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Executive Summary 
 
Fraser Lake Sawmills has been conducting ground cone surveys for a number of years in 
its operating areas near Fraser Lake, B.C. in order to identify harvested sites that are 
likely to be regenerated naturally with lodgepole pine, or for which ingress of natural 
pine regeneration will be sufficient to warrant reduced planting densities.  It is thought 
that such operational surveys could be modified so that data are collected that would 
allow a better prediction of natural regeneration to be made. 
 
A review of literature and various practitioners’ opinions was done to identify potentially 
important variables affecting regeneration success.  A review of historic ground cone 
survey data collected for Fraser Lake Sawmills was conducted to assess the likelihood of 
operationally collecting suitable data for the development of a predictive regression. 
 
A survey procedure was conceived in which data will be collected by sampling various 
combinations of the following independent variables: 
 
biogeoclimatic subzone and variant 
seedbed conditions 
seed loading 
solar radiation levels.   
 
The data will be collected in 2 m2 plots each year over a period of five years in order to 
include the effects of yearly weather variation.  Regeneration response will be measured 
after 5 years. 
 
A group of regressions will be sought in which regeneration density expressed as a 
function of the independent variables listed above.  It may be necessary to use variable 
transformations. 
 
Based on the examination of historic cone survey data, specific recommendations are 
made for the interim to ensure better collection and analysis of operational survey data. 
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Introduction 
 
Natural regeneration of lodgepole pine following harvest was routinely prescribed in 
B.C.’s central interior for many years, and methods such as operational surveys of cone 
and mineral seedbed levels, often followed by drag scarification, were implemented to 
promote its success.  For a variety of reasons, including the length of the regeneration 
delay period and the perception of risk related to unacceptably variable results, 
dependence on this method declined and reliance on planted stock increased.  
Nevertheless, naturally regenerated pine is often present in plantations at levels that far 
exceed that of the planted trees.  Densities are sometimes high enough to expect 
repression effects, and pre-commercial thinning has been prescribed. 
 
Routinely planting seedlings when natural regeneration will sufficiently stock an area 
within an acceptable period is economically inefficient.  Subsequently thinning overdense 
stands compounds the inefficiency.   
 
As a result of the above, Fraser Lake Sawmills has been assessing the potential for 
natural regeneration of lodgepole pine in its cutblocks with the goal of reducing planting 
densities where the risks appear low.  The currently accepted procedures for post-harvest 
assessments described in the B.C. Ministry of Forests handbook “Fundamentals of 
Natural Lodgepole Pine Regeneration and Drag Scarification” (Bancroft, 1996) are 
used.  Under these procedures, two key factors need to be included in the calculations 
that predict regeneration success.  The first is the ratio between the amount of seed on a 
site and the number of seedlings that become established.  The handbook suggests that 
this ratio needs to be developed for local areas.  The second ratio is the number of 
established seedlings per well-spaced seedlings.  The handbook states that a ratio of four 
total stems for each well-spaced stem could be used as a starting point, but local 
information should be used when available. 
 
Both of these ratios may be affected by several variables such as slope, aspect, type and 
extent of seedbed, quality of seed, as well as others. 
 
Improving the ability to predict the amount of natural regeneration would significantly 
reduce uncertainties in management decisions which in turn would improve both the 
efficiency and effectiveness of operations.  A formula, or group of formulae, that uses a 
combination of easily identified post-harvest site variables, is needed for use at the 
ground cone survey stage to allow a sensitive, accurate prediction of the number of seeds 
per 5-year seedling and expected stocking distribution to produce well-spaced stems.   
 
This document describes the rationale for a proposal to study the factors affecting natural 
regeneration of lodgepole pine in Fraser Lake Sawmills’ operating areas.  The method 
proposed will adapt the extant cone survey procedure to collect additional information for 
subsequent analysis. 
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General Outline of this Document 
 
Literature and expert opinion on the topic of natural regeneration of lodgepole pine was 
obtained and reviewed.  Based on this review, factors that might influence pine 
regeneration levels were considered for their ability to be reliably identified and 
quantified within an operational survey procedure, and for the likelihood that they would 
contribute to a useful regression.  Each variable is assessed under its own heading and 
conclusions about to use it and collect data for it are included in the same section. 
 
The results of 3 years of cone surveys in Fraser Lake Sawmills’ operating area were 
obtained and transcribed into a digital database for analysis and summarization.  This 
exercise allowed assessment of the number of plots that had historically been located in 
various biogeoclimatic subzones and site series, and the frequency distribution of cones 
typically counted per plot.  It also exposed some weaknesses in the collection, analysis 
and reporting of data that are described here. 
 
An investigation into a method to integrate both slope and aspect into a single variable 
that is a measure of the direct solar radiation received by various sites is reported.  This 
variable is conceivably related to the rate of cone opening and/or early survival of 
germinants. 
  
A generalized design and intensity for a sampling program based on the cone survey 
procedure was developed. 
 

Objectives 
 
The objectives of this project are to efficiently collect data on post-harvest site conditions 
and use them to develop a regression, or several regressions, that will reliably predict the 
amount of natural regeneration that can be expected following the harvest of lodgepole 
pine stands.  Factors initially considered for inclusion (some of which are rejected for 
reasons outlined herein) include: 
 

1. BGC subzone and site series, 
2. aspect 
3. slope 
4. depth of LFH 
5. proportion of suitable seedbed material 
6. physical characteristics of soil, i.e. texture/density 
7. season of harvest/timing of survey 
8. quality of seed 
9. subsequent site treatments 
10. level of competition 

 

 2



Draft 

 
 

Evaluation of Potentially Useful Variables 
 
The reader is referred to Eremko (1990) for a thorough review of the literature 
concerning natural regeneration of lodgepole pine.  A description of variables that affect 
pine regeneration and how they might be incorporated into a regression analysis follows.  
Sources within Eremko (1990) as well as additional ones are referenced as applicable.   
 

Seed Availability 
 
Understanding the amount of lodgepole pine seed available on a site will be crucial to 
any predictive relationship.  By undertaking a ground cone survey, reliance is placed on 
the serotinous habit of cones to store seeds until they can be released by heating at the 
ground’s surface.  However, serotiny can be extremely variable, and stands may contain 
both serotinous and non-serotinous cone-bearing trees.  Individual trees may even bear 
both types of cones (Clark, 1974).  Tinker et al. (1993) found that the degree of serotiny 
is relatively homogenous at spatial scales less than 1 km.  This suggests that within a 
cutblock the factors affecting cone opening behaviour have approximately a similar 
effect.  Peele (2003) questioned the degree of serotiny in some portions of the B.C. 
Chilcotin region through the observation that lodgepole pine cones in logging slash open 
very quickly after harvest.  This makes correlations of regeneration performance to initial 
seed counts elusive because the seed has already vacated the cone by the time an 
assessment is done.  Steen (2003) avoided this problem by calculating the seedling/cone 
ratio rather than estimating the seed/seedling ratio.  
 
The number of viable seeds stored per cone is variable.  Clark (1974) reported seed yields 
between 0 and 70 seeds per cone and averaging 24 seeds/cone.  Viability of seed ranged 
from 54% to 93%, with 70% of the samples showing viability of 80% and higher.  Armit 
(1966) reported that small test samples of cones from north central B.C. had an average 
of 35 developed seeds per cone, but ranged from 5 to 55.  The number of filled seeds per 
cone from 100 of Fraser lake Sawmills’ cone survey units averaged 22 and ranged from 6 
to 41. Thompson (1978) reported viable seeds per cone ranging from 7.6 for non-
weathered cones to 3.4 for weathered cones, although there was uncertainty regarding the 
serotiny of the weathered cones, so the latter figure may be an underestimate.  The 
germination capacity of the seeds was relatively uniform regardless of the age of the 
cone.  Ackerman (1966), studying cones from 1 to over 16 years old, similarly concluded 
that seed storage on the tree had no effect on germinative capacity.  Peele (2003) 
confirmed that collections of old cones can yield well-performing seed.   
 
Smith et al. (1987) found that the frequency of filled seeds for an average tree had a 
positive rank order correlation with the density of the stand.  Since cutblocks are often 
designed to harvest a stand of uniform age and structure, this suggests that the seed/cone 
ratio for plots within the cutblock can be reasonably estimated from a sample of cones 
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collected across the entire block.  There may be situations of extremely high or low 
original stand density within a cutblock that will increase variation in the seed/cone 
estimate. 
 
The amount of available seed is considered an independent variable in the proposed 
regression model, so it should be measured “without error”, and it is important that the 
seed/cone ratio be accurate and unbiased.  The seed/cone ratio is by necessity a factor that 
must be estimated and will be done by taking a sample of cones from each block, opening 
them, and counting the filled seed yield according to the procedure in Bancroft (1996).  
To avoid bias in the selection of cones for seed/cone sampling, the nearest two closed 
cones immediately outside each plot will be collected until at least 30 have been collected 
for the block.  If less than 15 plots are established in a block, additional cones will need 
to be collected.  The intensity of this sampling may be changed in subsequent years if the 
variation in seeds per cone is found to be small enough to consistently ensure a narrow 
confidence limit.  This would be determined by recording and analyzing individual seed 
counts per cone rather than pooling them. 
 
The ratio between the amount of seed available and the number of surviving seedlings 
some time after seeding is commonly used in the assessment of regeneration success or as 
a measure of seed required.  For example, in the cone survey procedure described by 
Bancroft (1996), suggested seed/seedling ratios (“R1”) are provided in a table and are an 
integral part of the calculation.  An extremely wide range of seed/seedling ratios has been 
reported, with a low of 3:1 for placed and protected seeds on prepared mineral substrate 
(Page-Dumroese et al. 2002) to as high as 7,333:1 on an unprepared site with significant 
competition (Lotan and Perry, 1977).  In Lotan and Perry’s (1977) study, large amounts 
of seed were sown in order to ensure that at least some regeneration occurred on the most 
difficult of seedbeds.  This ensured that there would be no infinite ratios that would have 
interfered with statistical analysis.  These problems will be avoided by simply recording 
the estimated available seed per plot as an independent variable and the number of 
surviving seedlings at five years as a dependant variable.  One can reasonably expect 
more seed to yield more seedlings, and plots with high seed loadings are more likely to 
produce at least one seedling.  So if there are numerous plots with no seedling counts, 
they might serve to identify threshold levels for other variables such as humus depth.  
Alternatively, it may be appropriate to force the regression through the origin. 
 

Effect of Aspect and Slope 
 
Slope and aspect can affect regeneration success of lodgepole pine through temperature 
effects.  Temperatures of approximately 45°C are needed to open serotinous cones 
(Bancroft, 1996).  Crossley (1955) found that local climate related to aspect and canopy 
closure was important for both resin bond rupture and subsequent drying of scales to 
allow release of seed.  Air temperatures of 27°C combined with only a few minutes of 
direct insolation were sufficient to heat cones to resin-rupturing temperature if the cones 
were less than ~18 cm above the ground or other reflective surface.  Southerly aspects 
increased the rate of cone opening.  Armit (1966) concluded that better germination or 
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survival can be expected where seed is protected from extremes of temperature and 
drought, such as northern to north-eastern aspects.   Peele (2003) felt that in some 
biogeoclimatic variants in the Chilcotin the amount of solar insolation might be an 
important factor in predicting natural regeneration success.   Montague (2003) reported 
that levels of pine ingress were correlated with elevation of the cutblock.  This suggests 
that heat loading is involved. 
 
Although aspect is often described as a variable affecting regeneration success of 
lodgepole pine, no literature was found in which the effect of slope and aspect on solar 
radiation was integrated as a single quantifiable variable and then examined relative to 
regeneration success.  Software (Pelletier, 2002) was obtained to predict the solar 
position for any time of day and day of the year, as well as direct radiation levels normal 
to the beam.  The software was then adapted to estimate both the maximum direct 
radiation and the daily average direct radiation incident on range of slopes and aspects 
over the course of a day.  The maximum direct solar radiation on summer solstice at 
53.5° N latitude varies from a low of ~460 W/m2 on a 60% N aspect to a high of ~950 
W/m2 on a 60% south aspect (dependant on a number of variables such as aerosol optical 
depth, barometric pressure, ozone thickness, water vapour thickness, and forward 
scattering, for which default values were used).  Flat sites experience ~820 W/m2 
maximum direct solar radiation.  This is a significant range and in combination with other 
variables such as the depth of forest floor, may serve as a useful independent variable for 
predicting germination and survival of lodgepole pine seedlings. 
 
The following diagram shows isolines of maximum direct radiation at 53.5° N latitude in 
relation to aspect (the compass rose) and slope (concentric circles  at 5% increments) on  
summer solstice: 
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The following diagram shows isolines of average direct radiation at 53.5° N latitude in 
relation to aspect (the compass rose) and slope (concentric circles  at 5% increments) on 
summer solstice: 
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Tables of values of maximum direct solar radiation for various aspects and slopes are 
contained in Appendix 1.  Sampling will be designed to include a spectrum of values for 
this variable.  Note that maximum values below 600 W/m2 occur only on northerly 
aspects exceeding ~40%.  These are a relative rarity, so it would be acceptable to 
consider the “low radiation class” being defined as “<700 W/m2.  Slopes will be assumed 
to have an influence on the plot conditions over a length of 10 m.  The average of the 
uphill and downhill slope 5 m from the plot centre will be used to calculate the radiation. 
 

Suitability of Seedbed 
 
Bancroft (1996) stated that satisfactory seedbed varies by biogeoclimatic zone, site series, 
and in some cases, aspect.  Thin, intact forest floor may be suitable in some areas of the 
province, while in other areas exposed mineral soil may be necessary.  Heineman (1999) 
observed abundant germinants where forest floor material had been compacted by heavy 
equipment and speculated that improved contact between substrate and seed increased the 
availability of moisture to the germinating seed.  Bancroft (1996) suggested that local 
research, operational trials, and observations be used to describe suitable seedbed for a 
given regeneration unit.  Peele (2003) noted the variation in the depth of undisturbed 
forest floor that is considered suitable seedbed: in the SBPSxc biogeoclimatic subzone, 
less than ~3 cm of duff is required for adequate regeneration, whereas in the SBSdc, 
surviving regeneration is found on duff 4-8 cm in depth.  Eremko (1990) cited 
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conclusions from a number of others that germination and subsequent survival are related 
to seedbed conditions such as mineral soil exposure and organic matter type and content.  
Prochnau (1963) directly seeded a variety of seedbeds at Aleza Lake, B.C. and after three 
years found no survival of pine on undisturbed humus (depth not reported), and almost 
twice the survival rate on pure mineral seedbeds (21%) as on mixed mineral and humus 
seedbeds (11%).  More recently, Page-Dumroese et al. (2002) examined germination and 
survival rates of lodgepole pine seeds on both exposed mineral soil and forest floor at two 
high elevation sites.  Seed germination rate and the number of surviving seedlings after 
one year were lowest on the forest floor sites.  However, survival of seedlings once 
germinated was higher on the forest floor sites, possibly due to moderating influences of 
the organic matter.  They concluded that maintenance of a combination of mineral soil 
for germination and forest floor material for temperature moderation and moisture 
retention is critical for long-term seedling success.  Also, in an evaluation of the effect of 
site preparation techniques, Lotan and Perry (1977) found that on a droughty site the best 
seedling survival occurred where soil had been cultivated resulting in increased available 
soil moisture.   
 
If the suitability of seedbed varies within a block or within a sample plot, then the amount 
of seed required to produce a seedling will vary as well.  Ground cone surveys have 
always been fraught with the difficulty of assessing the variable quality of seedbed 
contained within a plot.  Clark (1984) approached the problem by predefining the 
proportion of a plot that must be comprised of disturbed or mineral seedbed in order to be 
considered acceptable, as well as the number of cones per plot that would be considered 
acceptable.  It was then possible to assess the resultant stocking relative to the proportion 
of plots that met the two criteria. 
 
The procedure described by Bancroft (1996) requires suitable seedbed to be defined prior 
to conducting the survey.  When the survey is complete, an “appropriate” seed/seedling 
ratio is chosen on the basis of the survey results and experience.  One purpose of the 
proposed project is to determine the effect of seedbed quality.  This cannot be achieved if 
the quality varies at a scale smaller than the size of the plot.  Therefore, the following is 
suggested:  A number of seedbed types will be predefined.  Only plots that contain “pure” 
examples of each type will be used for regression analysis.  The following seedbed types 
will be recognized: 
 
Undisturbed seedbeds:  Samples to be evenly apportioned amongst LFH depth classes 0-
2, 3-4, 5-6, 7-8, and 8+ cm. 
Disturbed seedbed:  Samples also to be evenly apportioned amongst LFH depth classes 0, 
0-2, 3-4, 5-6, 7-8, and 8+ cm. 
Compressed seedbeds:  No LFH depth criteria for apportioning the sampling will be 
assigned. 
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Effect of Ecological Units 
 
In the Chilcotin, Peele (2003) has found that there are significantly different success rates 
for natural regeneration between variants of biogeoclimatic subzones, for instance, 
between the SBSdw1 and SBSdw2.  The reasons for these differences are not clear.  
Montague (2003) reported that a review of silviculture history records showed 
consistently higher levels of natural restocking in the SBSdk subzone than in 
neighbouring subzones subjected to the same treatments.  Von Hahn (2003) noted that the 
occurrence of vegetative competition, such as from aspen, differs between variants, and 
influences the choice of regeneration method.  Lotan and Perry (1977) found large 
differences in the seed/seedling ratio between three different habitat types for both 
control areas and a variety of treatments.  The differences were attributable to both 
moisture and vegetative competition levels that varied between the sites, as one might 
expect these factors to vary between site series in B.C.’s biogeoclimatic classification 
system and influence regeneration success.   
 
Although site series is an obvious criterion for predicting regeneration success, it is clear 
from the history of Fraser Lake Sawmills cone surveys that only a narrow spectrum of 
series is considered for natural regeneration.  The vast majority of areas surveyed 
between 2000 and 2002 were mesic or drier, and included only 4 major series (and very 
small amounts of minor series) in the SBSdk and SBSmc2 biogeoclimatic subzones.  
However, the way these sites were described in the silviculture prescriptions, and the way 
they were located in the field, was a large array of mosaics.  For example, there were 21 
different combinations of series in which the SBSdk 01 was leading.  Similarly, for areas 
in which the SBSdk 03 was the leading series (only 8% of all cone survey plots 
established), there were 11 different combinations of series described in the silviculture 
prescriptions.  There is a significant practical difficulty in having surveyors correctly 
classify these series post-harvest, particularly if there has been disturbance of the humus 
and destruction of understory vegetation.  For these reasons, the design of the study will 
use only the biogeoclimatic subzone and variant to initially discriminate sample sites, and 
rely on more readily quantifiable factors such as humus depth and aspect for further 
discrimination.  To state it differently, formulae will be sought separately for the SBSdk 
and the SBSmc2 on sites that were identified pre-harvest to be mesic and drier. 
 

Vegetation Complex 
 
Peele (2003) noted that when a significant vegetation complex exists on a harvested site 
in the Chilcotin, experience shows that the chances of naturally regenerating pine are low 
and the decision is usually made to plant seedlings.  Another way to express this is that 
the seed/seedling ratio is unacceptably high for the amount of seed likely to be present 
after harvest.  Lotan and Perry’s (1977) also found large differences in seed/seedling 
ratios for sites with different levels of vegetation.  Von Hahn (2003) noted that where 
there is any aspen present, rather than attempting natural regeneration, immediate 
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planting and subsequent brushing is required for successful regeneration. Peele (2003) 
said that where there is no extant vegetation complex immediately after harvest, it is 
useful to rate the potential for subsequent development in qualitative terms, such as low 
or high, and use this to guide the decision-making process. 
 
In an operational survey, one would expect the surveyor to stratify and recommend 
planting of areas containing significant vegetation.  Therefore, for the purpose of 
sampling for a regression, plots containing significant vegetation will not be used.  
However, upon revisiting the plot at 5 years to assess regeneration, any vegetation that 
has developed can be quantified.  If enough data points exist, the regeneration success 
may be related to the vegetation data. 
 

Physical characteristics of the mineral soil and moisture 
relations 
 
Alluvial sands with low water holding capacities have been shown to have high rates of 
seedling mortality.  As the silt and clay component of these soils rises, so does the 
survival rate (Lotan and Perry, 1983).  Such extreme conditions are recognized in the 
biogeoclimatic classification system as a subxeric or xeric site series.  Within the context 
of Fraser Lake Sawmills’ harvesting area, they are a relative rarity, occurring as 
glaciofluvial and aeolian deposits.  Where they do exist they are also generally incapable 
of producing deep humus layers.  For the purposes of developing a regression, it will be 
assumed that the plots with very thin undisturbed humus layers will reflect such droughty 
sites, and therefore soil texture will not be a criterion used in developing the regression 
(this does not preclude the possibility of determining soil texture of each plot at the 
regeneration assessment date). 
 
Very moist sites will not be sampled as they are generally considered to be unsuitable 
candidates for natural regeneration. 
 

Season of Harvest/Timing of Survey 
 
Clark (1974) found that summer logging produced more mineral seedbed than did winter 
logging, but that the amount of disturbed seedbed followed the opposite pattern.  The net 
result for stocking is that the amount of favourable seedbed produced is approximately 
the same in both situations.   Since winter logging can happen on a range of snow depths, 
it seems more appropriate to describe the nature of the available seedbed than the season 
in which it was produced.  The rate of limb breakage and cone detachment, and therefore 
seed availability, might vary seasonally according to temperature at the time of logging.   
If this is true, then the increased availability of seed will be measurable in terms of 
increased cone counts.  So, any effects of season of harvest will manifest themselves in 
the degree of disturbance and the number of cones retained on the site, both of which are 
proposed independent variables to be measured as part of the sampling.  Therefore, 
season of logging will not be a factor considered in the development of a regression. 
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Thompson (1978) and Heineman (1997) underscored the importance of the timing of 
treatment by reporting reduced germination in areas that had been chain-dragged after 
most of the cones had opened.  Peele (2003) reported that cones often opened very 
shortly after felling during summer operations in parts of the Chilcotin.  Mitchell and von 
der Gönna (1994) reported that for logging conducted between June 2 and July 24, up to 
75% of cones were open by August 10.  Therefore, for the purposes of estimating the 
seed available on the site and developing a useful regression, any sampling should be 
conducted before the cones have an opportunity to open, otherwise the amount of 
available seed will be underestimated.  Unopened cones can generally be found though, 
and surveyors should expect to expend greater effort to find the nearest unopened cones 
when collecting samples. 
 
The length of the regeneration period and the timing of the regeneration survey that 
determines whether satisfactory stocking levels have been achieved has been the topic of 
some discussion.  Crossley (1976) and Johnson (1976) demonstrated lodgepole pine 
ingress occurring at least 13 years after harvest on sites in Alberta.  Steen (2003) 
provided evidence of continuing ingress as long as 8 years after harvest on sites in the 
Chilcotin, though it some cases the rate appears to decline after about 5 or 6 years. 
Johnstone (1976) recommended surveys be conducted 8 growing seasons after logging.  
Heineman (1999) found that germination ended more abruptly on a site south of Fraser 
Lake, but the study only examined one site for a relatively short period.  Von Hahn 
(2003) reported that revisits of sites in which gaps in the stocking originally existed were 
later filled with regeneration.  Regardless of these observations, management of sites for 
natural regeneration in B.C. generally requires stocking be achieved by 7 years after 
harvest. Bancroft (1996) emphasizes the need to estimate the ratio between seed/5 year 
seedling.  Failure of natural regeneration detected at 5 years allows two years to prepare 
and restock the site by planting.  Therefore, the period chosen for re-evaluation of the 
sample plots will be five years. 
 

Weather during period of regeneration 
 
Heineman (1999) noted a surprisingly low rate of mortality in each of two years’ 
germinants, and suggested that it may have been related to wet weather in June of each of 
the affected years.  Peele (2003) cautioned that it is possible to have large numbers of 
germinants and then have high rates of mortality within two weeks.  Von Hahn (2003) 
suggested that there may be trends in regeneration success that are due to multi-year 
variations in weather conditions.  These observations suggest that development of a 
predictive formula should be undertaken over a period of years to capture the range of 
weather variability. 
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Subsequent Site Treatments 
 
As this is a project that is incorporated into an operational procedure, it is likely that 
some plots will be subject to subsequent site preparation, including drag scarification or 
disc trenching.  Both of these treatments represent opportunities from which to learn, but 
of the 6448 cone survey plots operationally established between 2000 and 2002, only 
584, or 9% were in areas that were subsequently chain dragged (Fraser Lake Sawmills 
reported that this proportion changed in 2002, and will continue to change in the future).  
There were 1903 plots, or 30%, that were in areas that were later disc trenched.   
 
One should therefore expect some attrition in the number of plots in the period between 
their establishment and assessment of stocking.  Whether these plots should be 
immediately re-assessed and an attempt made to include them in a regression requires 
assessing the likelihood that enough sample points could be found to calculate a 
meaningful regression.  It should also be kept in mind that if a plot is disturbed by site 
preparation, the opportunity to relate the effects of its original conditions on regeneration 
will be lost.  Valuable information that could help quantify threshold levels will not be 
collected.  This is an unavoidable consequence of operational decisions unless specific 
plots are purposely protected because the licensee must endeavour to restock the site.  As 
a minimum, the rate of attrition should be determined by revisiting plots after treatment 
to see if they were affected. 
 

Plot Size, Total Regeneration Density, and Well Spaced Density 
 
The standard 5 m2 plot used in cone surveys has a diameter that is only 21% greater than 
the usual minimum intertree spacing of 2.0 m.  The 50 m2 regeneration survey plot has 
enough area to accommodate 14 uniformly spaced trees at 2.0 m spacing.  A 5 m2 plot 
will only accommodate 1 complete tree.  The scale of a standard cone sampling plot is 
simply inappropriate to the scale at which the distribution of stocking is measured, 
therefore no assessment of distribution in terms of well spaced trees is directly possible 
from such a survey. 
 
There is no reason to believe that scaling the total density derived from small plots to a 
larger area has any of the problems described above associated with it. The main 
problems would be associated with movement of seed into or out of the plot, but these are 
expected to be compensating errors. 
 
The 5 m2 plot has been a standard size for many years, but like the milacre plot (~4 m2) 
that was used before it, it is arbitrary.  For the purposes of gathering regression data, it 
may actually be too large.  The reasons are twofold:  First, if the purpose of the data 
gathering is to isolate the effects of seedbed, then the seedbed within a plot should be 
uniform.  This can be difficult to achieve even on a 5 m2 area.  Secondly, the act of 
establishing the plot, measuring conditions, and counting cones in a 5 m2 plot will itself 

 11



Draft 

alter the plot conditions by compressing the humus in a portion of it.  Steen (2003) 
avoided this problem by making plots 2 m2 in area and conducting assessments from the 
perimeter.  Another way to avoid interfering with the conditions inside the plot is to alter 
its shape so that it can be assessed entirely from its perimeter, but this requires greater 
care to re-establish its shape at re-inspection.  For the purpose of collecting data to 
calculate a regression, circular plots 2 m2 in area will be used.  They will be marked with 
a central pin, carefully placed to avoid alteration of the plot, and their location will be 
recorded with GPS.  They will be installed in addition to the 5 m2 plots that are used in 
operational surveying in locations chosen to meet the criteria for sampling across the 
range of the independent variables.  Results will be reported on a square metre or hectare 
basis so that they can be easily related to the standard 5 m2 plot.  
  
 

Cones Required in each Plot 
 
If the conditions within a plot are held constant, and if seed does not enter or leave the 
plot, one can reasonably expect the number of seedlings at five years to be linearly 
related to the available seed in the plot.  If linearity is true, then the most efficient 
sampling method would be to allocate approximately half of the plots where there are few 
seeds, and the other half where there are numerous seeds (per Demaerschalk and Kozak, 
1974).  The low-seed-count plots would establish whether there is any source of seed 
other than those in the serotinous cones counted at the time of plot establishment, and the 
high-seed-count plots would provide certainty for the slope of the relationship.  
 
Under some plot conditions, the amount of seed required per 5 year seedling is low, and 
elsewhere it will be higher.  At some point it becomes unlikely that sufficient seed would 
be available.  For suitable areas in the Chilcotin, Peele (2003) stated that an average of at 
least 30,000 cones/ha are the minimum required to achieve satisfactory stocking.  Based 
on the data collected for Fraser Lake Sawmills, 36,000 cones/ha is the average that was 
found in the years 2000-2002, when the plot data are capped at 50 cones/plot.  There was 
an average of 22 filled seeds per cone.  For a 2 m2 plot, this is 7.2 cones per plot and 
about 160 seeds, or 18 cones per 5 m2 plot.  The frequency of plots containing 18 to 36 
(arbitrarily doubled) cones was 1165, or 18% of the plots sampled over three years. 
(There are problems with these data described later).  Noting that these were from 
randomly located plots, it suggests that there should not be particular difficulty in 
locating 2 m2 plots with specific combinations of characteristics that also have 7-15 
cones, and thus have a reasonable likelihood of also yielding 5 year seedlings if 
conditions are conducive. 
 
Fraser Lake Sawmills is also planning a separate study on the placement of cones in 
particular combinations of seedbed and site characteristics.  Some of the data from these 
placements may be suitable for analysis with the data collected under this proposed 
project. 
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Other Design Considerations 
 
The goal of the study is to determine a predictive relationship whereby the data from 
individual plots, such as slope/aspect (as expressed by direct solar radiation), number of 
seeds present, and humus conditions, are used to predict the number of seedlings 
expected to be present in each plot five years after survey. 
 
Ideally, the relationship will take the form of a multiple regression, or a series of 
regressions that are applied under particular circumstances.  For instance, it is well 
known that a disturbed humus-mineral soil mixture provides different conditions for 
germination than undisturbed humus of the same depth.  Thus, one can reasonably expect 
two separate predictive relationships (or even a third relationship, if compressed humus 
has its own peculiar germination properties). 
 
 
Timing of survey is very important, especially in trying to unravel the effects of aspects 
that receive different levels of direct radiation.   The viability of seeds as a function of 
cone age is not a concern, however, the number of seeds per cone is quite variable.  Since 
the seed count is an independent variable in the proposed regression analysis, this figure 
must be determined with the highest accuracy.  It is absolutely essential that the cones in 
each plot be accurately counted, and that the sub-sample of cones used to determine the 
average seeds/cone ratio is unbiased. 
 

General Design of Regression Sampling 
 
The goal is to develop regressions of the general form: 
 
# 5 year seedlings/m2 = f(available seed/m2, forest floor depth, solar radiation) 
 
where  

1. the equation is unique to the biogeoclimatic subzone and variant, the general type 
of forest floor (i.e undisturbed, disturbed, compressed) but is variable with respect 
to depth 

2. the solar radiation may be the maximum direct or the average daily, and 
3. the variables may first be transformed to ensure linearity. 

 
In later application of the regressions, the proportion of forest floor conditions in an 
operational plot would be recorded and the estimate of 5-year seedlings per plot would be 
calculated by prorating the formulae.  
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The allocation of plots will be as follows: 
 
Number of biogeoclimatic subzones and variants:  2 (SBSdk, SBSmc2) 
Number of humus type/depths:  12 (Compact, and each of Disturbed and Undisturbed 0-
2, 3-4, 5-6, 7-8, 8+ cm, as well as Disturbed 0 cm) 
Number of maximum direct radiation classes:  4 (<700, 701-800, 801-900, 900+ W/m2) 
Number of seeds available (as reflected in cone counts):  2 (low, high >7cones/plot) 
 
There are 176 potential combinations of these factors.  For efficient regression 
development, plots should be uniformly established and replicated in as many of these 
combinations as possible, but some will be relatively difficult, if not impossible, to find. 
For example, high radiation sites with deep LFH are probably very rare, and very thin 
undisturbed LFH sites in the SBSm2 will not be available if no subxeric sites are 
harvested in a given year.  If two samples per combination are sought each year, no more 
than about 384 plots will need to be located.  After 5 years, ~1920 plots will have been 
established.  
  

Recent History of Cone Surveys undertaken for Fraser 
Lake Sawmills 
 
Cone survey maps, silviculture prescription maps and unit descriptions, and information 
on follow-up treatments for blocks surveyed by Fraser Lake Sawmills in the years 2000-
2002 were collected and analysed. 
 

Distribution of Plots by Year and Site Series 
 
Table 1 summarizes how the plots were distributed amongst various site series by year.  
The data indicate that the majority of plots were in leading mesic or submesic areas and a 
lesser number in subxeric areas.  No other conclusions regarding the combinations of 
these series with humus depths or aspects were possible.  The number of openings 
sampled has implications for the number of cones that will need to be collected to 
estimate available seed. 
 
Table 1. 

Item 2000 2001 2002 Total 
Number of openings surveyed 34 19 39 92 
Total Number of Plots surveyed 1437 1518 3493 6448 
Plots where leading series is SBSdk 01 600 1079 1007 2686 
Plots where leading series is SBSdk 03 178 129 214 521 
Plots where leading series is SBSdk 05 506 115 730 1351 
Plots where leading series is SBSmc2 01 17 1 1376 1394 
Plots where leading series is other than above 136 194 166 496 
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Frequency of Cone Counts 
 
A frequency listing of cones per plot was produced in order to understand how plots 
should be allocated to capture a useful range of cone counts across the various site 
conditions.  One would expect the distribution of cones per plot to follow a smooth curve 
when the sample size is 6448 plots.  This was not true however.  There is evidence in the 
form of data clustering that surveyors routinely estimated cone counts rather than actually 
counting them and that the likelihood of estimating increased in successive years.  This 
may have been an over-application of a guideline permitting estimation for high-count 
plots. 
 
The data points on the following graphs show the number of plots containing the number 
of cones indicated on the horizontal axis for each of the years 2000-2002.  The number of 
plots containing no cones is omitted to reduce the range of the vertical axis.  Note that in 
2002 more than twice the number of plots were surveyed as in either of the two prior 
years.  Note the increased relative frequency of certain cone counts at more-or-less 
regular intervals.  This characteristic of the data makes it suspect for anything but the 
roughest of estimations. 
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Frequency of Cone Counts per Plot in 2002
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Use of Cone Counts to Predict Likelihood of Natural 
Regeneration 
 
It was discovered that the field data often contained plots in which the cone count 
exceeded 50 cones, and that these high cone counts were used in the calculation to 
determine the average number of cones per plot in the block or stratum.  In one case, a 
value of 1472 cones/plot was included.  To determine the effect of including such large 
cone counts in the calculation, the cone counts were “capped” at 50/plot and the means 
were recalculated for 100 of the surveyed units.  The revised mean was divided by the 
uncapped mean, the units were sorted according to this ratio, and the results were 
graphed.    The following chart shows how the reported mean would have varied for 100 
of the units had a cap of 50 been used:  
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For 22% of the blocks, the capped mean cone count is 50% or less of the uncapped mean.  
For about half of the blocks, the capped mean is less than 70% of the uncapped mean.  
For one unit the capped mean was less than 10% of the reported mean. 
 

Distribution of Cones within a Sampling Unit 
 
The distribution of cones across a sampling unit was described in the cone survey report 
in qualitative terms such as “moderately distributed”.  Until such time as a regression is 
available to predict seedling density, it may be more useful to use a graphic method to 
describe the distribution of cones.  In the following charts, derived from two arbitrarily 
chosen units, the relative frequency and cumulative cone counts are both shown in one 
graphic: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Histogram and Cumulative Frequency of Cone 
Counts/Plot

21%
8%

2%
8% 7% 6%

13% 15% 20%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 2 4 6 8 10 20 40
More

Upper Class Limit for Number of Cones / 
Plot

Pe
rc

en
t f

re
qu

en
cy

 o
f O

cc
ur

re
nc

e

Frequency
Cumulative %

Histogram and Cumulative Frequency of Cone 
Counts/Plot

50%

15%15%10% 5% 0% 0% 5% 0%
0%

10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0 2 4 6 8 10 20 40
More

Upper Class Limit for Number of Cones / 
Plot

Pe
rc

en
t f

re
qu

en
cy

 o
f 

O
cc

ur
re

nc
e

Frequency
Cumulative %

 
The first chart indicates a broad range in the number of cones per plot, and that many of 
the plots have large numbers of cones.  The second chart indicates fewer cones on 
average, and that the total number of cones is in contained within a narrow range of cone 
counts per plot.  An ideal distribution would have one bar at zero, then a second bar at a 
single value of cones/plot.  The line would reach 100% at this number of cones/plot. 
 

Interim Recommendations for Ground Cone Surveys 
 
Stratification of the survey units was found to be minimal.  Most harvest blocks contain 
areas that for reasons of aspect, extant vegetation complex, locally high moisture, etc, are 
unlikely to regenerate naturally.  Wherever such areas exist in a block for which natural 
regeneration is proposed, surveyors need to diligently identify the portions of the block 
that would benefit from planting. 
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The number of cones per plot, up to a value of 50, must be determined by diligent 
counting, and not by estimating.  For samples exceeding 50 cones per plot, it can be 
considered acceptable to estimate the number of cones. 
 
In the analysis of data, cone counts should be capped at 50.  It is simply unreasonable to 
average such high-count plots over neighbouring plots that have much lower counts.  It 
may also be of value to determine the effect of varying the cap for each block to see how 
sensitive the predicted seed load is to the incidence of high-count plots. 
 
The distribution of cones across a block is often summarized in the form of a map that 
uses icons to represent various cone loadings, and thus to post-survey stratify the block 
into areas of different regeneration likelihood.  This should continue to be done, but it 
may also help if a frequency distribution and cumulative distribution chart is used to 
graphically demonstrate the distribution.  Over time, a collection of such charts may be 
correlated to the final density or distribution of regeneration. 
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Appendix 1.   
Maximum Direct Solar Radiation on Summer Solctice at 53.5° N (W/m2). 
 
  Slope                       
Aspect 0 5 10 15 20 25 30 35 40 45 50 55 60

0 821 796 769 741 712 681 650 618 586 554 522 490 460
5 821 796 770 742 712 682 651 619 588 556 525 495 466

10 821 797 770 743 714 685 654 624 594 565 536 509 485
15 821 797 771 745 717 689 660 632 604 577 552 529 509
20 821 798 773 748 721 694 668 642 617 593 572 553 537
25 821 799 775 751 726 702 677 654 632 612 594 579 566
30 821 799 778 755 732 710 688 668 649 632 618 606 596
35 821 801 780 760 739 719 700 682 667 653 642 632 625
40 821 802 783 765 746 729 713 698 685 675 666 659 654
45 821 804 787 770 754 739 726 714 704 696 690 685 682
50 821 805 790 776 763 750 739 730 723 717 713 710 709
55 821 807 794 782 771 761 753 746 741 738 736 734 734
60 821 809 798 788 780 772 766 762 759 758 757 757 758
65 821 811 802 795 788 783 780 777 776 776 777 779 781
70 821 813 807 801 797 794 793 792 793 794 796 799 802
75 821 815 811 807 805 805 805 806 808 811 814 818 821
80 821 817 815 814 814 815 817 820 823 827 831 835 839
85 821 819 819 820 822 825 828 833 837 842 846 851 855
90 821 821 823 826 830 834 839 844 850 855 860 865 869
95 821 823 827 832 844 843 849 855 861 867 873 877 882

100 821 825 831 837 844 851 858 865 872 878 884 889 894
105 821 827 835 843 851 859 867 875 882 888 894 899 904
110 821 829 838 848 857 866 875 883 890 897 903 908 912
115 821 831 842 852 863 873 882 890 898 905 911 916 920
120 821 833 845 856 868 879 888 898 905 912 918 922 926
125 821 834 848 861 873 884 894 904 911 918 924 928 931
130 821 836 850 865 877 889 900 909 917 923 928 933 935
135 821 837 853 868 881 894 904 914 921 928 933 936 939
140 821 838 855 871 885 897 908 917 925 931 936 939 941
145 821 839 857 873 888 901 912 921 928 934 939 942 943
150 821 841 859 876 891 904 915 924 931 937 941 944 945
155 821 841 861 878 893 906 917 926 933 939 943 945 946
160 821 842 862 879 895 908 919 928 936 941 944 946 947
165 821 843 863 880 896 910 921 930 937 942 945 947 948
170 821 843 863 881 897 910 922 931 938 943 946 948 948
175 821 843 864 882 898 911 922 931 938 943 946 948 948
180 821 844 864 882 898 911 923 932 938 943 947 948 948
185 821 843 864 882 898 911 922 931 938 943 946 948 948
190 821 843 863 881 897 910 922 931 938 943 946 948 948
195 821 843 863 880 896 910 921 930 937 942 945 947 948
200 821 842 862 879 895 908 919 928 936 941 944 946 947
205 821 841 861 878 893 906 917 926 933 939 943 945 946
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  Slope                       
Aspect 0 5 10 15 20 25 30 35 40 45 50 55 60

210 821 841 859 876 891 904 915 924 931 937 941 944 945
215 821 839 857 873 888 901 912 921 928 934 939 942 943
220 821 838 855 871 885 897 908 917 925 931 936 939 941
225 821 837 853 868 881 894 904 914 921 928 933 936 939
230 821 836 850 865 877 889 900 909 917 923 928 933 935
235 821 834 848 861 873 884 894 904 911 918 924 928 931
240 821 833 845 856 868 879 888 898 905 912 918 922 926
245 821 831 842 852 863 873 882 890 898 905 911 916 920
250 821 829 838 848 857 866 875 883 890 897 903 908 912
255 821 827 835 843 851 859 867 875 882 888 894 899 904
260 821 825 831 837 844 851 858 865 872 878 884 889 894
265 821 823 827 832 844 843 849 855 861 867 873 877 882
270 821 821 823 826 830 834 839 844 850 855 860 865 869
275 821 819 819 820 822 825 828 833 837 842 846 851 855
280 821 817 815 814 814 815 817 820 823 827 831 835 839
285 821 815 811 807 805 805 805 806 808 811 814 818 821
290 821 813 807 801 797 794 793 792 793 794 796 799 802
295 821 811 802 795 788 783 780 777 776 776 777 779 781
300 821 809 798 788 780 772 766 762 759 758 757 757 758
305 821 807 794 782 771 761 753 746 741 738 736 734 734
310 821 805 790 776 763 750 739 730 723 717 713 710 709
315 821 804 787 770 754 739 726 714 704 696 690 685 682
320 821 802 783 765 746 729 713 698 685 675 666 659 654
325 821 801 780 760 739 719 700 682 667 653 642 632 625
330 821 799 778 755 732 710 688 668 649 632 618 606 596
335 821 799 775 751 726 702 677 654 632 612 594 579 566
340 821 798 773 748 721 694 668 642 617 593 572 553 537
345 821 797 771 745 717 689 660 632 604 577 552 529 509
350 821 797 770 743 714 685 654 624 594 565 536 509 485
355 821 796 770 742 712 682 651 619 588 556 525 495 466
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