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General

The hardwood forest subzone in Québec covers 110,000 km2 in the extreme south of the province, or 15%
of the forested area. It contains a wide range of species but is dominated by northern hardwoods. Sugar
maple stands are the most widespread forest type. Softwood stands, such as hemlock, white pine and red
pine, are found infrequently. Easily accessible, this forest offers people a wide range of outdoor activities.
This hardwood subzone plays an important economic role by supplying high-quality timber and maple syrup.
The merchantable volume of high-density hardwoods is estimated at one billion cubic metres and the
annual allowable cut is estimated at nearly 7.8 million m3. These hardwoods are processed by many veneer
mills, sawmills, and pulp and paper mills distributed throughout the area

The hardwood forest covers the most populated portion of Québec and contains great natural wealth, which
bestows it with inestimable value. This vast zone nevertheless underwent the effect of colonization. Cutting prac-
tices that were not always adapted to the natural stand dynamics greatly reduced their timber production
potential.

The harvesting method called “diameter limit cutting” was the most commonly used method in hardwood
and pine forests. At that time the forest was seen as an inexhaustible resource. Because of its proximity to
inhabited areas, the hardwood forest was often subject to consecutive partial cuts, where the most valuable
species (red oak, yellow birch, sugar maple) were systematically harvested. This practice, which in many
cases left poor quality trees standing (Robitaille and Boivin 1987), had the effect of lowering the potential
of a stand. It also caused regeneration problems when the cut was too heavy. Thus, these cuts created a range
of residual hardwood stands, from those still in good condition to those depleted from intense diameter-limit
cutting. The end result of these traditional practices seriously reduced the annual allowable cut of high
quality logs. In the early 1980s, government authorities looked for solutions to remedy the situation. More
appropriate silvicultural treatments were proposed that would ensure a sustainable harvest.
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Research Network

During the past two decades, interest in hardwoods led to many studies by the various organizations devoted
to forestry research. The Direction de la recherche forestiere (Forest Research Branch) of the Ministére des
Ressources naturelles et de la Faune du Québec (MRNF) first undertook studies on the forest dynamics of
hardwood forests, which in the early 1980s resulted in the first proposals for their management. Since
1983, studies on selection cutting were undertaken in several types of hardwood forests. A range of harvest
intensities is being studied to determine the response of treated stands. A plot network covers southern
Quebec, from the Temiscamingue region to the Gaspé (see triangles in figure 1). More than 15 research
locations have been established across the hardwood subzone and are remeasured every 5 years. Also, two
experimental forests described below have been used to support provincial research efforts. Some papers
have been published on the response of selection cutting on growth and regeneration in sugar maple and
hemlock stands (Majcen and Richard 1992, 1995, Majcen 1995, 1996, 1997, Majcen and Bédard 2000,
Bédard and Majcen 2000, 2001, 2003, Majcen et al. 2005) . In concluding, these results show that a 15-
20 year cutting cycle could be expected depending on site.
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Figure 1. Long-term research plot network (triangles) and a new long-term monitoring program (dots)
developed in current forestry operations.
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In addition to MRNF background studies about uneven-aged management in hardwood forests, it was decid-
ed to set up a provincial monitoring program on Crown lands specific to single-tree selection (see black dots
in Figure 1), group selection and patch cuttings. The main objective is to collect growth and yield data on
current industrial operations across the province. Data is collected by MRNF regional staff, based on methods
developed by its Forest Research Branch. However, tree marking and harvesting are the responsibility of each
forest licensee. The work about single-tree selection alone includes 977 (1/25 ha) sample plots located in
223 forest stands scattered in the southern part of Québec. These plots have been established over a 5 year
period from 1995-1999 and a 5-yr measurement cycle is planned for the future (Bédard and Brassard
2002, Bédard et al. 2004). The two other treatments, i.e. group selection and patch cutting, have been ini-
tiated in year 2000. New plots will be established until 2006. The main focus is on natural regeneration.
Site preparation evaluation is made shortly after cut, and stocking and density data is also collected after 2,
5 and 8 years. The new regeneration study also includes free-to-grow assessments.

The Mousseau Research and Teaching Forest

The Mousseau research and teaching forest is part of the research network (Figure 2). This forest, with an
area of more than 3,600 hectares, is located in the heart of the sugar maple-yellow birch domain (MRNFP
2003). Because of its diversity and disturbance history it provides a representative sample of this important
bioclimatic domain.

The first research done at the Mousseau Forest began in 1981, and basic forest ecology and growth and
yield studies were initiated by Zoran Majcen. This work provided a better understanding of the composition,
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Figure 2. Location of Mousseau and Duchesnay long-term hardwood research forests in Québec.
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habitat characteristics and structure of the hardwood forest. Majcen used these background studies to devel-
op an applied research project on selection cutting with the collaboration of La Lievre forest management
unit (Forét Québec). The first tree marking guide and technical guide on selection cutting in maple stands
was published in 1990 based mostly on the experiments carried out in the Mousseau Forest.

The increasing interest in learning how to manage hardwood forests encouraged the Quebec government to
grant this area a research and teaching vocation. Since its establishment in 1990, the Mousseau Forest has
been visited by several groups of college and university students. Today, there are 20 experimental blocks
treated by single tree selection. The results of the research done at the Mousseau Forest are also being used
to test management hypotheses concerning growth, mortality and regeneration in uneven aged hardwood
forests following a first 15-year cutting cycle

Today, those interested in forestry, especially regional representatives, technicians, foresters and maple syrup
producers can familiarize themselves with various types of cutting, such as single tree selection, group
selection, shelterwood, succession cutting and strip clearcuts.

Duchesnay Station

The Forest covers a total area of 8900 ha, as of 1969 and is also representative of the sugar maple-yellow

birch domain (Figure 2). Duchesnay has been the site of various studies since 1944. A sawmill school has

been used to train sawmill operators, scalers and also forest rangers. Up to 3450 students have graduated

between 1935 and 1970. Today, Cégep de Sainte-Foy is still using Duchesnay as an area for training forest
technicians. Université Laval also uses Duchesnay to train new professionals. A forest education Centre was
created at Duchesnay in the early 70’s.

In 1970, much information was needed about tree and stand response to thinning, regeneration methods
and how to tend young hardwood forests. Lise Robitaille spent her research career in hardwood silviculture.
She initiated basic studies between 1970 and 1980 and reported on these studies in 1977. She first
reviewed all existing silvicultural trials and studies in Québec (Robitaille and Roberge 1976). She wrote
papers on yellow birch (Robitaille and Roberge 1981; Robitaille and Majcen 1991) and sugar maple
(Robitaille and Pardé 1979) silviculture. She also gave a conference about the effects of site preparation on
planted and natural yellow birch (Robitaille 1978).

Research carried out in immature stands helped in developing provincial standards of tending.
Precommercial thinning in 30-yrs-old stands and a release study in a 10-yrs-old stand have shown interesting
results for diameter growth. The release study is still being followed up (Robitaille et al. 1990; Huot and
Savard 2000).

In a joint effort with the Québec Ministry of Agriculture, the Canadian Forest Service and Université Laval,
Lise Robitaille established a long-term study in 1973 on sugarbush management. At that time, people were
concerned about the long-term effects of a new vacuum pumping method on tree health. Three thinning
treatments and fertilization were applied to 58 sample plots. Guidelines specific to tree marking for sap pro-
duction were developed (Robitaille et al. 1977) from several observations made in the 60-yrs-old sugarbush.
Long-term results have been published by Pothier (1995, 1996). Although researchers were careful about
testing the new vacuum system, no detrimental effect of tapping could be detected on tree diameter growth
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over a 20-yr period. This study is considered unique in the literature, but the experimental sugarbush is rel-
atively unknown to others since the publications are in French only.

In 1981, the first visual symptoms of hardwood decline were observed in the 23 ha sugarbush. For reasons
other than tapping, tree crowns began to show signs of dieback, which prompted investigations into other
regions like the Appalachians (Robitaille et al. 1985; Roy et al. 2004). Thereafter, the whole Lake Clair
watershed, which includes the experimental sugarbush, has been the site of new studies such as precipita-
tion chemistry and soil fertility (Houle et al. 1997). Liming has also been tested at Duchesnay to improve
sugar maple health in declining stands (Moore et al. 2000).

While strip-cutting has been used extensively at Duchesnay from 1981 to 1987, no results have been pub-
lished. The public usually reacts against the use of clearcutting. In some of these strips, red and Norway
spruce, and eastern white pine have been planted at a low density e.g. 500 stems per hectare, in an attempt
to improve stand productivity. There are examples of large clearcuts at Duchesnay, operated in the 1940’s
for charcoal production and also in 1972. These regenerating areas still provide opportunities to study even-
aged management, and how hardwood species develop after clearcutting

A recent gap regeneration study e.g. 1-2 ha in size, initiated by Huot in 1996 will provide for regeneration
results. One surprise is the presence of wildlife mostly deer and moose which visited the 20 openings regu-
larly and browsed on the regeneration.

A new management method dealing with uneven-aged stands, was tested for the first time in 1988. This
method was implemented in order to better adapt silvicultural practices to the characteristics of uneven-
aged forests, as well as to improve their quality and promote natural regeneration. This new method devel-
oped by Zoran Majcen was later applied over the whole public education forest Centre, located upfront of
the Duchesnay Station. In total, 10 experimental blocks have been established since 1989.

Other Research

New research pertaining to light profiles in both control and managed uneven-aged stands have been recent-
ly published (Beaudet et al. 2004) from both Duchesnay and Mousseau Forests. This example shows that
existing MRNF long-term projects can provide good opportunities for academic studies. An unexpected ice
storm hit large areas of hardwood forests on January 1998. Evaluating risk of tree mortality and salvage
options in ice damaged stands has been published by Boulet et al. 2000. Again, in the most recent years,
forest pathology was used to develop a new tree classification system called MSCR, in a field guide designed
to assist tree markers in stand improvement decisions (Boulet 2005).

Conclusion

Long-term research undertaken at Mousseau, Duchesnay and other locations have shown uneven-aged
management to be a reliable method in hardwood forests. Majcen (1994) has published on the historical
aspects of uneven-aged management in Québec’s hardwood forests. Stand quality may be improved when
using appropriate silviculture. Research results obtained to date are very encouraging. We still have to find a
balance between economics and good forestry. Therefore, if our goal is to have sustained yields, with logging
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operations every twenty years, it is essential that the next cuts be limited as much as possible to low-vigour
trees. A change in current practices is therefore required in order to ensure the sustainable management of this
resource.

Other treatments can also be used in our silviculture. For instance, tending may be used in young stands
and reproduction methods like uniform and irregular shelterwood can play an important role in the future.
Pursuing MRNF tree improvement efforts on a few target species like northern red oak, white ash, yellow
birch, black cherry and black walnut seems vital to hardwood afforestation in the south. Other areas of
research also deserve our attention, like defining treatments for irregular and highgraded forests. We also need
to develop more accurate prediction tools for growth and yield in both even-aged and uneven-aged forests.

While it is hard to tell about the future, Québec has already shown a strong interest in long-term silviculture
studies. Exchanges with other provinces and adjacent states in the US are helpful since long-term studies
are relatively rare in the Great-Lakes and St-Lawrence forest region.



LONG-TERM SILVICULTURE RESEARCH ON NORTHERN HARDWOODS IN QUEBEC (CANADA) 125

References

Beaudet, M., C. Messier and A. Leduc. 2004. Understorey light profiles in temperate deciduous forests: recovery
process following selection cutting. J. Ecology 92: 328-338.

Bédard, S. and Z. Majcen 2003. Growth following single-tree selection cutting in Québec northern hardwood. The
Forestry Chronicle 79: 898-905.

Bédard, S. and F. Brassard. 2002. [Actual effects of selection cuttings in public forests of Quebec in 1995 ans
1996] Les effets réels des coupes de jardinage dans les foréts publiques du Québec en 1995 et 1996. Min.
Ressources naturelles, Québec, 15 p.

Bédard, S., Z. Majcen and S. Meunier. 2004. [Selection cutting in Quebec’s hardwood forests- research findings
update] Coupe de jardinage dans les foréts feuillues du Québec — mise a jour des résultats. Info-forét no. 81, 3-
4,

Bédard, S. and Z. Majcen. 2001. Ten-year response of sugar maple-yellow birch-beech stands to selection cutting in
Québec. North. J. Appl. For. 18(4) : 119-126

Bédard, S. and Z. Majcen. 2000. [Growth and regeneration of hemlock stands 10-years after a selection cut in a
deer wintering area] Accroissement et régénération des prucheraies dix ans aprés une coupe de jardinage dans
une aire d’hivernage de cerf de Virginie. Gouvernement du Québec, Direction de la recherche forestiére. Note de
recherche forestiere n° 103. 14 p.

Boulet, B., F. Trottier and G. Roy. 2000. Management of ice storm damaged stands. Dir. Communications, Min.
Ress. Naturelles du Québec, 65 p.

Boulet, B. 2005. [External defects and indices of tree decay : a field guide] Défauts externes et indices de la carie
des arbres. Guide d’interprétation. Publications du Québec, 291 p.

Houle, D., R. Paquin, C. Camiré, R. Ouimet and L. Duchesne. 1997. Response of the Lake Clair Watershed
(Duchesnay, Quebec) to changes in precipitation chemistry (1988-1994). Can. J. For. Res. 27: 1813-1821.

Huot, M. and F. Savard. 2000. [15-year results of precommercial thinning in a sugar maple-yellow birch forest in
Duchesnay] Résultats de 15 ans de I'éclaircie précommerciale dans I'érabliére a bouleau jaune de Duchesnay,
Québec. Min. Ress. Nat., Forest Research Branch, res. note no. 113, 17 p.

Majcen, Z., 1994. [History of selection cutting in uneven-aged forests in Quebec] Historique des coupes de jardinage
dans les foréts inéquiennes au Québec. Rev. For. Fr. no. 46 : 375-394.

Majcen, Z., 1995. [Results after 10 years of single-tree selection in a sugar maple stand] Résultats aprés 10 ans
d’un essai de coupe de jardinage dans une érabliere. Gouv. du Québec, min. des Ress. nat., Dir. de la rech. for.
Mémoire de rech. for. n°® 122. 23 p.

Majcen, Z., 1996. [Selection and improvement cutting in five different areas: five-year growth in basal area and nat-
ural regeneration] Coupe de jardinage et coupe de succession dans cinq secteurs forestiers : Accroissement quin-
quennal en surface terriére et état de la régénération. Gouvernement du Québec, ministere des Ressources
naturelles, Direction de la recherche forestiere. Note de rech. for. n°® 70. 20 p.

Majcen, Z. 1997. [Selection and succession cutting in three forest areas : ten-year growth in basal area and natural
regeneration] Coupe de jardinage et coupe de succession dans trois secteurs forestiers : accroissement décennal
en surface terriére et état de la régénération. Gouvernement du Québec, ministere des Ressources naturelles,
Direction de la recherche forestiere. Mémoire de recherche forestiere n° 129. 48 p.

Majcen, Z. and Y. Richard. 1992. [Five-year results of selection cutting in a sugar maple stand] Résultats apres cing
ans d’un essai de coupe de jardinage dans une érabliére. Can. J. For. Res. 22:1623-1629.

Majcen, Z. and Y. Richard, 1995. [Selection cutting in six ecological regions of Quebec : 5-year basal area growth]
Coupe de jardinage dans six régions écologiques du Québec. Accroissement quinquennal en surface terriére. ,
ministére des Ressources naturelles., Direction de la recherche forestiere. Mémoire de rech. for. n°® 120. 22 p.



126 LONG-TERM SILVICULTURAL AND ECOLOGICAL STUDIES

Majcen, Z. and S. Bédard. 2000. [15-year growth results after selection cuttings of different intensities in a sugar
maple stand] Accroissement aprés 15 ans dans une érabliére a la suite de coupes de jardinage de diverses inten-
sités. Gouvernement du Québec, ministere des Ressources naturelles, Direction de la recherche forestiere. Note
de recherche forestiere n® 98. 12 p.

Majcen, Z., S. Bédard and S. Meunier. 2005. [Growth and mortality in fourteen experimental blocks. 15 year results
after selection cutting] Accroissement et mortalité dans quatorze blocs expérimentaux. Résultats quinze ans apres
la coupe de jardinage. Gouvernement du Québec, ministére des Ressources naturelles et de la Faune, Direction
de la recherche forestiere. Mémoire de rech. for. (in press)

Moore, J.D., C. Camiré, and R. Ouimet. 2000. Effects of Liming on the Nutrition, Vigor, and Growth of Sugar Maple
at the Lake Clair Watershed, Québec, Canada. Can. J. For. Res. 30 : 725-732.

MRNFP 2003. The Ecological Land Classification Hierarchy. Min. Ress. Naturelles, de la Faune et des Parcs du
Québec, Direction inventaires forestiers. 3 p. .

Pothier, D. 1995. [Effects of thinnings and inter-annual climatic variations on sap production and sugar content in a
sugarbush] Effets des coupes d’éclaircie et des variations climatiques interannuelles sur la production et la
teneur en sucre de la seve d'une érabliére. Can. J. For. Res. 25 : 1815-1820.

Pothier, D. 1996. [Growth of a sugar maple stand 20 years after thinning] Accroissement d’une érabliere a la suite
de coupes d’éclaircie: résultats de 20 ans. Can. J. For. Res. 26: 543-549.

Robitaille, L. 1977. [Silvicultural research on northern hardwoods at the Duchesnay Forest Station] Recherches sylvi-
coles sur les feuillus nordiques a la station forestieére de Duchesnay. The Forestry Chronicle 53 : 201-203.

Robitaille, L. 1978. [5-year results of planting and natural regeneration of yellow birch due to a clearcut with and
without site preparation] Résultats quinquennaux de plantation et de régénération naturelle du bouleau jaune,
suite a une coupe rase avec et sans scarification. Pages 147-156 In. Proceedings Symposium sur les feuillus
précieux, IUFRO, 11-15 sept. 1978, INRA, Nancy, France.

Robitaille, L. and M.R. Roberge. 1976. [Silvicultural research on hardwoods in Quebec] Recherches sylvicoles sur les
feuillus au Québec. Québec Min. Lands and Forests, Forest Research Branch, mémoire de recherche no. 26, 95
p.

Robitaille, L., M.R. Roberge and M. Bélanger. 1977. [Selection and thinning of sugar maple trees] Sélection et
éclaircie des érables. Agdex 300-25, 4 p.

Robitaille, L. and J. Pardé. 1979. [Sugar maple silviculture] La sylviculture des érables a sucre. Rev. For. Fr. (special
issue on Québec’s forests) : 205-211.

Robitaille, L. and M.R. Roberge. 1981. [Yellow birch silviculture in Quebec] La sylviculture du bouleau jaune au
Québec. Rev. For. Fr. XXXIII : 102-112.

Robitaille, L., G. Gagnon and G. Roy. 1985. [Factors of sugar maple dieback] Les facteurs de dépérissement de
|’érable. Phytoprotection 66 : 91-99.

Robitaille, L. and J.L. Boivin. 1987. [10-year results of diameter-limit cutting in a hardwood stand] Résultats aprés
10 ans d'une coupe a diamétre minimum d’exploitation dans un peuplement feuillu. The Forestry Chronicle 63 :
15-19.

Robitaille, L., G. Sheedy, and Y. Richard (1990). [Effects of precommercial thinning and fertilization in a 10-year-old
yellow birch dominated sapling stand] Effets de I’éclaircie précommerciale et de la fertilisation sur un gaulis de
10 ans a dominance de bouleau jaune. The Forestry Chronicle 66: 487-493.

Robitaille, L. and Z, Majcen. 1991. [Silvicultural treatments to promote regeneration and growth of yellow birch]
Traitements sylvicoles visant a favoriser la régénération et la croissance du bouleau jaune. L'Aubelle 82 : 10-12.

Roy, G., G.R. Larocque and C. Ansseau. 2004. Retrospective evaluation of the onset period of the visual symptoms
of dieback in five Appalachian sugar maple stand types. The Forestry Chronicle 80: 375-383.



