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Objectives: 

 

1) To investigate seedling growth in response to available light for the calibration and 

validation of new growth and yield models for complex stands.  

 

2) To provide information about seedling growth in gaps to resource managers and to 

individuals responsible for operations in government and industry.  

 

 

 

 

 



Summary 

More information is required to guide the way for policy, regulation and guidelines 

relating to partial cutting practices.  As the size of clearings decrease the ratio of edge 

area to cleared area is increased engendering increases of any detrimental effects of edge 

effects on light and moisture availability.  This study is located in a group selection cut 

stand and aims to look specifically at the effect of the north and south edges of the 

residual stand of trees on regeneration due to light and other factors.   

 

 

The study description and location 

Two half-hectare gaps were established on the east of Vancouver Island, in a larger 

partial cutting and variable retention experiment (STEMS –good place for a link), to 

study the effect of the stand edge on growth of four species of coniferous seedlings with 

different shade tolerance rankings.  The two gaps are located in the Sayward Forest, one 

in the Snowden Demonstration Forest 

and the other near Elk Bay and were 

planted in 2004 and 2006, 

respectively.  A third is planned for 

Gray Lake in 2009.  Seedlings of 

white pine, coastal Douglas fir, 

western red cedar and western red 

hemlock have been planted in 24 

single species rows running NNE 

following the orientation of each the 

gap.   The arrangement of the mapped 

residual trees and the lines of seedlings 

are shown in the diagram (Figure 2).  

From mapped coordinates of seedlings 

and residual trees plus height, diameter 

and crown height TASS was able to simulate the Snowden gap (Figure 3).    

 

Euipment has been installed for 

continuous measurements of transmitted 

light, soil moisture and air temperature at 

several points across the gaps (Figure 2).   

The diagram shows the locations of the 13 

quantum sensors and air temperature and 

soil moisture sensors.  Gypsum moisture 

blocks were installed across the gaps 

equidistant from the east and west edges, 

to characterise the moisture gradients at 

the N and S edges (figure 1).  Three 

gypsum blocks were installed at each N-S 

location one metre apart at points 3, 6, 12 

and 21 meters into the gap and into the 

forest from each N and S edge. A total of 57 moisture blocks were installed. The moisture 



blocks indicate when soils dry to potentials known to affect seedling growth.  In 2007 

temperature sensors were installed along an the same N-

S transect as the soil sensors in both gaps to 

monitor vapour pressure deficit.   Relative humidity 

and rainfall are also measured. 

Climate stations located in open areas collect above 

canopy radiation, temperature and rainfall 

(Figure 4).  An identical microclimate monitoring 

regime is planned at Gray Lake.   

 

 

 

 

 

 

 

 

 

 

Light Measurement with Quantum Sensors) 

PACL was estimated at 13 points across each study gap (N-S) using a mixture of LI-COR 

quantum sensors (LI-COR Inc., Lincoln, NE) and custom made quantum sensors using a 

Gallium-Arsenide-Phosphide photocell 

(Figure 3).  PACL was estimated from the 

fractional difference between hourly 

measurements of photosynthetic photon flux 

density (PPFD) at the 13 locations and 

synchronous measurements at a nearby open 

location.  These measurements have been 

corrected with frequent calibrations during 

the growing season.  Light estimates at the 

13 locations were paired with hemispherical 

canopy photographs (fish-eye photos) to 

develop a regression conversion to correct 

biases in the fish-eye PACL and PPFD 

estimates.  

Figure 3: Quantum sensor on a 

post 

 

Figure 4: Showing a comparison of 

growing season PACL at the 13 

sensor posts estimated from fish-

eye photos, tRAYci – TASS III 

model, and quantum sensors at the 

Snowden light study.  The solid 

line indicates the corrected fish-eye 

GS10: Comparison of PACL estimates at sensor points
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values based on the quantum sensors. 

 

 

Figure 5:  Comparison of TASS III 

PACL estimates with fisheye photos 

and quantum sensors using linear 

regression.  The TASS estimates tend 

to have a closer agreement with 

measured quantum sensor PACL than 

uncorrected fisheye estimates at the 

Snowden gap.   

 

 

 

 

 

Light Measurement (Hemispherical Photos) 

Growing season light transmission at 1.5 m for each seedling position has been estimated 

from fish-eye photos and have been analysed using the Spot Light Interception Model 

(SLIM) software (link to web page).  Approximately 2000 images were taken at each 

study gap.  Light values were summarised as total growing season PPFD and as PACL 

and corrected using the equations developed using the quantum sensors. 

 

Figure 6:  Three-

dimensional graph showing 

the distribution of light 

levels over every seedling 

location on the gap at the 

Snowden gap using fisheye 

photography.  The 

‘distance’ vs. ‘species 

rows’ describes the NNE 

oriented rows of replicated 

four conifer seedling 

species.   Forest edges are 

at 22m (south) and 74 m 

(north).    

 

TASS III was used to simulate light values for all seedling locations and these simulated 

values were compared with corrected fisheye estimates for the purposes of validation. 
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Seedling Measurements 

Each seedling was measured at planting and then 

every fall after growth is completed.  For initial 

measurement, the result of the first season in the 

nursery, only height and diameter was recorded.  

Thereafter, measurements of height (also stem length 

for western hemlock), ground-line diameter, crown 

height and crown diameter will be made and a 

number of condition and damage codes are recorded.  

Measurements have been collected up to 2008 from 

2004 and 2006 at Snowden and Elk respectively.  

Figure 7 shows a line of western red cedar looking 

towards the north edge. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Relationship between seedling growth and light levels 

 

A Gaussian additive model which incorporates vapour pressure deficit and soil water 

potential as additive terms was used to predict growth from the PACL values derived 

from fisheye photos.  Figure 8 shows actual and predicted values for log stem volume for 

the four conifer species after 5 years of growth at the Snowden gap.  The predicted values 

reflect the difference in the relationship between light and growth at the north and south 

edges due to moisture deficits, these curves.  Soil moisture tends to be limiting at the 

edges of the forest and under the canopy as a result of water use by the residual stand.  

Vapour pressure deficit tends to mirror PACL in that it is low on the south side but 

increases to a maximum on the north side.  The shape of higher of these curves is related 

to the response of these species to shade on the south side of the gap.  Hemlock reaches a 

maximum at relatively low light consistent with its ranking as the most shade tolerant. 

Western red cedar is also asymptotic but at higher PACL values.  Both the Douglas fir 

and white pine curves are not asymptotic and would be expected to increase if higher 

PACL values were present.  On the north side growth decreases even though light 

remains high for Douglas fir, western red cedar and white pine.  Western hemlock has 

few data points due to high mortality under conditions of soil moisture stress.  
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Figure  8:  Stem volume increment of four conifer species and light level.  Predicted 

values were generated using Gaussian model with moisture deficit (air and soil) as 

additional variables at  GS10.  

 

 

Conclusions 

 

The Snowden gap data is reported because  this was the first gap to be installed. The 

highest PACL values were about 0.8 and the lowest in the canopy about 0.03.  Seedling 

growth was affected by light level depending on relative shade tolerance ranking.  

Western hemlock and western red cedar reach maximum growth within the range of 

PACL measured - at approx. 0.3 and 0.6 respectively.  Douglas fir and western white 

pine do not appear to reach an asymptote at the maximum PACL measured in this gap.  

The slope of increasing growth with increasing PACL at higher PACL values appears to 

be steeper for white pine.   Survival was generally lower under the canopy for all species 

but especially for western hemlock.  Survival in the gap was generally good. 

 

Highly detailed light measurements indicate that the light model tRAYci  in TASS 

requires some adjustments to conform to the fisheye photo estimates corrected using 

hourly averages from regularly calibrated quantum sensors.  The overestimate on the 

south side of the gap is clearly occurring in both gaps and would appear to be a function 

of the light penetration coefficients (leaf area density) and may also be affected by the 

estimate of diffuse and direct light.  TASS would probably overestimate the amount of 

growth in the areas where light is overestimated especially as TASS has no way, at 

present,  of allowing for other limiting factors such as soil moisture and vapour pressure 

deficits. Adjustment of the light model will be an iterative process and should be based 

on several years data collection 

 

 


