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Introduction 

 

This report is a mid-term assessment of a multi-year project that seeks to refine the 

seed/seedling ratio used in the standard cone survey procedure described by Bancroft 

(1996) by developing regression relationships between the number of seeds available on a 

site, the forest floor conditions, and the slope/aspect characteristics for two 

biogeoclimatic subzone variants.   

 

During the summer and autumn of 2003 and 2004 the procedure described in the 

document “An Operational Sampling Program to Determine the Effect of Site Variables 

on the Natural Regeneration Density of Lodgepole Pine after Harvest” (rev. June 2003) 

was implemented, with minor variations to improve the quality and utility of data.   

 

To date, establishment reports for the 2003 and 2004 implementation have been produced 

that  

 

1. summarize any departures in procedures, and reasons for them;  

2. document the locations of the field work, the distribution of the sampling, and the 

initial observations for later reference, both for the current year and to-date for the 

project; 

3. document the challenges in implementing the procedures as well as the 

implications for continuity over the expected term of the project; 

4. present observations and conclusions regarding filled seed counts and cone 

sampling intensities for ground cone surveys. 

 

The project involves a sampling program to establish circular 2 m
2
 plots in recently 

harvested sites over a five year period (to encompass climatic affects).  Each year an 

establishment report is to be produced (including yearly data and analysis).  Initial 

results, in terms of cones present on various sites, were anticipated at the end of the fifth 

year, or 2007.   In each of the five years following the plot establishment period, the plots 

will be revisited to collect data on the success of natural regeneration.  Final results were 

scheduled at the end of revisiting all plots, or 2012.   

 

During the field review of procedures in 2003, it was suggested by Lorne Bedford and 

John McClarnon (Forest Practices Branch) that an interim re-visit of a portion of the 

established plots would be prudent.  Interim observations could provide assurance that 

the sampling plan was sensitive to differences in microsite conditions and, if necessary, 

be used to refine the sampling procedures.  Of particular interest is whether germination 

is occurring in the extreme ranges of site conditions, for example, deep humus, very high 

or very low radiation sites, and sites with compressed humus.  Finding the full range of 

combinations of site factors has also been challenging, and if interim results suggest that 

certain combinations could be excluded from sampling, then there would be an 

improvement in project efficiency. 

 

 



Selection of Plots to Revisit 

 

The criteria for choosing which plots to re-visit included: 

 

1. The total number of plots re-visited should be approximately one third of the 

previously established plots (228 were planned). 

2. For efficiency, the plots to be re-inspected should be those located in the 

cutblocks with the greatest numbers of plots.  (Cutblocks with high numbers of 

plots tended to have more variable conditions.)  However, should this criterion 

result in some geographic areas being omitted, then a portion of cutblocks would 

be selected based on their location. 

3. Approximately equal numbers of plots established in both 2003 and 2004 would 

be re-visited in order to investigate whether year-to-year variations could be 

detected. 

4. The range of conditions such as biogeoclimatic zone, humus depth, direct solar 

radiation levels and amounts of seed present should be similar to that for all the 

plots established, and include the extremes. 

 

Productivity was better than anticipated.  In many cases, there were more plots available 

to revisit in a particular block than was planned, and time allowed this to be done, so the 

total number plots actually revisited exceeded the plan by 23.   

 

The following table summarizes the distribution of revisited plots relative to the total 

number of plots established to date, in the format “number revisited; number 

established to date; percentage revisited”: 

 

Year 

Established: 
2003 

120; 315; 38 
2004 

131; 292; 45 

By BGC 

Subzone 
SBSdk 

54; 150; 36 
SBSmc2 

66; 165; 40 
SBSdk 

53; 144; 37 
SBSmc2 

78; 148; 53 

Compressed 

Humus 

8; 18; 44 8; 18; 44 10; 23; 43 10; 17; 59 

Disturbed 

Humus 

24; 64; 38 26; 69; 38 10; 55; 18 32; 56; 57 

Undisturbed 

Humus 

22; 68; 32 32; 78; 41 33; 66; 50 36; 75; 48 

 

 

Field Procedures 

 

For each plot revisited, the hoop that was initially used to define the plot was laid down 

as close as possible to its original orientation given compass accuracy and the effect of 

any vegetation that was present.  The number of germinants/seedlings present in each 

quadrant was recorded on the original field card.  A digital image of the plot was made. 

 



 

In some cases the vegetation was too dense to get to hoop onto the ground, or to take a 

focussed vertical image.  In such cases, an oblique view was recorded. 

 

Observations 

 

Most of the plots were easily found again using the GPS device.  However, at least one 

plot could not be found at all, and in several cases the plot centre pin had been frost 

heaved, trampled, or pulled out by animals (human interference was possible too).  In 

most instances the original field card contained enough detail to determine where the pin 

had been originally set, and the plot was re-established.  In those cases where this was not 

possible, an image was taken of the general area where the pin was found, and a much 

larger area was inspected.  No seedlings were ever found within the area inspected. When 

the new image was compared to the original image, it was possible to conclude with 

confidence that the plot contained no seedlings, and the observation was accepted into the 

dataset. 

 

The following images provide an example of a plot in which the pin had been removed 

and was found lying on the ground.  The plot was established in 2003, and is shown on 

the left.  North is to the left. 

 

 
 

The re-established plot is approximately 30 cm north and 20 cm west of the original 

location.  This was within the extra area outside the plot that was examined, and thus the 



data were accepted.  Based on the broken and greatly displaced larger branches on the 

ground, it is likely that this pin was removed by a passing animal. 

 

In other plots, the degree to which small pieces of wood as well as cones were displaced 

between the original image and the revisit image was remarkable.  This is interpreted as 

being due to wind, snow movement, or rodents, and suggests that seed can also be 

radically displaced if it has not separated from its wing or settled too far into the litter to 

be affected by these agents. 

 

Seedlings were generally very small, as they would only have had from one to three 

seasons to develop.  The following images illustrate the difficulties of finding such small 

seedlings. 

 

From Plot 270 established in 2003: 

 
 



From Plot 508 established in 2004: 

 
 

 

 

 

Compressed Humus Plots 
 

The most common observation of the number of seedlings observed in each plot in 2005 

was 0, and 72% of the plots contained no seedlings.  The data are overdispersed (the 

standard deviation exceeds the mean), suggesting that a negative binomial regression 

rather than a Poisson regression approach should be used to relate the number of 

seedlings to other variables.  The following histogram shows the number of plots with the 

respective number of seedlings.  
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A negative binomial regression model to describe the relationship between Number of 

Seedlings 2005 and 3 independent variables was fitted.  The equation of the fitted model 

is: 

 

Number of Seedlings 2005 = exp(36.0566 - 17.2446*Seasons - 0.00472535*Maximum 

Direct Radiation Incident on Surface + 0.00567102*Best Estimate of Seeds in Plot) 

 

“Seasons” is the number of growing seasons between the date of logging and the 2005 

inspection, “Maximum Direct Radiation Incident on Surface” is measured in W/m
2
, and 

“Best Estimate of Seeds in Plot” was determined by multiplying the number of cones in 

the plot by the average seed count per cone.  Biogeoclimatic subzone was not found to be 

a significant variable in explaining the number of seedlings in each plot. 

 

The adjusted percentage of deviance in Number of Seedlings 2005 explained by the 

model, which is more suitable for comparing models with different numbers of 

independent variables, equals 73%.  This statistic is similar to the usual R-Squared 

statistic.   

 

The model shows, as expected, that larger numbers of seeds yield more seedlings.  

Higher radiation levels were associated with a fewer seedlings.  The negative coefficient 

for “Seasons” suggests that in general, many seedlings succumb over time to various 

stresses, or that conditions in the 2003 season were particularly harsh on seedlings, 

resulting in a high, year-specific mortality of that cohort of germinants. 

 

In a second analysis, season was removed as a predictor variable (because the final intent 

is to average year-to-year differences), with the following regression as a result: 



 

Number of Seedlings 2005 = exp(3.01528 + 0.00483758*Best Estimate of Seeds in Plot - 

0.0066134*Maximum Direct Radiation Incident on Surface) 

 

The adjusted percentage of deviance in Number of Seedlings 2005 explained by the 

model is 40%. 

 

The following chart shows the expected response of Seedlings in Compressed Humus 

plots to the seed and radiation loads based on the above regression: 

 

 

Compressed Humus Response Surface 
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The following three charts show the number of seedlings expected per plot as a function 

of the seed loading, with the radiation level set for the lowest observed (528 W/m
2
), for a 

flat surface (820 W/m
2
), and for the highest observed (940 W/m

2
).  The 95% confidence 

limits are widest for high seed counts and low radiation levels, which is not unexpected 

given the small number of samples and the fact that many plots with high levels of seed 

or on colder sites did not have any seedlings in them.  Unfortunately, even in the range of 

values that are common, such as radiation levels experienced on flat surfaces and average 

seed counts (say 200 seeds per 2 m
2
), the confidence limits range from 0.086 to 0.324 

seedlings per plot, with the upper limit almost 4 times greater than the lower limit. 
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Disturbed Humus Plots 
 

The most common observation of the number of seedlings observed in each plot in 2005 

was 0, and 53% of the plots contained no seedlings.  The data are overdispersed, 

suggesting that a negative binomial regression rather than a Poisson regression approach 

should be used to relate the number of seedlings to other variables.  The following 

histogram shows the number of plots with the respective number of seedlings. 
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Using all available data points, the best negative binomial regression incorporated the 

number of seeds, number of seasons and average humus depth as predictor variables.  

Biogeoclimatic subzone and direct radiation were not significant.  However, the adjusted 

percentage of deviance explained by the model was only 12%.   

 

Season was removed as a predictor variable, and the adjusted percentage of deviance 

explained by the model fell to 10%.   

 

There were unusual data points within the set, for example, one plot contained 2680 seeds 

but yielded only one seedling.  Re-fitting the model without this one data point resulted in 

almost no change in the coefficients, but the average humus depth became an 

insignificant predictor.  However, even this result makes some sense:  None of the 

disturbed depths were deeper than 5.75 cm.  The important fact is that these plots were 

disturbed in some way.  The amount that they were disturbed is apparently not important 

(within this time frame and limited dataset).  Further, the disturbance that was generally 

observed in the field was the removal of at least the moss layer, with only rarely any real 

mixing of mineral and organic occurring. 

 

When yet another data point with an extremely high value for seed count was removed 

and the model was re-fitted, the deviance explained fell by 5%, and it appeared that seed 

levels themselves were no longer significant.  All of this underscores that the model is 

weak, even though it includes 92 widely distributed input values. 

 

 

Undisturbed Humus Plots 
 

The most common observation of the number of seedlings observed in each plot in 2005 

was 0, and 92% of the plots contained no seedlings.  The data are overdispersed, 

suggesting that a negative binomial regression rather than a Poisson regression approach 

should be used to relate the number of seedlings to other variables.  The following 

histogram shows the number of plots with the respective number of seedlings. 
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A negative binomial regression model to describe the relationship between Number of 

Seedlings 2005 and 2 independent variables was fitted.  The equation of the fitted model 

is: 

 

Number of Seedlings 2005 = exp(2.638 - 0.932834*Average Depth of Humus) 

 

“Average Depth of Humus” is measured in cm. 

 

The adjusted percentage of deviance in Number of Seedlings 2005 explained by the 

model equals 43%.   
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Seeds per plot, Subzone and Maximum Direct Radiation, and Seasons were not found to 

be significant predictors of seedlings per plot.  It is difficult to accept that the seeds per 

plot are not a significant predictor of the seedlings per plot.  It is possible that the seed 

level in the plot is not significant because seed is being redistributed from areas outside 

the plot, but it is more likely that this is simply a result of the data being too variable.  

Overall, it is important to note that in the range of humus depths where we expect to 

observe seedlings, the confidence limits are very wide.  For example, for an undisturbed 

humus depth of 3 cm, the model predicts that 0.85 seedlings would be present, with 95% 

confidence limits at 25% lower or 33% higher than this figure.  On a per hectare, this 

becomes a range of 3200 to 5670, with the upper limit almost twice as large as the lower 

limit. 

 



Conclusions 

 

The purpose of this project, as stated in the introduction, is to refine the seed/seedling 

ratio used in the standard cone survey procedure described by Bancroft (1996) by 

developing regression relationships between the number of seeds available on a site, the 

forest floor conditions, and the slope/aspect characteristics for two biogeoclimatic 

subzone variants.  If a reliable predictive regression is developed, then planting efforts 

could be confidently adjusted to reflect expected natural regeneration. 

 

It is noteworthy that the regression developed for compressed humus plots explained 40% 

of the variation (based on amount of seed and radiation levels), because these plots did 

not differentiate between sites where the initial humus condition was deep or shallow, or 

whether the method of compression was from chained tire tracks or crawler tracks.  

About 28% of the plots were stocked with at least one seedling, compared with only 8% 

of the undisturbed plots (note that the latter were selected to evenly cover the range of 

available depths, and are therefore not directly comparable).  This suggests that the 

compressed humus is more favourable to regeneration than undisturbed humus.  

However, it is also clear from the regression that included the number of seasons that at 

least one year resulted in extremely poor regeneration, and the overall confidence in 

predicting seedlings per plot is poor.  Installing more plots or waiting until five years 

have passed on the existing plots is unlikely to improve the confidence in the regressions 

developed. 

 

The data used to develop a regression for disturbed humus plots consisted of 92 

observations, and yet the best regression did not find seed levels to be significant and 

only explained 10% of the deviance.  It is again noteworthy that 47% of the disturbed 

plots had at least one seedling in them, and if some amount of seed was present, the 

proportion rose to 51%, both of which are far greater than the 8% stocked plots with 

undisturbed humus.  The difficulty is in predicting how many seedlings will be present.  

Too much of the deviation is unexplained by the variables we have available as 

predictors, and this is very unlikely to change by establishing more plots or waiting until 

5 years have passed on the existing plots. 

 

The simplest conclusion to draw from the undisturbed plots is that they have a very low 

probability of yielding seedlings after 2 or 3 seasons.  Plots with undisturbed humus less 

than 2 cm deep were very difficult to find, and plots with 5 cm or more of humus were 

extremely easy to locate, but the latter did not yield any seedlings for humus depths 

greater than 5.75 cm.  This fact, combined with the wide confidence limits in the middle 

range, suggests that predictions will still be fraught with large uncertainties, and as with 

the two prior situations, this is very unlikely to change by establishing more plots or 

waiting until 5 years have passed on the existing plots. 

 

For reasons cited in the document “An Operational Sampling Program to Determine the 

Effect of Site Variables on the Natural Regeneration Density of Lodgepole Pine after 

Harvest” (rev. June 2003), it is unlikely that further regeneration will develop in these 



plots after 3 seasons – the seed that was present is likely to have germinated, and if no 

seedlings are visible it is because the germinants died. 

 

Overall, the work on this project has indicated that natural regeneration of pine is subject 

to large variability at the microsite level that is difficult to capture in a predictive model.  

Broad patterns can be described, but for the purpose of fine-tuning a planting prescription 

for a stratum within a cutblock in order to achieve a specific final stocking density, we 

are unlikely to be successful with further sampling, and it is recommended that efforts be 

directed elsewhere. 


