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Morphological indicators of growth response of coniferous
advance regeneration to overstorey removal in the boreal
forest

by Jean-Claude Ruel!, Christian Messier?, René Doucet?, Yves Claveau? and Phil Comeau*

Regeneration of forest stands through the preservation of existing advance regeneration has gained considerable interest in various
regions of North America. The effectiveness of this approach relies on the capacity of regeneration to respond positively to oversto-
ry removal. Responses of advance regeneration to release is dependent on tree characteristics and site conditions interacting with the
degree of physiological shock caused by the sudden change in environmental conditions. This paper presents a review of the litera-
ture describing the relationships between morphological indicators and the advance regeneration response to canopy removal. It focus-
es primarily on the following species: jack pine (Pinus banksiana Lamb.), lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.),
black spruce (Picea mariana (Mill.) B.S.P.), interior spruce (Picea glauca x engelmannii), white spruce (Picea glauca (Moench) Voss),
balsam fir (Abies balsamea (L.) Mill.), and subalpine fir (Abies lasiocarpa (Hook.) Nutt). Pre-release height growth has been found
to be a good indicator of post-release response for many species. Live-crown ratio also appears to be a good indicator of vigour for
shade-tolerant species. The ratio of leader length to length of the longest lateral at the last whorl could serve to describe the degree of
suppression before harvest for shade-tolerant species. Number of nodal and internodal branches or buds has been found to be related
with vigour for many species. Logging damage has been shown to be an important determinant of seedling response to overstory removal.
In contrast, height/diameter ratio has limited value for predicting response to release since it varies with site, species and other fac-
tors. No clear relationship between age, height at release and response to release could be demonstrated. This paper also suggests the
use of combined indicators and critical threshold values for these indicators.
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La protection de la régénération préétablie a fait I'objet d’un intérét croissant au cours des derniéres décennies en Amérique du Nord.
L’efficacité de cette approche repose toutefois sur la capacité de cette régénération a réagir positivement & la coupe. La réaction de
la régénération préétablie dépend de ses caractéristiques au moment de la coupe et de leur interaction avec les conditions de station
et le choc causé par le prélevement du couvert principal. Cet article passe en revue les relations entre différents indicateurs morphologiques
et la réaction de la régénération préétablie aprés coupe. Les espéces visées sont : le pin gris (Pinus banksiana Lamb.), le pin de Mur-
ray (Pinus contorta Dougl. var. latifolia Engelm.), I'épinette noire (Picea mariana (Mill.) B.S.P.), I'épinette blanche (Picea glauca
(Moench) Voss), le sapin baumier (Abies balsamea (L.) Mill.) et le sapin subalpin (Abies lasiocarpa (Hook.) Nutt). La croissance en
hauteur avant coupe a été reliée & la capacité de réaction de la régénération préétablie pour plusieurs espéces. Le rapport de cime vivante
serait aussi un bon indicateur pour les essences tolérantes. Le rapport de la longueur de la pousse terminale & la plus grande branche
latérale du verticille supérieur pourrait servir a décrire le niveau de suppression avant coupe pour les espéces tolérantes. De méme,
le nombre de branches ou de bourgeons nodaux et internodaux est un indicateur de la vigueur pour de nombreuses especes. Les dom-
mages occasionnés par la récolte ont aussi un effet majeur sur la réaction de la régénération aprés la coupe. Au contraire, le rapport
hauteur/diamétre serait peu efficace a prédire la réaction de la régénération aprés coupe puisque les relations varient selon la station,
les especes et d’autres facteurs. Aucun lien clair n’a pu étre établi entre la réaction aprés coupe et I’dge ou la hauteur de la régénéra-
tion au moment de la coupe. Cet article propose aussi I’utilisation combinée des indicateurs et suggére des seuils pour certains indi-
cateurs.

Mots-clés : régénération préétablie, protection de la régénération, vigueur, coupe a blane

Introduction

Establishing a sufficient amount of regeneration is an
essential first step in forest renewal. This can be achieved using
natural or artificial regeneration after harvesting, or through
the preservation of advanced regeneration that is present
underneath the stand prior to harvest. Regeneration of forest
stands through the preservation of existing advance regener-
ation has gained considerable interest in various regions of
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North America (McCaughey and Ferguson 1988, Doucet
and Weetman 1990). For instance, the preservation of advance
regeneration has become the main mode of regeneration in bore-
al forests of Quebec, being applied on more than 100 000 ha
of public forest (Parent 1996). Advance regeneration provides
immediate growing stock, shade for subsequent seedlings, aes-
thetics, hiding cover for wildlife, and some soil protection
(McCaughey and Ferguson 1988). The preservation of advance
regeneration is a low cost alternative for securing adequate regen-
eration that is well suited to the site. It can be likened to a nat-
ural or one-cut shelterwood system (Smith et al. 1997). There
are differences, however, between preserving naturally estab-
lished advance regeneration and a classical shelterwood sys-
tem, since seedlings do not usually have to withstand heavy
shade for extended periods in the latter and seedling acclimation
is generally more critical after clearcutting than it is after shel-
terwood cutting (Tucker and Emmingham 1977).
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The effectiveness of preserving advance regeneration relies
on the capacity of regeneration to respond positively to over-
story removal (Ferguson 1984). Advance regeneration has typ-
ically developed under moderate to heavy shade. Trees accli-
mated to extreme shade often have short umbrella-shaped crowns
that maximize light absorption, thin leaves, little conducting
tissue, and greatly reduced root growth (Tucker et al. 1987, War-
ing 1987). Seedlings growing under heavy shade have devel-
oped shade-foliage with a lower photosynthetic capacity in com-
parison with light-adapted foliage. Trees with different
shade-tolerance also show different degree of morphological
and physiological plasticity (Messier et al. 1999a).

After canopy removal, seedlings have to adjust to a whole
new set of environmental conditions before a growth response
can take place (Tesch and Korpela 1993). The sudden removal
of the canopy exposes advanced regeneration to large increas-
es in light levels and evapotranspiration, and to potential
radiation frost injury. When placed in full sunlight, shade nee-
dles may experience difficulty in controlling transpirational
losses (Ferguson and Adams 1980). In the first few years fol-
lowing harvesting, seedlings start to produce new, sun-adapt-
ed foliage (Tucker and Emmingham 1977). The low foliar
biomass of some seedlings (Comeau ef al. 1993) and the
small number and size of buds limit the rapid production of
new foliage, thus restricting the capacity of the advance
regeneration to take complete advantage of full sunlight
(Harrington and Tappeiner 1991). High light levels can
adversely affect shade foliage as can a combination of low
root:shoot ratio and damage to the shallow root system dur-
ing harvesting of canopy trees (Tucker and Emmingham
1977, Tucker et al. 1987, Waring 1987). To be able to bene-
fit from overstory removal, conducting tissues and fine-root
capacity have to increase to meet the needs of the existing and
newly produced foliage. This drastic change in growing con-
ditions can lead to high mortality. Most of this mortality has
been found to occur during the first three years for balsam fir
(Abies balsamea (L.) Mill.), black spruce (Picea mariana (Mill.)
B.S.P.) and Douglas-fir (Pseudotsuga menziesii (Mirb.) Fran-
co) (Ruel and Doucet 1998, Tesch et al. 1993).

Although a response in root growth and diameter growth
after a sudden release can be almost immediate, many stud-
ies have shown that height growth does not respond immediately
or can even be reduced to levels below those observed before
release (Gordon 1973, Johnstone 1978, Seidel 1980, McCaugh-
ey and Schmidt 1982, Nikinmaa 1993, Williams 1996). Part
of this delayed response could be attributed to the fact that height
growth is often predetermined in the previous growing sea-
son (Aussenac 1977, Kneeshaw et al. 1998) but this would not
be sufficient to explain growth reductions or delays exceed-
ing one year found in many studies. On the other hand, height
growth response can also be immediate, especially for the small-
er regeneration (Seidel 1989; Boily and Doucet 1991, 1993;
Paquin and Doucet 1992b). Messier et al. (1999a) suggest that
the light requirements of seedlings increase with size. Thus,
smaller trees might be less stressed at a given light level
than taller ones, and so could adjust to the altered growing envi-
ronment more readily. Shade-tolerant species could also
adjust more readily than less tolerant seedlings of the same size.
There might be a threshold of vigour in advance regeneration
in relation to its capacity to respond to release and this thresh-
old may vary among species and in relation to size.

Responses of advance regeneration to release is dependent
on tree characteristics and site conditions interacting with the
degree of physiological shock caused by the sudden change
in environmental conditions (Ferguson and Adams 1980). Sev-
eral studies (e.g., McCaughey and Ferguson 1988, Tesch
etal. 1993, Tesch and Korpela 1993, Doucet et al. 1995, Ruel
et al. 1995) have examined morphological traits that favour
growth and survival of advance regeneration after release. How-
ever, results from these studies are often contradictory. In their
review of the research dealing with the response of advance
regeneration, McCaughey and Ferguson (1988) list 30 papers
describing the response of 11 species of conifers. However,
only three of those papers dealt with balsam fir, six addressed
the response of white spruce (Picea glauca (Moench) Voss)
and five covered black spruce. More recent work deals most-
ly with species typical of the western region of North Amer-
ica (Carlson and Schmidt 1989, Tesch et al. 1993, Tesch
and Korpela 1993, Murphy et al.1999). Several studies have
examined the response of black spruce regenerated by layer-
ing, which comprises the majority of black spruce advance regen-
eration, but this work consists largely of retrospective stud-
ies (Doucet and Boily 1986, 1988, 1993; Doucet 1988; Lussier
et al. 1992; Paquin and Doucet 1992a, 1992b). Retrospective
studies, although very informative, do not include identification
of the tree condition at time of release and are biased in
favour of survivors. Also, many studies on the response of advance
regeneration to release focus on undamaged stems (Tesch et al.
1993).

Numerous variables have been tested to explain advance regen-
eration response to overstory removal. However, the inclusion
of vigour standards in regeneration surveys varies both
between regions and through time. In British Columbia, gen-
eral free-growing guidelines recommend accepting subalpine
fir (Abies lasiocarpa (Hook.) Nutt) and amabilis fir (Abies ama-
bilis Dougl. ex. Loud.) advance regeneration when its height
is less than 1.5 m at release and its live crown ratio is greater
than 0.6 (British Columbia 1995). For spruce species, the same
free-growing acceptability criteria are used for planted and nat-
urally regenerated seedlings (trees must be free from damage
or infection from insects, disease, mammals or abiotic, and must
meet minimum height and height:vegetation ratios within a pre-
scribed time frame). Other provinces also require that a
seedling be vigorous and healthy, without any very specific
criteria (Chaudry 1981, Manitoba 1989, Alberta 1992). This
kind of definition is broad and can lead to much subjective judge-
ment. In Québec, the definition of an acceptable seedling or
layer has evolved during the last ten years. In 1988, a seedling
had to be between 5 ¢cm and 300 c¢m tall and be sound and of
overall good quality (Québec 1988). Since 1989, it must be
between 1 cm and 300 cm tall and be free from harvesting wounds
(Québec 1989). These restrictions about logging damage are
a common feature of many other operational reforestation sur-
veys (Manitoba 1989, Alberta 1992, Tesch et al. 1993).
Today, black spruce layers also need to have a minimum live
crown ratio of 50% in Québec (Québec 1993). Elsewhere, black
spruce layers are often not even considered acceptable (Man-
itoba 1989, Alberta 1992). It can easily be seen that standards
vary a lot for different species or between regions. This can
often be attributed to the fact that these standards have not been
thoroughly tested in the field. Hence, a better understanding
is needed.
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