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RÉSUMÉ 

Un élément important et récurrent des stratégies d'aménagement écosystémique 
est la rétention d' une certaine proportion du couvert forestier, comme héritage 
biologique, et cela, autant au niveau du peuplement que du paysage, ainsi que dans le 
temps. Une rétention plus élevée (bois mort au sol , chicots, arbres vivants, corridors, 
bandes riveraines, larges ilots, vieilles forets et aires protégées) est-elle le gage d' une 
meilleure conciliation des besoins écologiques et soc iaux? 

Tout d'abord, quels sont les besoins éco logiques reliés au maintien de la 
rétention forestière? L' impact d' un gradient d' intensification forestière sur la 
composition fonctionnelle (trait fonctionnel) de la strate herbacée a été testé. Une 
tendance vers la perte des traits de persistance (espèces sur la liste rouge) est observée 
avec l' intensification de l'aménagement. Cette perte est d'autant plus grande quand 
l' intensification s'effectue à différentes échelles spatiales et dans le temps. 

Ensuite, un questionnaire internet a été administré à des parties prenantes de 
différentes affiliations (utilisateurs non industriel , les représentants des ONG en 
environnement et industriels) impliquées dans un processus déc isionnel et des 
chercheurs en écologie afin de tester comment les parties prenantes acceptent les 
bases théoriques et priorisent la rétention forestière. Tous les répondants s'entendent 
sur les bases scientifiques (différentes échelles spatio-temporelles). Par contre, les 
industriels ont des préférences divergentes sur l'opérationnali sation de la rétention , 
adoptant le status quo vs une amélioration des pratiques actuelles. 

Finalement, dans le but de mieux comprendre comment est opérationnali sé la 
rétention forestière, une revue des différentes stratégies de rétention forestière 
utilisées dans les guides en aménagement écosystémique à été réalisée. Le cadre 
théorique (émulation des perturbations naturelles ou non) et les échelles spatio­
temporelles utilisées pour opérationaliser la rétention ont été comparés. Tous les 
guides, sauf le plus ancien, basent leur cadre théorique sur l'émulation des 
perturbations naturelles. Par contre, ils n'adaptent pas le contexte hi storique aux 
changements globaux actue ls. L'aspect temporel de la rétention est très peu abordé, 
avec une grande majorité des stratégies sur le court terme. Une plus grande 
justification éco logique ainsi qu'une meilleure interrelation des échelles spatiales 
seraient également souhaitable. Dans un contexte d'aménagement écosystémique, il 
est crucial d'arriver à proposer des stratégies de rétention concrètes qui sont 
pertinentes éco logiquement et endossées par la majorité des groupes d' intérêts 
constituant les parties prenantes. 



INTRODUCTION 

La délimitation entre les systèmes sociaux et écologiques est de plus en plus 

remise en cause avec l'augmentation de la population mondiale (Folke, 2006). 

L'humain est maintenant bien implanté dans la majorité des systèmes écologiques 

(Vitousek et al. , 1997); en effet, il constitue dans bien des cas une espèce clé ("key 

species") dans la modification de l'environnement et ce, à plusieurs échelles spatiales 

(Zurlini et al., 2006). Plusieurs auteurs suggèrent de briser les frontières et d'aborder 

les problèmes environnementaux selon une approche plus intégratrice portant sur les 

socio-écosystèmes ou encore les systèmes socio-écologiques (SES) (Glaser el al. , 

2008). 

Dans le socio-écosystème que constitue la forêt, il est maintenant reconnu que 

la création d' aires protégées est insuffisante pour assurer le maintien de la 

biodiversité forestière (Daily et Huang, 2001 ; Deal , 2001 ; Fischer el al., 2006 ; 

Helier et Zavaleta, 2009 ; Wiersma et Nudds, 2009) et satisfaire les multiples usagés 

de la forêt. Considérant que 92% des forêts mondiales sont hors réserve (F AO, 1999 

cité dans (Lindenmayer et al., 2006)), une attention particulière doit être apportée à la 

matrice forestière aménagée qui devrait contribuer au maintien du plus grand nombre 

d'espèces (Folke et al., 1996; Lindenmayer et Franklin, 2002; Rayfield et al. , 2008) 

et à l' harmonisation des usages. Depuis l'émergence de la foresterie industrielle, la 

matrice forestière a subi des changements majeurs en composition et structure qui 

menacent actuellement la survie des espèces les plus vulnérables (FAO, 1992). De 

façon générale, elle a été grandement simplifiée, menant entre autres à des forêts 

ayant une composition et une structure beaucoup plus homogènes à l'échelle du site 

(Puettmann et al. , 2009) et à des proportions de vieilles forêts bien en dessous des 

seuils historiques (Cyr et al., 2009b ). Plusieurs études suggèrent que la perte des 

attributs des forêts anciennes, tels que le bois mort (Ehnstrom, 2001 ; Jonsson et al., 
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2005), a un effet non négligeable sur la biodiversité et est parmi les enj eux les plus 

critiques en foresterie (F reedman et al., 1996 ; Gauthier et al. , 2008a; Hanski, 2000; 

Noss, 1999 ; Whitman et Hagan, 2007). La connectivité du territoire a éga lement 

grandement été modifée par rapport à la matrice forestière nature ll e (Wedeles et 

Sleep, 2008). Dans certaines régions du monde, une restauration des écosystèmes 

fo restiers est même nécessaire car on 'y retrouve pratiquement plus de fo rêts 

naturelles (Kuuluvainen, 2002). 

Les problèmes issus du mode de gestion conventionnelle des ressources 

forestières ont mené à une perte de confiance de la patt du public envers les 

gestionnai res de la fo rêt (Shindler et al., 2002). Cette press ion sociale grandissante a 

stimulé un changement de paradi gme fo restier, passant d' une exploitati on basée sur le 

libre marché de la ressource ligneuse et la productivité des usines, vers le paradigme 

de l'exploitati on durable des ressources fores tières (Bengston, 1994 ; Kimmins, 

2002). 

Avec l'engouement pour Je développement durable des ressources, plusieurs 

concepts connexes gagnent actuellement en populari té, te ls que l'aménagement 

écosystémique. Ce concept récent provient de la Confé rence mondiale sur 

l'environnement humain à Stockholm de 1972 et de la Convention des Nations Unies 

sur Je droit de la mer de 1982 (FAO, 2003). Il a rapidement été repris en fo resterie 

(Grumbine, 1994) et abondamment discuté depuis. Les défin itions de 1 'aménagement 

écosystémique sont nombreuses . Toutefois, une revue de la littérature par Grumbine 

(1994) indique que dans l' atteinte du maintien de l' intégrité écologique, certains 

sous-objectifs sont récurrents, tels que: " (1) maintenir des populations viables in situ 

de 1 'ensemble des espèces indigènes; (2) représenter dans les aires protégées 

l'ensemble des types d'écosystèmes à travers leur aire de variabilité naturelle; (3) 

maintenir les processus évolutifs et écologiques (ex; perturbations naturelles) ; (4) 

aménager sur une période de temps suffisamment longue pour maintenir le potentiel 
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évolutif des espèces et des écosystèmes; et (5) accommoder les besoins humains et 

leur occupation du territoire à 1' intérieur de ces contraintes. " 

Les forêts résiduelles, qui sont définies comme tout élément naturel retrouvé à 

une ou plusieurs échelles spatiales qui sera maintenu pour un certain temps dans la 

matrice forestière après une coupe ou une perturbation naturelle (incluant bois mort 

au sol , chicots, arbres vivants, corridors, bandes riveraines, larges ilots, vieilles forêts 

et aires protégées), se sont révélées être un élément central dans 1 'atteinte des 

objectifs soulevés par la gestion écosystémique. Elles jouent un rôle potentiellement 

crucial dans la résilience de ces écosystèmes après perturbation, contribuant avec le 

temps au maintien des attributs de forêts naturelles (Beese et al., 2003 ; Crête et al. , 

2004 ; Deans et al. , 2003 ; Drapeau et lmbeau, 2006 ; Mitchell et Beese, 2002 ; 

Perron et al. , 2008). Les seuils écologiques concernant la quantité, la disposition et la 

qualité des forêts résiduelles demeurent incertains (Lindenmayer et Franklin, 2002 ; 

Rosenvald et Lohmus, 2008). 

Bien que les connaissances scientifiques soient encore partielles concernant 

l' impact de la rétention forestière sur la biodiversité et les fonctions des écosystèmes 

(Rosenvald et Lohmus, 2008), la majorité des études concluent qu ' il faudrait faire 

davantage d'efforts afin de maintenir une portion plus importante de rétention 

forestière et ce, à plusieurs échelles temporelles et spatiales (Letres et al. , 1999 ; 

Lindenmayer et Franklin, 2002). Les échelles spatiales sont souvent interdépendantes 

(Levin, 1992) car certains phénomènes à un échelle donnée d'pendent d c qui 

arrive à d'autres échelles sans toutefois être visible à toutes les échelles (Frankl in, 

1993). Par exemple, trop longtemps la connectivité du territoire était assurée par une 

stratégie de rétention à l'échelle du peuplement, soit par le maintien de bandes 

riveraines. Les bandes riveraines risquent de ne pas satisfaire les besoins de 

connectiv ité aux éche lles spatiales supérieures car leur répartition n'est pas 

nécessai rement en fonction de lier les différentes parce lles de fo rêt. La temporalité de 
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la rétention est également très importante car la faune et la flore ont des besoins 

écologiques très variables. Des espèces habituées à des perturbations fréquentes ne 

nécessiteront pas la même continuité dans la rétention forestière que des espèces 

issues de milieux très stables (Armstrong et al. , 2003 ; Hunter, 1999). Le principe de 

précaution (Matsuda, 2003) est de mise quand les besoins de continuité dans la 

rétention ne sont pas bien définis pour l' ensemble des espèces. Il est suggéré que 

l' analyse des patrons de distribution dans le temps et l'espace des éléments de 

rétention suite aux perturbations naturelles serait une manière prometteuse 

d ' opérationnaliser la rétention forestière dans les limites de la variabilité naturelle des 

forêts (Armstrong et al., 2003). 

Quoique la réduction de la rétention forestière dans le temps et l' espace risque 

d 'affecter de nombreux taxons (Rosenvald et Lohmus, 2008), la présente étude 

propose d 'évaluer l' impact des forêts résiduelles sur la dynamique végétale de sous­

bois utilisant une approche par traits fonctionnels. Les études sur 1' impact des 

aménagements forestiers sur la strate de sous-bois sont souvent fragmentaires car 

elles se déroulent sur des échelles de temps et d 'espace restreintes (Aiexandter et al., 

2007 ; Beese et Bryant, 1999 ; Dovciak et al. , 2006 ; Drever et Lertzman, 2003 ; 

Halpern , 2005 ; Macdonald et Fenniak, 2007 ; Rosenvald et Lohmus, 2008 ; Sullivan 

et Sullivan, 2001 ; Sullivan et al. , 2008 ; Temesgen et al., 2006 ; Vanha-Majamaa et 

Jalonen, 2001). Peu évaluent l' impact sur une échelle de plus de 10 ans (Deal , 2001 ; 

Rose et Muir, 1997 ; Traut et Muir, 2000). De plus, l ' influence du paysage sur ce 

taxon est peu documentée (Wilson et Puettmann, 2007) . Généralement les recherches 

qui tentent d 'évaluer l' impact des nouvelles pratiques forestières sur la biodiversité 

végéta le se limitent à l'analyse de la richesse et de l' abondance, a lors que les traits 

fonctionnels fournissent des informations complémentaires et cruciales sur le 

fonctionnement global de l'écosystème (Lavorel et Garnier, 2002 ; Naeem et al. , 

20 12). Les traits fonctionnels sont également utiles car ils permettent une 

comparaison de différents écosystèmes qui ont une composition en espèces 
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potentiellement différente, ma1s où les processus sont les mêmes (Bernhardt­

Romermann et al., 2011 ). 

L'aménagement du territoire à travers plusieurs échell es spatiales et temporell es 

est un idéal écologique qui est susceptible de poser plusieurs problèmes de nature 

humaine/soc iale, tels que des problèmes de valeurs, de conception, de compréhension 

et d'opérati onnali sation (Byron et al., 20 11 ). En effet, le maintien de forêts 

rés iduelles pose un problème de taille car cette action est en opposition avec le 

paradigme de la marchandisation de la forêt dans un contexte de libérali sme 

économique par le fait que le bois laissé représente des pertes financi ères et peut être 

perçu comme du gaspillage de la ressource li gneuse par certaines parties prenantes . 

En aménagement écosystémique l'élaboration de stratégies passe de plus en 

plus par un long processus impliquant plusieurs acteurs du milieu fo restier (Betts et 

Forbes, 2005 ; Coast Information Team, 2004 ; US DA et US D! , 1994). En effet, 

l' approche par parti es prenantes ("stakeholder theory"), qui divise la pri se de déc ision 

entre plusieurs acteurs du milieu (Freedman et McVea, 2001 ), est davantage favo risée 

en aménagement écosystémique que par le passé où les pouvo irs étaient concentrés 

au sein de 1' industri e foresti ère et des gouvernements (C hiasson et Lec lerc, 20 13). 

Toutefois, en pratique certains groupes, te ls que l' industrie fo resti ère qui possède 

davantage de moyens, semblent encore dominer les débats (Houde et Sandberg, 

2003). L'arrivée de nouveaux acteurs dans le processus déc isionnel est susceptib le 

d'améliorer la résilience du socio-écosystème, bien que ce ne soit pas 

systématiquement le cas. La justification étant que ceux-ci, en vou lant défendre leurs 

idées et leurs intérêts, contribuent à enrichir le débat lorsque des perturbations 

surv iennent, ce qui potentie ll ement va infl uencer positivement la capacité 

d' innovation et de renouve llement du système (Lebel et al. , 2006). Certains 

chercheurs affirment que les décisions prises par vo ie de consensus et par une 

diversité d'acteurs locaux ri squent d'être plus acceptées localement et durables dans 

-~ 

1 
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le temps, que des déc isions pri sent par des autorités centrali sées (Brunson et al. , 1992 

; Glasmeier et Farrigan, 2005). 

Dans un monde où les parties prenantes ont de plus en plus de po ids dans les 

décisions, il est capital de mieux comprendre comment il s comprennent les concepts 

scientifiques et intègrent la science dans leurs pratiques fo restières. L' acceptabil ité 

des nouve lles pratiques fo restières doit être intégrée dans le processus de mise en 

œuvre de l'aménagement écosystémique. Cependant, cette question est moins 

fréquemment abordée dans la littérature (Brunson, 1996 ; Dekker et al., 2007 ; 

Slocombe, 1998) et plus diffi cilement intégrée dans la pratique (B utl er et Koontz, 

2005). Il est également important que les alternati ves proposées par les part ies 

prenantes, s' il en est, contribuent réellement aux enj eux écologiques qui ont motivé 

leur élaboration. 

Le déve loppement de concepts scientifiques, tels que l'aménagement 

écosystémique et la rétention fo resti ère, ainsi que leur opérationnalisation représente 

tout un défi mais est essentiel à la bonne gestion de nos ressources nature lles (Harris, 

20 12). L' implicat ion d' un nombre accru de parties prenantes différe ntes dans le 

processus décisionnel issues par exemple d' affi liations ou de ni veaux d'éducation 

diffé rents, complexifie d' autant plus ce transfert de connaissances. Les concepts 

risquent de ne pas être compris par tous de la même manière, mais également les 

délais en vue de l'obtention de bénéfices découlant de l'opérationnalisation de ces 

concepts sont souvent mal compris (Harris, 20 12). Par x mple, le concept 

d'aménagement écosystémique a pris plusieurs années pour être compris et accepté 

par la majorité aux États-U nis (Bengston et al. , 2001). Récemment certains 

scientifiques ont commencé à réclamer plus de "translational ecology", un terme qui 

sign ifie plus de transfert de la science vers les milieux pratiques . L'objectif étant que 

les praticiens (po liticiens, fonct ionnaires, industriels, etc.) so ient à même d' intégrer à 

leurs prises de décision la meilleure science di sponible (Schlesinger, 201 0). 
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Toutefois, pour réduire le fossé entre la sc ience et la soc iété il faut entre autres que les 

scientifiques s' impliquent dans la vi e publique et utili sent d 'autres moyens de 

communication (Bartonova, 20 12). 

0.1 Objectif généra l 

La présente thèse vise à mieux comprendre comment les connaissances 

scientifiques sont intégrées dans les pratiques de gest ion. Les tro is chapitres 

représentent chacun une des étapes menant à la mi se en œ uvre d ' un concept 

théorique. La première étape consiste en la créati on des conna issances scientifiques 

suite à l'étude du système c iblé. La seconde étape co mprend le processus déc isionnel 

qui va agir comme filtre au niveau des conna issances di sponibles pour, au fina l, ne 

retenir que les éléments qui satisferont aux priorités et valeurs des agents 

décisionnels. Et fi nalement, la dernière étape consiste en la création de mesures 

concrètes afin de mettre en œ uvre le concept théorique, so it l'aménagement 

écosystémique, basé sur les décis ions pri ses à la seconde étape. Pui sque ce concept 

est très large et implique plusieurs facettes de l'aménagement, j 'ai choisi de 

pri vilégier plus spécifiquement la rétention fo resti ère. Une emphase particulière est 

portée sur l'effi cac ité des forêts rés iduelles à maintenir à plusieurs échelles de temps 

et d 'espace la rés ilience des soc io-écosystèmes fo restiers en assurant le ma intien de la 

biodivers ité et en favori sant l'acceptabili té des parties prenantes. D'où découle la 

question de ma recherche: 

0 .1 .1 Question et sous-questions de recherche de la thèse : 

Comment la rétention forestière dans un contexte d'aménagement 

écosystémique contribue à concilier les besoins écologiques et sociaux? 

1) Quels sont les besoins écologiques reliés à la rétention forestière ? 

2) Comment ces besoins sont compris et priorisés par les parties prenantes? 

-
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3) Comment la rétention forestière est mise en œuvre dans les stratégies 

d 'aménagement écosystémique? 

Pour y répondre, tro is sous-objectifs ont été élaborés : (1) analyser l' impact 

d' un gradient d' intensification de l' aménagement fo restier (dans le temps et l' espace) 

sur la compos it ion fonctionnelle de la strate de sous-bois ; (2) tester comment les 

parties prenantes impliquées dans un processus décis ionnel acceptent les bases 

théoriques et priorisent la rétent ion forest ière; et (3) fa ire la revue des diffé rentes 

stratégies de rétention fo restières utili sées dans les guides en aménagement 

écosystémique de la fo rêt tempérée en Amérique du Nord afi n de déterminer si 

l'émulation des perturbations naturelles est une base scientifi que dans les guides et si 

la rétention fo restière est opérationnali sée à diffé rentes échelles spatiales et 

temporelles. L' atte inte de ces objectifs permettra de mieux comprendre globalement 

comment la rétention fo restière peut aider à la conciliation des beso ins éco logiques et 

soc iaux lors de l'opérationnali sati on du concept d'aménagement écosystémique. 

L' ordre des chap itres suit la logique expliquée plus haut concernant les étapes de la 

mise en œuvre d' un concept théorique, soit le déve loppement des connaissances 

(chapitre 1 ), la pri se en compte ou non de ces connaissances scientifi ques (théorie) 

dans le processus décisionnel (chapitre 2) et fi nalement la création de stratégies 

concrètes d'opérationnali sation du concept (chapi tre 3). 
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1.1 Abstract 

Protected areas alone cannat maintain biodiversity . Therefore, it is necessary to 
create conditions appropriate for plants and wildlife in managed landscapes. We 
compared effects of different levels of historical forest management intensities at 
stand- and landscape-scales on functional responses of understorey plants. A gradient 
in intensity of forest management, spanning natural forests and extensively managed 
forests (naturally regenerated cuts) in Canada to intensively managed forests 
(plantations) in Canada and Fin land was analysed on the basis of functional traits of 
the understorey species present. Traits characteristic of red-listed Finnish understorey 
species were also used. Results showed strong trait filtering along a gradient of forest 
management intensity . In natural forests and extensively managed forests , where 
forest retention was high throughout time and space, persistence traits were 
maintained, i.e. , perennial geophytes or chamaephytes with non-leafy stem foliage 
structure. At the opposite end of the gradient, in intensively managed plantations, 
where forest retention elements (i.e., dead wood and large forested patches) were 
reduced, filtering led to selection of species with colonisation traits, e.g. , tall species 
with limited lateral extension. In Finnish plantations, the filter was stronger, with 
more colonisation traits being selected, e.g. graminoid therophytes dispersed by 
epizoochory. Jn both Canadian and Finnish plantations, depleted traits were the same 
as those on the Finnish red-list. These results show that intensive forestry conducted 
over a long period of time and over a broad landscape negatively affect understorey 
plant functional diversity as measured by functional traits. 
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1.2 Introduction 

The historical extent and intensity of boreal forest exploitation has varied 

greatly geographically. Most European boreal forests have been exploited for 

centuries, leading to a modification in structure and composition. ln contrast, sorne 

boreal forests in Russia and North America sti ll possess many characteristics of 

primary forests , due to their more recent history of colon isation and to less intensive 

forest industrialisation (Gustafsson et al. , 201 0). The maintenance of retention 

elements, such as down woody debris (DWD) and patches of green trees, greatly 

depends on the degree to which forest management is intensified (Gustafsson et al. , 

2010). Old forests (> 150-years-old), which had been historically dominant in Fin land 

(Kuuluvainen and Siitonen, 2013), were reduced by the 1800 's to a third of the 

landscape area that they had formerly occupied and now have been practically 

eliminated (< 1% in Sweden) (Linder and Ostlund, 1998). Currently, most European 

boreal forests are young and even-aged (Kouki et al., 200 1 ). The same trend is 

occurring in the boreal forests of Canada, but to a lesser extent (Cyr et al., 2009a). 

Coarse woody debris (CWD), for examp1e, has been reduced by 90-98% of its 

historical levels in Fennoscandia (Siitonen, 2001) and by 30% in Canada (Pedlar et 

al., 2002). Forest management intensification has further resulted in a reduction of the 

hardwood component of the European boreal forest, particularly Eurasian aspen 

(Populus tremula L.) (Kouki et al., 2004). Consequently, many aspen-associated 

species are now threatened in Northern European countries (Kou ki et al., 2004 ). 1 n 

North America, the opposite trend is occurring, as pop1ar spec ies have been 

increasing in abundance following forest harvesting (Carleton and Maclellan, 1994). 

Such structural and compositional changes that are induced by intensive forest 

utilisation have adversely affected forest biodiversity (Hanski, 2000) and many forest 

processes (Bengtsson et al., 2000 ; Cardinal and Andrew, 2000). For examp1e, in 

intensively managed Finnish forests, 2247 species have been classified as threatened 
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and now appear on Finland's red-list. Of this list, about 31 herbaceous species are 

classified as being threatened by increased forest management practices (Rassi et al. , 

201 0). However, this number varies greatly along the gradient of forest management 

intensity (IUCN, 2012). To date, no threatened species that are assoc iated with 

Canada's less intensively managed boreal forest have been found on the IUCN Red­

List (IUCN, 2012) 

A taxonomie approach has been traditionally used to evaluate the effects of 

forest management intensification on biodivers ity (Diaz and Cabido, 200 1 ). At the 

site-leve!, understorey species richness following management prescriptions can 

equal or exceed that of pre-management conditions, although the species poo l is often 

modified (Haeussler and Bergeron, 2004 ; Hasenauer and Kindermann , 2002 ; 

Kembel et al. , 2008 ; Newmaster et al. , 2007 ; Peltzer et al. , 2000). More recently, 

the functional trait approach has been proposed as a method that complements the 

taxonomie approach , and which allows a more mechani stic understanding to be 

gained regarding the processes that are involved (Lavorel and Garnier, 2002 ; Naeem 

et al., 20 12). Further, the use of functional traits may provide advanced warning of 

potential changes in a community prior to actual species !osses (Mouillot et al., 

20 12). For a given species pool within an ecos y stem, environmental pressures act as a 

filter upon species and, consequently, the response of a given spec ies will be 

determined by its traits (Keddy, 1992). The use of a functional trait approach permits 

different ecosystems with simi lar underlying processes, but potentially dissimilar 

species compositions to be compared (Aubin et al., 2007 ; Bernhardt-Romermann et 

al. , 2011 ). Su ch an approach is th us ideally suited for a comparison of many sites 

across biogeoclimatically similar regions and continents such as the boreal regions of 

Western Europe and Canada. Y et, it is difficult to find natural forests in the boreal 

forest of western Europe; conversely, it is difficult to find stands and landscapes 

within the Canadian boreal forest that have been intensively managed for an extended 

period oftime (> 50 years). 
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The objective of this study was to compare the effects of an intensity gradient 

of forest management, as practiced in the boreal forest of Western Europe and 

Canada, on understorey vegetation functional trait composition at both the stand- and 

landscape-levels. We hypothesised that as forest management intensifies, traits that 

are related to processes such as dispersion and persistence will be filtered 1 differently, 

resulting in the creation of dissimilar syndromes2
• A syndrome of colonisation traits 

should increase while a syndrome of persistence traits should decrease with the 

intensity of forest management (syndrome description, Table 1.1 ). Forest 

management intensity is determined by the amount of retention elements that are 

maintained through time, both at the stand and landscape scales, but also to other 

factors as site preparation and time between two rotations. To conduct this evaluation, 

three levels of forest management intensities were compared: high forest retention, 

which was maintained over time and space (natural forests and extensively managed 

forests in Canada); low forest retention , which was maintained at the stand-scale 

(intensively managed plantations in Canada that were surrounded by extensively 

managed forests) ; and low forest retention, which was maintained at both stand- and 

landscape-scales over time (intensively managed plantation landscapes in Fin land) . 

1.3 Material and methods 

The effect of the management intensity gradient was tested in two steps . 

Because strong differences in functional traits between regions (Canada vs Finland) 

can mask important diffi r nees within a region, we fir t compared naturally 

1 Trait filtering : "The process by wh ich ab iotic variab les determine whether a spec ies 
has the requis ite traits to colonize, estab lish, and persist in a g iven environment " 
(Mouillot et al. , 20 12) 
2Syndrome: A set of functional traits se lected by environmental conditions (LI oret et 
a l. , 2005) 
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regenerated forests following a natural disturbance in Canada (CN = Canada natural) 

with naturally regenerated forests following a partial or total eut (CE = Canada 

extensive), and intensively managed plantations, which had been thinned once or 

twice (Cl = Canada intensive). In extensive management, no further management 

activities were performed after cutting and a greater amount of retention was left 

(Gustafsson et al. , 201 0) . ln general , eut rotations under intensive management were 

shorter than in extensively managed forest, i.e., about 70-80 years (Forestry 

Development Centre TAPIO, 2006) 

To extend the gradient of forest management intensity, a second analysis was 

performed that included Finnish boreal forest, which had a longer and more intensive 

land use history. This forest served as a proxy for the extreme end of the forest-use 

intensity gradient. We compared intensive plantations in Canada (Cl) with intensive 

plantations in Finland (FI = Finland intensive). The comparison between naturally 

regenerated forests in Canada and Finland was not possible, given the lack of 

naturally regenerated forests in the latter. Results were then compared with the traits 

of species found on the Finnish Red-List to evaluate whether they included the same 

traits that were lost in intensively managed forests. 

1.3.1 Land use history 

The boreal forest of Quebec (Canada) underwent colonisation primarily for 

logging rather than for agricultural purposes (Blanchet, 201 0). Prior to the 19th 

century, agricultural expansion that was attributable to European co lonisation of 

Canada occurred main ly in the southern regions of the country. lndustrial exploitation 

of the Canadian boreal forest only began in the early 20th century, with a focus on 

spruce harvesting for pul p and paper (Bouthillier, 2011). During thi s period, the 

forest industry began to expand further north into the boreal forest, primarily along 

the major river networks (Blanchet, 201 0 ; Boucher et al. , 2009). Y et, fo rest 

management in the boreal forest of Canada never reached the intensive leve! that had 
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been attained in the Fennoscandian countries. Large-scale intensively management of 

mono-culture plantations in Canada is only practiced on private lands in New 

Brunswick (Park and Wilson, 2007). For the past 30 years, the main forestry activity 

in Canada' s boreal forest has been clear-cut logging of natural forest (Bock and Yan 

Rees, 2002), which may or may not be followed by planting. ln 2010, only 3% of 

Canada' s forest was planted (Commonwealth Forestry Association, 201 0). 

In contrast, much of the Scandinavian boreal forest has been intensively utili sed 

for many centuries (Kuuluvainen and Siitonen, 20 13). In Norway, Sweden and 

Finland, the forest was greatly modified before the beginning of the fore st industry. 

For example, slash and burn agriculture in Finland had a large-scale effect on forests 

that began as early as the 1 ih century and which continued until the 191
h century. 

During this period, tar production using Scots pine (Pinus sylvestris L.) as the main 

raw material , together with cattle grazing in the forests , also greatly affected forest 

ecosystems (Lilja, 2006). Intensive agricultural expansion concluded after World War 

II , at the same ti me as the arrivai of the forest industry (Ost! und et al., 1997). Sin ce 

the 1950's, the previously common practice of selective cutting was increasingly 

replaced by stand-leve! clear-cutting and even-aged forestry (Kuuluvainen and 

Siitonen, 2013). The synergy between agricultural expansion and development of 

intensive forestry in southern Scandinavia changed the landscape by fragmenting the 

forest into small patches, typically ranging from 0.5 to 10 ha in area (Kuuluvainen, 

2002). 

1.3.2 Site descriptions 

A total of 63 sites were sampled in Canada and Finland. To cover a gradient of 

forest management intensity, different types of forest were selected. Because the 

objective of thi s study was not to compare different stages of success ion, a li s ites that 

had been se lected were between 30- and 70-years-old. In Canada, sites that had been 

disturbed before 1960 were excluded from the sampling of sites that were managed 
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using industrial techniques. Unfortunately, naturally regenerated forests on rich soils 

proved very difficult to find in southern Finland, did not appear in the BioSoil 

database3 (Hiederer et al. , 2011) and, were not subsequently sampled. More than 80% 

of ali harvested sites had been replanted, mainly with Norway spruce (Picea abies 

(L.) Karst.) and Scots pine (METLA, 2011). Semi-natural forests are only found in 

the north and northeast (Uotila and Kouki, 2005) or in old stands in advanced states 

of stand development that were weil beyond the 30- to 70-year eut-off (Kuuluvainen 

et al., 1996). Field work was undertaken in summer 201 0 in Canada and in summer 

2011 in Fin land. 

Sites in Canada were located in the boreal or hemi-boreal zone (Brandt, 2009): 

in the upper Mauricie ofQuebec (72°62" W, 47 ° 60"N)4 for the natural and extensive 

treatment; and in northeastern New Brunswick on private land (67°64" W, 47°34"N) 

for the intensive plantations. Ali sites were located within a radius of 300 km, were 

on mesic till soils, and were historically covered by mixedwood forests. ln naturally 

regenerated sites, stands were dominated by balsam fir (Abies balsamea (L.) Miller) , 

trembling aspen (Populus tremuloides Michaux), paper or white birch (Betula 

papyrifera Marshall), and black spruce (Picea mariana (Miller) BSP). ln Canada, 

most of the selected plantations were pure stands of white spruce (Picea glauca 

(Moench) Voss), but sorne were mixed with black spruce or red spruce (Picea rubens 

Sargent). Ali Canadian plantations received 2 applications of herbicide shortly after 

trees were planted, after which they were thinned once or twice. lt should be noted 

that 20% of the landscape around plantations was in conservation. Annual 

precipitation in both regions ranged between 900 and 1 1 00 mm, with a annual mean 

temperature of3 .3 °C (Environment Canada, 2012). 

3 
. Results of forest soil condition in Europe from a large scale soil survey. 

4 Coordinates represente the midle point of the sampli ng zone 
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ln Fin land, ali sites that we had selected were part of the pan-European project 

BIOSOIL (Hiederer et al., 2011) and were located across the southern boreal 

vegetation zone (61°82" E, 26 ° ll"N (Ahti et al., 1968). Selected Norway spruce 

plantations were classified as myrtillus sites with mesic till soil , or oxalis-myrtillus 

sites (Cajander, 1926) with mesic to moist nutrient-rich tills (BIOSOIL database 

(Hiederer et al. , 2011 )). Silver birch (Betula pendula Roth) and Scots pi ne were 

frequently found in plantations. While no herbicides were applied in Finland, the 

plantations were thinned one or two times. Ali sites were historicaly forest, no sites 

had been previously used for agriculture or tar production. Annual precipitation in 

southern Finland is between 600 and 700 mm, and mean annual temperature is 5.5 °C 

(Finnish Meteorological Institute, 20 12). 

ln their natural state, both regions would have been dominated by over-mature 

and old-growth stands (Kuuluvainen, 2009 ; Ost! und et al., 1997). The mean fi re 

interval is at !east 200 years in spruce-dominated forests of Fennoscandia (Wallenius, 

2002) and in the regions that were sampled in Canada (Alvarez et al. , 2011 ; Mosseler 

et al. , 2003). The assumption that species evolving under the same environmental 

pressures are adapted to react to disturbances in the same manner has previously been 

used to compare similar biomes in different geographical regions, e.g. , lichen 

functional traits ac ross a grad ient of land use in Europe (Stofer et al. , 2006), 

understorey plants in various types of plantations (Aubin et al., 2008), or bird 

functional traits in Latin America under a gradient of coffee culture intensification 

(Phil pott et al., 2008). Therefore, we have adopted the same assumption in thi s study, 

viz. , that very similar sets of functional traits are normally found in the understorey 

vegetation of natural forests of similar ecological context in both Canada and Finland. 

1.3.3 Environmental variables 

We measured key environmental variables that are known to affect understorey 

vegetation. These included soi! texture and fertility, with the latter being expressed in 
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terms of base cation content (Ca, Na, and K), stand structure ( canopy opening, basal 

area, and volume of CWD), and landscape composition (percentage of the landscape 

occupied by forest and agriculture fields). Environmental variables and species 

occurrences were assessed in each sample plot. In each of the 63 sites, one sample 

plot (26m radius) was positioned more than 20 rn from an edge to avoid edge effects. 

Sites were located at !east 2 km from one another. The sample plot was delimited by 

four transects of 26 rn that were arranged in a cross aligned along the cardinal 

compass points. Depending on which variables were being assessed, measurements 

were taken along and up to 2 rn on either side of the transect line . 

1.3 .3 .1 Stand structure 

At every 2 rn along each of the four transects, canopy openness was measured 

using a spherical crown densiometer (Ben Meadows Company, Janesv ille, WI). Ali 

trees that had a diameter at breast height (DBH , 1.3 rn) > 10 cm and which were 

within 2 rn either side of the transect line were measured to determine stand basal 

area (m2/ha). 

To determine the volume of dead logs (V, m3/ha), line intersect sampling (Van 

Wagner, 1982) was performed along each transect. Cross-transect diameters (UNITS) 

were measured at the li ne intercepts of ali logs > Sem diameter (Angers et al., 2005). 

The volume of dead logs was then estimated using Van Wagner's revisied formula 

(Van Wagner, 1982): 

V= KIL*L.d2 

where K is a constant (1.234), dis the cross-transect diameter of log (cm) and L is the 

transect length that was sampled (rn) . To calculate the volume of dead snags and 

stumps, ali snags (:::: 1.3 rn tall , DBH:::: 5 cm) and stumps (with diameters:::: 5 cm at 

30 cm above the sail surface) that were within 2 rn of either side of the transect line 
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were measured in terms of their diameters and heights. The total CWD volume, 

which included cross transect down log volumes, and the volumes of stumps and 

snags, which were calculated as cylinders, was estimated on a per hectare basis for 

each site. 

1.3.3.2 Landscape composition 

A landscape analysis was performed using Geobase Land Cover Circa 2000 

(Geobase, 2011) for Canada and Corine Land Cover 2000 (European Environment 

Agency, 2000) for Finland. The percentage of forest and agriculture field was 

determined within a 2 km radius of each site. 

1.3.3 .3 Soit sampling 

In Canada, 10 volumetrie sam pies of both the organic layer and the first 15 cm 

of the mineral soit were randomly sampled along the transect tines in each site. Water 

pH, texture (granulometry) (sand = 53 Jlm - 2 mm, silt = 2 Jlm - 53 mm and clay =< 

2 Jlm), Ca, Na and K (emoi/kg) concentration were determined in the laboratory for 

each mineral soit sam pie using the methods described by Thiffault et al. 's (2007). ln 

Finland, soit information was available from the BIOSOIL database for ail sites and 

similar analytical methods were used (Cools and De Vos, 2010 ; Hi ede rer et al. , 20 Il). 

1.3 .4 Vegetation description 

At every 2 m interval along the four 26 m transect tines, species present within 

a 15-cm radius of this point were identified to the specie levet. Within 2 m of either 

si de of a transect, the presence of an understorey vegetation species was recorded, if 

it had not been recorded at any of the 52 sampling points. To calculate occurrence, 

herbaceous and woody species at a sampling point were each ass igned a value of 1 

when a species was present at the sample point, and a value of 0.5 for species that 

were present in the plot but not at any of the sampling points. The frequency of 
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occurrence(%) for a species was determined from the proportion of points in the plot 

where the species was present, divided by the total number of sample points (i.e. , a 

total possible score of 52). Calculation also included the score of species that were 

present in the plot but not at any of the sampling points. 

1.3.4.1 Traits 

The trait approach that was used in this study focuses on the occurrence of 

response traits that are related to community structure and dynamics. Response traits 

are defined as "any trait the attribute of which varies in response to changes in 

environmental conditions" (Violle et al., 2007). Nine traits and one ecological 

performance measure (light requirement) were selected for the analys is as they were 

related to dispersal capacity and traits involving the capacity of a plant to be 

maintained (persistence) in a disturbed site after perturbation (Table 1.1 ). Most data 

on traits were found in the TOPIC (Aubin et al., 20 12), LEDA (Kleyer et al. , 2008), 

and BIOFLOR (Kiotz et al., 2002) databases. When the information was not 

available in these databases, a literature search was undertaken. 
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Tableau 1.1 Description and litera ture review of 9 vegetation traits and 1 
ecological preference positively (+)or negatively (-) associated with forest 
management intensity 

Traits/ecological Class References 
preference 
Raunkiaer life form Chamaephyte (herb/shrub, bud 1 mm to 25cm above ground) - (Aub in et al., 2007 , 

Geophyte (herb with underground bud) - Herm y et al., 1999 , 
Hemicryptophyte (herb with bud at the grou nd surface) - Royo and Carlson, 
Mega or meso-phanerophyte ( ~8m in height) - 2006) 
Micro or nan-phanerophyte (25cm to 8m in height) + 
Therophyte (annual) + 

Light requirement Intolerant + (Craig and Macdonald, 
Mid tolerant 2009 ; Macdonald and 
Tolerant - Fenniak, 2007) 

Life cycle Perrenial and biannual - (Brumelis and Carleton, 
An nuai + 1989 , Peltzer et al., 

2000) 
Flowering Spring - (Gachet et al., 2007 

' 
phenolo~y Sommer 1 fall + Graae and Sunde, 2000) 
Height Numeric values (cm) : Tall = >50cm + (Bock and Van Rees, 

2002 
' 

Brume lis and 
Carleton, 1989) 

Foliage structure Not 12hanero12hyte (Aubin et al., 2007 , 
Decumbent stem - Mclntyre et al. , 1995) 
Erect leaves -
Erect leafy stem -
Stem bent in an arch-shaped -
Non-leafy stem -
Umbel-shaped stem -
Rosette + 
Semi-rosette + 
Graminoid + 
Phanero12hyte 
. M ulti-stemmed + 
One stem -

Lateral extension Not 12hanero12hyte (Brumelis and Carleton, 
Limited (Annuals and biennials, but also perennials not + 1989 ; Haeussler et al. , 
propagating vegetatively) 2002 

' 
Peltzer et al., 

Clonai compact (Perennials growing in dense tufts from buds + 2000) 
on a rhizome or a root storage organ. Horizontal propagation is 
possible but not extensive) 



Seed length 

Clonai extensive (Perennials with obvious horizontal -
propagation, either above or below ground. lncludes most 
species qualified as "phalanx" or "guerilla") 
Phanerophyte 
Limited (No form of vegetative propagation , not even + 
sprouting) 
Clonai compact (Vegetative propagation by sprouting or root + 
collar sprouts) 
Clonai intermediate (May include preceding forms , but also -
layering and low levels of horizontal propagation by root 
suckers or rhizomes 
Clonai extensive (May include preceding forms, but also hi gh -
levels of horizontal propagation by root suckers or rhizomes) 
Very small, <0.1 mm 
Small, 0.1 to 1.99 mm 
Medium, 2 to 2.99 mm 
Large, 3 to 4.99 mm 
Very lar~e , 5 to 40 mm 

+ 
+ 
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(Aubin et al., 2009) 

Seed production Abundant (> 1 000 seed per shoot) 
Semi-abundant (20-1 000 seed per shoot) 
Few (1-20) 

+ (Rowe, 1983) 

Seed dispersal Endozoochorous (animal ingestion including bird) 
Epizoochorous ( carried externally) 
Anemochorous(wind) 

+ 
+ 

(Aubin et al. , 2007 , 
Bradbury, 2004 , 
McLachlan and Bazely, 
2001) 

Positive sign (+) means that this class of a particular trait is favoured by intensification in forest management and 
part of a syndrome of co lonization traits. On the contrary, a negative sign (-) means that this class is negatively 
associated with forest management intensity and part of a syndrome of persistence traits. For the seed dispersal 
vector, a species can have more than one class. 

1.3.5 Statistical analysis 

One ANOVA followed by Tukey means comparison tests and t-test were used 

to compare environmental factors among levels of forest management intensity. A 

ANOV A was done comparing Canada natural (CN), Canada extens ive (CE) and 

Canada intensive (Cl), and at-test comparing Cl and Finland intensive (FI). We also 

performed fourth-corner analysis (Dray and Legendre, 2008) to highlight the 

functional trait(s) that was significantly associated with each leve! of forest 
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management intensity. Thi s ' di rect ' approach relates plant traits to environmenta l 

variables by simultaneously analys ing three matrices : L = spec ies occurrences that 

were measured in the fie ld per plot; Q = species by functional tra its; and R = plot by 

level of forest management intens ity gradient. Dray and Legendre (2008) have 

presented five mode ls of RLQ analys is; here, we used model 1, where ce ll va lues 

were permuted (9999 times) within the co lumns of matrix L. Thi s mode l tests the null 

hypothes is that spec ies are randomly di stributed with respect to site characteri stics. 

Like Aubin et a l. (2009), we applied He llinger transformat ion to spec ies occurrences 

(data table L) prior to the analys is and adj usted the probabilities that resulted from 

significance tests of the g lobal statist ics in the fo urth-corner matrix, using Holm 's 

procedure (Dray and Legendre, 2008). 

To characterise sensiti ve species in Finland and to compare their traits w ith 

vegetation tra its on intens ively managed sites , emergent groups (EG) were de lineated 

from the trait matrix of Finni sh Red- List herbaceous spec ies that were threatened by 

forest management. The red-li st spec ies were se lected for analys is independently of 

the fo rest type (Cajander's 1926 class ificati on) to which they be longed , because the 

objective was not to compare them with sampled plantations in Finland, but w ith rich 

fo rests so il in Canada. This red-li st of species ( i.e ., extinct, critica lly endangered, 

endangered, vulnerable, and near-threatened) was prepared by the Mini stry of the 

Environment in Finland and based on IUCN criteria (Rass i et al. , 201 0) . The same 

hierarchical approach that was used by Aubin et a l. (2009) was followed to de lineate 

EG using c lassification methods. Traits re lated to phanerophytes were not inc luded in 

the analys is. Gower' s similarity coeffic ient (Gower, 1971) was calcu lated . This 

coeffic ient can handle both missi ng values and mixed data types (Legendre and 

Legendre, 1998). Based on these similarity matrices, species were clustered using 

Ward 's hierarchical method, with cut-offs for defining clusters determined 

subjectively after vi sua! examination of the dendrogram. 
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Last, species richness and Simpson's diversity index were calculated fo r ali 

herbs and phanerophytes by leve! of forest management intensity. JMP 5.1 (SAS 

Institute, 2003) was used to perform ANOVA and t-test, fo llowed by Tukey tests . 

The fourth-corner analysis and EG were perfo rmed in R (version 2. 14.1 ), (R 

Development Core Team, 2011 ; Satake and Iwasa, 2006). Resul ts were dec lared 

significant at p = 0.05. 

1.4 Resu1ts 

1.4.1 Differences m environmental factors along the gradient of forest 

management intensity 

Agricultural fi elds were rare in the stands that were studied in Canada (absent 

in CN and CE, and marginal in CI), while representing a substantial portion of the 

Finnish territory that was surveyed (15 %). ln Canada, fo rests covered a significantly 

lower percentage of the landscape in areas of intensive plantat ion (75 %), compared 

to CN (87 %) and CE (90 %). This percentage was slightly greater than that observed 

in Finland (66 %) (Table 1.2). 

At the stand scale, basal area (±35 m2 ha- 1
) and canopy openness (± 12 %) were 

similar among ali site types. In Canada, the percentage of conifers was greater in 

intensive plantations (CI), but naturally regenerated (CN and CE) were also large ly 

dominated by conifers (about 70%). Intensive plantat ions in Fi nland (FI) had 

significantly fewer conifers (88 %) than plantations in Canada (96 %). Deciduous 

trees within the plantations were natural origin not planted. Intensive plantations had 

lower volumes of CWD (Cl = 28 m3 ha-1
, FI =24m3 ha- 1

) than forests in CN (123 m3 

ha- 1
) and CE (90m3 ha-1 

) . The soils of the intensive plantation sites in Canada were 

more fertile than in other sites, given their significantly higher base cation 

concentrations (K, Na and Mg). A Iso, sail fertility of CI was higher than in other sites 
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by mineral soi ] containing significantly more clay (37%) and Jess sand (23%), and 

higher pH compared to other sites (Table 1.2). 

Tableau 1.2 Mean values of environmental factors, richness and Simpson's diversity 
indices by level offorest management intensity for two spatia l scales. Statistical tests are 
per orme e een ana 1an SI es an en e een ~ d b tw C d ' 't d th b tw CI & FI 

Canada Canada vs Finland 
CN CE Cl Cl FI 
N= 10 N= lO N= l2 N= l2 N= 21 

%Agriculture 0±0.06 A 0±0.04A 0.2±0.05 tl 0.2±3A 15±3 tl 

%Forest 87±3 A 90±2A 75±3 B 75±5 A 66±4A 
Basal area (m2/ha) 33±3 A 36±2A 36±2 A 36±3 A 42±2 A 

%Conifer 75±5 A 67±4A 96±5 8 96±2A 88±2 B 
%0peness 12±1 A 10± ] A ]] ± ] A ]] ±2A )4± ) A 

CWD (m3/ha) 123±14 A 90±J0A 28±13 B 28±6A 24±5 A 

pH 3.86±0.1 AB 3.72±0.1 A 4.12±0.1 B 4.12±0.1 A 3.80±0.1 B 
SB (emoi/kg) 2.50±4 A 1.91±3 A 13.38±4 A 13 .38±4 A 1.58±23 B 

%Clay )4± ) A )2± ) A 37±] B 37±4A 10±3 B 
%Sand 54±2A 57±] A 23±2 B 23±7A 52±5 B 

Richness 29±2.0A 30±J4 A 33±1.8 A 33±2. ) A 27± 16 1j 

Simpson 0.95±0.003 A 0.95±0.003 A 0.95±0.003 A 0.96±0.005 A 0.94±0.003 B 

Two analyses are shown. The first one compared sem1-natural forests (CN), extens1vely managed forests (CE) 
and intensively managed forests (CI) in Canada. The second analysis compared intensively managed forests in 
Canada (CI) and in Finland (FI). A different letter indicates a significant difference at P<0.05 (one-way 
A NOVA followed by Tukey tests). Means are presented with the ir standard error (±). SB= Summ of bases. 

1.4.2 Influence of the gradient of forest management intensity in Canada 

In Canada, occurrences of functional traits were quite sim ilar between CN and 

CE, but different from the Cl (Table 1.3). Most traits, with the exception of light 

requirement and traits related to seeds, exhibited significant differences between sites. 

Occurence of geophytes, chamaephytes, and micro-phanerophytes are reduced in 

intensive plantations, as are perennials in general. Phanerophytes with limited, 

compacted lateral extension or with multiple stems were less abundant in CI than in 

the CN and CE. Among non-phanerophytes, plants with non-leafy stems and semi­

rosettes were also less freq uent, while hemicryptophytes and summer flowering 
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spec1es were more abundant within intensively managed plantations in Canada. 

Species were also generally taller in plantations compared to CE. Decumbent, rosette 

and erect leaves were more prevalent in CI. Species with foliage that was arranged in 

rosettes were also abundant in CN. In addition, non-woody species with limited 

compact lateral extension occurred in greater abundance in Cl. 

Tableau 1.3 Influence of the gradient of forest management intensity on the 
occurrence o ff r 1 t 1 dt 1 1 t d h dr une aona rats an rat s re a e to t e re - ast emergent group 

4th Red-list 

4th corner 
corner emergent 

Canada 
Canada groups 

VS (n=31) 
Fin land 

CN CE Cl Cl FI 
1 2 3 

(16) (8) (7) 

Raunkiaer Chamaephyte + - - + x 

Geophyte + - x 
Hemicryptophyte - - + + - x x x 
M icro-phanerophyte - + -

Therophyte - + 

Light requirement Intolerant - + x 

Midtolerant - + x x x 

Tolerant + - x x 
Life cycle Perrenial + + - x x x 

Annual x x 

Flowering Spring x x x 
phenology Summer - + x x x 
Height herbaceous Tall (>50cm) - + x x x 
Foliage structure Decumbent - - + + - x 

Erectleaves - + + - x 
Erectleafy stem - + x x x 

Stem arch-shaped + -
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Non leafy stem + - x 
Umbel-shaped stem + - x 

Rosette + - + + - x 

Semi-rosette + - x 

Graminoid - + x x x 
Multi-stemmed - + -

Lateral extension Limited - + x 

Compact - + + - x x x 
Extens ive x x x 

Phanerophyte limited + - - + 

Phanerophyte compact - - + 

Phanerophyteintermediay + + -

Phanerophyte extensive + - - + 

Seed length Bigseed (> 3mm) - + x x x 
Seed production Abundant (> 1 000) + - x x x 

Semi-abundant (20-1 000) x x x 
Few (1 -20) - + x x x 

Seed dispersal Endozoochorous - + x x 

Epizoochorous - + x x x 
Anemochorous x x x 

Entomochorous 1 1 x x x 
th Two analyses are shown. The first 4 corner analys1s compared sem1-natural forests (CN), 

extensively managed forests (CE) and intensively managed forests (C l) in Canada. The second 4th 

corner analysis compared intensively managed forests in Canada (Cl) and in Fin land (FI). A 
positive sign (+)or negative sign (-) assigned to a level of forest management intensity indicates 
that this class of trait is positively or negatively intluenced compared to others level of the 
gradient. Only significant differences at the 5% significance level after Holm correction are 
shown for both analyses. Blank: non-significant relationship and /or mean not evaluated . For the 
emergent group analysis, big X mean that this c lass of trait dominated for that emergent group 
and small x mean that this class of trait was present in the group but for only one or few species. 
Numbers in parentheses are the number of species in each group. 
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One hundred-fifteen species were found in the Canadian survey. Of this total , 

75 species were associated with CN, 81 with CE, and 71 with Cl. More than twenty 

species were specifie to CN and CE, including orchids such as spotted coralroot 

(Corallorhiza maculata Raf.), lady's-slipper (Cypripedium calceolus L.), dwarf 

rattlesnake plantain or creeping lady's tresses (Goodyera repens (L.) R. Br. ), and 

Habenaria sp. Severa! Jess common species were also found in CN and CE: Prince's 

pine or pipsissewa (Chimaphila umbellata (L.) Barton), creeping snowberry 

(Gaultheria hispidula (L.) Muhl. ex Bigelow), wintergreen (Gaultheria procumbens 

L.), Dutchman's pipe or pinesap (Monotropa hypopithys L.), lndian pipe (Monotropa 

uniflora L.), and painted trillium (Trillium undulatum Willd.). ln CI, we also found 

around twenty species that were not encountered in other sites . Most of these were 

sedges or grasses, such as bladder sedge (Carex intumescens Rudge) and drooping 

woodreed (Cinna latifolia (Trevis. ex Goepp.) Griseb.), and early successional 

species, such as Circea sp., Hieracium sp. , spotted jewelweed (Impatiens capensis 

Meerb.) , tall blue lettuce (Lactuca biennis (Moench) Fernald), and valerian 

(Valeriana officinalis L.). Diversity indices (richness and Simpson) were not 

significantly different between level s of forest management intensity (Table 1.3). 

1.4.3 Functional traits of understorey species on the red-list in Fin land 

The Finnish Red-List included some 31 forest herb species that were threatened 

by forest management. We analysed the functional traits of these species to determine 

the main characteristics of the species found on the red-li st and see if their status 

could be associated with the intensity of forest management. Cluster analysis revealed 

three distinct groups (Tables 1.3 and 1.4). The first group (16 species) was dominated 

by species having the following traits: small-statured, perennial shade-tolerant, 

geophytes; spring flowering, erect leaves or erect leafy stem or non-leafy stem foliage 

structure and lateral dispersion that is mainly compact. The seeds are mainly of small 

length, produced in semi-abundant quantity and dispersed principally by wind. The 
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second (8 species) and third (7 species) groups were similar to the first, with severa! 

few exceptions: mostly hemicryptophytes; producing very abundant (> 1 000 seed per 

shoot) or abundant (20-1 000 seed per shoot) large seeds; and dispersal by 

epizoochory (transport on rather than in vertebrates) or entomochory. Less than 10% 

of species on the red-list are annuals, shade-intolerant, with graminoid foliage and 

limited lateral extension, which are traits generally shared by early successional 

species (REF). Severa! genera on the Finnish Red-List are also found in Canadian 

forests (Viola, Gallium, Allium, Anemone, Asarum, Thalictrum, Geranium, among 

others), together with some species that are common to both countries, including 

Dutchman's pipe (Monotropa hypopitys), rattlesnake fern (Botrychium virginianum), 

fairy slipper orchid (Calypso bulbosa) , drooping woodreed (Cinna latifolia) , wood 

anemone (Anemone quinquefolia L.), pink lady-slipper orchid (Cypripedium acaule 

Aiton), and Indian pipe (Monotropa uniflora) (Table 1.4). Emergent group analysis 

informed us that these species mainly shared persistence traits. 

Tableau 1.4 
y· 1 d h 

Species on the red-list of the Ministry of the environ ment in 
man t reatene db ~ 1y orest management 

Emergente group 1 Emergente group 2 Emergente group 3 

Agrostis clavata Cypripedium calceolus Arctium nemorosum Aconitu mlycoctonum 

Allium ursinum Ophrys insectifera Cardamine impatiens Bromus benekenii 

Anemone trifolia Viola collina Crepis praemorsa Carex remota 

Asarum europaeum Viola reichenbachiana Geranium bohemicum Cinna latifolia 

Botrychium virJ?inianum Epipof?ium aphyllum Hypericum montanum Clematis alpina 

Calypso bulbosa Lathraea squamaria Me !ica picta Galium odoratum 

Cephalanthera long[folia Moehrin~ia lateriflora Thalictrum aquilegj@lium Melica uniflora 

Cephalanthera rubra Monotropa hypopitys Vicia cassubica 
When genus or genus and spec1es are m bold 1t mean that they are also found m Canadmn forests. The three 
emergent groups created are the output of the Ward ' s hierarchical classification method, species with similar 
traits are found in the same emergent group. 

1.4.4 Comparison between intensive plantations in Canada and Finland 
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We extended the gradient of forest management intensity further by comparing 

intensive plantations in Canada and Finland (Table 1.3). Hemicryptophytes and 

micro-phanerophytes were present to a lesser extent in Finnish plantations compared 

to Canadian ones. New insights into the effects of forest intensification are the lower 

occurrence of shade-tolerant species in intensively managed plantations in Finland 

(FI) a long with the rarity of species having a stems bent in an arch-shape, decumbent 

stems or umbel stems. Species with erect leaf, rosette shape and phanerophyte with 

multi-stems were also less abundant in FI. In FI , the vegetation was characterized by 

fewer species with compact and intermediary lateral extension for phanerophytes. 

Also, a lower number of species produced abundant seeds compared to Cl. Intensive 

plantations in Finland have a higher prevalence of species that has one or many of 

these traits: shade intolerant, epizoochorie, therophytes, graminoïd foliage structure 

and limited or compact lateral extension. FI trait assemblage also possesses higher 

prevalence of chamaephytes, species with erect leafy stem foliage structure, larger 

seeds and dispersion by endozoochorie. Table 1.2 showed no significant difference 

for many traits between CI and FI , suggesting that these traits are common to both. 

The common traits included fewer geophytes, perennials and semi-rosette or non­

leafy foliage structure species and more summer flowering, tall species with limited 

vegetative reproduction capacity. 

ln Fin land, a total of 109 species were found . Five were shared with CI. The 

two countries shared many genera and spec ies in addition to long beech fern 

(Phegopteris connectilis (Michx.) Watt = Thelypteris phegopteris), European 

raspberry (Rubus idaeus L.), twintlower (Linnaea borealis L.), northern oakfern 

(Gymnocarpium dryopteris (L.) Newman), and northern buckler fe rn or spi nulose 

wood fe rn (Dryopteris carthusiana (Viii.) H.P. Fuchs= D. spinulosa (O.F. Mue l!.) O. 

Kuntze) . However, richness and diversity indices were significantly lower in FI 

compared to Cl. 
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1.5 Discuss ion 

Results showed trait filtering along the gradient of fo rest management in tensity. 

Among other factors, reduction in forest retention elements , such as CWD (Table 

1.2), homogenisation of canopy cover composition, and the fo rmation of more 

frequent, regular openings in the canopy changed environmental conditions and 

created di fferent trait filtering condi tions in intensive plantations compared to 

extensively managed and naturally di sturbed fo rests. lndeed, di ffe rent syndromes 

were observed. Filtering effects on dispers ion and pers istence traits followed similar 

patterns in Canada and Finland w ith respect to intensive ly managed plantations, 

leading to the se lection of species w ith co lonisation traits. ln Finland, the fil te r was 

even stronger, with greater number of co loni sation tra its and fewer persistence traits. 

1.5 .1 Syndrome of coloni sation traits in intensively managed forest 

As expected, we found an understorey vegetation syndrome of co loni sation 

traits (i.e., great height) in intensive ly managed forests (C I and FI) (Wi lson and 

Puettmann , 2007). Frequent canopy openings in plantations can greatly modify 

conditions of light, temperature and humidi ty (Gray and Spies, 1997), which filter 

pers istence traits di fferently than conditions fo und in CE and CN. Natural tree 

morta lity in mature fo rests (around 1% in temperates forests ; (Ru nkle, 198 1) did not 

create openings as frequently or as large as those incurred in intensive management 

where thinning (precommercial and commercial thi nnings) remove about 20 to 30 % 

of the canopy every 20 years. The final eut is normally conducted after about 70-80 

years, which implies that plantations are not left without interventions for longer than 

30 years (Reinikainen et al. , 2000). Si nee many plantations in Finland have been 

managed over multiple rotations, the canopy has never had ti me to c lose complete ly 

(between lO and 40 years to close; (Valverde and Silvertown, 1997) before a new 

removal of t he canopy (thinning or eut) is initiated. Unlike FI, plantations in CI are 

recent and there still is a relatively large proportion of natural forest within the 
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landscape (20 %). When compared to Cl, the frequent regular openings in the canopy 

of FI permitted a greater number of traits that are related to a colonisation syndrome 

to persist, i.e., therophytes and graminoid foliage structure. Graminoid species are 

found more frequently in human-disturbed sites (Liira et al. , 2007). The Finnish 

Forest Research lnstitute (METLA), which has been following changes in vegetation 

in Finland since 1950, also noted that graminoid species are more abundant in Finnish 

forests toda y than have been historically present (Reinikainen et al., 2000). Frequent 

canopy openings also allow shade-intolerant species to persist and compete for 

resources with shade-tolerant species (Bartemucci et al., 2006 ; De Grand pré et al. , 

2000). 

ln forests with greater canopy di sturbance, a recalcitrant understorey layer 

(shrub) is often positively filtered due to the availability of light (Royo and Carlson, 

2006). Our results did not support this observation, despite the extensive cover of 

Rubus idaeus that was found in Cl. This species could potentially become part of a 

recalcitrant understorey layer, as has been found for salmonberry (Rubus spectabilis 

Pursh) in the forests of Oregon (Tappeiner et al. , 1991). Indeed, Reinikainen et al. 

(2000) found Rubus idaeus to be increasing in abundance in Finnish forest compared 

to previous records. 

More di sturbance at the end of the forest management gradient, including more 

trampling, can induce add itional traits that are re lated to persistence and wh ich 

require filtering by the environmental conditions (Keddy, 1992). During logging and 

thinning, the risk of stem damage is high and, thus, species with a rosette foliage 

structure that are adapted to resist trampling, are more abundant (Bernhardt­

Romermann et al. , 2011 ; Mclntyre et al. , 1995). ln environments where light is less 

of a concern, such as in disturbed sites, species tlower mainly in the summer (Lioret 

et al., 2005). This response could be explained by the ab un dance of pollinators at that 

time of the year that increase their fitness (Allee effect). 
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It may seem surprising that dispersal traits in FI did not conform with previous 

studies in the scientific literature. ln frequently disturbed environments, early 

successional species are expected as they reproduce mainly by small seeds, which can 

disperse over a long distances by wind (Sutherland et al., 2000 ; Zaplata et al., 20 Il) . 

These characteristics are essential for colonising new areas (Weiher et al. , 1999); 

invasive alien species also share these traits (Lioret et al. , 2005). Other factors such as 

the ability to disperse seeds over a long distance al so depend on the s ize of the plant, 

with tall species dispersing seeds further (Scheiner and Willig, 2007 ; Vittoz and 

Engler, 2007). The dominance of vaccinium in FI, which has big seeds, produced in 

limited quantity and dispersed by birds and animais probably explains why our 

observations were not congruent with the literature on colonisation traits. 

Changes that were observed in FI but not seen in CI (i .e. , epizoochorous, shade­

intolerant, therophytes, and graminoid foliage structure) could be due to a lag in 

compositional shifts to the understorey vegetation in Canada (Bartemucci et al., 

2006). Indeed, the majority of understorey boreal species have the capacity to pers ist 

in disturbed sites through clonai growth, meaning that actual composition is a 

function of past establishment opportunities (De Grandpré et al. , 1993). We would 

further hypothesise that the relative resilience of Canadian plantations will be reduced 

following the cumulative impacts of multiple forest rotations. Short rotations, 

together with frequent thinning, as is done in Finland, could facilitate the 

maintenance of colonisation traits. lt has been suggested that maintenance of 

abundant forest retention elements 111 time and space, especially in intens ive ly 

managed landscapes, could help to maintain an environmental filter similar to 

untouched forest (Lindenmayer and Franklin, 2002) . Indeed, we suppose that 

abundant forest retention around plantations cou ld help to offset effects of frequent 

canopy opening on envi ronmental conditions and, therefore, on trait filtering. 

-------------------------------------------------------------------------
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1.5.2 Syndrome of persistence traits In red-list spec1es, natural and 

extensively managed forest 

Important functional changes have like ly started to occur in intens ive ly 

managed forests of Canada. An examination of boreal forest spec ies traits on the 

Finnish red-li st could indicate which Canadian species are most like ly at ri sk of being 

negatively affected by intensive forest management over the long-term. Further, tra it 

analys is could help anticipate which species will be depleted first (Mouillot et al., 

20 12) any genera and even species on Finland 's red-li st are frequent! y fo u nd in the 

Canadian boreal forest. In addition, most traits shared by red-li st species were al so 

negatively influenced in CI. 

In contrast to frequently disturbed plantations, natural forest and extensively 

managed forest had more stable environmental conditions, with less patchy 

configurations. The need to disperse over long di stance was reduced and, 

consequently, a syndrome of pers istence tra its was observed in red-list species ( i.e ., 

geophytes, non-leafy stems, and ant-di spersed) and in the natura l and extensively 

managed forest (i .e. geophytes and perennial) , instead of a syndrome of co lonisati on. 

Vulnerability of plants greatly depends on their capacity for di spersal and pers istence 

and ifthese capacities are low, as in many late success ional species, then they will be 

more vulnerable to di sturbance (Schleicher et al., 2011 ). For instance, geophytes are 

more sens itive to management because, among other things, soi 1 di sturbance can 

damage vegetative reproductive organs (rhizomes, bu lbs, tubers, and corms) 

(Haeussler et al., 2002) and reduce their capacity for pers istence (Ki ime5 and Klimes, 

2000). Moreover, geophytes and chamaephytes have slow growth rates that limit their 

capacity to quickly colonise new areas (Ramovs and Roberts, 2005). 

Many mycoheterotrophic species (e.g., Corallorhiza maculata) are known to be 

sensit ive to forest management because of poor seed di spersal , their use of decay ing 

dead wood for rooting, and their intolerance to full sunlight (Haeuss ler et al., 2002). 
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They were found in CN and CE, but not in CI. Shade-tolerant species are often 

mentioned as being sensitive to forest management (De Graaf and Roberts, 2009) 

because they are physiologically and morphologically adapted to a low light levels 

(Neufeld and Young, 2003) and little competition (Herm y et al. , 1999). 

With respect to FI, dispersal traits of red-li st species were not perfectly 

congruent , with the theoretical assumptions (Table 1.1 ). Predominance of orchids in 

the Finland red-list could partially explain the difference with theory . Orchids 

typically produce very small seeds that are wind-dispersed, rather than big seeds in 

fleshy fruits , although there are sorne exceptions, like vanilla (Kull and Arditti , 2002). 

Sorne orchids, such as Calypso bulbosa and Cypripedium calceolus, are on the red­

li st in Finland, where they are not strictly forest inhabitants, but are also found in 

groves (Rassi et al., 201 0), with dispersal traits that are adapted to open 

environments. Persistence traits that are related to germinati on (specifie sets of 

mycorrhizal fungi) and slow growth probably better explain why they were included 

on the red-list (McCormick et al. , 20 12). 

In extensively managed forest, the maintenance of sorne forest retention 

elements presumably helps ecological functions to be maintained as " lifeboats" for 

slow-growing species (De Graaf and Roberts, 2009 ; Ramovs and Roberts, 2005), 

along with enhanced connectivity between forest patch es (Gustafsson et al. , 201 0). 

The absence of significant differences in environmental factors (retention elements 

such as dead wood) and trait occurrences between CN and CE illustrates the relative 

resilience of extensively managed boreal forests (Haeussler et al. , 2004 ; Wilson and 

Puettmann, 2007). 

Our conclusions were limited given that no natural forests were sampled in 

Finland. The possibility that observed differences may be due so lely to natural 

differences between the two regions cannot be excluded by this study. However, the 

predominance of persistence traits in the red-list species, together with the findings of 
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Reinikainen et al. (2000) concerning changes in vegetation cover in Finland since 

1950, support our findings that a syndrome of persistence is maintained in natural and 

extensively managed forest and a syndrome of colonisation was created in 

plantations. The difference in soil fertility between sites may also have affected the 

results. Comparison of sites of the same soil fertility would have been optimal to 

exclude the effect of soil type preference of certain species. 

1.6 Conclusion 

Our results were mostly consistent with literature reports concernmg the 

impacts of forest management on understorey vegetation. The global conclusion was 

supported by our study that a syndrome of persistence traits was filtered negatively 

and a syndrome of colonisation traits was filtered positively by intensification in 

forest management. This assertion was found to be even stronger at the end of the 

forest management intensity gradient, as was found in plantations of Finland. 

Conversely, where forest retention is high at the stand- and landscape-scale and no 

thinning occurred, as was the case in the extensively managed forests of Canada, no 

significant difference was observed in comparison with natural forest. However, the 

relative resilience of the understorey vegetation in Canada could be threatened if 

measures to maintain sufficient retention in time and space are not quickly 

implemented. Intensive plantations in Canada have started to experience important 

changes in the occurrence of functional traits. Traits that were lost in CI are the same 

as those reported in Finland red-li st traits. Our resu lts shou ld be seen as an early 

warning of the long-term effects of increasing management intensity over a large 

proportion of the Canadian forest landscape. Many genera and species that are 

already on the red-list in F inland occur in the Canadian boreal forest. The cumulative 

effects of thinning and short forest rotations could be potentially harmful to late 

success ional species over the long-term. To offset negative impacts of forest 

intensification, significant forest retent ion elements in t ime and space should be 
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planned. Management of retention elements that is based on scientific knowledge of 

thresholds (ecological needs), and which are in accordance with human needs, could 

help to avoid species loss. 
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The social-ecological system constituting the managed forest is in profound 

transition. Reduction of many retention elements ( coarse woody debris , snags, large 

green trees, corridors, old forest, large forest patches, protected areas, and riparian 

buffers) has been identified as a key difference between natural and managed forests. 

We investigated how different groups of stakeholders who are involved in forest 

management decision-making processes theoretically and practically perceive forest 

retention. We conducted an internet-based survey of forest ecologists and various 

stakeholder groups (not industrial users, NGO in environment representative and 

researchers) , who are involved in integrated management of natural resources in two 

regions of Quebec, Canada. Questions aimed to determine how they perceived the 

theoretical basis for forest retention, and what were their values and priorities. Also, 

what were the main obstacles to achieving their priorities concerning forest 

management, their leve! of trust in managers, and their satisfaction concerning the 

implementation of 8 retention elements? Our case study suggests that ali stakeholder 

groups agreed with theory underlying forest retention, but differences in their 

preferences for implementation resulted in conflicting visions. Three of 4 groups 

(non-industrial users, ENGO representatives, and researchers) agreed that greater 

retention is required and asked for improved practices. Only industrial users preferred 

the status quo, despite agreeing with the other groups on the theoretical merits of 

maintained forest retention in time and space. Differences in values better explained 

this divergence in vision than did socio-demographic attributes. The ma in obstacle to 

implementing respondent priorities was identified as political wi ll. Trust in forest 

managers needs to be built and two of the groups believed that more forest retention 

could help in that sense. 
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2.1 Introduction 

To be successfu1, forest management must be based on more than just 

translating forest ecosystems functions into forest practices. lnstilling and 

implementing an understanding of values (Bengston, 1994) and social preferences is 

also necessary (Eibakidze et al. , 2012 ; Holsman and Peyton , 2003). ln recent 

decades, evidence for significant changes in forest values (Shindler and Cramer, 

1999) has highlighted society ' s growing interest in forestry issues (Beckley and 

Korber, 1995). Environmenta1 awareness of threats to forest resources is not new, 

given the beliefthat forest resources are inexhaustible has been questioned since 1870 

(Chiasson and Leclerc, 2013 ; Frechette, 2013). Yet, it is only recently that society 

has requested greater involvement in forest management and has succeeded in forcing 

governments to introduce new participatory mechanisms (Ananda, 2007). Forest 

managers (industry and government) can no longer act alone (Howlett and Rayner, 

2006), but instead must increasingly consider public values, preferences, beliefs and 

attitudes concerning forest management in their decisions (Beckley et al. , 1999). This 

growing requirement for involvement underlies the emergence of concepts such as 

sustainable forest management (CCMF, 2003 ; Sheppard , 2005 ; Sturtevant et al., 

2007) and ecosystem-based management (Grumbine, 1994 ; Slocombe, 1998), as 

weil as forest certification and management for resilience (Walker et al. , 2002), ali of 

which propose greater public involvement in decision-making. 

Research has suggested that greater for st retention is r qui red to achieve forest 

susta inability (Gustafsson et al., 2011 ; Lindenmayer et al., 2012). lndeed, worldw ide 

explo itation of forests has led to major modifi cations in the structure and composition 

of forest ecosystems (Hanski , 2000) . Comparisons between natural forests and 

managed forests have shown that sorne retention e lements , such as old forest (Cyr et 

al. , 2009a), dead wood (Pedlar et al. , 2002 ; Perera et al. , 2007), and large forest 

patches (Wedeles and Sleep, 2008), have been reduced to unprecedented leve ls, with 
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potentially important negative effects on biodiversity (McRae et al. , 2001 ). As a 

consequence, forest processes are also negatively affected (Bengtsson et al. , 2000 ; 

Cardinale et al. , 20 12). In this paper, " forest retention" is defined as any natural 

feature that is maintained at one or more spatial scales, and which will be maintained 

for a certain length of time in the forest matrix after harvesting or natural disturbance 

(i .e. , dead wood). Continuity in biological legacies at various spatial and temporal 

scales is of great importance in the objective of maintaining forest integrity (Landres 

et al., 1999 ; Lindenmayer and Franklin, 2002). Conservation should not be planed at 

only one spatial scale, because of scale dependency. For example, conservation of a 

specifie specie will not only be dependent on large reserves, but also intermediate­

scale reserves and corridors within wood production areas (Lindenmayer, 2000). 

Sorne species depend on very fine scale as dead wood (e.i. lichen) (Botting and 

DeLong, 2009). Consequently, it is important to document and plane maintenance of 

various forest retention element at the stand scale, as at the landscape scale and even 

at the regional scale . Even if the importance of retention has been scientifically 

demonstrated (Gustafsson et al. , 2011 ; Rosenvald and Lohmus, 2008) it has not been 

shown to be a social priority. Sorne authors have argued that forest retention can 

increase the social acceptability of forest practices (Brunson et al., 1992). However, 

is the theory behind forest retention (maintenance of retention in time and space) 

understood and accepted by stakeholders? 

In parallel, public and stakeholder participation m decision-making has the 

potential to great! y improve transparency and trust (Friedman and Mi les, 2002 ; 

Wang and Wilson, 2007), together with increasing the sustainability of decisions 

(G iasmeier and Farrigan, 2005), the quality of decisions (Parkins and Mitchell, 2005), 

the ir social acceptabil ity (Brunson et al. , 1992), and the res ilience of the socio­

ecosystem. The last point refers to "the capacity to cope and adapt, and the 

conservation of sources of innovation and renewal" (Lebel et al. , 2006). Inclus ion of 

stakeholders in the decision-making process can enhance values and preference 
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sharing among stakeholders and could lead to a more holistic v1ew of forest 

management (Biumenthal and Jannink, 2000), which is needed for the 

implementation of ecosystem-based management (Yaffee, 1999). ln the context of 

forest management, a balance is required between persona! needs, the needs of others, 

and the needs of nature. 

Sorne authors have highlighted the communication gap that exists between 

science and society (Bartonova, 2012). Integration of science into management plans 

faces many obstacles. The biggest challenge for scientists is to present scientific 

concepts in a manner that ali stakeholders can understand and access (Chapple et al. , 

2011 ). On one hand, sorne authors would claim that ecology should be connected to 

stakeholders, and that scientists must escape their position of isolation by sharing 

the ir knowledge with other stakeholders (Schlesinger, 201 0). On the other hand, even 

if scientific concepts are fully understood by stakeholders, they compete with many 

other elements in the decision-making process, given the diversity of values, interests 

and beliefs that will potentially conflict (Parkins and Mitchell , 2005). lndeed, the 

inclusion of stakeholders in the decision-making process of forest management may 

relegate scientific information to a peripheral role (Steel and Weber, 2001 ). 

Integration of scientific concepts into practice is not easy, but it is not impossible. On 

one hand, conflicting facts and views can make decisions more complex, given that 

science is not monolithic. On the other hand, acceptance and implementation of the 

ecosystem management concept in the United States is a good example of a 

theoretical concept being transferred into practice (Bengston et al. , 2001 ), but not 

without important practical challenges (Brunner and Clark, 1997). 

The objective of this research is to determine, using a study case approach, how 

different groups of stakeholders who are invo lved in the decision-making process 

regarding the implementation of forest management perceive the theory and practice 

of fo rest retention. We wonder if stakeholders agree upon the spatial and tempora l 
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theoretical issues of forest retention, as presented by Lindenmayer and Franklin 

(2002). Questions about forest retention practices have typically focu sed on 8 

retention elements: downed woody debris (DWD), snags, individuals or patches of 

green trees, forested corridors, riparian buffers, old forest, large forest patches, and 

protected areas. These elements have been frequently discussed in the scientific 

literature and are seen as key elements for the maintenance of biodiversity (Andren, 

1994; Botting and DeLong, 2009 ; Doyon et al. , 2008 ; Ecke et al. , 2002 ; Halpern et 

al. , 1999 ; Rosenvald and Lohmus, 2008). 

We have attempted to understand both social and ecological needs that are 

related to forest retention and to determine what constrains to its implementation in 

North America. The necessity of understanding the social aspects of the concept and 

its implementation is of utmost importance and it was for this reason that we 

conducted this exploratory study in the Canadian province of Québec. Nowadays, 

forest managers could not only take into account ecologicals and economicals 

considerations, social considerations are also of importance. Our objective was to 

highlight relevant associations between acceptability of the theory (and conversely, 

its non-acceptance) and stakeholder preferences regarding forest retention to help 

move the concept from a theoretical standpoint to an operational one. 

2.2 Methods 

From 1988 to 2013 , the forest management regime that was implemented tn 

Quebec did not focu s upon what should be left behind fo llowing harvest; rather, it 

considered what could be potentially removed (Cou lombe et al. , 2004) . Less than 20 

% of productive forests were harvested with any kind of provisions for retention at 

the stand-scale, leavi ng between 2 and 1 0% of standing trees in harvested stands 

(Gustafsson et al. , 2011 ). The regime demanded that ri parian buffers (20 rn) and 

buffers between cut-b locks (60-1 00 rn) be left stand ing, but sorne partial harvesting 

was allowed (Crête et al., 2004). No specifie legislation existed for the retention of 
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dead wood (Crête et al., 2004). Reducing timber wastage was an important concern, 

which forced the industry to collect the maximum amount of commercially usable 

wood (Crête et al. , 2004). No consideration for the maintenance of large forest 

patches and connectivity was addressed in the last forest regime (Coulombe et al., 

2004). At a provincial scale, 8% of Quebec's land base has remained in protected 

areas (MDDEFP, 201 0). 

To help make retention operational , we conducted an internet-based survey of 

forest ecology scientists and various stakeholder groups (industrial users, non­

industrial users , local environmental nongovernmental organisation (ENGO) 

representatives, and researchers) , who are involved in integrated management of 

natural resources in Québec. Questions were aimed at determining what were their 

values and priorities. Furthermore, we determined what were the main obstacles to 

achieving these priorities for forest management, as weil as their leve! of satisfaction 

concerning practices that were related to the 8 retention elements. Sampling was 

conducted in two forested regions of Quebec: the Mauricie (72°62"W, 47°60"N) and 

Temiscamingue (78°31 "W, 48°09"N) administrative regions. ln the Mauricie, 8 years 

of research have led to continued improvement of forest retention management 

practices. 

A total of 133 stakeholders and 45 researchers were invited by email to 

complete the internet survey (Survey Mon key) between 17 December 2012 and 8 

F bruary 2013 . Three r minder messag s wer s nt to participants during that period. 

Surveys were returned in 34% of cases (61 respondents), but only 47 of them have 

been included in the analysis. The surveys that were not retained had been either 

partially completed or answered by stakeho lders who were not part of our four groups 

(researchers, industrial users, not industrial users and ENGO). The survey was sent to 

ali stakeholders who were active ly engaged in one of the 6 local integrated land and 

resource management panels that were present in the two regions, regardless to their 
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affiliation. Stakeholders groups were created post hoc based on who answered. These 

local integrated land and resource management panels (LILRPM) were created across 

Quebec and are part of the new approach that has been implemented under Quebec' s 

most recent forest regime (MRNF, 2013). Scientists, for their part, were university 

professors or researchers in the federal public research department (CFS) or 

provincial service in Quebec (MNR). Stakeholders, but not the sc ienti sts, were living 

in one of the two regions. 

The survey was created and conducted in French, based on the Total Des ign 

Method of Dilman (2007) for internet surveys. We integrated questions from 

McFarlane and Boxall (20 1 0) on values (biocentric vs anthropocentric) and from 

Nadeau (2011) on forest priorities. We asked respondents to rate their leve! of 

satisfaction for each retention practice on a 5-point Likert scale, with response 

options of "very di ssatisfied," "somewhat di ssatisfied, " "not dissatisfied/not 

satisfied," "somewhat sati sfied ," "very satisfied." or "1 do not know." Respondents 

also rated a series of statements concerning retention elements on a 5-point sca le 

ranging from "strongly disagree" to "strongly agree." The same sca le was used to ask 

the 13 questions that were adapted from McFarlane and Boxall (201 0) on values 

(anthropocentric vs biocentric ). A Iso, respondents were asked to choose 5 priori ti es 

and obstacles among a range of possibilities and were asked further questions about 

their socio-economic situation (age, gender, type of employment, educat ion, and leve! 

of income). Finally, we evaluated the sources (rad io, scientific artic les, etc.) that 

respondents used to be kept informed about forest management. 

Respondents were classified afterward into 4 groups based on their affiliations. 

Groups with too few numbers of respondents were removed from the analysis, as was 

the case for the First Nations (Native peoples). Of the 47 respondents, 9 were 

members of a local ENGO, 12 were researchers, 7 were industrial users (professional 

managers in the forest industry), and 19 were not-industrial users (hunters, trappers, 
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fishermen , outfitter employees or owners, and workers within a wildlife management 

zone) . Responses to questions were compared among these four groups. 

We did not have a probabilistic sample of the population for statistically 

analysing trends across the entire population. Nonparametric statistics Kruskall 

Wallis test and a discriminant function ana lyses were used only to characterise 

statements about values. In other cases, descriptive statistics were used. The 

discriminant analysis was performed in JMP 5.1 (SAS Institute, 2003). 

2.3 Results 

2.3 .1 Characterisation of respondents 

Most respondents were young (25- to 44-years-old) males, who worked full ­

time, held a university degree (ENGO = 78%, industrial users and researchers = 

1 00%) and earned more than $40 000 CAO per year. Women represented 43% of 

industrial users, while a substantial number of non-industrial users were more than 

55-years-old (53%). Also, 47% were retired. This last group was also less educated 

(47% had a university degree) compared to the other groups and 37% earned less than 

$40 000 CAD per year. In the larger population within the two regions, residents 

were not as well-educated as those in the sample groups (i .e., only 11 % have a 

university degree) (Statistique Canada, 2006). 

Stakeholders used many sources of information to remain current about forest 

management (Figure 2.1 ), which ranged from media and persona! communication 

(e.g. , radio and television), scientific communications (e.g. , scientific journals and 

popular science magazines) to institutional communications (e.g., government 

reports). The most popular sources (> 50% of respondents in each group) were 

government websites, government reports and colleagues. Scientific articles were 

consulted by 1 00% of the industrial users who were surveyed and, obviously, by 

researchers. Yet, we note that scientific articles were also consulted by 56% and 47% 
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of environmental groups and non-industrial users, respectively. Scientific advisories 

were another source of information that was frequently used by ali groups (> 56%), 

but more marginally so by non-industrial users (32%). Also, 71% of industrial users 

noted that they had participated in field visits with researchers. ln general , 

respondents used scientific sources for information. Only five non-industrial users 

and one representative of an ENGO did not report using scientific sources. 
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about forest management. The x axis re presents the percentage of positive 
responses for each group. A total of 400% means that ali respondents in each of 
the four groups used that type of information. 

400 
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2.3.2 Respondent values by groups 

A set of 13 statements on values, which were drawn from McFarlane and 

Boxall (20 1 0), were asked of ali respondents. The scores of the respondents for each 

statement were compared among the four groups (researchers, industrial users, not 

industrial users and ENGO) using Kruskal- Wallis tests (i.e., nonparametric one-way 

ANOVA). These analyses were followed by discriminant function analysis (DFA) 

upon the ensemble of scores for the 13 statements (i.e. , the variables), shown in 

Figure 2.2. The discriminate analysis allowed us to visually compare the four groups 

on their values. Confidence ellipses (95%) that touch or overlap are not significantly 

different (34.04% misclassified). The closer a circle is to a statement or a set of 

statements means that the respondents in that group had a higher score for that 

statement. The highest score mean agreement with the statement. 
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Figure 2.2 Discriminant analysis of va lues for each stakeholer group. To 
understand values of respondents we asked a set of 13 statements (letters A to 
M) derived from McFarlane and Boxall (2010). In figure 2.2, the arrows 
represent each statement. Scores of ali respondents for each statement were 
plotted in fig ure 2.2 (cube, cross, x and diamond). A discriminate analysis 
(ellipse of confidence 95%) allows us to visually compare the values of each 
group. Ellipse of confidence that touch are not significantly different, showing 
no significant difference between ENGO representative and not industrial users 
and between not ENGO and researchers. Industrial users were significantly 
different in their values compared to other groups. T he closer a ellipse was to a 
statement or a set of statements meant that respondents in that group agree with 
the statement and consequently bad a higher score for that statement 
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Our analyses showed no significant differences among responses g1ven by 

researchers, non-industrial users and ENGO representatives (Table 2.1 ). Each of these 

groups mostly agreed with statements affirming the existence of forests. Statements 

that emphasised the existence of forests for human needs, (Table 2.1: statements 1, J 

and L) also received approval from these groups. For most statements (A, C, D, E F, 

1, J, K and L) industrial users responded in a manner similar to the other groups. Y et, 

for statements that expressed human needs, they always responded with higher 

scores. Even if they answered statement M (Table 2.1) very different! y than others, 

scores ofthe industrial users and other groups only differed significantly with respect 

to the following question (B): The primary use offorests should be for products that 

are useful ta humans (Kruskai-Wallis test: ChiSquare = 830 df = 3, P =0.04). 

Industrial users agreed with this statement, thus setting them apart from other groups 

(Figure. 2.2). For two statements, G and H, no strong tendency emerged among 

groups, highlighting the variability in responses within groups. 

ln the survey we asked respondents how they view the forest: as a living 

environment for wildlife; as a place for protection of air, water and soi! ; as a source of 

wild game, berries, firewood and other non-timber products; as a place for recreation 

and relaxation; or as a source of economie wealth and job creation (Nad eau, 2011 ). 

Seventy-one percent of industrial users viewed the forest as a source of economie 

wealth and job creation, wh ile 67% of people working for ENGOs viewed forests as a 

place for protection of air, water and soil as researchers and non-industrial did . These 

last two groups also viewed the forest as a living environment for wildlife. 
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2.3 .3 Perception of forest retention 

2.3.3.1 Perception of the basis for forest retention intime and space 

Ali groups had similar responses regarding the maintenance of forest retention 

in space and time (Table 2.2). They agreed (> 75%) that planning forest management 

is essential, both over multiple rotations and at multiple spatial scales to ensure that 

retention elements are maintained to fultill their ecological roles (maintain 

biodiversity and ecological processes). ENGO representatives, researchers and non­

industrial users agreed (> 95%) that more forest retention is needed and does not 

represent a threat to profitability of the forests being exploited. Even if industrial 

users supported the theoretical basis for forest retention, only 14% believed that 

greater forest retention is necessary. lt should be noted that 57% of their responses 

were apparently neutra! or without opinion. Most industrial users agreed that greater 

forest retention could affect profitability. More than half of respondents in each 

groups disagreed (> 58%) that protected areas alone can maintain biodiversity, 

especially ENGO respondents (67%) and non-industrial users (84%). Ali groups also 

recognised that other retention elements should be maintained over multiple rotations, 

and that existing regulations were not sufficiently flexible to maintain natural 

variability. Even if they believed that maintaining retention in time is theoretically 

important, industrial users perceived (71 %) that cutting patches after 20 years was 

acceptable, as did 42% of non-industrial users . 

2.3 .3 .2 Perception of forest retention practices 

Industrial users and non-industrial users were diametrically opposed with 

respect to their levels of satisfaction with forest retention practices. lndustrial users 

were mostly satisfied (> 57%) or neutra! (average 30%) regarding current practices, 

white most non-industrial users were dissatisfied (> 68%) (Figure 2.3). Researchers 
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and ENGO representatives were also mostly dissatisfied with retention practices, but 

to a lesser extent with respect to downed dead wood and snags (< 45%). For these 

two groups, concerns were slightly greater (> 50%) about old forests, the size of the 

largest forest patches, and the abundance of green trees. 

Figure 2.3 Level of dissatisfaction about the practices implemented in the 
last forest regime in Quebec of 8 retention elements 

Lack of trust that was expressed by ali groups can help explain low levels of 

satisfaction. Indeed , ali groups agreed with the following statement: " There is a 

problem of lack of confidence on the part of the regional population with the 

companies that manage the forest?' ' . However, industrial users did not res pond as 

strongly, with only 57% supporting this statement, compared to more than 75% 

expressed by other groups. Greater forest retention was viewed by most of the non­

industrial users (79%) and half of ENGO representatives (56%) as a way of 

improving public confidence in regional companies that manage the forest. Only 42% 

and 29% of researchers and industrial users, respectively, supported this statement. 

2.3.3.3 Priorities of stakeholders for forest management and obstacles to the 

implementation oftheir priorities. 

We asked respondents to choose their first 4 priorities among a list of elements 

that are affected by forest management (Figure 2.4) . Multiple-resource management 

(> 71 %) was the only priority that was shared by ali gro ups. Researchers, non­

industrial users and ENGO representatives had dissimilar priorities, except for 

prioritising conservation (83%, 79% and 67%, respectively) . Only 30% of industrial 

users mentioned conservation as one of their top 4 priorities. They preferred job 

creation (71 %), as did sorne researchers (5 8%), together with the development of new 
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forest products in the region (1 00%). ENGO representatives also place high priority 

on the development of new forest products (78%). Integration of stakeholders into 

decisions was also viewed equivocally by researchers (50%) and ENGO 

representatives (56%), but was prioritised by non-industrial users (84%). Limiting 

road networks was mentioned as important by half of the ENGO representatives 

(56%). Finally, only 40% of industrial users selected profit-making as one of their 

four priorities . 

Oevel op new forest products processed in region 

Jobcreation ·~*ft+ 
Further integrate stakeholders in decis ions e 

Limite the creat ion of roads jii;i:T-,r--r-r-
Generate profits alter logging 

Decentrali sa tion 

lmprove accessibility to the forest by roads crea tion 

% 0 10 20 30 40 50 60 70 80 90 100 

Non industria l user • lndustria l user • ENGO • Researcher 

Figure 2.4 Priorities of stakeholders about forest management 

We also asked respondents to identify the main obstacles to implementing their 

priorities from among eight choices: lack of political wi ll ; industrial will; financial 

resources; biophysical data; human resources in the region; scientific data; 
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socioeconomic data; and too-rigid laws. The most frequent responses were a lack of 

political and industrial will (> 67%). These last two obstacles were mentioned by less 

than half of industrial users (< 45%). A slight majority of industrial users mentioned 

the rigidity of laws (57%). Lack of financial resources was mentioned by about half 

of the respondents in ali groups (> 53%) as an obstac le, but to a lesser extent by 

industrial users (43%) (Figure 2.5 ). 

------------

Lack of will of the forest industry ~~~~iii~~~~-
Lack of financial resources 

Too rigid laws .......... 
Lack of sei en ti fic data 

Lack of hu man resource in region 

Lack of biophysical data 

Nothing 

% 0 20 40 60 80 100 

• Not industrial user • lndustrial user • ENGO • Researcher 

Figure 2.5 Obstacles to stakeholder priorities implementation 

2.4 Discussion 

2.4 .1 From theory to practice 

Ali groups agreed that forest retention is important, thus accepting the 

ecological arguments made by Lindenmayer and Franklin (2002) and others (see 
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Table 2.2). Indeed, most respondents agreed that it is essential to plan forest retention 

at multiple spatial and temporal scales to ensure retention elements that maintained 

and fulfill their ecological roles (maintain biodiversity and ecolog ical processes) . 

Respondents ' answers showed that most viewed the forest as a complex system, just 

as scientists do. In fact, science went through a major paradigm shift from a 

reductionist to global approach in the early 21th century (Naveh, 2000). This holistic 

paradigm shift has influenced not only scientific views, but also the practice of 

resource management (Holling et al. , 1998), Further, it seems to have influenced 

respondents' perceptions that we have observed in this case study. 

As presented earlier, most respondents who are involved in the decision-making 

process were highly educated. Even the non-industrial users who were sampled had a 

high percentage of university-educated delegates (47%). Leve! of education can 

potentially explain our observation that practically ali respondents used scientific 

sources of information to learn about forest management, which may have positively 

influenced perceptions regarding the role of forest retention in sustainable forest 

management (Gauthier et al. , 2008b). Education and information sources have the 

potential to greatly influence attitudes towards the forest and its management (Crona 

and Bodin, 2006). However, the larger population is not as well-educated and 

probably a good deal less informed about the scientific rationale for forest retention, 

which could potentially lead to very different preferences (Steel and Weber, 2001 ). 

However, knowledge is one factor among many others that can influence judgement. 

(Shindler et al. , 2004) 

Support for the concept of spatio-temporal ity of retention was consistent with 

the strong recognition of forest ex istence value that was expressed by ali respondents. 

Maintaining retention at various spatial and temporal scales involves recognis ing 

ecological processes in forests . As was the case in McFarlane and Boxall (20 1 O)'s 

study, environmental issues seem to be of great importance for most respondents. 
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2.4.2 Two confl icting visions of forest retention 

Even if ali groups agreed on a theoretical basis for forest retention , two 

conflicting visions of forest retention practices emerged: the status quo versus 

increasing forest retention. Industrial users supported the status quo, while the 

remaining groups felt the need for greater retention and who were mainly dissatisfied 

with current forest retention practices. 

2.4.2.1 Status quo 

Most industrial users had a very different perception of operationalising forest 

retention compared to the other groups. They believed that current practices and 

levels of forest retention are sufficient. They were more concerned than were other 

groups about the impacts of maintaining greater forest retention on employment and 

profitability. This perception of forest retention accorded with their priorities (e.g., 

job creation) and their views of the forest (e.g., so urce of economie wealth and job 

creation). Attitudes toward forest management also could be influenced by soc io­

demographic attributes, values, knowledge, and social influences (McFarlane et al. , 

20 Il) . Generally, young people and women living in the city have tended to 

emphasise recreational and environmental values (Lindkvist et al. , 2012 ; Steel and 

Weber, 2001). In our case study, the high percentage of women (43%) and young 

respondents within the industrial users group did not seem to influence desires to 

increase forest retention. Researchers were the on ly group in which respondents were 

not resident of one of the two region. The difference did not seems to influence the 

results. Values were probably a better predictor of preferences, as McFarlane and 

Boxall (2010) concluded in their study. Indeed, compared to other groups, industrial 

users had a stronger tendency to value the forest for human needs, even if they also 

supported at the same time the value of forest existence. The combination of 

biocentric and anthropocentric values is commonly found in the literature (Stee l et al., 

1994). 



62 

Knowledge was also likely a great determinant of stakeholder perceptions 

(Andrea and Vanclay, 20 Il). Industrial users 1 ikely possessed knowledge about forest 

retention that differed from the other groups. Indeed, they were probably better aware 

of the technical , legislative and financial constraints that are imposed on improving 

forest retention. For example, leaving more retention at the stand-scale as snags and 

green trees suggests safety issues for forestry workers (Crête et al. , 2004). lt is also a 

challenge, because forest regulations against wasteful practices have required forest 

companies to rem ove ali maintained trees from harvested sites (Bourgeois et al. , 

2007). Contrary to general belief, but well-known among foresters , retention after 

harvesting is abundant at the scale of an entire harvest block. For example, a recent 

study showed that a greater area of residual forest was found in harvest blocks 

compared to burns (at the scale of hundreds to thousands of hectares) , despite 

differences in shape and spatial arrangements (Dragotescu and Kneeshaw, 20 12). 

However, after many short rotations the amount of retention will be probalbly less in 

eut blacks. Scientific knowledge about ecological thresholds (amount, configuration , 

disposition and quality of the retention) remain very elementary and not consensual 

(Rosenvald and Lohmus, 2008). Consequently, industrial users may be more aware of 

these issues than are non-industrial users. Planning and inventory exercises would 

also make them acutely aware of the forest that was being left behind. 

This ki nd of information about technical, legislative and financial constraints of 

improving forest retention maybe not translate into sources of information that can be 

consulted by stakeholder groups other than industrial users. Yet, we expected that 

industrial users from the Mauricie region, where eight years of research on improving 

forest retention had been undertaken, had expressed a more positive preference for 

retention issues. Their preference for status quo is perhaps only a matter of delayed 

attitudes and behavioural changes (Chiasson and Leclerc, 2013 ; Reed et al., 201 0) 
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At a broader scale, government faces many challenges with respect to 

operationalising forest retention. For example, leaving large forest patches and 

creating new protected areas is very complex, given that the forest matrix has been 

already altered (Tittler et al., 201 0) and that there are the multiple uses of forests 

(Coulombe et al., 2004). The creation of the new Opémican National Park in 

Temiscamingue is a good example. In fact, its establishment has raised serious 

conflicting discussions concerning the uses that are practiced in the territory, 

including aboriginal rights (Harvey, 2012). 

2.4.2.2 Improving retention 

Researchers, ENGO representatives and non-industrial users had a different 

vision of forest retention compared to industrial users. The former mainly be lieve that 

greater forest retention is needed and that current practices are not sufficient. They 

view the forest as a place for wildlife and protection of air, water and sa il , beyond 

being considered simply as a source of non-timber products, recreation, and 

relaxation . This view of the forest and their preference for conservation was 

consistent with their support of existence value of forest as seen in other studies 

(Holsman and Peyton, 2003 ; Ka val , 201 0). However, stakeholder values and 

priorities in other studies were not always within the scope of greater conservation 

(Glasmeier and Farrigan, 2005 ; Holsman and Peyton, 2003). Occasionally, 

stakeholders will focus on narrow preferences (e.g. , wi ld game) , given their 

utilisation of the forest (Holsman and Peyton, 2003). Even if this possibility cannat 

be excluded, most stakeholders who are not involved in the forest industry view the 

forest in a holistic manner, which is similar to McFarlane and Boxall ' s (201 0) 

findings. These groups apparently understand that not only protected areas, but the 

entire ecosystem must be preserved if they are to maintain their use of the forest. 

lndeed, conservation no longer depends on protected areas alone (Pert et al. , 2013). 
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Thus, forest retention seems to be viewed by these stakeholders as a way to 

operationalise that objective of conservation at multiple scales. 

Respondents' concerns about forest retention transcended spatial scales. lndeed , 

they cared about retention elements at both the stand- (e.g., green tree) and landscape­

scale (e.g., large forest patches), consistent with literature reports (Balmford et al. , 

2003). However, dead retention appears to be of less importance for researchers and 

ENGO representatives. This could be due to the fact that compared to other regions of 

the world (Scandinavian countries) (Siitonen , 2001 ), the lack of down dead wood is 

less of a concern in North America. Ali of this suggests that these two groups were 

able to think holistically and to rank different issues depending on their level of 

priority, compared to non-industrial users who reject strongly ali practices. We 

suggest that non-industrial users , even if they also have used scientific sources of 

information, were influenced in their judgement by mistrust of forest managers . 

2.4.2.3 Local institutions as a place for reconciliation between the two 

conflicting visions 

Successful collaboration will come with a common understanding of forest 

processes, including human actions within the complex socio-ecosystem that 

constitutes the forest (Lebel et al. , 2006). A holistic view of forest is needed to 

understand a variety of needs and constraints (Biumenthal and Jannink, 2000) and to 

achieve the main objective of local integrated land and resource management panels 

(LILRMP) (Chiasson and Leclerc, 20 13), which is the harmonisation of di fferent 

uses. Reaching a holistic view of the fo rest invo lves sharing knowledge, values, 

constraints, and interests among stakeholders (Dreyer and Renn, 2011) and, hence, 

the importance of social learn ing5 (Reed et al. , 20 1 0). Unexpected answers about 

5Social learning is defi ned by Reed et al. (201 0) as "a process of soc ial change in 

which people learn from each other in ways that can benefit wider social-ecological 
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stakeholder priorities could be seen as signs of social learning in this study. For 

example, respondents in the ENGO group placed among their priorities the 

development of new forest products, while researchers included job creation. 

Surprisingly, industrial users did not place much emphasis on making profits. Non­

industrial users, for their part, remained very close to their persona! needs when 

stating their priorities (conservation, multiple-resource management, and integration 

of stakeholders in decisions). 

Institutions such as LILRMP are very important tn the success of natural 

resource management because they can promote opportunities for communication 

among stakeholder groups (Crona and Bodin , 2006). In fact, participants created ties 

among stakeholders groups by sharing their beliefs, values and knowledge about the 

resource to be managed and what is crucial (Schneider et al. , 2003), while adapting 

their behaviour, opinions and values with persans in their network with whom they 

frequently exchange information (Prell et al. , 2009). This transfer of information is 

invaluable in attaining mutual understanding and trust building (Lebel et al. , 2006 ; 

Ostrom, 2005). Outcomes of social learning, including mutual understanding, could 

enhance both trust and adaptive capacity, but they generally require time to be 

detected (Reed et al., 201 0). 

2.4.3 Trust and constraints. 

Based on our survey results, most respondents believed that the leve! of trust 

between the public and managers is low. We expected that respondents would believe 

that greater forest retention can improve public confidence (trust) in forest managers. 

system." People are learn ing from their interactions with the environment and other 

participants (Muro and Jeffrey, 2008). 
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Surprisingly, only non-industrial users (79%), and to a lesser extent, ENGO 

respondents (56%) mainly expressed their support for that statement. Mistrust is 

probably deeply rooted in stakeholder perceptions and relies on a complex set of 

elements that are different from forest retention, such as as lack of power (S hahbaz et 

al., 2008). ln this case study, stakeholder involvement in LILRMP was at the level of 

consultation (Conférence régionale des élus de la Mauricie, 20 10 ; Desrosiers et al., 

201 0). Power remains in the hands of government and industries, which probably 

explained why respondents mentioned that political will is a major obstac le to the 

implementation of their priorities, as has been noted in other studies (Koo ntz and 

Bodine, 2008 ; Shahbaz et al., 2008). 

2.5 Conc lusion 

Ali groups agreed upon the theoretical foundations of forest retention, but not 

on its implementation. Different stakeholder groups perceived retention issues 

differently, thereby creating two conflicting visions. On one hand, industrial users 

believed that the status quo concerning leve ls of forest retention and practices were 

sufficient. On the other hand, other groups agreed that greater forest retention and 

improvement in practices are needed . Forest values seem to have more influence on a 

respondent's vision of forest retention than do socio-demographic attr ibutes, except 

perhaps for education level. lndeed, a high leve! of education likely affects the 

acquisition of scientific know1edge and, possibly, stakeho lder preferences. Not ali 

groups agreed that greater forest retention wou Id increase the leve! of trust between 

the public and forest managers. Other preoccupations were probably of greater 

importance, such as the lack of power. The lack of political will was stated as the 

main obstacle to the implementation of priorities of the pro-forest retention 

respondents. Although we can speculate that stakeholder groups would force 

industries and government to improve retention practices and, consequently, defend 
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ecological needs, the converse should also be tested, i.e. , whether industrial users will 

be able to share their concerns about forest retention with other stakeholders. The 

successful operationalisation of ecosystem-based management implies that 

stakeholders hold a holistic view of the forest. We suggest that more research 

regarding the influence of local institutions on the adoption of holist ic thinking 

should be encouraged. 
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3.1 Abstract 

Forest ecosystem management (EM) in North America has evolved from a 
theoretical concept to operational practice over the last two decades, but its 
implementation varies greatly among regions. This paper attempts to evaluate (1) if 
and how emulation of natural disturbances (END) is being used as a conceptual bases 
for implementing EM, and more particularly, what strategies are used to define the 
natural forest of reference, and (2) what temporal and spatial sca le strategies are 
being considered for 7 important retention elements (downed woody debris , snags, 
green trees, corridors, riparian buffers, large patches and old forest)? To conduct this 
evaluation, 5 guides from 4 geographically well-distributed regions in North America 
are compared. 

Although END is the central conceptual foundation underlying 4 of the 5 
guides, a natural forest of reference is not always clearly identified and none of the 
guides consider future impacts due to global change. The major weakness common to 
ali 5 guides is the Jack of consideration of long-term forest dynamics, particularly the 
Jack of clear strategies for retention elements at a temporal scale longer than a single 
rotation. Generally, the spatial scales chosen for retention elements are not well­
justified ecologically and targets for each retention element are not identified at 
different spatial scales. We stress that strong efforts have been made to develop forest 
management that incorporates sorne elements of natural variability and which 
considers societal needs, but further improvements are required. We conclude by 
presenting sorne suggestions to improve the approach. For example, creating more 
realistic guidelines in integrating current and future forest dynamics with pre­
settlement information and planning rotation lengths that are inspired by the 
dominant natural disturbance. 

Key words: Forest ecosystem management, implementation , North America, 
retention strategies and emulation of natural disturbances, spatiotemporal scales. 
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3.2 Background information 

ln the early 1990s, the United States Department of Agriculture (USDA) Forest 

Service and the Department of the lnterior Bureau of Land Management (BLM), were 

among the first in North America to officially adopt ecosystem management (EM) as 

the exclusive means of managing national forests (Butler and Koontz, 2005). Shortly 

afterward, Grumbine (1994) attempted to provide a working definition of EM. He 

described EM as the interface between scientific knowledge about ecosystems and the 

management of socio-political values, with the goal of protecting natural ecosystem 

integrity over the long-term. Since that time, many organizations throughout the 

world, ranging from local private owners to state governments, have begun endorsing 

and applying this approach to sustainable forest management. Many government 

organizations have developed sophisticated guidelines for EM (e.g. , (Archibald et al. , 

1997). Y et, the application of EM varies greatly from one region to another. We 

believe this is partly due to the vague theoretical foundations underpinning EM and 

its application to forestry , which leads to wide variation in its implementation 

(Rauscher et al. , 2000). This situation has created a growing interest in comparing the 

diversity of implementation strategies and their links with scientific ecological 

knowledge. 

In parallel with the developing interest in EM, Hunter ( 1993) proposed an 

operational solution for maintaining ecosystem integrity. He suggested that forest 

management that "emulates natural disturbances" (END) could maintain or recreate 

the natural variability encountered in natura l or semi-natural forest ecosystems. The 

main assumption of END is that the vari ous organi sms normally present in these 

ecosystems are adapted to the range of natural variation in time and space that is 

created by natural disturbances. The use of END can also be viewed as a coarse-filter 

approach to ecosystem management (Armstrong et al. , 2003). ln North America, the 

idea of emulating natural di sturbances was quickly integrated into EM (Dale et al. , 

1998 ; Gauthier et al., 2008b ; Work et al. , 2004 ). 
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Despite the sc ientific interest in usmg END for management purposes, its 

implementation presents many obstacles. First, forest management that is based on 

END requires knowledge of the natural range of variability (Landres et al., 1999) 

under past disturbance regimes and the current state of the forest. Th us, information 

regarding variation in the size, intensity and frequency of past natural disturbances is 

required. Such information is often difficult to obtain, thereby limiting the application 

of the END approach in many cases, su ch as over mu ch of Europe and Asia (Berry et 

al., 1998). Second, a further challenge requires that the time period used to 

characterize the forest of reference be determined. Although the time period generally 

focuses on pre-settlement forest conditions (Hessburg et al., 2005 ; Wallin et al., 

1996), no consensus has emerged to date regarding what period should be used. 

Third, given that the effects of global change are expected to alter forest ecosystems, 

a debate is growing regarding the usefulness of emulating past conditions as guiding 

principles for establishing and maintaining future forests (Kienk et al. , 2009). An 

additional argument against the strict implementation of END revolves around the 

difficulty in attaining social acceptability when emulating the extremes of the natural 

range of variability. For example, the creation of large aggregate cut-blocks 

incorporating various forms of retention that emulate large fi res in boreal forests may 

not be acceptable to sorne groups within the wider population (Kimmins, 2004) . 

Retention6 is an important aspect of END since most natural disturbances rarely 

can ever completely reinitiate large areas and never remove as much biomass as 

conventional harvesting. For example, tire leaves a mosaic of patches that have been 

burnt to a greater or lesser degree (Bergeron et al. , 2002). In add ition, un der most 

disturbance regimes, retention is maintained for a much longer period of time than 

under c lassic cutting rotations of Jess than 1 00 years. This induces a variety of 

6 We have defined retention in this paper as any natural feature that is 
maintained at one or different spatial scales and which will be maintained for a 
certain time in the forest matrix after harvesting or natural disturbances. 
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spatiotemporal patterns for different retention elements. For this review, we focus on 

the spatiotemporal characteristics of seven key elements of retention: downed woody 

debris (DWD), snags, individual or patches of green trees, forested corridors, ri parian 

buffers, old forest, and large forest patches. These are the elements that appear most 

frequently in the scientific literature, with a variety of strategies being proposed. 

Establ ishing protected areas 7 is, of course, a Iso an important strate gy for retention and 

we treat this separately. 

The natural variability of many retention elements was reduced following the 

arrivai of industrial forestry. Forest management homogenizes many structural 

elements in the forest and has driven sorne elements beyond their natural range of 

variability (Cisse! et al., 1999; Cyr et al., 2009a). A review of the literature regarding 

the impacts of forest management on biodiversity reveals that the loss of old forest 

attributes (Gauthier et al., 2008b ; Han ski, 2000 ; Noss, 1999) and increased forest 

fragmentation (Andren, 1994 ; Etheridge et al. , 2006) are among the most critical 

factors. The lack of large coarse woody debris following harvest also threatens the 

persistence of many saproxylic insects (Jonsson et al. , 2005), cavity-nesting birds 

(Darveau and Desrochers, 2001 ; Drapeau and [mbeau, 2006), cryptogams, and fungi 

(Crites and Dale, 1998). 

The creation of large and numerous protected areas has been proposed as a 

solution to these issues. However, it is now recognized that the amount of forest that 

would be protected is likely to be insuffici nt for maintaining forest biodiversity 

(Helier and Zavaleta, 2009 ; Wiersma and Nudds, 2009) . Nowadays, 92% of the 

world's forests are outside of protected areas (Commonwealth of Australia 1999, cited 

7 The designation of protected areas in guides matched the definition that was 
provided by Wiersma et al. 2010: "Geographie space clearly defined, recognized, 
dedicated and managed, through effective means, legal or otherwise, to ensure long­
term conservation of nature and ecosystem services and cultural values associated 
with it". 
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by Lindenmayer et al. 2006). As a consequence, particular attention must be focused 

on the managed forest matrix and on the connectivity between protected areas and 

other retention elements (Lindenmayer and Franklin, 2002). Connectivity is critical 

for many animal and plant species which are adapted to continuous forest cover 

(Bennett, 2003 ; Franklin, 1993 ; Lindenmayer, 2000 ; Rosenvald and Lohmus, 

2008). Forests have been historically less fragmented in many regions than they are 

today (Wedeles and Sleep, 2008). 

Another important element to consider for successfu l implementation of EM is 

the maintenance of forest resilience. This is particularly important today due to rapid 

socio-ecological changes that are occurring worldwide. We define resilience as the 

capacity of a system to absorb and/or adapt to disturbance so as to persist in time 

(adapted from (Holling, 1973). A resilient forest ecosystem greatly depends on the 

maintenance of functional diversity and important ecological processes across scales 

(Gunderson, 2000). Because biodiversity and many ecological processes are affected 

by management that homogenizes forest structure, causes fragmentation , and reduces 

DWD and areas of old forests, we urgently need new management strategies that will 

maintain resilience. Although many key elements are needed to ensure a resilient 

forest, the retention of structural elements at both stand- and landscape-levels is 

crucial (Lindenmayer et al., 2012). These retention e lements may also act as 

"temporal lifeboats" for biodiversity (Vanha-Majamaa and Jalonen, 2001), meaning 

that these elements need to be planned over the long-term (Landres et al. , 1999). 

Figure 3.1 illustrates the management suggested by literature regarding the seven 

retention elements and protected areas across temporal and spatial scales. 
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Figure 3.1 Theorical spatio-temporal objectives for retention elements. 
Visual representation of the main spatiotemporal theoretical objectives with 
respect to the seven retention elements of concern and protected a reas. The X­
axis shows the three spatial scales and the Y-axis shows the two temporal scales 
that were considered. The order of elements within a sphere is irrelevant; it is 
the delimitation of a sphere that is important. 

Since EM is proposed as a way of ensuring long-term forest functioning and 

maintenance of biodiversity, the main objective of this paper is to critically review 

how EM is being implemented in four different regions of North America. Social and 

economie issues are important in EM (Bengston, 1994 ; Grumbine, 1994), but our 

analysis focuses on END and the spatiotemporal requirements for the aforementioned 

retention elements. We examined implementation guidel ines in each of four regions, 

asking the following questions: 
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1) Is END used as one of the conceptual bases ta implement EM, and if sa, 

what strategies are used ta define the naturalforest of reference? 

2) Since legacy elements are important for ecological processes and 

biodiversity, are the temporal and spatial scales proposed for retention 

elements appropriate ta achieve EM objectives? 

3.3 Methods 

For the comparison, we selected four regions that are widely distributed across 

North America to get a representative sample of different approaches being used in 

different forested ecosystems. These four regions represent different types of forests , 

disturbance regimes, and administrative organizations, but they ali contain publicly 

owned forests. The regions are the Pacifie Coast of the United States, the Pacifie 

Coast of Canada, central Canada, and Atlantic Canada. Our choice was also based on 

the chronological date of EM adoption, from the earliest region being the US Pacifie 

Coast in 1994 to the most recent being the Bay of Fundy (New Brunswick) in 2005. 

Each region defined its EM strategy in various guides, plans, or handbooks. We 

analyzed five different guides: two distinctive approaches for the Pacifie Canadian 

Coast (governmental and non-governmental) and one for each of the other regions. ln 

Table 1.1 , the title and acronym, authors, reference, location, land tenure and 

complementary documents are presented for each guide. With sorne exceptions, 

guides are not stand-alone documents and are complemented by other guides ( 1.1) or 

legislation (data not shown). 
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Document title authors, location, land tenure and additional Tableau 3.1 
d t f th fi h . d 1 t t th ~ ocumen s o e Ive c osen gm es re evan 0 e our regwns. 

Document title Forest Management Guide for Natural Disturbance Pattern 
Emulation (NOPE) 

Authors and Ontario Ministry ofNatural Resources (OMNR, 2001) 
reference 

Location Ontario: Boreal and the Great Lakes-St. Lawrence Forest 
Land tenure Provincial public forest 
Additional Ontario's Living Legacy, among others 
documents A new version of the guide now exists. 
Document title Forest management guidelines to protect native biodiversity in 

the Greater Fundy Ecosystem, 2nd edition (GFE) 
Authors and Greater Fundy Ecosystem Research Group (Betts and Forbes, 
reference 2005) 
Location New Brunswick: Fundy Mode! Forest watershed 
Land tenure Federal public forest and private forest 
Additional Best Management Practices: A Practical Guide for New 
documents Brunswick 's Private Woodlots 
Document title Biodiversity Guidebook - Forest Practices Code of British 

Columbia (BG) 
Authors and Ministry of Forests and Range of British Columbia (Province of 
reference British Columbia, 1995) 
Location British Columbia 
Land tenure Provincial public forest 
Additional Riparian Management Area Guidebook and the Managing 
documents Identified Wildlife Guidebook, among others 
Document title Ecosystem-based mana5;ement J2lannif!K handbook (ClTl 
Authors and Coast Information Team (Coast Information Team, 2004) 
reference 
Location British Columbia: Central and North Coast and Haïda Gwaii 
Land tenure First Nations territories and JJ_ublic JJ_rovincial forest 
Additional Hydroriparian Planning Guide, The Scientific Basis of 
documents Ecosystem-based Management, BC Protected Areas Strategy, 

among others. 
Document title Northwest Forest Plan: Standards and Guide/ines for 

Management of Habitat for Late-Successional and Old-Growth 
Forest Related Species Within the Range of the Northern Spotted 
Owl (NWFP) 

8 Acronym used in the text 
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Authors and USDA Forest Service and the USDI Bureau of Land 
reference Management (USDA and USDI , 1994) 
Location Range of the northern spotted owl in Washington, Oregon, and 

northern California 
Land tenure Federal forest 
Additional Record of decision for Amendments to Forest Service and Bureau 
documents of Land Management Planning Documents Within the Range of 

the Northern Spotted Owl 
Acronym used m the text 

As a first step to answering our two questions, we reviewed the literature for 

key concepts of END and retention elements in forests, and prepared sets of 

keywords to be used for each of our questions. The first keyword li st contained terms 

referring to the emulation of natural disturbances and included terms such as 

"mimic," "emulate," " recreate," and "forest of reference," among others. The second 

list consisted of the seven retention elements and the ir synonyms ( examples of 

synonyms in parentheses) that are most commonly discussed in the literature: downed 

coarse woody debris, snags (e.g. , cavity trees) , green trees (e .g. , variable retention), 

corridors (e.g. , leave strips), riparian buffers (e .g., riparian reserve), large forest 

patches and old forest (e.g., over-mature forest). 

ln the second step, we searched electronic copies of the five guides, identifying 

text dealing with each keyword or synonym from the two keyword lists. The presence 

of the keywords in sub-titles or in the text led to the associated paragraphs or section 

being identified with a code based on the keyword. In sorne cases, a sing le section 

included two (or more) keywords and, therefore, was coded for both elements. 

Sections of the text lacking keywords were not coded. 

In the third step, we used two different sets of criteria to analyze the text coded 

for END and the text coded for the seven retent ion e lements. The four criteria used 

for analyzing each portion of the text that was coded for END were the following: 

emulation of natural disturbance or not, the temporal period of reference (e.g. : past, 

present, future) for the forest of reference, the inclusion of global changes in forest of 
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reference or not, and when information about the forest of reference was gathered 

(before or after creation of the guides). The two criteria used to analyze the text 

dealing with the seven retention elements were the following: the temporal scale 

(leve! of permanence: not permanent, not ali permanent, thereby ensuring 

recruitment, and permanent) and the spatial scale (stand, landscape, watershed, 

region, territory) used in each retention element strategy. 

From this analysis two tables were created for the second question. We created 

Table 3.2 to show at which spatial and temporal scale each guide chose to implement 

each retention element, given that a retention element can be implemented at more 

than one spatial or temporal scale. The strategies that were proposed for each 

retention element are summarized in Table 3.3 from the coded text created in step 2. 

3.4 Results 

3.4.1 ls END used as one of the conceptual bases to implement EM? 

Ali guides, except for the oldest example of the North West Forest Plan 

(NWFP)9
, clearly refer to END as one of their conceptual bases for implementing 

EM. In these guides, the term "natural di sturbance" was always linked to "emulate," 

"mimic," "approximating," "resemble," and "simulate." This is exemplified by a 

statement from the Biodiversity Guidebook (BG): "The more the managed forests 

will look like the forests established after natural disturbances, the greater is the 

probability that ali native species and ecological processes are maintained (Province 

of British Columbia, 1995)." In the case of the NWFP, "natural disturbance" was 

instead linked to the concepts "maintaining disturbance regimes" and "management 

9 We do not cite the reference each time a guide is mentioned in the results and 

discussion section. Please see references to guides in Table 1. 
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of disturbance risk." In this guide, it is only in late-successional reserves th at the term 

"recreate" is linked to pre-settlement conditions. 

For the four guides that endorsed END, identification of a dominant natural 

disturbance per territory is central to the choice of retention strategies that should be 

implemented. For example, in British Columbia, the amount of mature and over­

mature forest to be maintained in a landscape that is dominated by rare stand­

initiating disturbances will be much higher than in landscapes that are dominated by 

frequent stand-initiating disturbances. 

Forest of reference 

In ali guides, forests of reference refer to the pre-settlement period without any 

further specification, despite the fact that recommendations for retention elements 

mostly depend on the historie disturbance type. The strategy that is often used to 

define the natural forests of reference and to implement END is the creation of a 

historical portrait. This historical portrait details the natural disturbance history and 

historical forest inventory data for the pre-industrial vegetation conditions. ln fact, for 

the two most recent guides (Ecosystem-based management planning handbook (CIT) 

and Forest management guide/ines to protee! native biodiversity in the Greater 

Fundy Ecosystem (GF E)), the historical portrait of the whole territory was done 

before the actual creation of the guides. That method clearly intluenced the way in 

which these guides were compiled. For the NOPE, the historical portrait is done 

whenever a new unit is planned and so the overall guidelines tend to be more general 

to accommodate various types of disturbances . For BG, the natural di sturbance type 

is already deterrnined in the guide for each existing biogeoclimatic zone in British 

Columbia. New information about the forest of reference is needed on ly to plan 

connectivity. lndeed, it is recommended that a connected landscape should be 

maintained in the same manner as in pre- industrial times. None of the gu ides 

d iscussed the possible changes in forest dynamics due to global change (e.g., 
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modification of disturbance regimes, deer browsing, etc.). Only the NOPE briefly 

recommends combining long-term simulations with pre-settlement information. 

3.4.2 Since legacy elements are important for ecological processes and 

biodiversity, are the temporal and spatial scales proposed for retention 

elements appropriate to achieve EM objectives? 

Following the evaluation of the five guides, we noted that severa( important 

points concerning the spatial and temporal scales that had been proposed were not 

totally congruent with what is found in the scientific literature (Figure 3.1 ). These 

included the temporal maintenance of retention, the ecological justification of the 

spatial scale that was used, and the integration of multiple spatial scales. 

Before presenting our evaluation of each guide, we need to specify that the 

different strategies present in Table 3.3 are dependent on a certain land classification. 

For example, in GFE and BG, the land is subdivided according to the dominant 

disturbance type 10
• The land can also be subdivided according to the risk level 11 

(ClT), the biodiversity emphasis 12 (BG), or an ecologicalland classification 13 (GFE). 

Depending on the land classification, the strategy for a given retention element will 

10 Dominant disturbance type: GFE= Gap-replacing disturbance, Patch-replacing 
disturbance and Stand-replacing disturbance. BG = Rare stand-initiating disturbance, 
infrequent stand-initiating disturbance, frequent stand-initiating disturbance, frequent 
stand-maintaining disturbance, alpine tundra, and sub-alpine. One disturbance type is 
fiven per biogeoclimatic zone. 

1 Risk level: There are four possible designations, from very low to high. Low = 
meaning a 30% difference from what is found naturally. High = meaning a 70% 
difference from what is found naturally. 
12 Biodiversity emphasis: There are three designations that may have a landscape unit 
in connection with the risk to biodiversity loss: Low = Priority given to social and 
economie objectives (30-55% of the region and not ali in the same area). Tntermediate 
= Trade-off between conservation and timber production (35-60% of the region). 
High = Higher priority to conservation (1 0% of the region). 
13 Ecological Land Classification is a hierarchical classification of ecologicalunits at 
multiple scales. 
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be different. For example, in lands chosen for high biodiversity emphasis, large 

patches will be bigger and more abundant (BG). For its part, the NWFP conducted a 

watershed analysis 14 during management planning. This analysis also modulates 

sorne retention element strategies. 

3.4.2.1 Temporal maintenance of retention 

Despite certain exceptions, the guides are generally ambiguous with respect to 

the long-term maintenance of retention elements. Globally, only protected areas and 

recruitment of DWD and snags have clear long-term strategies that are common to ali 

guides . Only the CIT guide had no clear strategies for woody debri s. For many 

retention elements no mention is made of the period of ti me th at the elements should 

be maintained . When duration is mentioned, it is often to state when the elements can 

be parti ally or totally removed before the next rotation (Table 3.2 and 3 .3) . For 

example, it is possible in the NOPE to eut retention patches when the surrounding 

forest reaches a height of 3 m. ln the BG, it is proposed that structural diversit/ 5 

equivalent to that found in natural forests must be recreated in the surrounding forest 

before a final eut in the retention area can be allowed (Table 3.3). This also means 

that retention is not permanent, although it could be maintained for a certain length of 

time. The same observation can be applied to riparian buffers ; in sorne circumstances, 

14 Watershed analys is: Procedures for conducting an analys is that evaluates 
geomorphic and eco logie processes operating in spec ifie watersheds. Prior to resource 
management, it delineated riparian reserves. 
15 Structural diversity : "A variety of canopy layers (vertical structure) and spatial 
patchiness (horizontal structure). This variety of layers includes the naturally 
occurring forest understory of shrubs and forbs, which provide food and cover for 
numerous species. To maintain understory vegetation, a partially open or patchy 
forest canopy is required Province of British Columbia, Biodiversity guidebook: 
Forest practices code of British Columbia ." 
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partial cuts are allowed within these areas, e.g. , in the GFE and CIT guides (Table 

3.3). Even old forests are not clearly identified as permanent features (Table 3.2). 

Only the two west coast guides (BG and NWFP) recommend maintaining retention 

features for more than one rotation. The BG recommends a long-term landscape 

management approach in creating the Forest Ecosystem Network (see definition in 

the following section: Spatial multi-scale approach) , in which sorne components 

should be permanent reserves. The NWFP guide mentioned that 15% of the stand 

must be maintained as permanent green tree retention (over multiple rotations) and 

that no subsequent cuts are allowed in riparian buffers (Table 3.3). 
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3.4.2.2 Determination of spatial scale based on ecological considerations 

Ali guides subdivide the ir respective terri tories into a minimum of three spatial 

scales: from the stand to the region or greater (Table 3.2). The spatial scales were 

rarely defined by guides. We assumed that they are quite similar in each guide, but it 

remains a possible source of bias in the comparison. In general, recommendations are 

made explicit for the stand and landscape scales, but the proposed standards are not 

necessarily based on ecological knowledge. Rather, they are the result of practical 

decisions (e.g., management unit dimensions and respect of administrative borders). 

Large patches, old forest and corridors are mainly considered at the landscape scale, 

while DWD, snags and riparian reserves are planned at the stand scale (Table 3.2). 

Sorne guides made exceptions and have proposed targets at broader scales, such as 

the ecodistrict (GFE) or biogeoclimatic zone (BG). These scales are more 

ecologically significant because it is at these scales that the natural disturbance type is 

delineated. For example, in the GFE, corridors and large patches are planned at the 

ecodistrict scale. Similarly in the BG, green tree retention and old serai class 

distributions are determined by biogeoclimatic zone. The NWFP and CIT gu ides are 

innovative in recommending watershed-scale planning for many retention elements , 

such as old-growth forest and riparian buffers . lndeed, in the NWFP, 15% of the 

watershed should be in the old-growth stage (Table 3.2 and 3.3). 

3.4.2.3 Spatial multi-scale approach 

As previously stated, most recommendations are made for stand and landscape 

scales, but also were frequently implemented at only one of these scales. The Jack of 

integration between scales can lead to concerns about connectivity. For example, in 

the NOPE guide, connectivity is represented solely by the remaining riparian reserves 

and peninsular patches at the stand scale and no analyses that would ensure 

connectivity are conducted at larger scales (Table 3.2). Only two guides make a 
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notable effort to integrate spatial scales. The BG integrates biogeocl imatic and 

landscape scales in its requirements for the creation of a " Forest Ecosystem Network" 

in which the links among ali components are viewed as essential. It includes a variety 

of protected areas, inaccessible forests , riparian buffers, high visual quality areas, 

wetlands, old forests , and corridors. In FEN, the degree of connectivity depends on 

the biodiversity emphasis (importance put on biodiversity) and the dominant 

disturbance type (Table 3.3). ln the CIT guide, an example of integration across 

scales is that corridors and large patches are planned at the subregional-, landscape­

and watershed-scales. For these two guides, strategies that are implemented at smaller 

scales depend on strategies developed at coarser scales (Table 3.2 and 3.3). 

3.5 Discussion 

3.5.1 ls END used as one of the conceptual bases to implement EM , and if 

so, what strategies are used to defi ne the natural forest of reference? 

END is an important theoretical component in each of the approaches th at were 

listed for implementing EM, except in the region in which EM was first implemented 

(USDA and USDI, 1994). The NWFP is the oldest guide and was created only one 

year after Hunter's (1993) proposai for END, which may explain why END is not 

explicitly described in this guide. The creation of a guide is a long and laborious 

process that often starts many years before publication. Despite END being central to 

most of the guides, the temporal reference period for which the natural disturbance 

regime is to be emulated has not been clearly stated in any of them. Y et, general 

references are mentioned that prov ide sorne idea as to the targeted time period, such 

as pre-industrial, pre-European, and pre-settlement periods. This being said, several 

researchers have shown ev idence that disturbance regimes are constant ly changing 

(Bergeron et al. , 2006 ; Bergeron and Flann igan, 1995 ; Logan et al. , 2003) and that 

thi s temporal variability should be considered when the emulation of a certain pre­

settlement period is planned. Landres et al. (1999) proposed that no a priori time 
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period or spatial extent should be used in defining the natural range of variabi 1 ity. 

According to these authors, specifie goals, site-specifie field data, inferences that 

were derived from data collected elsewhere, simulation models , and explicitly stated 

value judgements must ali contribute to the selection of the relevant ti me period and 

the spatial extent that is used in defining natural variability. Only one guide (NOPE), 

however, partially integrates simulations into its strategy to define forest conditions 

by combining long-term simulations with pre-settlement information. 

The determination of a historical portrait each ti me that a new management unit 

is planned, as some guides suggest, is necessary to maintain the natural variability 

that occurs among units within the same region. Past conditions are a good starting 

point for understanding the processes and functions that are associated with forest 

resilience to natural conditions. However, this strategy does not consider that current 

and future conditions under which forests will develop are likely to be different from 

those of the past. Many global conditions are changing. Climate, atmospheric 

concentrations of co2, acid precipitation, nitrogen deposition level s, and invasive 

species and pests, together with permanent fragmentation of the landscape (Ruckstuhl 

et al., 2008 ; Thompson et al., 2009), are ali factors that should be considered in our 

planning. These considerations could be at !east partially considered through long­

term modelling of future conditions and monitoring of the forest of reference. This is 

a compromise between what Landres et al. (1999) have suggested and the analysis of 

the pre-settlement forest a lone . We believe that EM shou ld stiJ l use information on 

pre-settlement natural variability, but this information must also be evaluated in light 

of changing global environmental , social and economie conditions to create a forest 

that will be as resilient as possible to unknown future conditions (Puettmann, 20 Il ; 

Puettmann et al., 2009). Basing the management of our future forests on conserving 

the complexity of systems could help achieve the long-term objective of preserving 

the multitude of ecosystem services that forests provide (Puettmann et al., 2009 

Witté, 2012). 
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3.5.2 Since legacy elements are important for ecological processes and 

biodiversity, are the temporal and spatial scales proposed for retention 

elements appropriate to achieve EM objectives? 

3.5.2.1 Temporal scale 

The greatest weakness that was identified in ali guides was the lack of temporal 

consideration for most of the retention elements that were being proposed. ln contrast 

to spatial scales, temporal scales are nearly absent from any di scussion in the guides 

that we surveyed. lt is obvious that sorne elements, other than protected areas, need to 

be maintained over many rotations to better emulate natural disturbances and to fulfill 

ecological roles (Drapeau and lmbeau , 2006). ln this sense, it is a positive step that 

sorne guides have planned for the recruitment of snags and DWD in the next rotation, 

because the maintenance of these key forest attributes is essential for many species 

(Crête et al. , 2004 ; Deans et al., 2003 ; Drapeau and lmbeau, 2006). A minimum 

degree of permanent retention is needed, even if the amount and the duration of the se 

elements vary considerably with the dominant disturbance regime . Ali natural 

disturbances generate retention elements at diverse spatial scales that are maintained 

for much longer than the conventional harvest rotation , which tends to vary from 60 

to 100 years or longer (Hopwood, 1991 ; McRae et al., 2001 ; Perron et al., 2008). 

Without sorne specifications regarding the temporal scale over which retention 

elements are to be retained, there is a great risk that many crucial structural elements 

wi ll not be maintained for a period of time sufficient to fulfill their ecological 

functions. For example, if riparian buffers and corridors are not maintained over 

multiple rotations, sorne species that require old forests, such as woodpecker 

(Rangifer tarandus caribou), could be affected, (Crête et al. , 2004) . 

The Jack of clear long-term temporal considerations regarding retention 

elements in ail guides is clearly symptomatic of the static viewpoint of western 

society regarding natural ecosystems. The uncertainty and complexity of managing 
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for the long-term clearly exceeds the capacity (financial and technical) of most 

stakeholders to address these issues (Brunner and Clark, 1997). Yet, the lack of 

knowledge regarding the long-term dynamics and ecological effects of the retention 

elements that are retained (Rosenvald and Lohmus, 2008) is probably the main 

explanation for the lack of a temporal consideration in many of the guides. To 

develop adequate recommendations, more long-term research is needed with respect 

to the temporal role of a given retention element for the maintenance of ecological 

processes and biodiversity. More research on monitoring, modelling and analyses of 

ecosystem functions is needed (Handcock and Csillag, 2004 ; Rosenvald and 

Lohmus, 2008), especially in the context of global change (Helier and Zavaleta, 

2009). Adaptive management through monitoring and readjustment of management 

approaches will be critical in ensuring the long-term success of EM approaches that 

are being attempted in ali ofthese regions. Fortunately, most guides have monitoring 

plans. 

Forest ecosystem values (economie and social, among others) are also diverse 

(Nadeau et al. , 2007 ; Roy, 2008 ; Tarrant et al. , 2003), which increases the 

complexity of managing ali retention elements through ti me and space without being 

in conflict with multiple human activities in forested landscapes (DeFries et al. , 

2007) . In that sense, ali guides made an effort to involve a wide variety of 

stakeholders in the ir creation. In turn, many targets ( e.g. , percentage of old forest and 

size of patches) appear to be more the result of a consensus among stakeho lders than 

based on strong scientific knowledge. For example, there is no justification for 

maintaining 15% of the watershed in the old-growth stage considering that, in the 

United States, "the historical extent of old-growth forest in the Pacifie Northwest was 

ro ughly two-thirds of the tota l land area (Stri ttholt et al. , 2006)." Lower leve ls could 

be justified if sorne threshold values for the maintenance of biod iversity or ecolog ical 

function had been determined previous ly, but such information is often lacking and 

difficult to obtain. There is no doubt that invo lvement of various stakeholders is an 

-----------~~ 
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important step forward in the democratization of forest management, but bas ic 

sc ientific information regarding ecological thresholds is also needed to reach EM 

objectives. We suggest applying the precautionary principle by emphasizing the 

importance of planning more permanent retention, such as large patches, corridors, 

and npanan buffers where no future harvest 1s permitted. 

T11w PEXO)l)lEVùanov w ETIJEV !J.OPE t)lnop-ravT tv apEacr -r11 a-r apE ÙO)ltva -rEÙ 13 

\If tv$pE8uEv-r vawpaÀ ùtcr-rupl3avxEcr. OE aÀcro )lUcr-r 11lY11 ÀtY11'! '!11E ~ ax-r -r11a-r 

n xav l3E xllaÀÀEvytvy -ro 11awE a ÔE)loxpanx ÙEXt<JtoV- )laKtvy npoxEcrcr and at 

the same time make sound sc ientific decisions (Holmgren, 2012). 

3.5.2.2 Spatial scale 

Proposais that address management at various spatial scales are a signi ficant 

advancement over past practices, which focused on the stand sca le. However, the 

eco logical significance of scales needs to be clearly addressed. For example, the use 

of the watershed to create ·management units, as implemented in the two western 

guides (CIT guide and NWFP), is better linked to natural processes. lt is at the 

watershed-level that hydrological and geomorphological processes occur, such as the 

generation of sediment loads, erosion, and flooding (Hopwood, 199 1 ). For other 

guides, in contrast, the determination of stand and landscape sca les is based on 

traditional management scales which may have little eco logical relevance. lndeed, the 

determination of scales is often not focused on when meeting eco logical objectives, 

but it is based instead on logistical considerations. To follow the precepts of END, the 

management scale must be congruent with the dimensions of the natural disturbances 

being emulated (Perera et al., 2004). Fo llowing this logic, the largest scale (region) 

that is used in the boreal forest should be large enough to cover the largest fire events, 

whereas in forest landscapes dominated by small-scale perturbations, such as coastal 

forests (Gavin et al., 2003 ; Pearson, 201 0), much smaller units could be used. Using 

appropriate scales that are based on ecological justifications (Christensen et al. , 1996) 
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will help us to establish retention targets that are appropriate to the prevalent natural 

disturbances of the region. In that sense, the BG uses biogeoclimatic zones and the 

GFE, the ecodistrict zone, to determine the dominant natural 

disturbance. Subsequently, recommendations regarding retention elements should be 

modulated depending on the dominant disturbance in the biogeoclimatic or ecodistrict 

zone being evaluated. 

Another weakness of the guides is that most of the targets are developed at only 

one spatial scale. Targeting various scales, as was proposed in the CIT and BG 

guides, is more likely to recreate the natural range of variability (Landres et al. , 

1999). Indeed, ali retention elements must be analyzed and planned at different scales 

to adequately represent ali possible ranges of variability that are found in the 

landscape being managed (Lindenmayer, 2000). The lack of multi-scale approaches 

can lead to severa! problems concerning proposed strategies for these retention 

elements. Many phenomena such as connectivity are visible at different scales. 

Moreover, the interdependence of scales makes understanding of a phenomenon at 

one scale difficult (Levin, 1992). 

For forest biota, connectivity ts of the utmost importance in maintaining 

biodiversity across the territory (Bennett, 2003) and, thus, should not be managed at 

only one spatial scale. Management exclusively at the stand scale is not particularly 

useful , as scaling up can lead to homogenization at larger scales. The use of a ri parian 

buffer that ensures connectivity w ithi n a territory is a good first step, but th is 

approach needs to be complemented by strategies at larger scales. Furthermore, it 

cannot always be assumed that riparian reserves that are managed at the stand scale 

will be sufficiently numerous and dispersed across the landscape to fully link 

retention elements. Three guides have suggested, in addition to riparian reserves, the 

use of corridors to ensure landscape connectivity. Probably the most highly 

developed proposition concerning connectivity is the Forest Ecosystem Network that 
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1s described in the BG guide. It is the only strategy that places emphasis on 

connectivity among ali retention elements at both the scale of the landscape and that 

of the biogeoclimatic zone. 

3.5.2.3 Recommendations 

Following the comparison of the five guides, we have made a number of 

proposais (Table 3.4). First, a better effort should be made to clearly define the forest 

of reference. A Iso consideration of the effects of global change should be included in 

this determination. Second, the temporal and spatial scales that are used to develop 

strategies for retention elements should be made more explicit. More generally, there 

was variation in the guides in their coverage of EN D, and in temporal and spatial 

scales of retention. Sorne guides have more complete strategies than others 

concerning these issues (Table 3.3). Finally, we highlight (Table 3.4) the strategies 

that have been already proposed in some guides, and which address many of our 

concerns. ln doing so, we hope to facilitate their use in future versions of guides or in 

guides that are currently being developed in other jurisdictions. 
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3.6 Conclusion 

The implementation of EM strategies and guidelines in North America, as we 

have compared here among the fi ve guides, is an important fi rst step towards a more 

holi stic approach to management. We are now far from past management strategies at 

the stand scale that dealt only with the production of timber. Thi s rev iew has 

highlighted many weaknesses where further improvements are requi red for the 

implementation of EM: 

• The pre-settlement forest is usually chosen as the fo rest of reference, 

but the use of the pre-settlement forest does not take into account poss ible 

alterations in forest ecosystems due to global change. To address thi s problem, we 

suggest integrating notions of re si 1 ience and complex ity with the hi storica l 

portra it, together with modelling potential future conditions, for the creation of 

new guidelines. ln doing so, we think that the fo rest will be more adaptab le to the 

most likely outcomes of global change (Messier et al., 20 13). 

• The lack of consideration of the tempora l scale of retention is probably 

the single greatest weakness that is shared by most guides. It is essential to plan 

fo r much longer periods of time to ensure that retention elements fulfil their 

diverse eco logical ro les . This means that sorne retention elements need to be 

maintained over many rotations. 

• No multi-scale approach that was proposed by any guide is sufficiently 

complete. A multi-scale management approach is critical in EM to maintain 

biodiversity and ecological processes within a given territory. Sorne good 

strategies are presented at different spatial scales, but improvements can still be 

made. For example, the scales chosen should be justified ecologically (e.g., use of 

watersheds) and targets for each retention element should be presented at various 

spatial scales (to avoid connectivity problems). 
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This review has focused on the eco logical issues of EM , particularly retention 

elements, without addressing other concerns su ch as social or eco nom ic aspects. 

Clearly, these issues also affect the way in which EM is implemented and , thus , the 

role of socio-economic concerns should be treated in future evaluations. 



CONCLUSION 

4.1 Découvertes 

La présente thèse apporte un éc lairage nouveau sur les implications de la 

rétention fo restière, en terme de beso ins éco logiques et sociaux, dans la mise en 

œuvre de l'aménagement écosystémique. À la lumière des résul tats, il semble que la 

rétention fo restière so it bel et bien un élément clé dans la mise en œuvre d' un mode 

de gestion plus durable des forêts. En effet, tel que démontré dans cette thèse, la 

rétention forestière rejoint à la fois des enjeux écologiques et soc iaux. Le chapitre 1 

démontre qu ' une modification de la quantité de la rétention forest ière à diffé rentes 

échelles spatiales et sur une longue période de temps, comme en Fi nlande, infl uence 

le maintien de la biodiversité par une modificat ion présumée des processus de 

dispersion et de persistance des espèces. Malgré qu 'au Canada la situati on so it moins 

préoccupante, des signes de changement dans la strate herbacée commencent à 

poindre. En effet, les mêmes traits de persistance que les traits des espèces sur la li ste 

rouge en Finlande sont affectés ic i même au Canada dans les plantations intensives. 

De plus, plusieurs genres, voire plusieurs espèces en danger en Finlande, se 

retrouvent dans nos forêts canadiennes (ex : Botrychium virginianum, Calypso 

bulbosa, Cypripedium acaule, Monotropa hypopitys et Monotropa uniflora). 

Il est donc primordial que cette influence soit comprise de la société civile et 

particu lièrement des gens impliqués plus étroitement dans les prises de déc ision 

concernant la forêt. À ce titre, les résultats du chapitre 2 suggèrent que la majorité des 

répondants à l'étude sont insatisfaits des pratiques de rétention et demandent plus de 

rétention forestière. Seule une partie des industriels considèrent qu'il y a 
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suffisamment de rétention et que les pratiques sont satisfaisantes. 11 est également 

encourageant de constater, grâce au chapitre 3, que les préoccupations pour la 

rétention forestière sont opérationnalisées par la mise en place de stratégies 

d'aménagement dans les guides analysés pour cette thèse. 

À la lumière des résultats, il semble que les préoccupations pour la rétention 

forestière ont dépassé les limites du milieu scientifique et sont intégrées dans les 

priorités des parties prenantes impliquées dans le processus de déc ision relatif à la 

gestion forestière. Cependant, il est difficile de juger à partir des résultats de ce projet 

de recherche si cette prise en compte des enj eux liés à la rétention forestière est due à 

un transfert de connaissance du milieu scientifique vers le milieu civique ou à une 

réflexion découlant de leur propre expérience de la forêt. Le niveau d'éducation des 

parties prenantes et leurs habitudes à consulter des sources d' information 

sc ientifiques (articles scientifiques, avis sc ientifiques, etc.) lai ssent suggérer qu ' il s 

intègrent dans leurs réflexions et leurs perceptions de la rétention des assises 

scientifiques. Les guides en aménagement écosystémique sont aussi bien supportés 

scientifiquement. D'ailleurs, autant les répondants à l'étude de cas que les guides en 

aménagement écosystémique supportent les fondements théoriques de la rétention 

forestière à plusieurs échelles de temps et d'espace, tel que présenté dans les travaux 

de Lindernmayer et Franklin (2002). Le choix d'opter pour l'émulation des 

perturbations naturelles pour planifier la rétention forestière est également signe que 

la science a percolé dans les milieux pratiques. C'est donc dire que certa ins concepts 

théoriques en écologie et en foresterie peuvent être intégrés dans la réflexion des 

parties prenantes concernant 1 'éménagement forestier. Toutefois, il faut interpréter ce 

résultat en tenant compte que les répondants à cette étude de cas étaient très éduqués. 

Toutefois, 1' opérationnal isation du maintien de la rétention à différentes 

éche lles spatiales et temporelles semble poser des problèmes. Entre autres, les 

industriels qui ont répondu au sondage semblent réticents à laisser plus de rétention à 
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diverses échelles spatiales et sur le long terme. Il s sont plutôt d'av is de vemr 

récupérer cette rétention. L'aspect temporel de la rétention est également l'élément 

qui est le plus ignoré dans l'ensemble des guides en aménagement écosystémique. Il 

semble diffi cile d'opérationnali ser le maintien de la rétention fo restière, autre que les 

aires protégées sur une période de temps supérieure à une révo lution forestière. La 

fo rêt est encore de nos jours gérée sur des échelles de temps restreintes qui ne sont 

pas touj ours compatibles avec les cyc les naturels de perturbati on. Cette lacune est 

symptomatique de la perception que nous avons de la nature. Il est à souhaiter que 

notre perception de la nature et du lien que nous entretenons avec cette dernière va 

continuer à évo luer. En tant que soc iété nous avons déjà fa it un bon bout de chemin 

en s' éloignant peu à peu de la vision essenti ell ement utilitari ste de la nature qui était 

dominante au tout début de la fo resterie. Comme le démontre cette étude, nous 

tendons vers une prise en compte de plus en plus grande de la va leur d'ex istence des 

forêts, tout en demeurant des utili sateurs de la ressource fo resti ère. 

Les résultats du chapitre 1 démontrent éga lement que l' aspect temporel est très 

important pour la flore. Si, comme en Finlande par exemple, des considérat ions pour 

l'effet à long terme de l'accumulation des conséquences (ex. : ouverture fréquente de 

la canopée) des aménagements intensifs ne sont pas pris en compte dans la 

planification à de grandes échelles spatiales, ce la ri sque de venir affecter le maintien 

de la biodi versité. L'enj eu de la conservati on des espèces est parmi les priorités de la 

grande majorité des parties prenantes et occupe une place importante dans les guides 

en aménagement écosystémique. Il est donc essentiel d'opérat ionnaliser des stratégies 

pour maintenir dans le temps et 1 'espace la rétention forestière, et ce, à des échelles 

spatiales pertinentes éco logiquement. Pour ce faire , l' ému lation des perturbations 

nature lles et la modélisation des changements globaux sont probablement à l' heure 

actuelle le meilleur gage de référence. 
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Les trois chapitres qui présentent chacune des trois étapes menant à la mise en 

œuvre d' un concept théorique proposent que l'aménagement écosystémique et plus 

particulièrement la rétention forestière est un concept avec des bases scientifiques 

pertinentes (chapitre 1 ), qui sont comprises et acceptées par une majorité des parties 

prenantes sondées (chapitre 2) et qui est opérationnalisable (chapitre 3). Il faut 

toutefois préciser que l'opérationnalisation du concept pose plusieurs défis. Entre 

autres, les industriels ne veulent pas tous nécessairement augmenter la quantité de 

rétention en raison des contraintes financières , techniques et législatives que cela 

implique. En parallèle, les groupes de parties prenantes ont exprimé leur manque de 

confiance dans la vo lonté de l'industrie et du gouvernement de changer leurs 

pratiques. De plus, les stratégies proposées pour opérationnaliser le concept de 

rétention ne sont pas encore optimales (voir propositions du chapitre 3), 

particulièrement en ce qui concerne l'aspect temporel et la prise en compte des 

changements globaux dans les orientations concernant la forêt de référence. 

Plusieurs théories en écologie et en sociologie sont sous-jacentes à ce projet de 

recherche et sont venues agrémenter la réflexion issue de l'analyse des résultats. 

Notamment, la théorie du filtre brute (Armstrong et al., 2003) mise en œuvre par 

l'émulation des perturbations naturelles, la base théorique de Lindenmayer et 

Franklin selon laquelle l'aménagement forestier doit être réalisé à des échelles spatio­

temporelles variées afin de maintenir la biodiversité (Lindenmayer et Franklin , 2002) 

. En socio logie la théorie des parties prenantes (Friedman et Miles, 2002) et la théorie 

de 1' apprentissage social (Reed et al., 201 0) ont beaucoup alimenté les réflexions 

concernant le rôle des parties prenantes dans 1 'aménagement forestier. Mais sans 

contredit la théorie de la complexité est la seule qui couvre l'ensemble des facettes de 

l'aménagement forestier (Puettmann, 2011 ). La théorie de la complexité n'a pas été 

discutée explicitement dans les trois chapitres, mais est sous-jacente à la réflexion 

entreprise concernant la recherche de solutions concernant les problématiques 

soulevées par cette thèse. Par exemple, la théorie de la complexité suggère de 
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maintenir des écosystèmes complexes (ici diverses formes de rétention à diverses 

échelles de temps et d ' espace) pour en assurer la ré si 1 ience (Puettmann et al., 2009). 

De plus, elle suggère de faire intervenir une variété d ' acteurs pour trouver des 

solutions innovantes aux problèmes de l' aménagement forestier (Lebel et al., 2006). 

Certains auteurs étudiant la théorie de la complexité suggèrent également que les 

aménagements actuels doivent tenir compte non seulement des perturbations du 

passé, mais également des perturbations actuelles et futures (Messier et al. , 20 13). 

Tous des aspects qui ont été abordés dans la thèse. 

4.2 Limites 

Les résultats obtenus dans le cadre de cette thèse présentent certaines 1 imites. 

Tout d ' abord, afin de renforcer la légitimité de la comparaison entre la Finlande et le 

Canada, il aurait été optimal de retrouver dans toutes les régions échantillonnées 

l' ensemble des différents niveaux d ' intensification des forêts. Par exemple, en 

Finlande il aurait été optimal de pouvo1r échantillonner des forêts régénérées 

naturellement, ce qui n' a pas été possible. Pour contrer ce problème des forêts 

régénérées naturellement à proximité, en Russi e, auraient pu être utilisées. Dans le 

chapitre 1, la comparaison des deux régions repose sur la prémisse que des 

écosystèmes qui ont les mêmes processus peuvent être comparés, malgré qu ' ils ne 

possèdent pas les mêmes espèces. Une validation de cette prémisse par des données 

terrain aurait bonifié l' étude. De plus, de grandes différences dans la fertilité des sols 

ont possiblement influencé les résultats . En effet, les plantations au Canada étaient 

très fe rtiles comparativement aux autres sites. En Finlande également, les sites 

n' étaient pas tous issus de la même classe de fertilité. Il aurait été bien de mieux 

contrôler cette variable. 

Le chapitre 2 est une étude de cas avec un nombre restre int de répondants, ce 

qui limite la portée des conclusions à l'aire d'étude couverte par le questionnaire. Il 

n'est pas possible de généraliser les résultats car l' échantillon n'est pas probabiliste. Il 
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aurait été intéressant de pouvoir comparer les préférences des parties prenantes dans 

les diverses régions du Québec, voire dans d ' autres provinces canadiennes. Pour ce 

faire , le questionnaire aurait pu être envoyé à 1 'ensemble des tables de concertation 

du Québec. Il se peut que des tendances régionales a ient émergé d ' une étude plus 

étendue. Toutefois, il est difficile de convaincre des bénévo les qui consacrent déjà 

beaucoup de temps à préparer et ass ister aux tables de concertation de passer 20 à 30 

minutes à remplir un questionnaire. Le questionnai re aurait pu être davantage c ibl é et 

ne pas dépasser plus de 15 minutes, ce qui aurait grandement diminué les abandons. 

Le taux de réponse est sous les valeurs généralement rencontrées pour des 

questionnaires internet, de l'ordre de plus de 50% (Dillman, 2007). Les quest ions 

concernant la proximité des parti es prenantes avec les projets de recherche dans leur 

région auraient pu être enlevées, puisqu ' elles n'ont pas été traitées. Elles ava ient été 

créées pour vo ir des différences régionales, ma is le faible effectif de répondants au 

Témiscamingue n ' a pas permis cette comparaison rég ional e. Des questions sur la 

manière selon eux d ' améliorer les pratiques de rétention aura ient été plus 

intéressantes. Ou encore des questions qui auraient permis de mieux comprendre 

1' importance de la rétention forestière comme priorité versus les autres enjeux, tel que 

le manque de pouvoir. Il est possible d ' affirmer avec une certaine assurance à la 

lumière des résultats de cette étude que la rétention forestière est un enj eu important 

pour la majorité des répondants. Toutefois, 1 'étude ne permet pas de comprendre s i la 

rétention forestière joue un rôle important au non comparativement aux autres enjeux. 

Les enjeux sont nombreux, car les besoins sont diversifiés, mais quelles parties 

prenantes et dans quelle mesure les différents groupes de parties prenantes 

influencent réellement la priorisation des enjeux? 

Le dernier chapitre met en lumière certaines stratégies de rétention fortes 

intéressantes. Toutefois, l' analyse des guides ne permet pas de juger de leur réelle 

utilisation. La plupart des guides en aménagement écosystémique comprennent des 

lignes directrices pour aider les aménagistes. lis n' ont pas force de loi . Il serait 
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intéressant d'étudier leur réelle utilisation et de voir à quel point ils ont influencé les 

pratiques forestières des dernières années. Suite à leur création, les stratégies de 

rétention doivent passer une dernière étape avant d'être mises en œuvre sur le terrain, 

soit les décisions prises par les aménagistes forestiers qui sont les responsables des 

plans d'aménagement. Certaines études ont tenté d'évaluer le succès de la mise en 

œuvre du North West Forest Plan (Rapp, 2008). Il serait maintenant intéressant de 

faire de même pour les autres gu ides et de comparer 1 'efficacité des stratégies et les 

facteurs qui influencent positivement ou négativement leur mise en œuvre. De plus, la 

présente étude se limite à l'étude des guides. Par contre, plusieurs informations 

importantes concernant la rétention se retrouvent dans les lois, guides 

complémentaires et autres documents officiels qui n'ont pas été analysés pour cette 

thèse. Le questionnaire du chapitre 2 est basé en partie sur les grands constats du 

chapitre 3 (manque de considération pour la temporalité de la rétention, manque 

d' intégration des échelles, etc.). Toutefois, le lien aurait pu être encore plus fort en 

posant des questions sur l' opérationnalisation de l'émulation des perturbations 

naturelles et le maintien de la rétention forestière. 

4.3 Propositions 

L' étude sur 1' impact du gradient d'aménagement sur les traits fonctionnels est 

intéressante, mais permet seulement d'observer les différences sans pouvoir les 

expliquer par des processus. Un portrait généra l des éléments de rétention entre les 

régions est décrit. Il aurait été intéressant de pousser plus loin la description des 

éléments de rétention (vieille forêt, massif, connectivité et aires protégées), surtout à 

l'échelle du paysage. Une description plus fine du lien entre la variation dans la 

quantité, la répartition et la qualité de la rétention dans le temps et 1 'espace et les 

variations dans les facteurs environnementaux (lumière, température, humidité, etc.) 

permettrait de mieux comprendre les processus qui sont à 1 'origine des changements 

observés. Une telle étude demanderait des dispositifs expérimentaux suivis sur une 
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longue période de temps, où les huit éléments de rétention seraient contrôlés en terme 

de qualité, de répartition et de quantité et où les facteurs environnementaux seraient 

mesurés fréquemment. 

Certaines questions posées dans le questionnaire ont ouvert une potte à la 

réflexion. Il est dommage que dans le questionnaire la question du rôle des 

institutions locales ou de la confiance par exemple n'ait pas été davantage abordée, 

afin de faire le lien avec leur appui apparent aux questions de rétention forestière. En 

d'autres mots, il s peuvent bien promouvoir plus de rétention forestière, mais ont-il s le 

pouvoir d'agir? Vu les règles de gouvernance des tables GIRT, qui ne donnent pas de 

pouvoir décisionnel aux participants, il est possible de penser que la volonté politique 

soit centrale dans l'atteinte de l'acceptabilité des parties prenantes. Si le lien de 

confiance est mince entre les parties prenantes et les aménagistes, il est fort à penser 

que la confiance des parties prenantes est fo nction de la reconnaissance de leurs 

recommendations (entre autres plus de rétention) dans les plans d'aménagement. 

Donc, dans ce cas il serait très important que les instances gouvernementales so ient 

conscientes de cela dans l'é laboration des plans d'aménagement. Une perte de 

confiance des parties prenantes envers le processus déc isionnel peut être néfaste pour 

la résilience du socio-écosystème car elle peut conduire à une diminution de la 

diversité des acteurs dans le processus. Une divers ité des acteurs, des idées et des 

intérêts défendus contribue à s'adapter et/ou rés ister à des perturbations car elle 

influence positivement la capacité d' innovation et de renouve llement du système 

(Lebel et al., 2006). Un des objectifs de l' aménagement durable des forêts est de 

favoriser la participation du plus grand nombre d'acteurs. Les résultats de la présente 

étude démontrent qu'une grande variété d'acteurs sont actue ll ement impliqués dans la 

gestion intégrée des forêts, mais tout porte à croire que leur engagement peut être 

fragilisé si le lien de confiance est miné. Il est donc recommandé pour une saine 

gestion des forêts de se préoccuper du maintien et de l' amélioration de ce lien de 
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confiance. Cette recommandation est universelle et peut s' appliquer au processus de 

gestion intégrée en général. 

Le second chapitre soulève une question intéressante : est-ce qu ' une grande 

diversité d'acteurs impliqués dans le processus de déci sion concern ant l' élaboration 

de stratégies forestières favorisera une priorisation des beso ins éco log iques? La 

présente thèse met la table pour répondre à cette question sans le faire. Pour tester 

cette hypothèse, un gradient allant d' une planification fo restière très centrali sée 

(gouvernement) à une planification fo resti ère loca le impliquant de multiples parties 

prenantes (ex. : "community forest") pourrait être comparé sur la base des trois étapes 

expliquées dans cette thèse : sur le dés ir des participants à priori ser les beso ins 

éco logiques; sur l' analyse des stratég ies d'aménagement concrètes déc idées par ces 

derniers et finalement par un sui vi sur le long te rme de l' implication des déc isions 

prises concernant la rétention forestière sur le maintien de la biodi versité (intégrité 

éco logique). Pour ce faire, un questionnaire semblable à ce lui ut il isé pour cette thèse 

pourrait être envoyé aux personnes qui ont été impliquées dans l'é laborat ion de 

guides en aménagement écosystémique et/ou encore impliquées dans une 

"community forest" , ainsi qu 'aux parties prenantes (gouvernement et industri es) 

impliquées dans un mode de gesti on traditionnel plus centralisateur. Un tel projet 

pourrait être novateur et potentiellement renforcer 1 'argument se lon lequel une 

diversité d'acteurs stabilise le socio-écosystème. 

Le passage de la fo resterie conventionnelle à l'aménagement écosystémique 

pose la question du suivi. L'objectif poursuivi par la nouvelle foresterie n' étant plus 

uniquement la production du bois, mais étant maintenant multiple (objectifs 

écologiques et sociaux), il faut dorénavant élaborer des méthodes de suivi qui seront 

en mesure de rendre compte des changements, non pas seulement de la production de 

matière ligneuse mais également des changements de biodiversité et dans les 

communautés humaines (Biumenthal et Jannink, 2000). Les suivis sont primordiaux 
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et une emphase importante est mise sur les suivis dans les guides en aménagement 

écosystémique analysés pour cette thèse . Sans planification de suivi s rigoureux et 

systématiques, comment savoir si les objectifs fixés par l' aménagement 

écosystémique seront rencontrés (ex: maintenir des populations viables in situ de 

l'ensemble des espèces indigènes et accommoder les besoins humains et leur 

occupation du territoire à l' intérieur de ces contraintes), entre autres, l' effet de plus de 

rétention . Malheureusement, le nouveau régime forestier au Québec ne semble pas 

mettre beaucoup d'importance, pour l' instant, sur les suivis humain et écologique. 

Le défi soulevé par cette thèse, à savoir : analyser les aspects écologiques et 

sociaux de la mise en œuvre d' un concept théorique, soit la rétention forestière dans 

un contexte d'aménagement écosystémique, contribue à une vision plus complète des 

dynamiques forestières. Trois grands messages issus de chacune des étapes menant à 

la mise en œuvre du concept théorique de la rétention forestière sont à retenir pour 

améliorer la gestion des forêts. 

• Tout d'abord, attention à l' intensification, car il y a un risque de perdre 

des espèces plus sensibles qui ont des traits de persistance. Ces espèces 

évoluent dans des milieux stables et apparaissent vers la fin de la 

succession forestière. Avec 1' intensification, la forêt est modifiée tous 

les 30 ans environ en forêt boréale ce qui change les conditions 

environnementales et filtre négativement les espèces de fin de 

successiOn . 

• De plus, malgré que la majorité des parties prenantes interrogée 

supportent les principes théoriques concernant la rétention forestière, il 

y a encore présence de visions opposées quant à sa mise en œuvre, soit 

le statut quo et un désir d'améliorer les pratiques de rétention. 
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• Et finalement, malgré la présentation de plusieurs stratégies novatrices, 

les guides en aménagement écosystémique di scutent trop peu de 

temporalité de la rétention forestière. Il y a également une réticence de 

la part de certains répondants de modifi er les pratiques fo restières, afin 

de laisser des éléments de rétention fo restière sur plus d' une rotation de 

coupe. 

Peu importe où une gestion forestière est pratiquée, il serait important de 

valider ces trois éléments. Le concept de rétention forestière est un concept qui fait le 

lien entre les considérations économiques, éco logiques et soc iales et qui peut 

s' appliquer dans tous les types de forêt. Il est illuso ire de penser comprendre la 

complexité de l'écosystème forestier sans y inclu re la dimension humaine. Comme il 

a été démontré dans cette thèse, au fin al ce sont des considérations humaines qui 

dictent grandement l'avenir de la forêt. 



APPENDICE A 

gLOSAIRE DES CONCEPTS 

Aménagement écosystémique: Définie comme l' interface entre les 

connaissances scientifiques à propos de 1 'écosystème et 1 ' aménagement des valeurs 

socio-pol itiques avec comme but la protection de 1' intégrité naturelle des écosystèmes 

sur le long terme (modifié de (Grumbine, 1994)). 

Rétention forestière : Dans ce document est considéré comme de la rétention 

forestière , tout élément naturel retrouvé à une ou plusieurs échelles spatiales qui sera 

maintenu pour un certain temps dans la matrice forestière, après une coupe ou une 

perturbation naturelle. Cela inclut: Bois mort au sol, chicots, arbres vivants, 

corridors, bandes riveraines, larges ilots, vieilles forêts et aires protégées. 

Résilience: Définie comme la capacité d ' un système à absorber et/ou s'adapter 

aux perturbations et persister dans le temps (même structures, fonctions et capacité 

d ' innovation et renouvellement) (modifié de (Holling, 1973 ; Lebel et al., 2006)). 

Traits fonctionnels: Définis comme "des traits morpho-physio-phénologiques 

mesurables qui ont un impact indirect sur le "fitness" via leurs effets sur la croissance, 

la reproduction et la survie d'un individu" (Yiolle et al. , 2007). 

Partie prenante ("stakeholder"): "Tout groupe ou individu qui est affecté ou qui 

peut affecter l' achèvement des objectifs d' une organisation" (Freedman et McVea, 

2001). Dans ce cas-ci, toute personne impliquée dans le processus décisionnel 

concernant la gestion des ressources forestières. 

Apprentissage social ("Social learning") : Défini comme "un processus de 

changement social dans lequel les gens apprennent les uns des autres par des moyens 
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qui peuvent bénéficier au système socio-écologique" (Reed et al. , 2010). Les gens 

apprennent de leurs interactions avec l'environnement et avec les autres participants 

(Muro et Jeffrey, 2008). 

Système socio-écologique ("social-ecological system" (SES)) : "Consiste en 

une unité bio-géo-physique et ses acteurs et institutions associés. Les systèmes socio­

écologique sont complexes et adaptatifs délimités par des limites géographiques ou 

fonctionnelles entourant des écosystèmes particuliers et leurs problématiques " 

(Glaser et al. , 20 12). 



APPENDICE B 

Questionnaire du chapitre 3 
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Ce questionnaire porte sur les priorités et va leurs associées à la forêt et plus particulièrement à la rétention forestière. 
ce qui signifie , tout ce qui n'est pas prélevé suite à l'aménagement forestier. Cela inclus: le bois mort au sol. les chicots. 
les îlots , les massifs. les aires protégées. les bandes riveraines, les corridors et les vieilles forêts. Nous vou lons mieux 
comprendre quelles sont les divergences entre les priorités et valeurs des parties prenantes et celles des scientifiques. 
afin de mieux intégrer de part et d'autres les priorités et valeurs de chacun. 

De plus, le manque de transfert des connaissances issue de la science est souvent décrié par les utilisateurs de la forêt. 
Par cette recherche nous tentons de mieux comprendre comment s'effectue ce transfert des connaissances et quelles 
sont les lacunes. Votre participation est cruciale dans l'atteinte de l'objectif premier de ce questionnaire qui est de 
favoriser les interactions entre le développement des connaissances scientifiques et leur utilisation lors de la mise en 
œuvre de stratégies d'aménagement. 

Ce questionnaire comporte 5 parties: 

Partie 1: Priorités et valeurs associées à la forêt 
Partie 2: Priorités et valeurs associées à la rétention forestière 
Partie 3: Famil iarité avec la recherche 
Partie 4: Utilisation de la forêt 
Partie 5: Données socio-èconomiques 

Le questionnaire prend environ 20 min à compléter et vous avez jusqu'au 25 janvier 20 13 pour le remplir. Une foi s le 
questionnaire terminé, il nous sera acheminé automatiquement par voie électronique. 

N'oubliez pas qu'il n'y a pas de bonnes ou de mauvaises réponses; choisissez les réponses qui résument bien votre 
srtuation ou votre opinion. 

Page de consentement 

AVANTAGES, RISQUES ET DÉSAVANTAGES: D'un point de vue individuel, participer à cette recherch e vous pem1ettra 
d'exprimer vos priorités et valeurs en tem1es d'aménagement forestier et de participer à un dialogue entre scientifiques et 
acteu rs du milieu. Plus généralement. votre participation nous pem1ettra de mieux comprendre les différences et points 
communs entre les priorités et valeurs des sc ientifiques et ceux des parties prenantes. Elle permettra également de 
proposer des pistes de solutions pour améliorer les transferts de connaissances d'un mi lieu à l'aLrtre. Aucune 
rémunération ou compensation d'aucune sorte n'est associée à votre participation. Participer à cette recherche ne 
présente pas de risque ou de désavantage. 

DROIT DE RETRAIT: Votre participation reste complètement volontaire. Vous pouvez vous retirer à n'importe quel 
moment par une annonce verbale, sans préjudice et sans avoir à justifier votre décision. Si vous décidez de vous reti rer. 
vous pouvez communiquer avec la représentante par téléphone au numéro mentionné ci-bas. Si vous en décidez ainsi. 
les données récoltées lors de votre entretien seront détruites . 

CONFIDENTIALITÉ ET DIVULGATION DES RÉSUL l ATS: Le questionnaire est anonyme Votre Identité ne pourra en 
aucun cas être relié aux résultats de ce questionnaire. Seuls les chercheurs mentionnés plus bas au ront accès aux 
infom1ations. Les données récoltées seront gardées sous format électronique seulement dans les ordinateurs de ces 
mêmes chercheurs. Ces résultats constitueront essentiellement une base pour des articles et présentations 
scientifiques. De plus, à la demande des utilisateurs des tables de concertation, une rencontre de diffusion des résultats 
pourra être organisée. Le CRSNG a participé au financement de ce projet de recherche. 

APPROBATION ÉTHIQUE: Le Comité institutionnel d'éthique de la recherche avec des êtres humains de I'UQAM a 
apprOLrvé le projet de recherche auquel vous allez participer (no 701551). Pour des informations concernant les 
responsabilités de l'équipe de recherche au plan de l'éthique de la recherche avec des êtres humains ou pour formu ler 
une plainte. vous pouvez contacter la présidence du Comrté, par l'intermédiaire de son secrétariat au numéro (514) 987-
3000 # 7753 ou par counriel à CIEREH@UQAM.CA 



Chercheurs également impliqués dans le projet: 
Daniel kneeshaw, professeur à l'Université du Québec à Montréal, Te l 514-987-3000 poste 4480, 
kneesh::wl_daniel@uqam.ca, 
Stephen Wyatt, professeur adjoint à l'Université de 1•iloncton, campus d'Edmundston. Tel : 506-737-5373 , 
stephen.wyatt@umoncton.ca _ 
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Christian Messier. â l'Université du Québec â Montréal, Tel : 514-987-3000 poste 4009. messier.christian@uqam.ca 

* 1. En cliquant sur le bouton "ACCEPTER" au bas de la page vous déclarez; 1) avoir lu 

les informations ci-haut, 2) obtenu des réponses à vos questions sur votre participation y 

compris l'objectif, la nature, les risques, les avantages et désavantages de participer à 

cette recherche. Vous consentez librement à participer à cette recherche. Vous êtes 

conscient que vous pouvez vous retirer à n'importe quel moment sans préjudice et sans 

avoir à justifier votre décision. 

Pour débuter le questionnaire veuillez, S.V.P., cocher la case "ACCEPTER". 

("' ACC EPTER 

(' REFUSER 

2. À quel(s) groupe(s) suivant(s) appartenez-vous? Cochez LA ou LES bonne(s) catégorie 

(s). 

r Chercheur Membre d ' u n~ ZEC 

r" Membre d'une assoc1a:tion de vill-égiateurs Membre d'une communauté autochtone 

Ville.giateurs sans être membr~ d'une assocsation ;- Travailleur gouvernemental au sein du MR NF ou MDDEFP 

r Membre d'une assoc,a 'on de pêche. cha sse Oi.J ple in~'ti r r TravaeBeur gouvernemental au se in d 'un autre mm istère 

r Pratique la pêche, chasse ou p lein-air sans être memb.re d'une r- Travailleur d'une mumcipalitè ou d'une MRC 

association 
r- Pourvoye1..11 

t- Membre d·une assoCiation ou organisme .i but non luc rati f en 
t""' Tra..,.ai lle ur du domaine rE-crëotou nstique 

environneme-nt 

T ravatlleur de nndustrie fore s1ière en terre publique ,.. Aucun de oes groupes 

,.... Travai lleur de lïndustrie fo res tière en terre pnvee 

r Tra'la ill etJ r au sein d ' ne ZEC 

Autre (veuitlez preciser) 



3. Siégez-vous sur une table de concertation? 

(' Oui 

r Non: 

4. Dans quelle région siégez-vous sur une table de concertation? 

Mauricie 

(' T-émisc.Jmingu-e 

Autre (v e-uillez précise l 

Partie 1 : Priorités et valeurs associées à la forêt 

5. En considérant la forêt au Québec, classez les utilisations 

suivantes par ordre d'importance. Cochez «1 n à côté de 

l'utilisation que vous considérez comme la plus importante, 

«21) à côté de celle que vous classez au second rang, et ainsi 

de suite, jusqu'à ce que tous les énoncés aient été classés (de 

1 à 5). 

Comme source d'emplois et de richess-e r r r 
economique 

Comme mihe-u de loisirs et de détente 

Comme milieu de protection pour 

l'eau. l'air et le sol 

Comme mi lie 'U de vie an imale et r r c .~ 

végétale 

Comme source de gibier, de bois de ,. (" r 
chauff..J~ge, de p&tits fruits et autres 

produits forestieJS no.n lign-eux 

Partie 1 : Priorités et valeurs associées à la forêt 

11 4 
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6. Selon vous, quelles sont les priorités concernant la gestion de la forêt. Veuillez cocher 4 

des options suivantes que vous jugez les plus prioritaires. 

r- creation d'emplois 

l Conservation 

D€c€ntratis.ation (Gestion régionale) 

r Gestion multi-resscurces {pa-s seulement basé S.Uf l'exploita tion 

du bois ) 

r- G@nérer des profits issue de l'exploltation de la forêt 

Autre (veuillez préciser) 

Oo?·4elopp.er de nooveau"X produits forestiers transfOffilés en 

rê gion 

,.... Amel ior-er l'accessibilité à la forêt. par plus de chemins orestlers 

c.irrossables 

r Limi te.r la création de chemi ns en forê t 

r- Intégre r d."'vantage les pa r1i es pre nantes dans les décis ion s 

concernant ta forêt 

7. Selon vous, qu'est-ce qui freine la mise en œuvre de vos priorités énoncées à la 

question précédente concernant la gestion des forêts? Veuillez cochez( "~ ) TOUS les 

éléments que vous jugez être un frein. 

r Manque de données socio-économiques (Ex: emplois) 

r Manque de données bio-physiques (Ex : 'IOiume de b-()(S) 

r- Manque de données sci"?ntifiques (Ex· impacts des ch.a ngemems 

c.l imïJtiques) 

Lëgislations trcp rigides 

r- Manqu e d~ moyens finan ciers 

Autre (veuillez prèciser) 

Ma nque de volonte gouvernementale 

Ma nque de v olonté d e la part de !"i ndustrie 

r Manque de ressources en reg1on (Ex. per sonnel qualifié} 

J R1en ne freme la mise en œu~re 

Partie 1 : Priorités et valeurs associées à la forêt 
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8. Comment voyez-vous la forêt? Veuillez indiquer dans quelle mesure vous êtes en 

accord ou en désaccord avec CHACUNE des affirmations suivantes. 
Tout à fai t 

En Tout à fai t 
en 

dés3ccord 
dês.accord 

eu re En accord en acco:-d Ne sais pas 

Les. forêts nou-s p-ermett-ent de nous sentir près de la nature . 

L'r.rti l i saOOn prem · re des fo rè-;s devrait è tr€ la prod uction de p duits qui 

son~ utiles à l'homm-e . 

Malgrè que je ne vi'Site pas les forêts aussi souvent que je l'aime.rais. 11 est 

important de savoir qu-e les foréts exist€nt au Quëbec. 

Les f.orê-ts qui ne sont pas ut:Ji isèes par l'homme sont un gas~llage de nos 

ressourœs naturelles. 

Les humains devraient avoir plus de resp~t et d'admiration pour nos 

folits . 

Les tarets ressourcent l'esprit h:umain. 

Les nombreux usages de la forêt (foresterie, chasse, récréation, etc) 

devraient être réali sés sur le ph.1s de forêts publics possi~e . 

Î 

Les fu-rêts sont des endroits sacré-es. C 

Il est important de préserver nos forêts afin que le'S génêtations futures r· 
puissent joui r des mêmes b@.néfices dont nous joutssons. 

Les forêts doivent être géré-es pour répondre au :< besoin s du plus gra nd 

nombre de personnes possibl-e . 

Les fon~·ts donnent aux humains un sent iment de paix et de bien-être. 

Si les foré s r.e s.ont pas menacées. nous. devons les utilis~ pour 

amétiorer la qualitè de vie des humains. 

Soustra ire de l'exploitation forestière certaines forêts n'est pas 

souhaitable si cela implique une baisse dans les salaires ou une ba1sse 

dans le nombre -d'empl01s . 

r 

Partie 2 : Priorités et valeurs associées à la rétentio ••• 

r (' 

(' 

c 
(' 

Les questions relati ves à la section 2 se réfèrent aux pratiques actuelles (avant 2013) d'aménagement de la S3pinière et 
la pessière. Répondez selon vos impressions. 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
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9. Veuillez indiquer dans quelle mesure vous trouvez que le pourcentage de territoires en 

aires protégées est satisfaisant ou non. 

Dans le cadre de ce questionnaire une AIRE PROTÉGÉE est définis comme une zone 

géographiquement délimitée où l'exploitation minière et forestière est interdite et où 

l'objectif premier est la conservation. Par exemple, les ZEC ainsi que les réserves 

fauniques ne sont pas des aires protégées suivant cette définition. 

r Trës Insatisfaisant 

(" Ass-ez insatisfaisant 

Ni s.a tlsfaisanl, ni m-satisfa isant 

AsY'-Z satisfa:~sant 

Très satis·faisant 

r Je ne sais oas 

Partie 2 :Priorités et valeurs associées à la rétention ... 

10. Veuillez indiquer à quel point il est prioritaire pour vous d'augmenter le pourcentage de 

territoires en aires protégées. 

t"" Non prioritaire 

Peu priorita•re 

Pnonta ire 

r Très p.riori aire 

Je ne sais pas 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
1 
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11. Selon vous, qu'est-ce qui freine la mise en œuvre de l'augmentation du pourcentage 

de territoires en aires protégées? Veuillez cochez(' ) TOUS les éléments que vous jugez 

étre un frein. 

Manque de données s.ocio-écono-mîques (Ex: emplots ) 

Manque de donnêes bio-physiques (Ex : volume de bos) 

r- Manque de donnëes setentifiques (Ex: 1moacts des changements ch m...~ ques) 

r Législations tro-p rigides 

r Manque de moyens finan ciers 

r" Manque de vo lonte gouvernementate 

r--- Manque de volon é de la par1 de l'industne 

r- Manq ue de re-ssources en region (E x: personnel quahfie.) 

r Rien ne freine la mise en œuvre 

Autre (veuillez preciser) 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

12. Veuillez indiquer dans quelle mesure vous trouvez que suite à une coupe, le 

pourcentage d'arbres vivants laissé sur le parterre de coupe est satisfaisant ou non. 

r Très insa:isfaisant 

Ass-ez tnsabsfaisant 

Nt sa sfatsant. nt msatJsfats.ant 

Assez satista sant 

<"' Trës sabsfa is..."lnt 

Je ne sais pas 

Îlot d'arbres vivants sur un parterre de coupe 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
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13. Veuillez indiquer à quel point il est prioritaire pour vous d'augmenter le pourcentage 

d'arbres vivants laissés après coupe. 

t"'" Non pnoritaire 

t' Peu prior i1a1re 

Prioritaire 

(" Très p.rioriïa ire 

r Je ne sais pa-s 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

14. Selon vous, qu'est-ce qui freine la mise en œuvre de l'augmentation du pourcentage 

d'arbres vivants laissés après coupe? Veuillez cochez(' ) TOUS les éléments que vous 

jugez être un frein. 

J ManqLte d~ donn.ées socio·économi ques (Ex: emplois) 

Ï Manque de donnêes bio-physiques (Ex: volume de bois) 

r Manque de donné-es sd enttfiques (E w..: tm.pactsdes changements chma1 ues ) 

ï' Lëgislations trcp rigides 

r Manque de moyens financiers 

r Manque de voJontè gouvernementale 

r Manque de volonté de la pan de l'industne 

r Manque de ressources en rêgicn (Ex: p"?(Sonnel quahfiÈ) 

Ï Rten ne freine la mise en œu'o're 

Autre (ve uillez preciser) 

Partie 2 :Priorités et valeurs associées à la rétention ... 
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15. Veuillez indiquer dans quelle mesure vous trouvez que les pratiques concernant le 

maintient des vieilles forêts est satisfaisant ou non. 

Comme vous pouvez le voir sur la photo plus bas, une VIEILLE FORÊT est une forêt 

suffisamment âgée pour qu"une partie des arbres commencent à mourir et que des jeunes 

arbres commencent à pousser en sous-étage. 

(" Tres insatisfaisant 

r As~z insabsfais.ant 

Ni sa sfaisant. ni ms.atisbisam 

C' Assez satisfaisant 

r Tres satisfaisant 

e ne sais p.l'S 

Vieille forêt 
Photo de Philippe Cadieux 

Partie 2 :Priorités et valeurs associées à la rétention ... 

16. Veuillez indiquer à quel point il est prioritaire pour vous d"augmenter le pourcentage de 

vieilles forêts maintenues sur le territoire. 

r Non prio ri t1.1ire 

Peu orio ritJire 

Priontaire 

Trê-s prioritaire 

Je ne sais pas 
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17. Selon vous, qu'est-ce qui freine la mise en œuvre du maintien d'un plus grand 

pourcentage de vieilles forêts sur le territoire? Veuillez cochez( ' ) TOUS les éléments que 

vous jugez être un frein. 

r Manque d~ donn~es socicrëconomiques (Ex: emplors ) 

l M.:mque de donnê<es bio-physiques (Ex: volume de b01s} 

r Manque de donnêes s~enttfiq ues (Ek..: 1mpads des changements elima ·ques) 

r L egislations trcp rigides 

r Manque de moyens financiers 

r Manque de volonté gouvernementale 

r Manque de v otom é de la pa!t de l'industne 

r Manque de ressources en regi en (Ex: personnel qualifië) 

r R1en ne freine ta mise en œuvre 

Autre (-.•euillez precise-r) 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

18. Veuillez indiquer dans quelle mesure vous trouvez que les pratiques actuelles 

concernant la connectivité du territoire sont satisfaisantes ou non. 

Comme vous pouvez le voir sur la photo plus bas, la CONNECTIVITÉ représente le degré 
de liaison entre plusieurs îlots de forêt dans un paysage fragmenté. 

(" Trës insatisfats.an tes 

f" Assez insatl sfaisan es 

f" Ni sa::isfaisantes. ni insatisfaisantes 

r Assez s.atisfai s.antes 

f"' Trës sa1isf.lisa."ltes 

r Je ne sais pas 
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Paysage forestier fragmenté 

Photo de JF Côté Bowater Produits Forestiers du Canada 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

19. Veuillez indiquer à quel point il est prioritaire pour vous d'améliorer les pratiques 

concernant la connectivité du territoire. 

(' Non pnorita ire 

,... Peu o ioritatre 

Priontaire 

r Très p-rioritaire 

l" Je ne sais pas 

Partie 2 : Priorités et valeurs associées à la rétentio ••• 

20. Selon vous, qu'est-ce qui freine l'amélioration des pratiques concernant la connectivité 

du territoire? Veuillez cochez(\ ) TOUS les éléments que vous jugez être un frein. 

r- Manque de eton nées socio-économiques (Ex: emplois} 

l'""" Manque de donnë<?s bio·physiques (Ex: volume de boes} 

r Ma qu-e de donnêes scientffiques (Ex: impacts des changements cltmat,qtJes ) 

r Legislations trcp rigides 

~ Manque de moyens financiers 

r Manque de vo lontè: SOU'Iernementale 

Manque de volont-é de la part de findustne 

r- Manque de ressource·s ~ rêgion (Ex: personnel quahfië} 

r- Rien ne freine ta mise en œuvre 

Autre (veuillez preciser) 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
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21. Veuillez indiquer dans quelle mesure vous trouvez que les pratiques actuelles 

concernant les grands massifs forestiers sont satisfaisantes ou non. 

Un MASSIF FORESTIER est définis par le MRN comme un territoire de plus de 30 km2, de 

forme compacte, qui contient plus de 70% de peuplements forestiers matures. 

Très insa sfa'fS.antes 

Assez insatisfaisantes 

r· Ni satisfaisantes. ni insatisfais.:;;ntes 

~""- As'SQ....Z satisfaisante-s 

Très satisfaisante-s 

Je ne s.ais pas 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

22. Veuillez indiquer à quel point il est prioritaire pour vous d'améliorer les pratiques 

concernant les grands massifs forestiers. 

1" Non pnori to ire 

("' Peu p rioritaire 

t· Pnorrtaire 

Très p-rioritaire 

(" Je ne :sa is pas 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
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23. Selon vous, qu'est-ce qui freine l'amélioration des pratiques concernant les grands 

massifs forestiers? Veuillez cochez (v) TOUS les éléments que vous jugez être un frein. 

Ï Manque de données socio-économiques (Ex: emplois) 

r Manque- de dcnnée·s bio-physiques (Ex : volume de bo1s} 

r Manque de données sctentffiques (Ex: 1mpac1s des change-ments cllmahques ) 

r Legislations trop rigides 

r- Manque de moyens financiers 

r Manque de volontE.> ~ouvernem-entale 

f Manque de volont.é de la part de l'industrie 

r Manque de ressources e-n région (Ex: personnel qual ifié) 

r Rjen ne freine la mise Efl œuvre 

Autre (veuillez priciser) 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

24. Veuillez indiquer dans quelle mesure vous trouvez que les pratiques actuelles 

concernant les bandes riveraines sont satisfaisantes ou non. 

Dans le cadre de ce questionnaire une BANDE RIVERAINE, telle que montrée sur la photo 

ci-dessous, est définis comme une zone de végétation qui est maintenue après coupe, 

d'une largeur variable (généralement 20 rn) entre le milieu aquatique et le milieu terrestre. 

t Trës insabsfars.antes 

l~ Assez insatisfaisantes 

r Ni satisfaisantes. ni insat isfaisanles 

r Assez satisfais.ante.s. 

f' Trés satisfaisante-s 

("' Je ne sais pas 
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Bande riveraine 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

25. Veuillez indiquer à quel point il est prioritaire pour vous d'améliorer les pratiques 
concernant les bandes riveraines. 

Non prioritaire 

('" Pe u priorita1re 

Pricntaire 

Très prioritaire 

e ne sai s pas 

Partie 2 : Priorités et valeurs associées à la rétentio ••• 

26. Selon vous, qu'est-ce qui freine l'amélioration des pratiques concernant les bande 

riveraines? Veuillez cochez( \ ) TOUS les éléments que vous jugez être un frein. 

r- Manque d-e donn~es socio-€conomiques ~ Ex: emplois } 

,.... Manque de c:fonnëes bio-physiques (Ex: volume de bo;s ) 

Manque de donne es scientifiques (E.x~ 1mpacts des changements c limabques) 

r- Lègislations tro-p rigides 

t- Manque de moyens financiers 

f""" Manque de volonté gouvernemem.:~ •e 

r- Manque de volonté de la par1 de l'industne 

Manque de ressources en rêgion (Ex: personnel qualffié) 

Rien ne f reine la mise en œuvre 

Autre (veuillez préciser) 
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Partie 2 : Priorités et valeurs associées à la rétentio ... 

27. Veuillez indiquer dans quelle mesure vous trouvez que les pratiques actuelles 

concernant le bois mort au sol sont satisfaisantes ou non. 

Le BOIS MORT AU SOL est définis par le MRN comme tout arbre, branche ou déchet de 

coupe qui jonche le sol, en tout ou en partie, ainsi que les rameaux et les ramilles encore 
attachés à ces branches. On inclus aussi dans les débris ligneux, les arbres chablis, les 

souches de moins de 1.3 rn de hauteur, les troncs ou billots décomposés ou non, et toute 

autre portion de tige arrachée lors d'une perturbation quelconque. 

,- Tres insatisfars.antes 

(' As5<>z insati>fai>ant"> 

("' Ni sacisfais..."1ntes, ni i.nsatisfaisan1~s 

t.. AssP...z satis ai S.."lmes 

Très satisf.:tisa.ntes 

Je ne s.ais oas 

Bois mort 

Partie 2 : Priorités et valeurs associées à la rétentio ••• 

28. Veuillez indiquer à quel point il est prioritaire pour vous d'améliorer les pratiques 
concernant le bois mort au sol. 

Nol"' pncritaire 

,.. Peu prioritatre 

Pncritaire 

Très prioritai re 

r:"' Je ne sais pas 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
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29. Selon vous, qu'est-ce qui freine l'amélioration des pratiques concernant le bois mort 

au sol? Veuillez cochez ('• ) TOUS les éléments que vous jugez être un frein. 

r- Manque d~ donn-ées socio·E-conomiques (E x: emplois) 

,- Manque d e donnees bio-physiques (Ex: l.'olume de b-O'ls) 

r- Manque de donnees se1entffiques (Ex : impacts des changements climatiques ) 

r"" L@g islations trop rigides 

r"" Manque de moyens fin anciers 

r- Manque de vo lonte gouvernementale 

; Manque de volon:!? de la part de t'industri e 

:- Manque de ressources e.n r@g ioo (Ex: personnel quahfié) 

,_ R1en ne frei ne la mise en œuvre 

Autre (veuillez préciser ) 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

30. Veuillez indiquer dans quelle mesure vous trouvez que les pratiques actuelles 

concernant les chicots sont satisfaisantes ou non. 

les CHICOTS sont définis par le MRN comme toute tige morte, sur pied, entière ou non, 

dont la plupart des racines restent attachées au sol. 

t' Très insatisfals.antes 

("' A.ss.ez rnsatlsfars.:m~es 

r Ni s.a tisfais.antes. ni insatis aisantes 

AsSQ-Z satisfaisantes 

{"' Trés satisfaisa.me·s 

r Je ne sa is pas 

Chicot 



128 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

31. Veuillez indiquer à quel point il est prioritaire pour vous d'améliorer les pratiques 

concernant les chicots. 

(' Non prio ritaire 

Peu priori taire 

r Priontaire 

(' Très prioritaire 

.~ Je ne sais pas 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

32. Selon vous, qu'est-ce qui freine l'amélioration des pratiques concernant les chicots? 

Veuillez cochez(\) TOUS les éléments que vous jugez être un frein. 

r Manaue de données socio-économi ques (Ex: emplois) 

("" Manq ue de donne.o:s bio-physiques (Ex : IJolume de- bo1s ) 

r Manque de donnée-s s~ntifique s (Ex: impacts des chang em ents chmauques ) 

r Legislations troo rigides 

l Manque de moyens financiers 

r Manque de volonté gc-uv ernementale 

r Manq ue de votonté de la part d -e l'industne 

l Manque d e ressources en régicn ( E x: pef'Sonnel qu.J.Itfii> ) 

Ï" Rten ne freine la mise en œvvre 

Autre ('.' euiflez préciser ) 

Partie 2 : Priorités et valeurs associées à la rétentio ••• 
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33. Nous utilisons le terme 11 rétention forestière n pour englober plusieurs façons de 

maintenir les aires non-coupées lors d'une opération de récolte forestière, telles que les 

bandes riveraines, les aires protégées, les veilles forêts, etc. Veuillez indiquez dans quelle 

mesure vous êtes en accord ou en désaccord avec CHACUNE des affirmations suivantes. 
Tout à f.:ût 

En Tou1.l fait 
en Neutre En accord Ne sa1s pas 

désaccord en acco.rd 
désaccord 

PltJs de rétention forestière est necessaire. Î , .. ,-
Plus de rétention forestière represente un rem ~1 l'exploit.3t:Jon rentable ,. (" (* (" 

des r-essou.rces de la forêt. 

Les. ai res prot@gées sont suffisantes pour maint-enir la: b~di.,.ers ité . 

Setlles les aires protégêes devraient ëtre conservè-es sur plusieurs 

rotations de coupe. 

Si les Îlots ont été maintenus lors d'une récolte. il est acceptable de (' r ("' (" 

retourner pour les couper 20 ans plus tard 

Il est essentiel de planifier l'aménagement sur p lu s qu 'une rota on de r r (" (' 

coup-e afin de s'assurer que le-s éléments de rétention maintenus 

rempl issent leur rële é-cologiques 

Une approche d'aménagement mufti-échel~e (temporelle et spatial-e) est ... , . (' 1"' 

nécessaire pour maintenir la blodiversdtè et Jes processus écologtques . 

les normes du règ•me forestier ne sont pas suffisamment flexib les et ' (" r ("' 

complètes poor mainteni r la. variab ih éna urel 

Il est préférable de divi ser les unités d 'aménage-ment selon les bassins r (" r (" 

versants. 

Partie 2 : Priorités et valeurs associées à la rétentio ... 

34. Veuillez indiquer dans quelle mesure vous êtes en accord ou en désaccord avec 

l'affirmation suivante: 

.~ 

t' 

c 

(" 

·n y a un problème de manque de confiance de la part de la population régionale envers 

les compagnies qui aménagent la forêt. n 

Tour .i:t fait en desaccord 

r En désao::::ord 

Neutre 

En accord 

Tout à fait en accord 

Ne sais pas 

Partie 2 : Priorités et valeurs associées à la rétentio ... 
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35. Veuillez indiquer dans quelle mesure vous êtes en accord ou en désaccord avec 

l'affirmation suivante: 

"Davantage de rétention forestière (i.e., plus d'aires protégées, conservation de vieilles 

forêts, laisser plus d'arbres vivants après coupe, etc) peut améliorer la confiance de la 

population régionale envers les compagnies qui aménagent la forêt." 

r Tout 3 fan en désaccord 

(' En desaoeo-rd 

t' Neutre 

r En accord 

t" To ut à fa. it en a ccord 

f"" Ne sais pas 

Partie 3: Familiarité avec recherche 
1 

36. Êtes-vous au courant si un projet collaboratif entre scientifiques et intervenants 

régionaux concernant la gestion forestière a eu cours dans votre région? Ou si vous êtes 

un chercheur, avez-vous déjà participé à un tel projet? 

Oui 

Partie 3: Familiarité avec recherche 

37. Quel est le nom de ce projet? 

38. Quel est son objectif? 

J 
39. Avez-vous participé à des activités en l ien avec ce projet (visites de terrain, 

conférences, colloques etc)? 

Oui 

Non 

Partie 3: Familiarité avec recherche 
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40. lors de ces activités avez-vous acquis de nouvelles connaissances? 

(" Oui 

\ Non 

Partie 3: Familiarité avec recherche 

41. Sur quels thèmes avez-vous acquis ces connaissances? 

Partie 3: Familiarité avec recherche 

42. Vos priorités en terme d'aménagement des forêts ont-elles été influencées par la 

participation à un tel projet collaboratif? 

G randemen t ~nfluencées 

(" Legèrement mfluencées 

,... Pas ... raiment influe ncées 

Pas du tout influencées 

(" Je ne sais pas 

Partie 3: Familiarité avec recherche 

43. Si vous avez besoin d'informations particulières, connaissez-vous un chercheur 

universitaire ou gouvernemental assez bien pour pouvoir lui téléphoner? 

.-.. Oui 

(" Non 

Partie 3: Familiarité avec recherche 
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44. Quels types de sources tirez-vous vos informations par rapport à l'aménagement des 

forêts? Veuillez sélectionner TOUS les types de sources que vous consultez dans une 

année. 

Communications institutionnelles ................................. Communications médiatiques et 

personnelles ................................ Communications scientifiques 

r- Sit-e in ternet d'ONG e nvironnemental 

(Gre-enpeaoe. etc ) 

r Site internet gouvernemental {MRNF. 

MDDEP. etc..) 

r Site internet d'industne (Resolut. 

Temb~ etc.) 

r Site internet d"organismes rêgK>naux 

r Brocl'ture corporative (ï embec. Resolut. 

etc. ) 

r Fiche technique 

r M~moi re d'une consultation publtque 

r Rapport d 'entreprise (Tembec. Resolut. 

etc.) 

.,...... Rapport go-uvernemental (MRNF. 

MDDEP. etc .) 

f"""' Vis1 e sur terrain avec une ins tution 

r Films documentaires (Erreur boreale . 

etc. } 

r re 

r Tèlêvision 

r Journal réglonal 

Ï Jou mal naticnal (la Press. le Soleil 

etc.) 

r" Coltègu'=s 

r Patrons 

r A.mislvoisms 

r Parenté 

Partie 3: Familiarité avec recherche 

~ Ani cle scie nt1fique 

r- Avis s(:{entiflque (rapport ) 

Anicle de vulga isation s entifique 

{Quêbec SCience etc .) 

.- S5te internet de vulgarisauon 

scie ntifi que 

Conf €o rence scientrfique 

r- Go nference de v ulga nsation sdenti que 

r V1site sur le terrain avec un chercheur 

At-el ters scientifiques 

45. Veuillez indiquer dans quelle mesure vous êtes en accord ou en désaccord avec 

l'affirmation suivante. 

·À chaque année, plusieurs millions de dollars sont dépensés en recherche dans le milieu 

forestier. Par contre, les résultats de ces recherches sont trop souvent méconnus par les 

utilisateurs potentiels de ces résultats" 

Tout à fan en d-é saçcord 

r· En dësaocord 

l"' Neutre 

En accord 

("" Tout 3 fait en accord 

Nes.ais pas 

Partie 4 : Utilisation de la forêt 
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46. Veuillez cochez(-' ) TOUS les types de forêts que vous fréquentez habituellement au 

cours d'une année. 

r Parcs provi.netaux ou air-es pro~ég4es 

f Parcs fêdérau x 

r- Foréts privée-s 

Terres publ1ques aménagées par les compagmes forestières 

r- Forêts situées .3 !'"inti? rieu r des limites municipa les 

r- ZEC 

r Je · ~o•i site d.es forêts . mais je ne sais pas a qui elle-s appartiennent 

i Aucune des options p ëcëdemes. je ne vi site aucune forêt 

Autres ty~s de forêts (orécisez s.v.p.) 

Partie 4 : Utilisation de la forêt 

47. Veuillez indiquer les activités que vous pratiquez habituellement en forêt au cours 

d'une année. Cochez(···) TOUTES les activités qui s'appliquent. 

r Pique-niqu"" 

1 Ou atre roues ou VTT 

r- Ornit..,.ologie 

i Cancè. kayak cu canotage de p~aisance 

f Camping 

r- Chasse 

r- Marche. randonnèe oédestre 

Motoneige 

r sk; 

1 Sèjour dans un camp ou un chatet 

r- Pêche 

e ne partie1pe a aucune de ces a 'vltês 

Autre-(s) (pr@.cisez) 

Parie 5 : Données socio-économiques 

-------·------ - - ----------------------------------------------------



48. Quel est votre sexe ? 

(' Homme 

r Femme 

49. Quel est votre âge ? 

(" Moins d-e 25 ans 

,.. 25-34 ans 

r 35-44 ans 

(' 45-54 ans 

[' 55-64 ans 

("' 65-74 ans 

{"'- 75 ans ou plus 

Parie 5 : Données socio-économiques 

50. Êtes-vous : 

<"" Travai lleu r à p lein temps, à l 'année longue 

(" Travai lleur saisonnier à temps plein 

Travailleur à temps pa rtiel. à l'année longue 

l Tr.J v.s illeur saisonnier 3 temps partie.J 

c• À la retraite 

Autre (veuillez prE-ciser} 

Partie 5 : Données socio-économiques 

51. Quel niveau d'études avez-vous atteint: 

r Secondaire 5 non com~étè 

Secondaire 5 complété 

r· DEC 3 U CEGEP 

l"' Baccalauréat 

Otplôme d'études supéneures 

134 
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52. Quel est votre revenu annuel avant impôt? 

Moins de 20 000 S 

20 000- 539 QQQ S 

("' 4 0 OOO-S5Q ggg S 

(' 60 000--SQQ ggg S 

~.., 100 000 $ ou plus 

53. Avez-vous des commentaires supplémentaires ou des préoccupations que vous 

aimeriez inscrire au sujet de la gestion des forêts ou plus particulièrement sur la rétention 

forestière (i.e., aires protégées, massifs, bois mort, etc)? 

Fin du questionnaire 

Merci d'avoir participé à ce sondage! 

Si vous voulez connaître les résultats de ce sondage quand ils seront publiés, veuillez communiquer avec : 

Cynthia Patry, 
Candidate au doctorat en sciences de l'environnement, 
Centre d'étude de la forët 
Université du Québec à Montréal 
Case postale BBBB, suce. Centre-vllle, 
Montréal (Qc) 
Canada (H3C 3P8) 
Téléphone: (506) 987-3000 poste 6936 
Fax : 1-514-987-4647 

Subventionné par le CRSNG 

lf'l/4. CRSNG 
\iJ NSEIIC 
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