 
abundance. This differs from a logging disturbance where, according to Niemelà et al 
(1993), several years are needed to allow open-habitat species to establish in high numbers. 

One of the objectives of prescribed burning was to emulate the effects of low-intensity 
fires. The highest species richness and the exclusive presence of several saproxylic species 
captured at the site that burned most severely suggest that prescribed burning of higher 
intensity in Eastern white pine forests would favor a richer and quite different biodiversity. 
Attractiveness of some saproxylic species toward burned forests has also been reported to 
increase with fire severity and habitat opening by Sullivan et al. (2003) and Moretti and 
Barbalat (2004). A better access to food resources (more deadwood and fungi associated 
with it) and increased sun-exposure provide better conditions for reproduction of several 
floricolous and saproxylic species (Kouki et al. 2001; Siitonen 2001; Toivanen and Kotiaho 
2007). It has also been suggested that burnings of higher intensity would help to promote 
Eastern white pine growth (Domaine et al. unpublished). Therefore, increasing the 
variability of fire intensity in future prescribed burnings or using management practices that 
would increase light penetration into stands by killing more mature trees could help to 
improve this program toward restoring the ecological integrity of Eastern white pine 
ecosystems. 

Implications for management 

Fire is a disturbance that enhances habitat heterogeneity, which, in turn, is known to be 

linked with biodiversity (Janssen et al. 2009). It has been reported that many saproxylic 

species have become rare and threatened because of efficient fire suppression policies in 
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several European countries (Muona and Rutanen 1994; Wikars 1997; Simila et al. 2002; 
Hyvàrinen et al. 2005; Toivanen and Kotiaho 2007). Contrary to Europe, there is no red-list 
of threatened or endangered insect species in Canada In such context, it is therefore more 
difficult to manage rare species. However, in our study, "rare" or uncommon saproxylic 
species were more frequently caught in burned sites, which is important for a conservation 
area like LMNPC. Furthermore, we found that the higher volumes of recent deadwood 
generated by the prescribed burnings were significantly related to the number of "rare" 
species. The higher frequency of "rare" and uncommon species in burned sites resulted in 
higher species richness in these sites. The rarity observed in the burned areas suggests that 
some species might be maintained at non detectable levels in unburned forest and may 
benefit from the conditions generated by the burning to aggregate and reproduce, thus 
becoming detectable in our sampling devices. The probability of local extinction of some of 
these "rare" species is unknown and we cannot estimate if species may have already 
disappeared because we have not found historical data on beetle communities in pre-
settlement Eastern white pine stands. Nevertheless, prescribed burning appears as an 
efficient management practice in restoring the ecological integrity of the coleopteran 
communities that once characterized burned Eastern white pine ecosystems. 
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Table 2-3: Table of contingency' using overall number of species categorized by 

classes of abundance. Predicted number of species having or not an habitat 

predilection are listed at the bottom of the table. 

Frequency Class of abundance 

Habitat of predilection 
(number ofspecies) 

Burned Unburned Noi 

41 28 
4 41 
1 33 
0 15 

25 53 
14 31 
6 15 
3 6 

X2 

Observed Rare 1 to 3 93 
Uncommon 4lo 20 49 
Common 21 to 100 10 
Abundant 100 and + 3 

Predicted Rare I to 3 84 
Uncommon 4 to 20 49 
Common 21 to 100 23 
Abundant 100 and + 9 

78.80 < 0.0001 
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Figure 2-1 : Location of the study sites in La Mauricie National Park of Canada. 
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Figure 2-2: Sampling plot, sub-plots and sub-sub-plots used for the study. 
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Figure 2-3: Left, the pitfall trap. Right, the multidirectional flight-interception trap. 
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Figure 2-6: RDA (scaling 2) of saproxylic species assemblages. Environmental matrix was 

composed of 10 variables. Variables concerning the volume of young deadwood are 

described using acronyms. First letter described types of tree: D=downed woody debris, 

T=trees, S=saplings. 
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Conclusion 

La structure forestière et l'intégrité écologique des peuplements contenant du pin blanc au 
PNCLM a été altérée dans le passé par les coupes forestières et la suppression des incendies 
forestiers. A l'intérieur des sites étudiés, on retrouve de nombreuses souches de pins 
démontrant l'importante activité forestière passée sur ce territoire. De plus, la réduction 
des feux de forêt a permis au sapin baumier de dominer les communautés de sous-étage tant 
au niveau des semis que des gaules. Dans ces peuplements, on observe très peu de semis de 
pin blanc de plus de 25 cm de hauteur et les gaules de cette espèce sont quasiment absentes. 
En utilisant le brûlage dirigé de faible intensité comme moyen de gestion active, les 
gestionnaires de Parcs Canada avaient pour objectifs (1) d'améliorer les conditions de 
germination des graines de pin blanc, (2) d'augmenter la représentativité des semis de PIB 
à court terme dans les sites brûlés, (3) d'augmenter la représentativité des gaules de PEB à 
moyen terme dans les sites brûlés et (4) de diminuer la compétition pour la lumière faite 
aux semis de pin blanc par le sapin baumier. Dans les sites traités, la densité des semis de 
pin blanc était significativement plus élevée qu'à l'intérieur des sites non-brûlés. Le brûlage 
dirigé a permis d'augmenter le nombre de semis jusqu'à 21 000 / ha comparativement à une 
moyenne de 5 135 / ha dans les sites non-brûlés. La mortalité du sapin baumier a atteint 
presque 70% pour les gaules et 40% pour les arbres. Les objectifs fixés par Parcs Canada 
ont donc été atteints. Cependant, dans les sites brûlés les conditions de croissance des semis 
de pin blanc ne sont pas optimales, les plus grands semis atteignant rarement 50 cm de 
hauteur dans le site brûlé il y a 11 ans. Le brûlage dirigé de plus forte intensité semble être 
un moyen efficace de se davantage rapprocher des objectifs fixés. Dans le futur, il sera 
impératif de trouver des solutions innovatrices pour permettre aux jeunes semis de croître et 
éventuellement atteindre le stade de gaule. 

Les objectifs fixés par Parcs Canada concernant la restauration des peuplements de pin 
blanc au PNCLM touchaient purement la structure et la composition forestière. Cependant, 
comme la définition de l'intégrité écologique inclue également l'ensemble des 
communautés animales, les coléoptères, l'ordre d'insectes le plus diversifié actuellement 
connu sur la planète, ont aussi été étudiés en tant que groupe animal indicateur. Les 
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analyses portant sur l'abondance, la richesse et la rareté des coléoptères démontrent que les 
communautés des sites brûlés et témoins diffèrent. Ainsi, les assemblages de coléoptères 
des peuplements non-brûlés possèdent moins d'espèces saproxyliques que les sites brûlés. 
L'analyse de redondance des espèces saproxyliques a démontré des relations fortes entre 
plusieurs espèces saproxyliques et le bois mort sur pied récemment rendu disponible par le 
brûlage dirigé. Un total de 107 espèces a été capturé uniquement dans les sites brûlés 
comparativement à 45 dans les sites non-brûlés. La richesse spécifique et la rareté des 
espèces non-saproxyliques et saproxyliques a été plus élevée dans les sites brûlés. 
L'abondance des coléoptères non-saproxyliques diminue au fur et à mesure qu'augmente le 
temps depuis le traitement. La richesse spécifique et l'abondance des espèces saproxyliques 
a été maximale entre trois et sept ans après le traitement. Cependant, même si le nombre 
d'espèces dans les plus vieux brûlages ressemble sensiblement à la moyenne des sites non-
brûlés, leurs assemblages d'espèces sont toujours distincts laissant entrevoir une trajectoire 
écologique différente des sites non-brûlés dans le futur. Dans un contexte de suppression 
des feux, les brûlages dirigés semblent donc générer des conditions propices pour certains 
insectes favorisés par ce genre perturbation. Le site brûlé le plus sévèrement, là où plusieurs 
arbres matures sont morts, possède des communautés de coléoptères différentes et souvent 
plus riches que celles des autres sites brûlés. 

Le PNCLM semble atteindre ses objectifs immédiats de restauration d'un écosystème en 
déclin sur son territoire et se rapproche également de l'objectif de restauration de l'intégrité 
écologique de cet écosystème en favorisant plusieurs éléments de sa biodiversité et en 
réintroduisant une perturbation jadis importante dans les forêts de pin blanc. Cependant, 
comme il n'existe aucun peuplement d'origine de pin blanc, il est difficile de déterminer 
comment se structuraient les communautés végétales et animales qui prévalaient autrefois. 
En effet, il est difficile de caractériser les communautés historiques de coléoptères car 
aucune étude portant sur ce sujet n'est disponible pour la période pré-coloniale. Cependant, 
la capture de plusieurs espèces saproxyliques uniquement dans les sites brûlés démontre le 
caractère unique des habitats brûlés. Ainsi, les brûlages dirigés constituent de bons outils 
pour émuler les effets naturels du feu tant sur le plan de la structure végétale que des 
communautés de coléoptères. 
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Annexe 1: Hunter's decay classes. 
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