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Abstract 
The objective of commercial thinning and partial harvesting has traditionally been to improve and 
increase the amount of higher quality stems for sawlog and veneer products, reduce losses from mortality, 
and reduce the harvest rotations for even-aged silvicultural systems. Literature on the impact of partial 
harvesting on stand dynamics, tree grade changes, fibre attributes, and potential forest products to 
promote uneven-aged and structures and management is scare for the northern hardwood forests of the 
Acadian Forest Region. A long-term selection harvest study established in west-central New Brunswick 
provides the opportunity to obtain such information under the FPInnovations and Natural Resources 
Canada, Canadian Wood Fibre Centre Eastern Hardwood Research Initiative. Results from the study 
suggest that the treated stands did benefit in the terms of growth and improved quality, but stand 
restoration is a slow process in the second growth uneven-aged stands on a 20-year harvest cycles. Stand 
growth responses and tree grade changes for both the control and treated plots are within the values 
reported for northern hardwood stands and are influenced by a number of treatment and biological factors.  
 
The results of fifteen years of observation are discussed in the context of the major publications existing 
in the literature for stand dynamics, tree grade changes, and the occurrence of ingrowth. In summary, 
greater is the basal area removal, the greater the diameter response of individual residual trees in the 
thinned plots. The thinned stands have not recovered the basal area values that existed at the initiation of 
this study Annual volume increment growth rates suggest that hardwood stands subjected to partial 
removals produced better growth response than was predicted at the start of the original study. Stand 
restoration and stem quality improvement are slow processes that may not be achieved with a first harvest 
entry in second-growth northern hardwood stands that have had the higher quality trees removed 
repeatedly in the past. Changes in tree grades were observed to be very dynamic in these second-growth 
northern hardwood stands because of a number of factors such as initial stem quality, stem growth, 
mortality rates, harvest rates (both regulated and unregulated), species, and site quality. As expected, 
ingrowth occurred more frequently in the thinned stands than the control stands. Except for one study site 
with more “mixedwood” characteristics ingrowth does not exist as a diverse mixture of desired tree 
species but a secondary canopy of dense American beech and sugar maple. 
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1 Objectives 
This project is part of a research initiative designed to enhance the competitiveness of the hardwood 
industry in Eastern Canada. Project funding was provided by Natural Resources Canada's Transformative 
Technologies Program.  
 
The specific objectives of the project are as follows: 
 
1. Verify current tree grade projections and products used in New Brunswick to classify potential forest 

product and mortality risk. 
 

2. Determine the accuracy of tree grade projections for hardwood species in the Acadian Forest Region. 
 

3. Determine whether the accuracy of tree grade projections for hardwood species in the Acadian Forest 
Region are influenced or affected by partial harvesting, initial tree size class (dbh and crown), initial 
social crown position, and site conditions.  
 

4. Determine the different levels of mortality risk based on tree grade projections by specific species 
mortality models for individual trees of the Acadian Forest Region. 
 

5. Examine the impact and relationships of silvicultural practices (density regulation through partial 
harvesting) on tree growth, stand dynamics, external quality, fibre attributes, and value in northern 
hardwood forests of the Acadian Forest Region. 
 

6. Examine the impact and relationships of silvicultural practices (density regulation through partial 
harvesting) on wood colour of sugar maple (Acer saccharum Marsh.), and yellow birch (Betula 
alleghaniensis Britton), in northern hardwood forests of the Acadian Forest Region. 
 

7. Devise and validate statistical equations predicting standing tree value in relation to variables selected 
at the tree and stand levels for their cost effectiveness and wood properties derived from soundings 
taken with acoustic sensors on standing trees. 
 

8. Incorporate information obtained in this study to regional growth and yield models used by foresters 
in the Maritime Provinces of Canada, such as Stamen (Norfolk 2004). 
 

9. Incorporate information obtained in this study to regional inventory procedures used by foresters in 
Eastern Canada. 
 

The objective of this report is to provide preliminary results for some of the specific objectives to the 
collaborators of this project before they are published as journal articles; specifically the stand dynamics, 
tree grade changes, and the occurrence of ingrowth. 
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2 Introduction 
Northern hardwoods are a major forest type in Eastern Canada (Farr 2003). These stands represent 
ecologically and economically important tree species and associations in the region (Mulliens and 
McKnight 1981, Farr 2003). The hardwood lumber industry in Eastern Canada is currently in a vulnerable 
position because of reduced demand on the American market as well as the transfer of manufacturing 
facilities for furniture and other secondary products (Ouellet and Fournier 2009, Fournier 2010, Toole 
2011). The allowable annual cut (AAC) is being adjusted in some jurisdictions to account for the changes 
occurring in the hardwood resource and industry (Landry et al. 2012). To address the present concerns 
and improve the competiveness of the hardwood industry in Eastern Canada, a hardwood research 
initiative was initiated along the value chain of hardwood products by Natural Resources Canada, 
Canadian Wood Fibre Centre and FPInnovations in 2008. This hardwood research initiative was 
developed in partnership with resource managers and industrial forestry organizations from New 
Brunswick, Nova Scotia, Ontario, and Québec. Participation of researchers from universities was also 
included in the program. The Hardwood Research Initiative comprises a series of 17 projects that range 
from market analysis, user need analysis, manufacturing, harvesting, and the impact of silviculture 
opportunities on the hardwood resource (Landry et al. 2012). This report provides preliminary results of 
one of the three projects that are concerned with knowledge of economic and silvicultural opportunities. 
 
Tree quality of hardwoods is an important factor that is used in Eastern Canada to influence decisions 
made by foresters for silvicultural prescriptions at the stand and landscape levels. Potential grades for 
present and future products are based on external stem features or attributes. Despite the usefulness of 
projected tree grades, there are a limited number of studies in Eastern Canada that document the accuracy 
of tree grade projections through time in terms of growth response, reduction of losses from mortality, 
improved stem quality, and value for future forest products (Guillemette et al. 2008, Fortin et al. 2009, 
Bédard 2010, Stinson 2010). A former partial harvest study in west-central New Brunswick provides an 
opportunity for this project to examine the fore-mentioned factors concerning tree grade projections. 
Project 17 accomplishes the objectives by examining the impact of the partial harvesting stand dynamics, 
accuracy of tree grade projections, wood fibre attributes, and product recovery for northern hardwoods 
from this long-term study in the Acadian Forest Region. This document reports on the preliminary results 
for stand dynamics, tree grade changes, and the occurrence of ingrowth (Objective 5). 
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4 Materials and Methods 
4.1 Study site descriptions 
The six study sites were obtained from a prior northern hardwood study on the Crown License 8 of 
AV Nackawic Inc. in west central New Brunswick (Figure 1). The purpose of the original study was to 
examine the growth response and stand dynamics of northern hardwood stands to an uneven-aged 
silvicultural prescription. It is the oldest partial harvest study in northern hardwood stands for 
New Brunswick. The study sites used in this research project are located in the northern hardwoods of the 
Acadian Forest Region (Rowe 1972). These stands consisted primarily of various amounts sugar maple 
(Acer saccharum Marsh.), yellow birch (Betula alleghaniensis Britton), red maple (Acer rubrum L.), and 
American beech (Fagus grandifolia Ehrh.): with minor associations of white ash (Fraxinus americana 
L.), striped maple (Acer pensylvanicum L.), ironwood (Ostrya virginiana (Mill.) K. Koch), trembling 
aspen (Populus tremuloides Michx.), eastern hemlock (Tsuga canadensis (L.) Carr.), balsam fir (Abies 
balsamea (L.) Mill.), and red spruce (Picea rubens Sarg.) (Table 1). Beech scale disease (Nectria 
coccinea (Pers.: FR.) Fr. var faginata Lohman, Watson, and Ayers) has had a major influence on the 
condition and occurrence of America beech in the study area (Boyce 1961, Myren 1994).  
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Figure 1 Location of the six study sites in New Brunswick; 1 = Grand John #2,  
 2 = McLean’s Brook, 3 = Grand John #1, 4 = Dunbar #1, 5 = Dunbar #2, 
 6 = Wiggin’s Corner 
 
Table 1 Percent occurrence of tree species in 1993 weighted by basal area before harvesting 
 for each study site and treatment  
 
 

Study Site 
Tree Species 

Sugar Maple Yellow Birch Red Maple American Beech Other Species* 
control thinned control thinned control thinned control Thinned control thinned 

Grand John #2 61 72 31 1 1 11 1 1 8 15 
McLean’s 
Brook 

49 44 17 7 0 0 34 49 0 0 

Grand John #2 63 60 9 1 0 0 25 34 2 5 
Dunbar #1 - 0 - 49 - 37 - 4 - 20 
Dunbar #2 51 49 24 10 14 24 7 15 4 2 
Wiggin’s 
Corner 

45 19 7 7 13 38 27 23 7 13 

*White ash, striped maple, ironwood, trembling aspen, eastern hemlock, balsam fir, and red spruce. 
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The initial “killing front” of the disease had occurred long ago, as regional forest pest monitoring had not 
reported the disease as a major pest problem at the time of study establishment in 1993 (Magasi and 
Hurley 1994). Past harvesting and agricultural practices have also greatly influenced the existing forest 
stand structures in the region (Zelazny 2007). Examination of increment cores taken from trees in the 
study stands in 2010 has revealed that these second-growth hardwood stands are the result of repeated 
removal of the better quality stems by partial harvesting practices (Table 2). Historically in the Maritimes, 
selection harvesting was the method traditionally used in the past for sawlog and custom log production 
(Lees 1978). The stand ages range from 40 to 160 years for all the study sites; providing seedling 
establishment dates between 1850 and 1970. Some of the establishment dates represent older cohorts that 
were left before the most recent harvesting activities before the establishment of this study in 1993. The 
forest stand structures of the study sites are very typical of the hardwood resource in the Province of 
New Brunswick (McDonald 1999) and in Québec (Roberge 1988a, Guillemette et al. 2012). Stand 
development of hardwoods in the Appalachian region have similar harvesting histories (Miller 
et al. 2003, 2008). 
 
Table 2 Age information at stump height by study site and treatment in 2010 
 

Study Site Treatment  Age (years) Date Comments 
Grand John #2 control 40-160 (90) 1850 (1920)-1970   

thinned 50-110 (90) 1900 (1920)-1960  
McLean’s Brook control 40-100 1920-1970  

thinned 50-80 1930-1960 small sample 
Grand John #1 control 40-100 1910-1970  

thinned 40-90 1920-1970  
Dunbar #1 control NA NA not established 

thinned - -  not sampled 
Dunbar #2 control 40 – 140 (110) 1870 (1900)-1970  

thinned 50-110 1870 – 1960 small sample 
Wiggin’s Corner control 70-150 (120) 1850-(1890)-1940  

thinned 50-150 (110) 1860 (1900)-1960  
 
A more recent forest classification system, places these study sites in the Central Uplands Ecoregion 
(Zelazny 2007). This ecoregion is the largest in New Brunswick and it is characterized by its diversity in 
landscape features. The Central Uplands Ecoregion features a continental climate that is sheltered from 
maritime influences and receives lower precipitation amounts than surrounding ecoregions. Summers are 
warmer and winters are cooler than in areas closer to the Northumberland and Bay of Fundy coasts. 
Because of cool nights caused by frost pockets, the northern hardwood forests of the ecoregion tend to 
exist on the upper slopes of ridges and hills. The six study sites exist in three of twelve ecodistricts in this 
ecoregion (Table 3). Ecodistricts are characterized by climatic differences such as average May-
September precipitation and average annual degree days above 50 C. The forest soils of the Buttermilk 
and Cardigan ecodistricts are considered less fertile than those of the Nackawic ecodistrict. 
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Table 3 Different site characteristics between the three ecodistricts of the study sites (From 
 Zelazny 2007)  
 

Study Site Ecodistrict Area 
(ha) 

Average 
elevation 
above sea 
level (m) 

Average May-
September 

precipitation 
(mm) 

Average annual degree 
days above 50 C 

Grand John #2 Buttermilk  215,338  245  450-500  1650-1750 
McLean’s Brook 
Grand John #2 
Dunbar #1 Cardigan 86,707  150 400-450 1550-1700 
Dunbar #2 
Wiggin’s Corner Nackawic 143,646 185 425-450 1650-1700 
 
4.2 Treatments 
A harvest intervention or cutting cycle of 20 years was chosen for the uneven-aged silvicultural 
prescription. The tree removal priority criteria were as follows: 
 

1) mature to over-mature spruce (Picea spp.) and balsam fir, 
2) trees exhibiting imminent mortality, 
3) low quality American beech, 
4) all trees over 40 cm at dbh, and 
5) all trees of low external stem quality that were less than 40 cm at dbh. 

 
One of the objectives of the partial harvests was to achieve a post-harvest residual basal area of 16 to 18 
m2 /ha. The harvest operation consisted of manual felling with chainsaws and removal of felled trees by 
cable skidders. Harvesting of all trees was conducted between September and December of 1993 on all 
study sites. 
 
4.3 Experimental design 
 
In 1993, two 40 x 40 m (1,600 m2) permanent sample plots (PSPs) were established as overstory base 
plots in each stand or study site, except for the Dunbar #1 Study Site. One PSP was established in a 
portion of the stand that did not receive the harvesting prescription, here after referred to as the control 
plot. The other PSP was established in the portion of the stand that received the harvesting prescription, 
here after referred to as the thinned plot. The establishment of a control and thinned plot in the same stand 
or study site produced a “paired plot” experimental design. Because of time constraints in 1993, a control 
plot was never established at the Dunbar #1 Study Site (Table 2). In subsequent years, the control area for 
Dunbar #1 Study Site received un-authorized partial harvesting of the better quality trees and the area was 
abandoned as a study location. It was decided that the control plot at Dunbar #2 study site would be used 
instead. Because of past establishment inconsistencies and un-authorized harvesting activities, the Dunbar 
#1 Study Site was excluded from further examination and analysis in this report. Within each PSP four 20 
x 20 m sub-plots or quadrats were established to facilitate overstory tree location and measurement. 
Quadrats were numbered 1 to 4 starting in the southwest corner of the PSP. To minimize edge effects due 
to future roads and stand treatments, a 20 to 40 m buffer strip was established around each PSP. 
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4.4 Tree measurements 
Measurements of the overstory trees have occurred in 1993 (0 year after treatment), 1998 (5 –years after 
treatment), and 2008 (15 years after treatment). For a variety of reasons, not all PSPs received overstory 
tree measurements at those dates. As previously stated, a control plot was never established at the Dunbar 
#1 study site. Sometime after the 1998 measurement, unauthorized harvesting occurred in the thinned area 
of the Dunbar #1 study site to the extent that the tree measurements in 2008 could not be recorded. In 
2008, the thinned plot at the McLean’s Brook Study Site was mistakenly harvested by the clear-cut 
method before any tree measurements were recorded. Tree measurements were not recorded in 1998 for 
the Wiggin’s Corner Study Site. Such discrepancies or short-comings in sampling often occur with long-
term research studies and can be adequately addressed with appropriate analysis techniques. 
 
In 1993, all trees greater than 9.9 cm were classified as overstory trees and were assigned a number, 
mapped for location, and tree measurements were recorded before the harvest operation. The overstory 
trees were numbered consecutively starting in the left front corner of the first sub-plot or quadrat. 
Overstory tree mapping was accomplished by recording the distance and bearing of each tree from the 
corners at the bottom or front (A and B line) of each sub-plot. Skidder trails were located on the maps 
produced for the tree locations. The following tree measurements were recorded in 1993, 1998 and 2010: 
1) tree species, 2) stem diameter (dbh, cm) at 1.30 m, 3) total tree height (m), 4) height to live crown (m), 
5) crown width (cm) 6) social crown class (Nyland 1996), 7) crown shape, and 8) external stem quality 
based on the system used by the New Brunswick Department of Natural Resources (Appendix I). Crown 
width recordings consisted of one measurement taken in the same direction as the tree mapping 
procedures or A and B line. After the harvesting operation in 1993, stem damage to the residual trees was 
recorded. The external tree grade system of Monger (2007) was also included in the 2008 measurements.  
 
In 2009, trees in the buffer areas surrounding the PSPs at the Dunbar and McLean’s Brook study sites 
were sampled for the destructive analysis phase of this project (number 17) and Project 16 (Duchesne et 
al. 2012).  
 
 

5 Results 
5.1 Stand dynamics 
Besides differences in the frequency and occurrence of tree species (Table 1), the residual basal area 
(m2/ha) also varied between plots and study sites (Figure 2). Pre-treatment basal area ranged 22.9 to 
35.2 m2 /ha. The harvesting intensity on the thinned plots also varied between the study sites: 23 to 56% 
(Figure 3). Although not all study sites achieved the targeted residual basal area of 16 to 18 m2 /ha, such a 
range of harvest intensities are preferred for a research study. The average stand diameter response of the 
residual trees exhibited the expected trends of the greater removal the greater the growth response with 
the thinned plots increasing more in stem growth than the control plots (Figure 4). The initial decrease in 
diameter growth for the thinned plots is caused by the removal of trees > 40 cm at dbh. Stand basal area 
growth on the control plots exhibited variable responses to the thinning intensities (Figure 5). In some 
plots (Grand John #1 and #2), stand basal area showed the expected relationship of increased growth 
over-time, while for other plots, stand basal area either remained constant (McLean’s Brook) or decreased 
(Dunbar #2 and Wiggin’s Corner). All of the thinned plots exhibited positive basal area growth since 
treatment. However, none of the thinned plots have recovered to the basal area levels before the thinning 
15 years ago.  
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The annual volume increment (m3 /ha /yr) for the 15-year period exhibited positive and variable growth 
responses in all plots except for one (Figure 6). The control plot at the Dunbar #2 Study Site displayed 
negative annual volume increment growth. The average annual volume increment for the control plots 
was 2.3 m3 /ha /yr. The thinned plots showed a slightly higher average annual volume increment of 2.8 m3 
/ha / yr. When the annual volume increment is examined for the first period (first five years, Figure 7), the 
growth response can be classified into three distinct groups: negative response (three plots), marginal 
response (four plots), and very positive response (two plots). The high positive growth response for 
annual volume increment for this period occurred on the Grand John #1 study site, with the thinned plot 
having a higher annual volume increment growth than the control plot for the first five years. The average 
volume increment for the control plots was 0.2 m3 /ha /yr for the first five years. The thinned plots had 
twice the average volume increment, 0.4 m3 /ha /yr, over the control plots for the same time period. 
 
After an adjustment period for the residual trees to the new environment produced from the partial harvest 
treatments, all study sites except for one control plot (Dunbar #2) exhibited positive and often favourable 
volume increment growth (Figure 8). It was predicted that northern hardwood stands in New Brunswick 
should produce an annual volume increment growth of 2.4 m3 /ha /yr. The average annual volume 
increment growth for the control plots is just slightly below the predicted value at 2.4 m3 /ha /yr. The 
thinned plots on average exceeded the predicted amount for annual volume increment growth at  
2.4 m3/ha /yr.  
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Figure 2 Basal area (m2/ha) in 1993 before thinning by treatment and study site  
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Figure 3 Harvest intensity by basal area removal (m2/ha) in 1993 for treatment and study site 
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 Figure 4 Basal area (m2/ha) response by treatment and study site 
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Figure 5 Average diameter (cm) growth response of the crop trees for four of the study sites 
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Figure 6 Average annual volume increment (m3/ha) for the last 15 years by treatment and  
  study site 
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Figure 7 Average annual volume increment (m3/ha) for the first five years by treatment 0
 and study site 
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Figure 8 Average annual volume increment (m3/ha) for the last ten years by treatment and 

study site 
 
5.2 Changes in tree grades 
By utilizing a modification of the current tree grade /product system used in New Brunswick (McDonald 
1999), both control and thinned plots exhibit similar trends of more valuable and desired forest products 
over time (Figure 9). Although the thinning treatments did increase the percentage of veneer and sawlog 
quality trees compared the control plots, the lower quality trees for pulpwood, fuelwood, and biomass 
products still dominated the composition of these northern hardwood stands. Stand restoration in these 
second growth northern hardwood stands is a slow process as these stands have only received one harvest 
intervention 15 years ago. However, a more dynamic change in tree grades was observed over time with 
initial stem quality, stem growth, mortality rates, harvest rates (both regulated and unregulated), species, 
and site quality when individual plots were examined (Table 4).  
 
However, a more dynamic change in tree grades was observed over time when individual plots were 
examined (Table 4), which is an effect of combined factors such as initial stem quality, stem growth, 
mortality rates, harvest rates (both regulated and unregulated), species, and site quality.  
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Because of past events, only four study sites could be used to examine changes in external tree stem grade 
after the methods of Monger (2007). Also, the data could be only examined for the last measurement 
period (2008), since past tree grade measurements used only a modification of the methods of McDonald 
(1999). Similar trends in tree grade quality were observed between the two product grading systems 
(Figures 9 and Figure 10); namely after one improvement harvest intervention, the stands are dominated 
by trees of low quality and product value. However, in some cases the control plots have a higher 
occurrence of veneer and sawlog trees. The reason for this observation is because of the influence of site 
quality, removal of trees > 40 cm, species differences, and that Monger (2007) is a more rigid grading 
system. Wiedenbeck et al. (2004) report such differences in hardwood veneer log quality attributes in 
eastern North America. They attributed these differences to be produced by differences in: 1) log quality 
evaluation procedures, 2) requirements for product markets, and 3) regional quality characteristics of 
individual species to specific markets. Regardless of which system is used in this study, the observation is 
the same stand restoration in these second-growth stands is a slow process that may not be achieved by 
one improvement harvest intervention. 
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Figure 9 Percent changes in tree product quality after (McDonald 1999) between the  
 a) control and b) thinned plots for the measurements periods  
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Table 4 Product potential as a percentage for the crop trees by study site, treatment, and 
 measurement date using the methods of McDonald (1999, NBDNR) and Monger 
 (2007, ABCD) 
 
Study Site Treatment Year NB DNR System ABCD System 

1 2 3 4 A B C D 
Grand John 

#2 
control 1993B 5.8 31.7 55.8 6.7 - - - - 

1998 10.9 13.4 75.6 0 - - - - 
2008 7.4 11.5 81.5 0 1.6 4.9 14.7 78.7 

thinned 1993B 5.5 21.1 66.4 7.0 - - - - 
1993A 5.1 22.2 68.7 4.0 - - - - 
1998 6.9 20.8 72.3 0 - - - - 
2008 6.4 21.3 72.3 0 0 4.3 21.3 74.4 

McLean’s 
Brook 

control 1993B 8.0 8.0 72.0 12.0 - - - - 
1998 13.7 23.7 61.2 1.2 - - - - 
2008 9.6 26.0 64.4 0 4.1 8.2 31.5 56.2 

thinned 1993B 4.9 11.5 68.0 15.6 - - - - 
1993A 7.3 17.1 65.8 9.8 - - - - 
1998 11.4 22.9 61.4 4.3 - - - - 
2008 - - - - - - - - 

Grand John 
#1 

control 1993B 1.5 16.8 59.1 22.6 - - - - 
1998 8.1 18.0 73.9 0 - - - - 
2008 8.9 21.1 70.0 0 0 2.2 33.7 64.0 

thinned 1993B 2.6 20.3 61.1 15.9 - - - - 
1993A 3.6 24.1 65.1 7.2 - - - - 
1998 15.3 19.7 64.8 0 - - - - 
2008 17.2 23.4 59.4 0 1.6 9.4 25.0 64.0 

Dunbar #2 control 1993B 5.7 23.6 53.7 17.1 - - - - 
1998 20.4 29.6 48.2 1.8 - - - - 
2008 16.9 32.5 50.6 0 0 11.1 27.2 61.7 

thinned 1993B 7.9 22.7 54.5 14.8 - - - - 
1993A 12.5 28.6 53.6 5.4 - - - - 
1998 24.0 16.0 60.0 0 - - - - 
2008 20.0 17.8 16.2 0 4.4 13.3 15.6 66.7 

Wiggin’s 
Corner 

control 1993B 5.3 17.6 57.3 19.9 - - - - 
2008 8.2 21.2 52.9 17.7 0 3.5 8.2 88.3 

thinned 1993B 5.1 24.7 49.9 21.3 - - - - 
1993A 4.0 28.2 48.3 19.5 - - - - 
2008 3.5 30.1 45.1 21.3 0 0 8.0 92.0 

 
 
 
 
F 
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Figure 10  Percent in tree product quality after Monger (1990)) between the control and  
  thinned plots of four of the study sites for the last measurements periods; 15- 
  years after treatment 
 

 
5.3 Ingrowth dynamics 
An increase of ingrowth density was observed 5 years after the thinning treatments in some of study sites 
(Figure 11). As to be expected, the density and occurrence of ingrowth increased with time and was more 
pronounced in the thinned plots. This ingrowth is forming a second canopy of American beech and sugar 
maple in most of the study sites (Figure 12). Ingrowth lacks in the control plot at Grand John #2, but 
sugar maple dominates in the adjacent thinned plot. Sugar maple ingrowth also dominates in the control 
and thinned plots at Grand John #1. Wiggin’s Corner is the exception to the other study sites in that a 
variety of both hardwoods and softwoods second canopy composition. Besides American beech and sugar 
maple; red maple, ironwood, balsam fir, and red spruce occur at this study site. Such natural stand 
dynamics suggest that Wiggin’s Corner has more of a mixedwood site characteristics and stand structure 
than other four study sites. Leak et al. (1987) has a similar hardwood type for the northern hardwood 
forests of New Hampshire, USA. 
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Figure 11 Occurrence of ingrowth a) five and b) fifteen years after treatment 
 by treatment and study site 
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Figure 12 The occurrence of ingrowth in 2008 by treatment, study site, and species  
 
 

6 Discussion 
6.1 Stand 
6.1.1 Volume Increment 

Hardwoods tend to occur in mixed stands of conifers and deciduous species rather than pure stands of one 
species in the Maritime Provinces (Rowe 1972, Lees 1978). The varied species composition, basal areas, 
and volumes for the study sites are a common feature of northern hardwood stands of this region and 
throughout the Northeast (Hornbeck and Leak 1992). The increased growth rates observed over fifteen 
years in the thinned stands (Figure 6) are in agreement with results from partial cyclic harvests in uneven-
aged shade tolerant hardwood stands of Ontario: 0.4 to 6 m2 /ha /yr basal area increments and 3.3 m3/ ha 
/yr volume increments (Berry 1981, Anderson et al. 1990). Plonski (1974) predicts a mean annual volume 
increment of 2.4 m3 /ha for yield tables of northern hardwoods of Ontario. Periodic volume growth for 
mixed northern hardwood averages 4.2 m3 /ha /yr in the Lake States (Godman et al. 1990). The values 
obtained in this study are within the same ranges as obtained in other studies from the Lake States 
(Edrmann and Oberg 1973, Crow et al. 1981). A gradual increase of volume increment in thinned yellow 
birch - sugar maple stand has been observed in Québec (Roberge 1987, 1988a).  
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The wide variation in the growth response for the first 5 years as shown for the annual volume increment 
growth is the result of many factors (Figure 7). This wide variation warrants a thorough analysis of the 
impact of changes of stand density on volume of the annual volume increment according for each class of 
site index. Time is required for the residual trees to adjust to the new environment created by the partial 
harvest treatments. The residual trees need to develop new crown areas and root systems from the 
growing space provided by the removal of competing trees (Robertson and Myketa 1998). Once the 
residual trees have developed new crown areas and roots, increased growth in the partially harvested 
stands will occur (Figure 8). Jones and Thomas (2004) have observed that sugar maple trees in uneven-
aged northern hardwood stands of central Ontario have three to five years lag time for growth response 
after treatment. However, studies in Québec have shown that diameter growth is noticeable two years 
after the treatment for selection harvest (Forget et al. 2007). American beech exhibited the greatest 
growth response followed by yellow birch and sugar for that study. Sugar maple of intermediate size 
showed the largest proportional diameter increment response. Another factor which contributes to the 
variation in growth response of the thinned stands is that stem diameter growth patterns are very variable 
across the diameter classes within a stand because of site, species composition, stand structure, and 
silvicultural treatment differences (Erdmann and Oberg 1973, Roberge 1987, 1988a, Leak 2004). Roberge 
(1987, 1988a) observed both increases and decreases in mean annual volume increment for control plots 
in a yellow birch - sugar maple stand because of hardwood species differences and softwood mortality. In 
the same study, individual growth rates of individual thinned plots were influenced by the proportions of 
individual tree species. Crow et al. (1981) also reports wide variation for volume growth between partial 
removal treatments and replications in a sugar maple dominated stand in northern Michigan, USA. 
Negative volume growth was reported for the first 5 year period for this study (Crow et al. 1981). 
Roberge (1975) attributes some of the negative growth in his study because of heavy removal causing 
shock to some of the residual trees. Some of the partial removal treatments exhibited negative growth in 
the first five year period. However, improvements in tree stem grade and tree size should have more 
emphasis than diameter and volume growth in forest management prescriptions, as these factors 
contribute to the increase values of the stand (Roberge 1975, Leak et al. 1987) 
 
6.1.2 Basal area 

Basal area growth showed similar results as the volume growth in the stands of this study. This wide 
variation again suggests a thorough analysis of the impact of changes of stand density on basal area 
according for each class of site index. The values of initial basal area (22.1 to 35.2 m2 /ha) for this study 
(Figure 2) are close to those reported for mixed northern hardwoods of the Lake States: 27.6 to 36.8 m2 

/ha with a few older stands exceeding 45.9 m2 /ha (Godman et al. 1990). The basal area values are within 
the ranges obtained in second growth northern hardwood stands of Québec (Bédard and Majcen 2001, 
Hartmann et al. 2009) and in New England (Solomon 1977). Both this study and Bédard and Majcen 
(2001) show a greater response in basal area for the treated plots compared to control plots (Figure 4). 
Unlike Bédard and Majcen (2001), some of the control plots exhibit decreases in basal area over time. 
The lower value of 22.1 m2 /ha for this study may be partly caused by the poorer drainage conditions of 
Wiggin’s Corner (Study Site 6) and the more “mixedwood” nature compared to the other study sites. 
Leak et al. (1987) classes similar stands in the Northeast as mixedwood type opposed to those stands that 
contain more shade tolerant hardwoods such as the beech-birch-maple and beech-red maple types. Site 
conditions have shown a pronounced effect on stand productivity that is expressed by total basal area and 
volume (Gevorkiantz and Duerr 1937, Godman et al. 1990).  
 
As with mean volume increment, the levels of basal area for the study sites were not only influenced by 
the intensity of the thinning treatment and residual basal area (Figures 2 to 4), but from the influence of 
many other factors. This again suggests further examination of the influence of site differences on the 
temporal change of stand density and these other factors. Analysis from uneven-aged northern hardwood 
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stands in eastern Ontario have shown that growth response is maximized at a residual basal area of 
approximately 14 m2 /ha in trees greater than 24 cm DBH (OMNR 1983). Studies further south in the 
Lake States, suggest a residual basal area of 16 m2 /ha in residual trees greater 24 cm DBH (Eyre and 
Zillgitt 1953, Arbogast 1957, Crow et al. 1981). Growth across the range of stem sizes may change for 
best residual basal area after the initial harvest with future stem removals (Leak 2004). Leak et al. (1987) 
recommends a minimum basal area of 14.9 to 17.2 m2 /ha (65-75 ft2 /ac) of trees > 12.7 cm (5 in.) for 
northern hardwood stands of the Northeast under uneven-aged management. On better sites the residual 
basal area should be higher, around 18.4 m2 /ha (80 ft2 /ac) to promote timber quality development. Leak 
and Gove (2008) recommend moderate stand densities of 14.9 to 18.4 m2 /ha (65-80 ft2 /ac) for beech-red 
maple-birch hemlocks stands of moderate vigor and quality in New Hampshire, USA. Further analysis of 
this data may reveal the stocking levels to produce increased diameter growth for high quality hardwood 
stems. 
 
Differences observed in the patterns of basal area development for the control plots could be caused by a 
number of factors. As stated earlier, northern hardwood stands are dynamic and variable across the 
diameter classes within a stand because of differences site, species composition, stand structure, and 
silvicultural treatments (Erdmann and Oberg 1973, Solomon 1977, Roberge 1987, 1988a, Leak 2004). 
The proximity of harvest and extraction trails have been shown to have a negative (Hartman et al. 2009) 
or insignificant effect on tree growth and survival (Forget et al. 2007). The negative effect on tree growth 
can vary with the social crown class and tree size (Hartman et al. 2009). Fournier et al. (2006) attribute 
the variable basal area responses for a selection harvest in eastern Ontario to a post-harvest high mortality 
rate and the slow growth rate of the surviving trees. Many of the surviving trees had harvest wounds. 
Nyland (1994) and Caspersen (2006) have reported increased stand mortality after partial harvest because 
of increased stress and harvesting wounds to the residual trees. Acid rain deposition and air pollution has 
caused recent calcium and magnesium deficiencies on some forest sites in eastern North America 
(Horsley et al. 2000, 2002, Juice et al. 2006, Patterson et al. 2012). Such nutrient deficiencies have 
caused visible crown dieback and tree mortality. Defoliation by the forest tent caterpillar (Malacosoma 
disstria: Hübner) can cause severe declines in growth and increase mortality to this insect’s preferred 
host: sugar maple (Wood et al. 2009). Defoliated sugar maple trees often show signs of crown dieback. 
Resilience to the defoliation varies within and among stands that contain sugar maple. Defoliation also 
can cause tree grade deductions for sugar maple in stands where timber improvement treatments have 
been conducted by partial harvests (Wink and Allen 2007). The increased occurrence of epicormic 
branching along the stem of dominant and codominant trees after a tent caterpillar outbreak ceases is a 
cause of value losses in these stands. In the Maritime Provinces, severe forest tent caterpillar outbreaks 
occur periodically (Magasi 1995, Simpson and Coy 1999). Records indicate that severe defoliation from 
the forest tent caterpillar occurred in the study area between 1980 and 1984 and again from 1992 to 1995 
(Magasi and Hurley 1994, Simpson and Coy 1999). However, no direct measurements of forest tent 
caterpillar population levels or defoliation of the trees were recorded during the study period. As with 
spruce – balsam fir stands of New Brunswick that were defoliated by spruce budworm (Choristoneura 
fumifera Clem.) in the past (Simpson and Coy 1999), hardwoods stands where investment has occurred 
for increased stand value may require some form of “protection” from pests such as the forest tent 
caterpillar. None of above suggested factors has been directly examined in this study and hence they 
require future research investigations.  
 
6.1.3 Stem diameter growth  

The classic “chainsaw” effect of increasing the average stand diameter in the treated plots was not 
observed because the removal of trees > 40 cm (Figure 5). However, the residual trees of the thinned plots 
are showing increased diameter growth trends which are consistent with other studies in northern 
hardwoods of Eastern Canada (Roberge 1988a, Anderson et al. 1990, Bédard and Majcen 2001, 2003, 
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Fortin et al. 2009), the Lake States (Erdrmann and Oberg 1973, Crow et al. 1981, Gronewold et al. 2012) 
and the Northeast (Trimble 1968, Soloman 1977, Leak et al. 1987). As a general trend: the greater the 
intensity of the harvest removal, the greater the diameter response of the residual trees. Sugar maple of 
intermediate size showed the greatest proportional diameter increment response in a study from Ontario 
(Jones and Thomas 2004). Bédard and Majcen (2001) have also observed different growth responses 
across diameter classes. Leak (2004) reports diameter growth response varies by diameter class and 
species, and is dependent on site conditions. For stands under light selection harvests or high stem 
densities, Nyland (1987) and Erdmann and Oberg (1973) observed that diameter growth increases to a 
maximum with diameter stem size and then declines.  
 
Solomon (1977) reported that yellow birch and red maple showed the greatest diameter response followed 
by sugar maple and American beech in second-growth northern hardwood stands in New Hampshire.  
Roberge (1987, 1988a) observed that yellow birch displayed greater diameter responses than sugar maple 
in a yellow birch - sugar maple stand. In other section of the northern hardwood range, the Lake States, 
the same relationship between yellow birch and sugar maple has been observed (Crow et al. 1981). 
However, another study in Québec that examined a sugar maple – yellow birch stand, sugar maple 
exhibited greater diameter growth than yellow birch (Roberge 1988b). Likewise, Erdmann and Oberg 
(1973) observed that sugar maple exhibited greater diameter growth than yellow birch in sugar maple 
dominated stands of north eastern Wisconsin, USA. Roberge (1975) observed variable diameter growth 
responses between sugar maple and yellow birch depending on the measurement period. He observed best 
growth with codominant and intermediate trees which was influenced by the degree of release from 
competing trees. Studies in Québec showed an average of 3 cm growth in 10 years across all diameter 
classes (Bédard and Majcen 2001, 2003). According to Anderson et al. (1990), sugar maple exhibits slow 
to moderate but persistent diameter growth of 2.5 cm in ten years for mature trees in unmanaged stands. 
Diameter growth of yellow birch tends to be moderately low in un-managed stands. Fortin et al. (2009) 
reported that only a few trees (13%) did not migrate to a higher diameter class, and most trees (74%) 
gained 2-4 cm from a study in Québec. Besides the species composition and site having an impact on 
diameter response, the age of the trees within each stand also influences diameter growth (Godman et al. 
1990). Godman (1957) provides examples of mature sugar maple stands growing at a slower rate than 
trees in younger stands. Since average diameter of the residual trees are increasing in both the control and 
thinned plots, the stands of the study sites have not reached a stabilization period of stand development 
for uneven-aged structures (Roberge 1988a). 
 
6.2 Tree grade 
The objective of commercial thinning and partial harvesting has traditionally been to improve and 
increase the amount of higher quality stems for sawlog and veneer products (Lees 1978, Miller et al. 
2003, Webster et al. 2009, Groneold et al. 2102). A recent study in the northern hardwood stands of the 
Lake States suggested that large trees increase in value when they become veneer quality, but quality 
criteria for these trees can vary greatly (Webster et al. 2009). Commercial thinning and partial harvesting 
have been used for the restoration of high value northern hardwood stands with high quality stems 
(MacLean 1950, Roberge 1975). Such commercial objectives of uneven-aged management tend to result 
in the removal of some features of stand structure associated with old-growth hardwood forests such as 
cavity trees, snags, and large legacy trees (Kenefic and Nyland 2007, Gronewold et al. 2010). The more 
intense the harvesting of residuals and poor quality stems, the greater the impact of uneven-aged 
management systems on the complex structure of old-growth northern hardwoods. Both Vanderwel et al. 
(2008) and Gronewold et al. (2010) have observed that harvesting interventions > 20 years apart tend to 
have minor influences on the non-commercial stand structural features of northern hardwood stands. In a 
more recent study, Gronewold et al. (2012) have observed that average tree grade was relatively 
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unaffected by residual stocking levels over 50 years in northern hardwoods of Michigan under single tree 
selection. The 20-year harvest intervention cycle is greater than the recommended 15-year cycle for the 
Northeast (Leak et al. 1987). Perhaps modifications of the selection criteria for tree removal should be 
included in future harvest interventions of the study to maintain some of the stand structural features of 
old-growth hardwood stands. 
 
There are numerous studies and field trials that have demonstrated increased tree growth and utilization, 
but few have examined the impact of these silvicultural treatments on change to tree grade quality (Miller 
et al. 2003). Although the analysis of the information from this study is not complete, preliminary results 
have shown that increases in the frequency of quality stems and potential more valuable products is a 
slow process in northern hardwood stands that have had repeated un-regulated harvests for a desired 
product without regard to future stand dynamics and value (Figures 9-10). The stands of this study have 
only received one harvest intervention that removed the worst of the degraded trees on a 20-year harvest 
cycle. Sendak et al. (2000) report similar variation in tree quality approximately 40-years after an initial 
partial harvest removal in second-growth northern hardwood stands in the White Mountains of New 
Hampshire, USA. They attributed the variation to differences in species composition and initial basal 
areas and volume. More frequent harvest interventions would hasten the development of high-value 
stands for sawlogs and veneer production, but such actions may not always be economical or maintain 
desired stand structural diversity. Information does exist in the literature to assist the forester with 
decisions for improving degraded hardwood stands (i.e., Clatterbuck 2010, Kenefic and Nyland 2006, 
Nyland 2003, 2006). Depending on the condition of the northern hardwood stand, restoration forest 
practices may be a slow process or not economical at that time period. 
 
For partial removals or commercial thinnings, Miller et al. 2003 report that increases in tree grade only 
occurred for specific hardwood species in a mixed hardwood stand in West Virginia. Black cherry 
(Prunus serotina Ehrch.), red oak (Quercus rubra L.), and yellow poplar (Liriodendron tulipifera L.) 
showed improvement after treatment because of increased growth and the retention of large high quality 
trees. Whereas red maple and white oak (Quercus alba L.) exhibited no improvement increases in tree 
grade because of poor quality residual trees. An examination on a wide variety of thinning treatments in 
white oak stands located in Kentucky and Ohio has revealed differences between study sites for tree grade 
improvement (Brown et al. 2004). In some cases, the intensity of the thinning treatment had an influence 
on tree grade quality. Strong et al. (1995) report that the medium intensity for harvest removal of 17.2 m2 
/ha (75 ft2 /ac) provided the best average tree grade changes except for crop tree release. However, tree 
grade increased over time in all of the single tree selection treatments in sugar maple dominated stands. 
The medium removal for single tree selection also had high rates of return, but heavy removal (13.8 m2 
/ha or 75 ft2 /ac) provided the greatest rate of return (Niese et al. 1995). The accuracy of tree grade 
projections was examined for five Appalachian hardwoods 12 to 15 years after commercial thinning in 
West Virginia (Miller et al. 2008). Differences between species and treatments were observed for 
accuracy of tree grade projections. Some species such as black cherry and red oak exhibited less accuracy 
for the thinned stands because of resulting harvest wounds and new epicormic branches. Large and 
higher-quality trees were less accurate for tree grade projections than for smaller and lower grade stems. 
An assessment of residual tree quality for the two-aged silvicultural system in 20 Appalachian hardwood 
stands showed that the largest reductions were caused by epicormic branches and harvesting wounds 
(Johnson et al. 1998). The frequency of harvesting wounds was influenced by season of harvest. Tree 
wounds from harvesting were more frequent and severe during spring and summer than for operations 
conducted during fall and winter. Improvement for species composition and tree grade can have long term 
impact in northern hardwoods of the Northeast. Leak and Sendak (2002) document increase of grade 1 
and 2 butt logs of 30% for American beech and 65% for sugar maple after 41-years for a study that has 
received three single-tree selection harvests at 20-year intervals. Fournier et al. (2006) report a two fold 
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increase of acceptable growing stock 20 years after the first harvest intervention of a selection cut in 
Ontario. Hence, any system of predicting or projecting tree grade or future quality of standing trees will 
show some degree of inherent variability. Regardless, such variable information can be nonetheless 
incorporated into stand yield curves to predict potential tree value changes and assist foresters in deciding 
which trees to leave when conducting partial harvesting prescriptions. For example, Myers et al. (1986) 
have developed regression equations that predict butt-log grade distributions from inventory information 
for five Appalachian hardwood species. For the northern hardwood forest of the Northeast, Yaussy (1993) 
has developed logistic regression prediction equations for 20 species groups that could be incorporated 
into individual tree growth and yield simulators such as NE-TWIGS and FVS. Because of the need to 
separate and predict hardwood log quality into different products and uses, several log grading systems 
have been developed in Québec and three of the current systems were evaluated by Fortin et al. (2009). 
All three methods were better at distinguishing log grade occurrence than tree volume. As expected, the 
“true” tree grade classification method proved to be the best system based on Akaike and Bayesian 
information. Information from this study could be used to develop initial tree grade prediction equations 
for current growth and yield simulators used by the New Brunswick Hardwood Technical Committee in 
New Brunswick. The Nova Scotia Department of Natural Resources has integrated tree grade information 
into their inventory procedures (Keys and McGrath 2002).  
  
6.3 Ingrowth dynamics 
The abundance of American beech as the main component in the understory (Figures 11 and 12) has been 
widely observed and documented throughout the range of northern hardwoods (Tubbs and Houston 1990, 
Robertson and Myketa 1998, Nelson and Wagner 2011). The potential increase of American beech in 
northern hardwood stands after natural disturbances and harvesting is a forest management concern 
because of decrease in wood production and the resulting negative impacts on future fibre supplies and 
annual allowable cut (Nelson and Wagner 2011). Because of the low light requirements and large 
amounts of seed produced frequently, American beech has the ability to dominate the regeneration layer 
as advance regeneration in northern hardwood stands (Tubbs and Houston 1990). Single tree selection 
tends to promote American beech and sugar maple, as the regeneration of these species have the ability to 
penetrate through hardwood leaf litter and tolerate the low light conditions (Berry 1981, La Rocque 1985, 
Robertson and Myketa 1998). In small isolated gaps, American beech out-competed the sugar maple 
regeneration and saplings in both the control and thinned stands (Jones et al. 1989, Tubbs and Houston 
1990, Bohn and Nyland 2003, Nolet et al. 2008). Light-seeded species such as yellow and white birch 
often require additional site preparation other than the harvesting activities to remove the hardwood leaf 
litter of sugar maple and American beech leaves and mix the humus and mineral soil. These two birch 
species also require the increase light conditions provided by gap harvesting techniques used in uneven-
aged silvicultural systems for northern hardwood stand types. The increased area of the gaps compared to 
single tree selection also allows a variety of site preparation methods to provide the seedbed requirements 
for light-seeded species such as yellow and white birch (Erdmann 1990, Robertson and Myketa 1998, 
Leak et al. 1987, Leak 1999). Loucks (1962) states site preparation is required to promote yellow birch 
regeneration on partial cuts in the Maritimes Uplands Region where some of the study site occur. The 
occurrence of sugar maple and yellow birch on some of the study sites (Figure 12) was caused in part by 
large gaps and extraction trails that received adequate site preparation by the harvested stems being 
dragged with the cable skidder. Examination of the tree maps for the thinned plots shows a combination 
of small gaps (< one tree length) and large gaps (> two tree lengths) were created throughout the harvest 
sites. Besides the gaps receiving the required seedbed requirements, the open areas provided the required 
light conditions for the moderate shade tolerant yellow birch regeneration. It is also possible that some of 
the advanced American beech and sugar maple regeneration was destroyed by the dragging of harvested 
stems. All study sites were harvested between September and December 1993. According to Tubbs and 
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Reid (1984) the season of harvest can have an influence on regeneration and resulting ingrowth. If a 
hardwood stand is harvested in summer, adequate ground scarification generally occurs for yellow birch 
and some of the advance regeneration will be damaged or destroyed. Winter harvesting operations tend to 
preserve advance regeneration and do not produce the required ground disturbances required by birch 
species. Occurrence of heavy seed years during a harvest operation may change these regeneration trends 
in northern hardwood stands. Since the snow levels would not be deep during the end period of harvesting 
operations for the stands of this study, a combination of site disturbance, protection of small regeneration, 
and destruction of large regeneration would have occurred. Sugar maple is known to inhibit the growth of 
yellow birch when root growth periods of the two species overlap (Tubbs 1965). According to (Smith 
1986) and Anderson et al. (1990), group selection harvest methods are known to produce small even-aged 
patches of shade-intolerant and moderately shade-tolerant species as a matrix within uneven-aged stands 
dominated by stand tolerant species such as illustrated at the Dunbar #2 Study Site. Without natural and 
harvesting disturbances, yellow birch and white birch components within a northern hardwood forest will 
be reduced and will eventually disappear from the landscape (Leak and Yamasaki, 2010). 
 
Removal of American beech is often accomplished by aerial and ground based application of chemical 
herbicides, but it may cause additional vegetation competition problems (Robertson and Myketa 1998). 
Smallridge and Nyland (2009) provide one of the many guidelines available for the control of American 
beech in northern hardwood stands. In a series of articles, Nyland et al. (2004) provide the ecology of the 
major competing trees and shrubs in northern hardwood stands, and the effects of such control methods 
(Nyland et al. 2006). Recent research has shown that American beech is more susceptible to some 
herbicides than sugar maple, red maple and yellow birch (Nelson and Wagner 2011). Presently, the New 
Brunswick Department of Natural Resources uses small patch cuts (irregular circles or strips) to control 
and reduce the abundance of American beech in northern hardwoods. The increased light levels and 
ground disturbance within these small patch cuts of 0.04 to 0.24 ha reduces the American beech 
understory while promoting other species such as sugar maple and yellow birch (Erdmann 1990). The 
treatment was developed and tested in New Brunswick on advise received from Dr. William Leak, USDA 
Forest Service at Durham, New Hampshire. Leak and Filip (1977) was one of the early documents to 
record the results of such treatments in the northern forests of the White Mountains in New Hampshire, 
USA. Leak and Yamasaki (2010) also observed that with proper management techniques American beech 
can form part of a healthy and productive component of northern hardwood stands. 
 
7 Conclusions 
7.1 Stand dynamics 
The variable stand conditions and removal rates produced variable growth responses which is consistent 
with the literature that was reviewed and examined. 
 
The greater is the basal area removal, the greater the diameter response of individual residual trees in the 
thinned plots. However, the growth response may not reach former basal area or volume levels if too 
many trees have been removed in the harvest. 
 
The thinned stands have not recovered the basal area values that existed at the initiation of this study. 
However, this management goal may not be as important as targeted or desired basal area levels set by 
foresters. Especially when changes in stand value may be of higher importance than volume increases 
depending on markets and stand management objectives.  
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Past predicted annual volume increment growth rates of 2.4 m3 /ha /year were verified in this study for the 
control stands. Annual volume increment growth rates suggest that hardwood stands subjected to partial 
removals produced better growth response than was predicted at the start of the original study. 
 
Annual volume increment growth rates exhibited a wide variation between and among treatments for 
many potential factors. Identification and refinement of these factors may produce greater growth 
responses than the average values observed in this study. 
 
Hardwood stands, especially those where investments have been undertaken for increased product value, 
may require some form of “protection” from pests such as the forest tent caterpillar, if the desired growth 
and growth rates are to be achieved. 
 
Hardwood stand dynamics are complex and a better understanding of these dynamics is required for the 
impacts on growth and development.  
 
7.2 Tree grade changes 
Stand restoration and stem quality improvement are slow processes that may not be achieved with a first 
harvest entry in second-growth northern hardwood stands that have had the higher quality trees removed 
repeatedly in the past. 
 
Changes in tree grades were observed to be very dynamic in these second-growth northern hardwood 
stands from a number of factors such as initial stem quality, stem growth, mortality rates, harvest rates 
(both regulated and unregulated), species, and site quality. 
 
Differences between tree grading systems are evident in the higher quality products. These differences 
need to be addressed for regional quality characteristics and market requirements for the present and 
future. 
 
7.3 Ingrowth dynamics 
In general, ingrowth occurred more frequently in the thinned stands than the control stands. Except for the 
mixedwood characteristics of the Wiggin’s Corner Study, ingrowth does not exist as a diverse mixture of 
desired tree species but a secondary canopy of dense American beech and sugar maple. 
 
 

8 Recommendations 
8.1 Stand dynamics 
Since the annual volume increment growth rates suggest that hardwood stands grow better than past 
predictions, additional studies are required for verification and to determine the potential impact on the 
annual allowable cut and the optimum removal rate for a specific stand type and site condition. 
 
Since the growth rates were influenced by a variety of potential factors, identification and refinement of 
these factors needs to be undertaken in order to determine the impact on growth responses at the 
landscape level. The influence of site quality on the temporal change of stand density should be examined 
in a future study. 
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8.2 Tree grade changes 
Since changes in tree grades were observed to be very dynamic at the plot level, this factor needs to be 
quantified at the individual tree and species level and the information incorporated into the management 
process for wood supply. Hence, it is suggested that a new grading system that incorporates tree vigour be 
considered for New Brunswick such as the four-class system that was once used in Québec. 
 
Tree grading systems need to address differences for regional quality characteristics and market 
requirements for the present and future. 
 
A national tree grading system needs to be developed and adopted by resource managers across Eastern 
Canada to allow national comparisons and evaluations. 
 
8.3 Ingrowth dynamics 
Unless another silvicultural system or additional silvicultural prescriptions are used to produce new 
cohorts of desired crop trees these uneven-aged structured stands, a dense second canopy of dominating 
America beech and sugar maple will form, except for those sites that have a mixedwood (softwood and 
hardwood) site characteristic. Increased soil scarification and frequency of large gaps is required to 
increase the frequency of yellow birch into the ingrowth cohort diameter classes. 
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Appendix I 
 

Modified NBDNR Tree Product Grading System After McDonald (1999) 
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 1. Veneer   - 2.5 m out of the first 4 m of tree 
     - clear on all 4 faces of tree stem 
     - no major defects 
     - DBH > 24 cm 
 
 
  Spoolwood   - white birch and white ash 
     - 2.5 m out of the first 4 m of tree 
     - clear on all 4 faces of tree stem 
     - no more than 2 minor defects 
     - DBH > 16 cm 
 
 
 2. Saw logs   - 2.5 m out of the first 4 m of tree 
     - clear on all 3 faces of tree stem 
     - no more than 2 minor defects on 3 clear faces 
     - DBH > 24 cm 
 
 
 3. Pulpwood /Fuelwood - trees that do not meet criteria 1 and 2 
     - trees with 50% or more merchantable volume 
 
 4. Biomass   - trees that do not meet criteria 1, 2, and 3 
     - trees with less than 50% merchantable volume 
 
 

Raw Product 
 

Mature and Over-
Mature Stands 

 

1 
 

Veneer /Spoolwood 

2 
 

Saw Logs 

3 
 

Pulpwood /Fuel wood 

4 
 

Biomass 
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