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Abstract 
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1.0  Introduction 

Alternatives to traditional clearcut harvesting are being examined on a global basis 

(Pommerening 2006) in response to inceasing concern about long-term ecosystem health, a shift 

toward management approaches that approximate natural processes (Seymour and Hunter 1999; 

Haeussler and Kneeshaw 2003) and a recognized need to manage forests for objectives beyond 

timber production (e.g., visual impact (Yelle et al. 2008)). The mixed forest types that occur in 

temperate southern regions of British Columbia, Canada are of particular interest because, in 

addition to being highly diverse and productive, they typically occur in valley bottom to mid-

elevation locations where the majority of human settlement and activity are also found. As a result, 

maintaining visual quality, recreational values, and a positive public image are high priority 

management objectives for these forests.  

The Interior Cedar-Hemlock (ICH) biogeoclimatic zone, which occurs in southern and 

west-central British Columbia, is characterized by highly diverse disturbance patterns (Vyse and 

DeLong 1994). The resulting forests are diverse mixtures of shade-tolerant to -intolerant tree 

species with complex stand structure, where up to 10 coniferous and broadleaf species can 

contribute to stand structure on a single site (Meidinger and Pojar 1991). These characteristics 

make the ICH zone a suitable, but highly complex, candidate for uneven-aged management (e.g., 

Smith et al. 1997) approaches such as shelterwood or partial retention silviculture systems.  

In order to make a successful large-scale transition from clearcut to continuous cover 

silviculture systems, a new suite of management and operational expertise is required across the 

full range of harvesting and silvicultural activities (Pommerening 2006). The majority of current 

guidelines for forest management in British Columbia were developed for clearcut harvesting, and 

at present, relatively little research is available for alternative systems. Classical approaches to 

uneven-aged management feature natural rather than artificial regeneration (e.g., Smith et al. 1997), 

but practical, ecosystem-specific information is required to compare the performance and reliability 
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of these methods. The need for information to guide regeneration practices in uneven-aged 

mixtures has been further amplified in British Columbia by the diverse stand conditions that have 

been left in the wake of the recent mountain pine beetle (Dendroctonus ponderosae) epidemic. 

Natural forest regeneration occurs throught the release of existing advance regeneration following 

canopy removal or the recruitment of new seedlings. In general, the presence of understorey 

vegetation limits ingress of new conifers through competitive exclusion (see refs cited by 

Griesbauer and Green 2006, page 82). However, ingress will also vary according to the type of 

substrate and the degree of disturbance that has resulted from harvesting (Wright et al. 1998a; 

LePage et al. 2000; Heineman et al. 2002). Disturbance can be considerable where harvesting or 

site preparation techniques include root removal to control reinfection by Armillaria (Armillaria 

ostoyae (Romagnesi) or Tomentosus (Inontus tomentosus (Fr.Fr) S. Teng) root disease (Morrison 

et al. 1991; Sturrock et al. 1994), a common scenario in ICH forests.  

Advance regeneration species in southern interior forests typically include shade-tolerant to 

moderately shade-intolerant species (Klinka et al. 2002, check references and designations re shade 

tolerance), including Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), interior spruce (Picea 

engelmannii Parry  x glauca [Moench] Voss), western redcedar (Thuja plicata Donn ex D. Don), 

subalpine fir (Abies lasiocarpa (Hook.) Nutt.) and western hemlock (Tsuga heterophylla (Raf.) 

Sarg.) (ref?). Regardless of shade tolerance, light availability is a primary determinant of early 

conifer growth (Wright et al. 1998b), although responses of advance conifer regeneration following 

canopy removal may differ from those of planted or seed origin stock that establishes post-

disturbance (Claveau et al. 2006), and are also likely to depend on crown characteristics (Chen et 

al. 1996; Williams et al. 1999) and health at the time of release (Ruel et al. 2000).  

Light availability beneath forest canopies has been characterized and modelled in a range 

of ecosystems (e.g., Gendron et al. 2001; Lieffers et al. 1991), as have the responses of both 

regenerating conifers (Chen 1997; Kobe and Coates 1997; Wright et al. 1998) and early seral 

vegetation communities to increases in light following harvest (Simard et al. 2001).  
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In 1995 and 1996, studies were established on the Mount Seven and Ice Road sites in 

southeastern British Columbia to examine the suitability of a partial retention silviculture system to 

the ICH zone. At each site, traditional hand-felling or pushover harvesting techniques were used to 

achieve light retention, heavy retention, or clearcut overstory conditions. Responses of planted and 

natural regeneration of varying shade tolerance were examined. Specific objectives were (1) to 

compare survival and growth responses of planted Douglas-fir, western larch, and Engelmann 

spruce (Mount Seven) or western redcedar (Ice Road) to harvest method and retention level; (2) to 

compare survival and growth responses of advance regeneration (Douglas-fir, subalpine fir, hybrid 

spruce at the Mount Seven site and western redcedar and western hemlock at the Ice Road site) to 

harvest method and retention level; (3) to characterize and compare natural regeneration density 

and size according to harvest method and retention level; and (4) to use multiple regression 

analysis to examine relationships between (i) residual stand characteristics, understory vegetation 

development, and light availability to regenerating conifers, (ii) residual stand characteristics, 

understory vegetation development, and conifer regeneration survival and growth responses, and 

(iii) light availability and regeneration survival and growth responses. 

 

3.0  Methods 

Site descriptions 

The Mount Seven site is located 4 km east of Golden, BC (51o 17’N, 116o 56’W) at an 

elevation of ?? m, on a moderate (5-25%) slope of north to northwesterly aspect. The area is 

transitional between the Kootenay Moist Cool ICH biogeoclimatic variant (ICHmk1), which 

averages 1128 mm precipitation and 95 frost-free days annually, and the somewhat drier and cooler 

Dry Cool Montane Spruce subzone (MSdk), which averages 590 mm precipitation and 68 frost-

free days annually (Braumandl and Curran, 1992). Moisture regime is predominantly mesic (is this 

fresh in these units?) and the nutrient regime is medium (site series 01). Soils were ??, with 

calcareous parent material occurring at a depth of 40-60 cm. Prior to the harvesting treatment, the 
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120-year-old even-aged stand was dominated by Douglas-fir, with smaller amounts of interior 

spruce (Picea engelmanni) Parry ex Engelmann x P. glauca (Moench) Voss) and lodgepole pine. 

Tomentosus root disease (Inontus Tomentosus) root disease was present. Understory vegetation 

was characterized by ??. 

The Ice Road site is located approximately 50 km south of Nakusp, BC (49 58’N, 118 

43’W) at an elevation of ?? m, on a moderate (25-35%) north facing slope. The site is in the 

Columbia-Shuswap Moist Warm ICH variant (ICHmw2), which averages 840 mm precipitation 

and 149 frost-free days anually (Braumandl and Curran 1992). The site had a mesic-subhygric soil 

moisture regime and medium soil nutrient regime (site series 04). Prior to the harvesting treatment, 

the 125-year-old stand was dominated by western red-cedar, with lesser amounts of Douglas-fir 

and western Larch. Armillaria (Armillaria ostoyae) root disease was present on this site. 

Understory vegetation was characterized by ??. 

 

Treatments 

Sixteen 1ha (100m x100m) treatment units were established at each site. Four levels of 

basal area retention were randomly assigned to each treatment unit: clearcut, light retention (25% 

overstory basal area retained), heavy retention (50% overstory basal area retained), and uncut 

control. Two falling treatments: pushover (to achieve root removal) or hand-falling (conventional 

method) were also randomly assigned to each unit, except for the uncut control. Leave trees of the 

desired species mix were marked prior to harvest. Harvest operations are described in detail by 

DeLong et al. (2005). Within each treatment unit, 16 circular 50 m2  subplots were established on a 

20m x 20m grid for detailed seedling measurements. A total of 256 subplots were established at 

each site.  

 

Residual overstory 
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Planted and natural  regeneration 

For each site, three planting species were chosen that represented a range of shade-

tolerance (reference) and resistance to root disease (Morrison et al. 1991), and which were 

appropriate to climatic characteristics of the individual sites. Shade-intolerant western larch and 

moderately shade-intolerant (check these ratings) Douglas-fir were planted at both sites, while the 

more shade-tolerant species was represented by interior spruce at Mount Seven and western 

redcedar at Ice Road. Planting at each site took place in the spring following winter logging (1995 

at Mount Seven and 1996 at Ice Road). Within each of the sixteen 50m2 subplots in each of the 16 

treatment units, three container grown seedlings of each of the three species (a total of nine 

seedlings) were planted. Douglas-fir and spruce were considered the least resistant tree species to 

A. ostoyae and I. tomentosus, respectively (Morrison et al.1991). Species, height (cm), diameter at 

root collar (cm), vigour, and damage cause were recorded at the time of planting and after five and 

10 growing seasons. 

Advance regeneration stems were tagged and assessed at the same time that planted 

seedlings were first assessed. Advance stems were selected to represent the existing mix (is this 

right?) of advance regeneration species, and they were assessed in the same manner as planted 

seedlings.  

In year 10, conifer and broadleaf regeneration densities were assessed, by species, in each 

50 m2 subplot. Counts were made for two height classes: ≥ 30 cm - 129 cm, and ≥ 130 cm. 

 

Understory vegetation 

Understory vegetation was assessed in July 2004 at Mount Seven and in July 2005 at Ice 

Road in even-numbred subplots (50m2), for a total of 128 plots at each site. Cover was recorded for 

vascular plant species having ≥ 1% cover in the following layers, according to the protocol of B.C. 

Ministry of Environment, Lands and Parks and B.C. Ministry of Forests (1998): B1- tall shrub 

layer (woody plants 2-10 m tall), B2 - low shrub layer (woody plants < 2 m tall, C - herb layer 
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(including low (< 15 cm) woody or trailing plants); D1 - bryophytes, and D2 - terrestrial lichens. 

Modal height was measured for species having ≥ 4% cover. 

 

Light assessment 

Light measurements were made on July 19-20, 2005 at the Ice Road site, and on June 27, 

2006 at the Mount Seven site, using a LiCor LAI-2000 Plant Canopy Analyzer (LiCor Inc., Lincoln 

Nebraska), which previous studies have shown provides diffuse non-interceptance (DIFN) values 

that are unbiased estimates of average growing season fractional transmittance (i.e., percent of 

open-sky light) (Gendron et al., 1998; Comeau et al., 1998; Machado and Reich, 1999). At each of 

the 256 subplot centres at each site, measurements were taken at 1.5 m above the ground. This 

height was chosen because it was the approximate mid-crown height of planted seedlings, and it 

avoided the influence of low understory vegetation. Light readings were made twice during the day 

at each sample point, using a 180° view restrictor oriented in opposing directions to block direct 

radiation from the sun. The Licor system requires open-sky, as well as understory, measurements in 

order to calculated DIFN. Open-sky conditions were continually monitored using a second LAI 

2000 set up in adjacent openings, at an identical orientation to the understory sensor. Open-sky 

readings were taken every 15 seconds, which allowed values to be cross-matched with understory 

readings. The instruments were further calibrated by taking open-sky readings with the understory 

sensor at the beginning and end of each set of measurements. DIFN was determined using C2000 

software (LiCor Inc., Lincoln, Nebraska). Gap fraction was also calculated by averaging concave 

spherical densiometer readings taken in each of the four cardinal directions from the same point 

where LAI readings were taken.  

Analysis 

Ice Road and Mount Seven were analyzed as separate experiments, where each contained a 

factorial set of treatments in a randomized complete design. Data were tested for normality and 
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homogeneity of variance. In the case of natural seedling ingress, a log transformation was applied 

to stabilize the variance and improve the normality of the data prior to two-way analysis of 

variance (ANOVA). ANOVA was used to determine if differences in harvest method and the level 

of basal area retention affected overstory basal area and volume, understory vegetation abundance, 

light, planted conifer and advance regeneration survival and growth (by individual species), and 

conifer and broadleaf seedling ingress at individual sites (Table 1). Where a log transformation was 

used, the estimated (least-squares) treatment means and associated confidence intervals were back-

transformed to the original scale to facilitate interpretation of ANOVA results. With the exception 

of light transmittance and gap fraction, the statistical significance of differences between all pairs 

of treatment means was assessed by the Bonferroni method of multiple comparisons (α=0.05). 

Light transmittance and gap fraction means were compared using Tukey’s HSD test (α=0.05).  

For each site, Spearman’s rank correlation coefficients were calculated for pairings of (a) 

light transmittance or gap fraction with overstory basal area, stand density index (SDI), and 

understory vegetation variables; (b) planted conifer, advance regeneration, or natural regeneration 

ingress variables with overstory basal area, stand density index (SDI), and understory vegetation 

variables; and (c) planted conifer, advance regeneration, or natural regeneration ingress variables 

with light transmittance. Multiple regression models were developed for each of the above sets of 

relationships using a stepwise method (PROC REG) applied to the log-transformed dependent 

variable (Model 1), where all plots were assumed to be independent. Final estimates were obtained 

by re-fitting a non-linear model with random treatment-unit effects to account for possible 

correlation among plots within treatment units (PROC NLMIXED).  

log Y = a + b1 X + b2 Y + ….bi Z + σtreatment unit + σplot,    (1) 

 

where Y is the light or regeneration dependent variable, a is the constant, b1, b2,…, bi are 

coefficients for X, Y,…, Z overstory, understory, or light independent variables, and σtreatment unit and 
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σplot are random error terms. All data analyses were carried out using SAS statistical software (SAS 

Institute Inc., 2002-2003).  

 

3.0  Results 

Residual overstory 

Ten years after first-pass harvesting, at both the Mount Seven and Ice Road sites, stand-

level basal area and volume of the residual stands differed significantly between retention levels 

but did not differ as a result of harvest method (Table 2). Mount Seven, BA and volume were 

significantly higher at all harvested retention levels than in the control, but did not differ 

significantly between the heavy and light retention treatments or between the light retention and 

clearcut treatments. At Ice Road, BA and volume at each retention level differed from that of all 

other levels. Ten year increases in basal area and volume from the time of harvest to 2004 at Mount 

Seven and 2005 at Ice Road also differed significantly between retention levels. At Mount Seven, 

BA and volume in the untreated stand increased significantly more in the uncut control than in the 

clearcut, and volume also increased significantly more in the heavy retention treatment than in the 

clearuct. Retention level affected BA and volume increases similarly at Ice Road, except that 

differences between the clearcut and the heavy retention treatment were more consistently 

significant. 

 In year 10, the residual overstories were dominated by Douglas-fir at Mount Seven and by 

western redcedar, Douglas-fir, and larch at Ice Road (Figure 1).  

 

Understory vegetation responses 

Ten years after harvesting at Mount Seven, there were no significant differences in percent 

cover of tall shrubs, low shrubs, herbs, or bryophytes and lichens between retention treatments or 

harvest methods (Table 2, Figure 2). When the uncut control was compared with harvesting 

treatments as a group, low shrub and herb cover were significantly higher and bryophyte/lichen 
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cover was significantly lower in harvested plots than in the uncut forest. At Ice Road, low shrub 

cover differed significantly between retention levels, but the Bonferroni test could not separate 

means. Short shrub cover and herb cover in harvested plots overall were higher than in the uncut 

control, but bryophyte/lichen cover did not differ between harvested and control (Table 2, Figure 

2). There were no significant harvest method or retention level effects on conifer cover in the ≤2 m 

or >2-10 m layers at the Ice Road site, but at Mount Seven there was a significant interaction 

between harvest method and retention level for conifers in the 2-10 m layer.  

The tall shrub layer occupied less cover at Ice Road than at Mount Seven. At Mount Seven,  

this layer was dominated by Acer glabrum, whereas at Ice Road, it tended to be dominated by 

paper birch. Low shrub cover was similar at the two sites, but the species composition was more 

diverse at Mount Seven than at Ice Road. At Mount Seven Cornus stolonifera, Spiraea betulifolia, 

and Symphoricarpos albus, and Acer glabrum were prominent in all treatments, including the uncut 

control, and Rubus parviflorus was also common at all retention levels in harvested plots. At Ice 

Road, Rubus parviflorus was the dominant species in clearcut and light retention plots, while 

Paxistima myrsinites occupied the largest cover in the heavy retention and uncut plots. Herbs 

occupied approximately twice as much cover at Mount Seven than at Ice Road (Figure 2), but at 

both sites the most abundant species were low-growing Cornus canadensis and Linnaea borealis. 

Uncut plots at Mount Seven averaged 92% bryophyte/lichen cover, and harvesting, across all 

retention levels, caused significant reductions after 10 years. In contrast, bryophyte/lichen cover in 

uncut plots averaged only 16%, and harvesting treatments had not caused significant reductions 

after 10 years. 

 

Planted seedling survival and vigour 

Mount Seven 

At Mount Seven, 10 year Douglas-fir, larch, and spruce survival averaged 52, 74, and 90%, 

respectively, across both harvest methods and all three retention levels (Figure 3). Harvest method 
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had a significant effect on Douglas-fir (hand-felled > pushover) and spruce survival (pushover > 

hand-felled), while retention level had a significant effect on larch survival (HR > CC) (Table 2). 

Except in the hand-felled, heavy retention treatment, almost all Douglas-fir were in fair or good 

vigour, suggesting that most poor vigour stems had already died. Most spruce were also in good or 

fair vigour, whereas an average 35% of surviving larch in the light and heavy retention treatments 

were in poor vigour in year 10 (Figure 3). Ungulate browse affected 6-9% of surviving Douglas-fir 

and larch, but did not affect Engelmann spruce. The larch casebearer (Coleophora laricella (Hbn.)) 

affected an average 52 and 23% of larch in the heavy and light retention treatments, respectively, 

but was not present on larch in the clearcut. The cooley gall aphid (Adelgis cooleyi (Gill)) was 

present on an average 42% of clearcut spruce, compared with 12 and 2% in the light and heavy 

retention treatments, respectively. 

 

Ice Road 

At Ice Road, Douglas-fir, larch, and cedar survival averaged 70, 28, and 93%, respectively, 

across harvest methods and retention levels (Figure 4). The interaction between harvest method and 

retention level was significant for Douglas-fir, but not for larch or cedar (Table 2). Harvest method 

(pushover > hand-felled) and retention level (CC > LR > HR) both significantly affected larch 

survival, and harvest method significantly affected cedar survival (pushover > hand-felled). Most 

surviving Douglas-fir were in fair or good vigour in the clearcut and light retention treatments, but 

an average 29% of surviving trees were in poor condition in the heavy retention treatment (Figure 

4). The most common damage recorded on Douglas-fir was needle loss due to low light conditions. 

The majority of larch were dead by year 10 at Ice Road, and nearly all survivors in the heavy 

retention treatment were in poor vigour. Approximately one-third of surviving larch in the clearcut 

and light retention treatments were also in poor vigour as a result of low light conditions 

(vegetation competition?). The majority of surviving cedar were in good or fair vigour in the 
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clearcut and light retention treatments, but an average 22% were in poor vigour in the heavy 

retention treatment. Low light was the most commonly recorded damaging agent.   

 

Planted seedling growth 

Mount Seven 

At Mount Seven, Douglas-fir GLD and 5-10 year height growth were significantly larger 

in pushover harvested than hand-felled units (0.03 < p < 0.05, Table 2). Height, 5-10 year GLD 

growth, height/diameter ratio, and crown width were unaffected by harvest method (p>0.05). All 

Douglas-fir growth variables except height/diameter ratio differed significantly between retention 

levels (p≤0.05, Table 2). Height, 5-10 year height growth, GLD, and 5-10 year GLD growth were 

significantly greater among Douglas-fir in the clearcut than in either of the retention treatments 

(Figure 5). Crown width of Douglas-fir was greater in the clearcut than in the heavy retention 

treatment, but did not differ from that of the light retention treatment. There were no significant 

interactions between harvest method and retention level for any Douglas-fir growth variables.  

Larch height, 5-10 year height growth, GLD, 5-10 year GLD growth, and crown width 

differed significantly between harvest methods, with larch being consistently larger in the pushover 

than the hand-felled harvest units, and also between retention levels. Height/diameter ratio did not 

differ according to either of these factors, and there were no significant interactions between 

harvest method and retention level for any larch growth variables (Table 2).Larch height, 5-10 year 

height growth, GLD, and 5-10 year GLD growth were significantly greater in the clearcut than in 

either of the retention treatments and crown width was significantly different at each retention level 

(Figure 5).  

Engelmann spruce also exhibited significant differences in height, 5-10 year height growth, 

GLD, 5-10 year GLD growth, and crown width between harvest methods and between retention 

levels, and interactions between these factors were significant for height and 5-10 year height 

growth (Table 2), probably because the magnitude of the difference between the clearcut and light 
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retention treatments was considerably larger in the hand-felled than the pushover harvest units. 

Spruce had consistently larger diameter and crown width in the pushover than the hand-felled 

harvest units (Figure 5). GLD and 5-10 year GLD growth were larger among spruce in the clearcut 

than the light or heavy retention units, and crown width differed between all three retention levels 

(Table 2). 

 

Ice Road 

Ten years after planting at Ice Road, there were no significant growth differences for 

planted Douglas-fir, western larch, or western redcedar as a result of harvest method, and there 

were no significant interactions between harvest method and retention level (Table 2). All Douglas-

fir growth variables, including height/diameter ratio differed significantly between retention levels 

(p≤0.05, Table 2). Height, 5-10 year height growth, GLD, 5-10 year GLD growth, and crown width 

were significantly larger, and height/diameter ratio was significantly lower, among Douglas-fir in 

the clearcut than in either of the retention treatments (Figure 6).Larch height, GLD, and 5-10 year 

GLD growth were weakly significantly different between retention levels (0.03 < p < 0.05), but the 

Bonferroni test was unable to separate means (Figure 6).  All cedar growth variables, including 

height/diameter ratio differed significantly between retention levels (p≤0.05, Table 2). Cedar in the 

clearcut treatment had significantly greater height, 5-10 year height growth, and GLD than those in 

the heavy retention treatment, but cedar in the light retention treatment did not differ from either of 

the other retention treatments (Figure 6). Although weak significant differences as a result of 

retention level were found for 5-10 year GLD growth, crown width, and height/diameter ratio, the 

Bonferroni test was unable to separate means. 

 

Advance regeneration 

Mount Seven 
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At Mount Seven, there were sufficient numbers of tagged Douglas-fir, subalpine fir, and 

Engelmann spruce to conduct analysis. Ten year survival of advance Douglas-fir regeneration that 

was tagged at the start of the study ranged from 48 to 54%, and most surviving stems were in fair 

or good vigour in the clearcut and light retention treatments (Figure 7). Vigour was lower in the 

heavy retention treatment, where only 39% of the original tagged Douglas-fir were in fair or good 

condition. In the uncut control, 45% of the tagged Douglas-fir advanced regeneration stems 

survived at year 10, but nearly all were in poor vigour. Tenth year survival of advance subalpine fir 

regeneration ranged from 80-93%, and the large majority were in fair or good condition, even 

beneath the canopy of the uncut control. Survival of advance Engelmann spruce regeneration was 

62% in the clearcut, and 81, 75, and 77% in the light and heavy retention treatments and the uncut 

control, respectively. Cooley gall aphid was recorded on 60 and 25% of live spruce in the pushover 

and hand-felled clearcut treatments, respectively. 

Ten years after harvest at Mount Seven, there were significant interactions between harvest 

method and overstory retention level for all growth varibles associated with advance regeneration 

Douglas-fir, except height/diameter ratio (Table 3). In general, this interaction seems due to better 

growth of Douglas-fir in the pushover clearcut treatment units than the hand-felled clearcut units. 

There were no significant effects of harvest method or retention level on height/diameter ratio of 

advance Douglas-fir, and there was no interaction between these effects. There were no interactions 

between harvest method and retention level for either subalpine-fir or Engelmann spruce advance 

regeneration. Subalpine-fir growth was unaffected by harvest method, but height, 5-10 year height 

growth (Figure 8), GLD, and 5-10 year GLD growth were significantly affected by retention level. 

Means were significantly higher for the clearcut than the heavy retention treatment, except in the 

case of 5-10 year GLD growth, where the Bonferroni test could not detect differences. For advance 

Engelmann spruce, the absolute measures of growth (height, GLD, and crown width) differed 

significantly according to harvest method but not retention level, and were larger in the hand-

felling than the pushover harvest units. In contrast, 5-10 year height growth and height/diameter 
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ratio did not differ according to harvest method, but were weakly significantly different as a result 

of retention level. Due to high variability, however, the Bonferroni test could not separate means.  

 

Ice Road 

At Ice Road, there were sufficient numbers of tagged western redcedar and western 

hemlock to conduct analysis. Ten years after harvest, survival of tagged cedar and hemlock 

advance regeneration was over 80% in all retention treatments, including under the canopy of the 

uncut control (Figure 7). The majority of cedar (75-77%) were in fair or good vigour in the clearcut 

and light retention treatments, but this was the case for only 59% of the originally tagged stems in 

the heavy retention treatment, and 21% of those in the uncut control. No advance cedar 

regeneration was rated as having good vigour in the uncut control. In contrast, hemlock advance 

regeneration tended to be of fair or good vigour regardless of retention level. Growth of western 

redcedar and western hemlock advance regeneration did not differ between the two harvest 

methods, and there were no significant interactions between harvest method and retention level 

(Table 3). There were no significant differences in height, GLD, height/diameter ratio, or crown 

width as a result of retention level for either species. Differences in 5-10 year height (Figure 8) and 

GLD growth were statistically significant, but due to high variability the Bonferroni test was 

unable to separate means. 

 

Natural regeneration ingress 

Mount Seven 

Douglas-fir was the most common natural regeneration species at the Mount Seven site, 

followed by spruce, and then subalpine fir (Figure 9). Ten years after harvest, the majority of 

Douglas-fir and Engelmann spruce natural regeneration was less than 130 cm tall, probably 

because it was mainly the result of ingress that had occurred since harvest. In contrast, subalpine fir 

was approximately equally represented in layers that were < 130 cm tall and > 130 cm, probably 
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because much of it was advance regeneration that had been present prior to harvest. Minor amounts 

of western redcedar, lodgepole pine, and western hemlock were also present.  

Broadleaf regeneration consisted of a mix of birch, aspen, and cottonwood (Figure 10) and 

tended to be slightly more abundant in the pushover than hand-felled treatment units. Higher 

densities in the light retention treatment are due to a particularly high presence in one treatment 

unit, possibly because greater presence of birch stems prior to harvest resulted in high sprout 

densities, or because greater birch presence in the adjacent stand resulted in greater seeding in. 

 

Ice Road 

Western redcedar was the most common natural regeneration species at the Ice Road site, 

followed by western hemlock and Douglas-fir, depending on retention level (Figure 11). Minor 

amounts of western white pine, western larch, Engelmann spruce, and lodgepole pine were also 

present. Ten years after harvest, the majority of conifer natural regeneration of all species was less 

than 130 cm tall.  

Broadleaf regeneration consisting mainly of birch was approximately twice as dense in the 

clearcut as in the light or heavy retention treatments (Figure 12), but there were no apparent trends 

according to harvest method. 

 

Light 

At Mount Seven, both transmittance and gap fraction were significantly lower in the 

untreated control than than in the light or heavy retention treatments, and were also significantly 

lower in the heavy retention treatment than the clearcut (Table 4). Values for the light retention 

treatment were intermediate between, and did not differ significantly from, either the clearcut or 

heavy retention treatment. 

Ice Road results to be added. 
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Regression analysis 

To be completed. 

 

Discussion 

Three categories of regeneration — planted, advance, and natural ingress were examined in 

this study. Although conifer regeneration is intended to occur naturally in shelterwood silviculture 

systems (Smith et al. 1997), planted stock could be used to augment stocking levels and achieve 

desired species mixes. In a study such as this one, the examination of planted tree response allows 

for comparison of survival and growth responses across species without the confounding effects of 

suppression and regeneration delay associated with advance regeneration and natural ingress from 

seed. Additionally, since regeneration responses in clearcut harvested openings are currently the 

norm, investigating planted seedling performance with different levels of overstory retention 

provides a basis for scaling expectations appropriately for partial retention systems.  

Planted conifers 

Ten-year survival was high for both moderately shade-tolerant Engelmann spruce at the 

Mount Seven site and shade-tolerant western red cedar at the Ice Road site (check the shade 

tolerance designations), and neither species was affected by retention level. Douglas-fir survival 

was lower than expected, especially at the Mount Seven site where it averaged only 52%. It was 

not significantly affected by retention level at either site, suggesting that other factors besides light 

availability were playing a role. (see what the regression analysis results suggest regarding light, 

and also look at early damage cause information to see if we can explain the mortality). Other 

studies have shown that below-ground resource availability plays a significant role in regeneration 

performance across a range of shade-tolerances and ecosystem characteristics (Palik et al. 1997; 

Lajzerowicz et al. 2004; Strand et al. 2006; Devine and Harrington 2008). At Mount Seven, 

Douglas-fir survival declined steeply between years 1 and 3 after planting, whereas there was a 

gradual decline over time at Ice Road. Ice Road is a drier site than Mount Seven, and the better 
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survival of Douglas-fir at that site may be related to its greater shade tolerance on drier sites (Carter 

and Klinka 1992). Drever and Lertzman (2003) found that the structure of retained trees affected 

understory light levels in partial cutting treatments. Basal area of dominant and codominant trees 

was similar at Mount Seven and Ice Road, but light quality may have differed because the residual 

stand at Mount Seven was composed mainly of Douglas-fir, whereas at Ice Road it was dominated 

by cedar, but also included substantial amounts of Douglas-fir and western larch. Residuals were 

taller (21-27 m) at Mount Seven than at Ice Road (17-18 m), but the proportion of crown was 

higher at Ice Road (42-59%) than at Mount Seven (38-55%). 

In contrast to Douglas-fir, which had somewhat better survival at Ice Road than Mount 

Seven, western larch survival was poor at Ice Road and moderate at Mount Seven. It declined 

significantly with increasing retention level at both sites. (look at the light and vegetation 

regression results to see if we can explain the different responses of larch at the two sites) After 10 

years, there were very few healthy larch in the high retention treatment, and over the longer term 

we can anticipate virtually no survival. Western larch was a common overstory component at Ice 

Road, and these results suggest the original species composition will not successfully be recreated 

by planting. Mason et al. (2004) similarly found extremely poor survival of European larch under 

low light conditions. Larch casebearer was commonly reported at Mount Seven in year 10, but not 

at Ice Road. Previous observations suggest that larch needle cast (Meria laricis Vuill.), in 

combination with low light levels, played a strong role in early larch mortality at Ice Road 

(DeLong et al. 2005). In contrast, larch survival was moderately good (average 81%) in the 

clearcut treatment at Mount Seven, even though it is not a recommended species for northerly 

aspects in the ICHmk1 (BC Min. For. 2000). 

At Ice Road, survival of all three species was significantly higher where pushover logging 

was used than where traditional hand-falling was done (why? can we say anything about the light 

environment or early damage causes? Was there a root rot effect?). In contrast, Douglas-fir survival 

at Mount Seven was higher in the hand-felled than pushover treatment, and the other species were 
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unaffected. Inonotus tomentosus root disease was present at Mount Seven (do we know if it played 

a part in conifer seedling mortality?).  

At both sites, stem diameter and height growth of planted trees of all species was better in 

the clearcut than in the light and heavy retention treatments. Although there was a trend of 

decreasing growth with increasing overstory basal area, height and diameter differences between 

the light and heavy retention treatments were significant only for spruce at the Mount Seven site. 

This contrasts with findings of Strand et al. (2006), who found that spruce growth did not differ 

between a clearcut and a partial cut, whereas less shade tolerant species did respond as expected to 

decreasing light availability. Coates and Burton (1999), however, reported that the growth of 

conifer species ranging from shade-tolerant to shade-intolerant increased with increasing light 

availability, even beyond identified light saturation points. Drever and Lertzman (2001) concluded 

that partial cutting should aim to provide at least 40% full sunlight to achieve site potential for 

Douglas-fir, whereas western redcedar approached its maximum growth at 30% light (what are 

light levels for our study?). Carter and Klinka (1992) found that at low light levels (<30%?) 

western redcedar performed relatively better than hemlock (use for discussion of advance regen), 

which performed better than Douglas-fir. They also showed that shade-tolerance differed with soil 

moisture regime. The Mount Seven site is slightly dry and the Ice Road site is moderately dry. 

According to Klinka and Carter (1992), the shade tolerance of cedar, hemlock, and Douglas-fir all 

decrease with increasing soil moisture regime. Douglas-fir would be classified as shade tolerant at 

Ice Road and moderately shade tolerant at Mount Seven.  

The interaction between harvest method and retention level was signficant only for height 

growth of spruce at Mount Seven. At Mount Seven, conifer growth responses were consistently 

better in the pushover than the hand-felled treatments, whereas harvest method never had a 

significant effect at Ice Road. Can we explain this? Does it have anything to do with light levels? 

Or possibly with increased N availability with disturbance on the moister site? 
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At Mount Seven, height and diameter growth of larch was more than double that of 

Douglas-fir at all retention levels. Spruce height growth was 1.3-1.4 times that of Douglas-fir at all 

retention levels, and spruce diameter growth was 1.5-1.9 times that of Douglas-fir. Larch growth 

was approximately the same as Douglas-fir at Ice Road, although survival was so low it can’t really 

be considered a viable species at that site. Douglas-fir height and diameter growth in the clearcut 

were 1.2-1.3 times that of cedar, but size of the two species was approximately equal in the light 

and heavy retention treatments.  

 

Advance regeneration 

At Mount Seven, survival and vigour of advance subalpine fir was somewhat better than 

that of Engelmann spruce (average 93% versus 76% across the three retention levels, respectively), 

but total height and 5-year height growth for the two species were similar at year ten. Ten-year 

survival of Douglas-fir advance regeneration averaged 56%, and they were shorter than the spruce 

and subalpine fir. Devine and Harrington (2008) showed that at low light levels (26%), Douglas-fir 

height and diameter growth were significantly affected by belowground competition from residual 

trees, but that understory vegetation did not contribute significantly to that competition. They also 

determined that competition was for water, not nitrogen. The trend of better growth in the pushover 

than hand-felled treatment that was observed for planted trees at Mount Seven also applied to 

advance Douglas-fir, but not to spruce or subalpine fir. At Ice Road, survival averaged ≥90% for 

both cedar and hemlock, but vigour in the high retention treatment was better for hemlock than 

cedar. Hemlock also had higher growth rates than western redcedar at all retention levels. Carter 

and Klinka (1992) found cedar outperformed hemlock at low light levels on a coastal site. Page et 

al. (2001) suggested that overstory basal area of Sitka spruce should be kept at 30m2/ha or less in 

order to encourage growth of spruce advance regeneration. 

Advance regeneration growth from year 5-10 differed significantly by retention level for 

all species, although the Bonferroni test could not differentiate spruce means at the Mount Seven 
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site. Where planted and advance regeneration could be compared on a single site, the advantage of 

planted stock decreased with shade tolerance and retention level (not tested statistically). Planted 

Douglas-fir at Mount Seven were increasing in height faster than advance Douglas-fir across all 

retention levels while planted spruce were growing faster in the clearcut and light retention 

treatments, but not in the heavy retention treatment. In contrast, planted and advance cedar at Ice 

Road were increasing in height at approximately the same rate in the clearcut, while advance cedar 

were growing faster than planted cedar in the light and heavy retention treatments. Other studies 

have shown that advance regeneration favours stem and root growth over height growth for 2-3 

years following release, and that this effect is stronger in clearcut than partial cut treatments, and 

more becomes more pronounced with height of the advance regeneration at the time of release 

(Kneeshaw et al. 2002; Claveau et al. 2006 - check these papers for more detail). Low vigour at the 

time of release - or other factors (Ruel et al. 2000) may explain mortality among advance 

regeneration. 
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Table 1. Sources of variation in analysis of the effects of harvest method and retention level on 
overstory basal area and volume, understory vegetation abundance, planted conifer and advance 
regeneration survival and growth, and conifer and broadleaf seedling ingress at individual sites 

Source of variation Degrees of freedom Type of effect 
Harvest method (H) 1 Fixed 
Retention level (R) 2 Fixed 
H x R 5 Random 
Error (tree or subplot) ? Random 
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Table 2. P-values for ANOVA tests of 10th year harvest method and retention level effects on the 
residual overstory, understory vegetation, and planted seedlings at the Mount Seven and Ice Road 
sites 

  Mount Seven Ice Road 
 Variable Harvest 

method (H) 
Retention 
level (R) 

H x R Harvest 
method (H) 

Retention 
level (R) 

H x R 

Residual overstory       
 BA (m2/ha) 0.241 0.0008 0.599 0.744 <0.0001 0.703 
 10 year BA increase (m2/ha) 0.065 0.022 0.314 0.773 0.0005 0.439 
 Volume (m3/ha) 0.323 0.0007 0.543 0.787 <0.0001 0.620 
 10 year volume increase (m3/ha) 0.577 0.018 0.907 0.795 0.0035 0.994 
Understory vegetation       
 Conifer cover ≤2 m tall (%) 0.072 0.133 0.125 0.941 0.145 0.976 
 Conifer cover 2 -10 m tall (%) 0.523 0.0002 0.004 0.297 0.885 0.594 
 Tall shrub cover (%) 0.740 0.732 0.790 0.744 0.051 0.686 
 Low shrub cover (%) 0.320 0.053 0.115 0.181 0.016† 0.847 
 Herb cover (%) 0.476 0.617 0.444 0.809 0.926 0.104 
 Bryophyte/lichen cover (%) 0.463 0.499 0.848 0.301 0.177 0.642 
Planted seedlings       
Douglas-fir Survival (%) 0.004 0.935 0.151 0.009 0.400 0.034 
 Height (cm) 0.093 0.0009 0.441 0.269 <0.0001 0.266 

 5 year height increase (cm) 0.049 0.0004 0.423 0.290 0.0006 0.353 
 GLD (cm) 0.038 0.0003 0.362 0.466 0.0001 0.412 
 5 year GLD increase (cm) 0.117 0.0007 0.605 0.444 0.001 0.475 
 Height/diameter ratio 0.179 0.067 0.503 0.897 0.017 0.720 
 Crown width (cm) 0.081 0.002 0.492 0.097 0.0001 0.235 
Larch Survival (%) 0.488 0.023 0.053 0.004 <0.0001 0.071 

 Height (cm) 0.010 <0.0001 0.930 0.871 0.043† 0.886 
 5 year height increase (cm) 0.014 0.0002 0.780 0.997 0.058 0.963 
 GLD (cm) 0.004 <0.0001 0.996 0.942 0.037† 0.992 
 5 year GLD increase (cm) 0.002 <0.0001 0.861 0.459 0.045 0.903 
 Height/diameter ratio 0.163 0.097 0.978 0.484 0.133 0.272 
 Crown width (cm) <0.0001 <0.0001 0.860 0.852 0.070 0.873 
Spruce Survival (%) 0.016 0.981 0.516    

 Height (cm) <0.0001 <0.0001 0.043    
 5 year height increase (cm) <0.0001 <0.0001 0.005    
 GLD (cm) 0.014 0.0001 0.264    
 5 year GLD increase (cm) 0.039 0.0001 0.131    
 Height/diameter ratio 0.665 0.578 0.453    
 Crown width (cm) 0.0006 <0.0001 0.138    
Cedar Survival (%)    0.009 0.143 0.942 

 Height (cm)    0.530 0.002 0.078 
 5 year height increase (cm)    0.658 0.004 0.167 
 GLD (cm)    0.437 0.001 0.115 
 5 year GLD increase (cm)    0.948 0.016 0.372 
 Height/diameter ratio    0.618 0.029 0.931 

 Crown width (cm)    0.275 0.008 0.134 
† The Bonferroni test could not separate means, despite p≤0.05. 
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Table 3. P-values for ANOVA tests of 10th year harvest method and retention level effects on 
advance regeneration and ingress of conifers and broadleaf trees at the Mount Seven and Ice Road 
sites 

  Mount Seven Ice Road 
 Variable Harvest 

method (H) 
Retention 
level (R) 

H x R Harvest 
method (H) 

Retention 
level (R) 

H x R 

Advance regeneration       
Douglas-fir Height (cm) 0.044 <0.0001 0.002    

 5 year height increase (cm) 0.011 <0.0001 0.027    
 GLD (cm) <0.0001 <0.0001 <0.0001    
 5 year GLD increase (cm) <0.0001 <0.0001 0.0001    
 Height/diameter ratio 0.103 0.255 0.286    
 Crown width (cm) 0.151 <0.0001 0.011    

Height (cm) 0.152 0.0002 0.756    Subalpine 
fir 5 year height increase (cm) 0.781 <0.0001 0.886    
 GLD (cm) 0.223 0.0009 0.790    
 5 year GLD increase (cm) 0.949 0.013 0.608    
 Height/diameter ratio 0.118 0.055 0.516    
 Crown width (cm) 0.300 0.349 0.839    
Spruce Height (cm) 0.018 0.101 0.528    

 5 year height increase (cm) 0.192 0.036 0.200    
 GLD (cm) 0.001 0.212 0.340    
 5 year GLD increase (cm) 0.283 0.248 0.323    
 Height/diameter ratio 0.054 0.043 0.789    
 Crown width (cm) 0.047 0.466 0.724    
Cedar Height (cm)    0.918 0.800 0.773 
 5 year height increase (cm)    0.881 0.003 0.151 
 GLD (cm)    0.960 0.465 0.589 
 5 year GLD increase (cm)    0.281 0.008 0.369 
 Height/diameter ratio    0.974 0.432 0.383 

 Crown width (cm)    0.855 0.387 0.535 
Hemlock Height (cm)    0.997 0.701 0.700 
 5 year height increase (cm)    0.101 0.005 0.161 
 GLD (cm)    0.420 0.721 0.735 
 5 year GLD increase (cm)    0.913 0.002 0.105 
 Height/diameter ratio    0.300 0.724 0.117 

 Crown width (cm)    0.609 0.749 0.832 
Conifer seedling ingress       
 Log 10 density ≤ 130 cm (sph) 0.160 0.013† 0.837 0.762 0.921 0.829 
 Log 10 density > 130 cm (sph) 0.724 0.485 0.993 0.141 0.667 0.936 
Broadleaf seedling ingress       
 Log 10 density ≤ 130 cm (sph) 0.728 0.079 0.477 0.767 0.951 0.300 
 Log 10 density > 130 cm (sph) 0.377 0.171 0.456 0.130 0.660 0.740 
† The Bonferroni test could not separate means, despite p≤0.05 
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Table 4.  Summary of treatment effectsa on transmittance and gap fraction at the Mount Seven site.   

Treatment Transmittance Gap Fraction 
CC 0.367 a 0.573 a 
LR 0.307 ab 0.414 ab 
HR 0.288 b 0.361 b 
UC 0.157 c 0.113 c 
p-value <0.001 <0.001 
a Within each column, values with the same letters were found not to differ significantly based on Tukey’s 
HSD test (α=0.05).
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Table 5. Spearman’s rank correlation coefficients (R) describing year 10 relationships between overstory basal area, overstory SDI, or understory 
vegetation cover and light transmittance or gap fraction at the Mount Seven and Ice Road sites  

  Mount Seven Ice Road 
  Light transmittance Gap fraction Light transmittance Gap fraction 
Predictor variable  R Prob ≥  |R| R Prob ≥  |R| R Prob ≥  |R| R Prob ≥  |R| 

Total -0.72 <.0001 -0.72 <.0001 -0.67 <.0001 -0.77 <.0001 Overstory basal area 
(m2/ha) Conifer -0.72 <.0001 -0.72 <.0001 -0.65 <.0001 -0.75 <.0001 

 Douglas-fir  -0.68 <.0001 -0.68 <.0001 -0.04 0.4872 -0.28 0.0846 
 Western redcedar - - - - -0.66 <.0001 -0.83 <.0001 
 Western larch -0.55 <.0001 -0.54 <.0001 -0.26 <.0001 -0.26 <.0001 
 Lodgepole pine -0.08 0.2132 -0.08 0.2260 - - - - 
 Engelmann spruce -0.37 <.0001 -0.37 <.0001 - - - - 
 Western hemlock - - - - -0.40 <.0001 -0.43 0.0058 
 Broadleaf trees 0.00 0.9789 0.02 0.7554 -0.08 0.2182 0.03 0.8755 

Total 0.10 0.1039 0.10 0.1022 -0.14 0.0269 -0.75 <.0001 Overstory SDI 
(stems/ha) Conifer 0.10 0.1186 0.10 0.1243 -0.13 0.0352 -0.77 <.0001 
 Douglas-fir  -0.67 <.0001 -0.67 <.0001 0.13 0.0325 -0.35 0.0283 
 Western redcedar - - - - -0.44 <.0001 -0.59 <.0001 
 Western larch 0.54 <.0001 0.54 <.0001 -0.25 <.0001 -0.38 0.0155 
 Lodgepole pine -0.08 0.2008 -0.08 0.2155     
 Engelmann spruce -0.08 0.2048 -0.07 0.2856     
 Western hemlock - - - - -0.23 0.0002 -0.39 0.0127 
 Broadleaf trees 0.01 0.9004 0.03 0.6313 -0.04 0.5280 0.04 0.8016 

Conifers (2-10 m)  0.53 <.0001 0.55 <.0001 -0.05 0.5469 -0.51 0.0202 Understory 
vegetation cover (%) Non-coniferous (2-10 m) -0.27 0.0020 -0.27 0.0022 0.38 <.0001 0.51 0.0202 
 Broadleaf trees (2-10 m) 0.42 <.0001 0.43 <.0001 0.44 <.0001 0.55 0.0120 
 Non-coniferous (≥1.5 m) -0.32 0.0003 -0.31 0.0003 0.37 <.0001 0.25 0.2818 
 Douglas maple -0.38 <.0001 -0.39 <.0001 0.09 0.3012 0.00 1.0000 
 Paper birch 0.19 0.0347 0.20 0.0204 0.38 <.0001 0.38 0.1004 
 Sitka alder 0.13 0.1579 0.13 0.1400 - - - - 
 Red-osier dogwood -0.03 0.7400 0.00 0.9809 - - - - 
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Table 6. Multiple regression models predicting light transmittance or gap fraction from residual overstory basal area, stand density index, and 
understory vegetation factors, with factors presented in the order they were selected by the stepwise procedure 

Site Light 
measure 

Model 

Mount Seven Transmittance Y = -0.461 - 0.000896 (total overstory BA) - 0.00574 (Se BA) +  0.0000121 (total overstory SDI) - 0.000269 (Fd SDI) - 0.00328 
(B1 tall shrub cover) + 0.00377 (B1 broadleaf cover) - 0.00327 (1.5 m+ red-osier dogwood cover) + 0.00594 σTU

2 + 0.0013 σplot
2 

 Gap fraction Y = -0.233 - 0.00261 (total overstory BA) - 0.0138 (Se BA) +  0.0000127 (total overstory SDI) - 0.000949 (Fd SDI) - 0.00604 
(B1 tall shrub cover) + 0.00794 (B1 broadleaf cover) - 0.00591 (1.5 m+ red-osier dogwood cover) + 0.0126 σTU

2 + 0.00755 σplot
2 

Ice Road Transmittance Y = -0.489 - 0.00237 (Cw BA) - 0.0135 (Hw BA) -  0.0000194 (Cw SDI) - 0.0000116 (broadleaf tree SDI) - 0.00257 (B1 tall 
shrub cover) + 0.0191 σTU

2 + 0.00163 σplot
2 

 Gap fraction Y = -0.166 - 0.0209 (Cw BA) - 0.0000730 (overtory conifer SDI) - 0.00995 (B1 conifer cover) + 0.0108 (1.5 m+ vegetation 
cover) + 0.00312 σTU

2 + 0.000586 σplot
2 
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Figure 1. Year 10 basal area of dominant, codominant, and subcanopy residual overstorey trees, 
by species, at (a) Mount Seven and (b) Ice Road 
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Figure 2. Year 10 vegetation cover, by layer, at (a) Mount Seven, and (b) Ice Road. Error bars are 
one standard error. 
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Figure 3. Ten year effects of hand-felling and pushover harvest methods on survival and vigour of 
planted (a) Douglas-fir, (b) western larch, and (c) Engelmann spruce in clearcut, light retention, 
and heavy retention treatments at the Mount Seven site. Full bar height represents survival. Bars 
having the same letter within a single species grouping do not differ significantly according to the 
Bonferroni test (p≤0.05). 
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Figure 4. Ten year effects of hand-felling and pushover harvest methods on survival and vigour of 
planted (a) Douglas-fir, (b) western larch, and (c) western redcedar in clearcut, light retention, 
and heavy retention treatments at the Ice Road site. Full bar height represents survival. Bars 
having the same letter within a single species grouping do not differ significantly according to the 
Bonferroni test (p≤0.05). 
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Figure 5. Ten year effects of harvest retention level on ground-level stem diameter and height of 
planted (a) Douglas-fir, (b) western larch, and (c) Engelmann spruce at the Mount Seven site. 
Error bars represent one standard error. Mean separation within species (groups of diameter bars 
or height lines) is indicated by letters at the base of bars (diameter) and above both bars and lines 
(height). Means having similar letters are not significantly different according to the Bonferroni 
test. 
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Figure 6. Ten year effects of harvest retention level on ground-level stem diameter and height of 
planted (a) Douglas-fir, (b) larch, and (c) western redcedar at the Ice Road site. Error bars 
represent one standard error. Mean separation within species (groups of diameter bars or height 
lines) is indicated by letters at the base of bars (diameter) and above both bars and lines (height). 
Means having similar letters are not significantly different according to the Bonferroni test. 
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Figure 7.  Year 10 advance regeneration survival and vigour for (a) Douglas-fir, subalpine fir, and 
Engelmann spruce at the Mount Seven site and (b) western redcedar and western hemlock at the 
Ice Road site. Total bar height is survival. 
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Figure 8. Year 10 advance regeneration height and height growth (years 5-10) for (a) Douglas-fir, 
subalpine fir, and Engelmann spruce at the Mount Seven site and (b) western redcedar and 
western hemlock at the Ice Road site. Total bar height is mean year 10 height and error bars 
represent one standard error of the year 10 mean. Within each species, the same letter above bars 
indicates no significant difference in year 10 height according to the Bonferroni test (p≤0.05), and 
the same letter within bars (or beside for UC) indicates no significant difference in year 5-10 
height growth.  
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Figure 9. Density of natural conifer regeneration (ingress and advance naturals) 10 years after 
harvest at the Mount Seven site. Error bars represent one standard error. Means having similar 
letters are not significantly different according to the Bonferroni test (p=0.013 but means could 
not be separated).  
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Figure 10. Density of natural broadleaf regeneration (ingress and advance naturals) 10 years after 
harvest at the Mount Seven site. Error bars represent one standard error. Means having similar 
letters are not significantly different according to the Bonferroni test.  
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Figure 11. Density of natural conifer regeneration (ingress and advance naturals) 10 years after 
harvest at the Ice Road site. Error bars represent one standard error. Means having similar letters 
are not significantly different according to the Bonferroni test. 
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Figure 12. Density of natural broadleaf regeneration (ingress and advance naturals) 10 years after 
harvest at the Ice Road site. Error bars represent one standard error. Means having similar letters 
are not significantly different according to the Bonferroni test. 

 

 


