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ABSTRACT

Light is an important factor governing seedling establishment and tree growth in tropical forests. 

A series of hemispherical lens canopy pictures were taken in a long-term, permanent tree plot at 

Cocha Cashu Biological Station, Manu National Park, Madre de Dios, Peru in 2003 and 2008. 

From these photographs, canopy light models were constructed to investigate changes in 

understory light conditions over the five year period. The resulting light data was then correlated 

with tree sapling data from the same plot, to determine the relationship between canopy light 

and sapling growth at the site. Extensive analysis of the canopy pictures and calculated light 

values revealed two important findings. The first is that grouped series of hemispherical 

photographs yield data that is internally consistent, and whose values correctly characterizing 

light conditions within a given study location. The second finding is that hemispherical pictures 

are weakly autocorrelated, making any attempt to spatially or temporally correlate individual sets 

of light values difficult. As a result, the study is inconclusive, yielding no distinct trends in canopy  

light over the five year period nor any significant relationships between canopy light changes 

and sapling growth.

KEY WORDS:  Amazon, tree growth, tropical trees, canopy light, hemispherical photography
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INTRODUCTION

Light is an important factor governing sapling establishment and tree growth in tropical forests. 

Understory light conditions are a function of the vertical structure of a forest (Teborgh 1985). 

Tropical forests have uniformly dense canopies, which block and intercept the vast majority of 

sunlight. As a result, most tropical forests understories are characteristically dark. Light enters 

the understory through small and large sized gaps in the forest canopy. The amount and type of 

light that enters varies spatially and temporally (Chazdon and Pearcy 1991). Tropical forests are 

not static environments (Condit et al. 1992). The constant rearrangement of the forest and forest 

canopy creates light environments that are variable and dynamic.

Hemispherical photography is a common and efficient method for documenting and measuring 

understory light conditions in forests (Hale and Edwards 2002, Keane et al. 2005). A 

hemispherical lens, also known as fish-eye lens, provides a full 180-degree field of view, 

capturing light from all angles. This perspective matches how plants intercept light (Terborgh 

1985). The photographs provide a permanent record of light conditions that can be analyzed at 

later points in time. The captured photographs are processed by specialized software that 

characterizes and models the understory light conditions. 

Several studies have investigated the relationship between canopy light and plant growth. Most 

of these studies focus upon a solitary, fixed value of light and its response upon a specific tree 

growth or physiological response (Clark et al. 1993, Figueroa and Lusk 2001, Lopez-Toledo et 

al. 2008, Kelly et al. 2009). Light measurements are collected once and then correlated against 

response data that is static. What makes this study unique is that it attempts to determine the 

relationship between a temporal value of light and a temporal growth response. In doing so, the 

study also characterizes changes in understory light conditions.
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An in situ investigation was conducted in a primary tropical forest in the Peruvian Amazon. This 

study is one of first instances of attempting to correlate understory light changes with long-term 

biological trends in a primary Amazonian forest. The study worked with two primary sets of data. 

The first set is a series of hemispherical lens photographs of the tree canopy, to assess the 

understory light conditions. The second data set is tree sapling measurements, to asses 

changes in tree species establishment and growth.

The study predicts several trends and relationships between canopy light and tree sapling 

growth. Over the time in question, there have been no large tree falls in the study plot. Large 

canopy gaps, created by the tree falls, are the primary mechanism for introducing new light into 

the understory (Hubbel et al. 1999). Over time, these gaps fill in, as the canopy and forest 

rearranges itself (Brokaw 1985). Due the lack of any new, large gaps in the canopy, understory 

light is expected to marginally decrease in the study plot over the specified time period. Also, the 

relationship between canopy light and tree sapling growth is expected to vary by species 

(Terborgh and Mathews 1999). Tree species that are more light demanding are expected to 

respond strongly to changes in understory light conditions. Tree species that are more shade 

tolerant are expected to respond weakly, or not at all, to changes in understory light conditions.
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METHODS

Study site

Research was conducted at Cocha Cashu Biological Station in the Manu National Park, Madre 

de Dios, Peru. The site is a lowland, primary tropical forest located in the southeastern corner of 

the Peruvian Amazon. The area is virtually uninhabited and undisturbed, with the station only 

being accessible by river. The study site is a mature floodplain forest with c. 200 species of 

trees per hectare (Terborgh and Mathews, 1999).

Data was collected in a 2.25-ha permanent tree plot at Cocha Cashu Biological Station. The plot 

consists of several concentric sampling grids. The main area, known as the “Trail 3 Plot,” is a 

150m x 150m grid for sampling adult trees. Nested within this larger grid is a 120m x 120m 

network of seed traps, for sampling seed fall. Seed traps are steel framed, 0.5m2 nylon mesh 

nets, suspended approximately 1m off the ground. There are a total of 289 traps, arranged in a 

17 x 17 square grid, with each trap spaced 7.5m apart. Nested within the seed trap grid is a 

90m x 90m grid for measuring tree saplings.

Hemispherical photography

Hemispherical “fish-eye” lens photographs were taken at each seed trap location. All 

photographs were captured with a Nikon Coolpix 950 digital camera fitted with a Nikon FC-E8 

fisheye converter lens. Two complete sets of hemispherical photographs were collected. The 

first set of was taken in March-April 2003 and a complimentary set was taken in July-August 

2008. Though the two sets of photographs were captured at alternate times of the year, any 

seasonal differences are expected to be negligible due to 2008 being an usually wet year on 

record, with many of the trees still retaining their leaves late into the dry season.

Canopy photographs were collected with the same procedures in 2003 and 2008. 

Hemispherical photographs were taken from the forest floor, immediately adjacent to each seed 
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trap. The camera location and orientation are both key. Photographs were always taken on the 

north side of each seed trap, with the camera body virtually touching the edge of the trap. The 

camera was affixed upon a tripod, with the lens pointed skyward, towards the overhead forest 

canopy, with the top of the fish-eye lens located approximately 130cm off the ground. To ensure 

that the lens pointed straight up, the camera body was leveled utilizing a built-in bubble-level on 

the tripod. Lastly, the top of the photo frame was oriented due north using a hand-held compass. 

This last step is especially important for the correctly processing of the captured images through 

specialized software. 

Specific light conditions are necessary for taking canopy photographs. Understory light is 

determined by calculating the relative amounts of openings (gaps) versus obstructions 

(vegetation) in the canopy. In order to ensure a clear separation between open sky and tree 

canopy, hemispherical photographs should be ideally captured under diffuse lighting conditions. 

This limits the amount of light reflection off leaves and other vegetation. If captured within the 

photographs, the reflections are artificially evaluated as openings in the canopy. Simply put, 

direct sunlight should be avoided. As a result, the best times to shoot hemispherical 

photographs are either in the early morning, before the sun has risen to a critical angle, or 

during overcast and cloudy weather conditions, when the sun is absent. The 2003 canopy 

pictures were shot during early mornings and during overcast days. A small percentage of the 

photographs were captured after sunset, due to time constraints. The 2008 canopy picture were 

only shot during early mornings and during overcast days.

In 2003, to compliment the original set of photographs captured on the north side of each seed 

trap, a replicate set was also taken on the south side. This replicate set was captured at the 

same time as the north side photographs, with identical protocols. The only difference between 

these two subsets of photographs is a distance of 0.7m, or the width of the seed trap. Due to 
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time constraints, a replicate set of photographs on the south side of each seed trap was not 

captured in 2008. 

Hemispherical photographs were processed using the Hemiview software (Delta-T Devices Ltd., 

Cambridge, UK). For each image, Hemiview evaluates the canopy, and then based upon the 

sky geometry of the site, provides solar radiation regimes or models. The light models are 

dependent upon two important transformations of the original image. The first is the 

classification of the canopy. Hemiview creates a black and white bitmap of the photograph, 

classifying each pixel as either a canopy obstruction or a canopy opening. The resulting image 

is a pure black silhouette of the forest canopy, signifying foilage and other light obstructions, 

scattered with pure white areas, signifying gaps or canopy openings where sunlight can directly 

pass through. The second transformation is spatial. Once classified, the 2-dimensional bitmap is 

turned into a 3-dimensional map of the sky overhead, based upon an extrapolation of the exact 

curvature of the fisheye lens used. The result is a detailed, 180-degree map of the canopy, 

partitioned into visible and obstructed sky. Using the latitude and longitude of the study site, 

Hemiview then determines the exact path of the sun for each day of the year, and calculates the 

amount of direct and indirect sunlight at the site. 

Hemiview models the light regime both above the tree canopy and at the forest floor based 

upon the angle, duration, and intensity of solar radiation at the site. Hemispherical photographs 

lack information regarding spatial distances, such as the height of trees, distances from the 

forest floor to the canopy, or the diameters of gap openings. As a result, the calculated light 

regimes are all based upon solar angles and not physical distances. The exact angle and 

location of the sun passing overhead is critical. Hemiview relies upon the zenith angle and 

azimuth angle of the sun. This approach explains why the frame of each hemispherical 

photograph needs to be oriented due north. The duration of sunlight is dependent upon the day 
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of the year and the corresponding length of daylight at the site. Solar intensity is a function of 

canopy openings and canopy foilage, and the duration of light.

The light models provided by Hemiview are detailed and precise. Hemiview calculates solar 

radiation indices on an hourly, daily, weekly, monthly, and annual basis. For the purposes of this 

study, only three indices were used. The following indices were evaluated and statistically 

correlated with the sapling growth data: Indirect Site Factor (ISF), or the proportion of diffuse 

light reaching the site; Direct Site Factor (DSF) or the proportion of direct sunlight, also known 

as sunflecks, reaching the site; and Global Site Factor (GSF), which is the combined total of the 

indirect and direct light values, and represents the total light at the site. Within the context of 

Hemiview, a site refers to the specific location where the photograph was taken and not to the 

study plot. Each photograph is a different site. The indices are provided as either corrected or 

uncorrected values. The former are cosine corrected, to account for differences between a 

planar or curved surface that may intercept or receive light.

The processing of hemispherical photographs is subjective. Classification of the original image 

into a black and white bitmap is not an automated process, but instead requires user input to 

help distinguish openings in the canopy from obstructing foilage. Hemiview incorporates a 

threshold algorithm, which allows the user to determine a threshold intensity value for each 

image. The threshold intensity value effectively changes the contrast and exposure of the 

photograph, affecting the overall pure black and pure white values in the classified images. In 

theory, the correct intensity threshold value is one that accurately characterizes the canopy 

details. In practice, choosing a correct intensity threshold value can be difficult. Increasing the 

threshold reduces the amount of light reflections off foilage, but also simultaneously reduces the 

size of gap openings, resulting in a potentially incorrect characterization of the canopy. User 

defined threshold intensity values are an attempts to balances these two conflicting 

characteristics of open gaps and internal light reflections. The process is inherently subjective 
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and difficult to accurately repeat. Choosing a threshold intensity value strategy is a matter of 

opinion. Some opt for a fixed threshold intensity value for all photographs within a series, by 

batch processing the photographs at one threshold value. This approach reduces error due to 

user subjectivity , but increases the variance of the overall light values in the data set. Others 

opt for an opposite approach, by assigning variable threshold intensity values, or adjusting the 

threshold based upon an individual evaluation of each photograph. This approach reduces the 

variance in the overall light values within the data set, but increases the amount of error due to 

user subjectivity. For this study, variable threshold intensity values were used. To limit the 

amount of user subjectivity, the same individual processed all pictures taken on the north sides 

of the seed traps from 2003 and 2008.

 

Sapling Growth Data 

All tree saplings within the 90m x 90m subplot are tagged, identified to species, measured, and 

spatially marked with x, y coordinates relatively to larger sample plot. The combination of a 

unique tag, exact spatial coordinates, and species information allow the same sapling individual 

to be repeated identified and measured over time. Presently, only woody tree species are being 

tracked within the study plot. Lianas and palms are not included.

Saplings are divided into two distinct age classes: small saplings and large saplings. Small 

saplings are defined as those ! 1m tall but < 1cm dbh. Large saplings are defined as also those 

! 1m tall but > 1cm dbh and < 10cm dbh. The primary difference between the two age classes is 

the dbh size. Once a sapling grows larger than 10cm dbh, it is classified as an adult tree. What 

makes the data set from this study plot unique is the inclusion of small saplings. Most study 

sites do not measure or census tree saplings < 1cm dbh. 

Saplings are re-measured every 4 years. For small saplings, growth measurements include 

marking the tree height (m), and for large saplings, the tree width (mm at dbh). The full sapling 
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data set runs from 1993 to 2006. For the purposes of this study, only data from the 2002 and 

2006 censuses were used, to correspond with the time periods covered by the hemispherical 

photographs.

Within the complete sapling data set, there are several hundred unique species of trees. The 

distribution and abundance of each species varies. Some species are common, with several 

hundred cohorts present in the study plot, while other species are more rare, with only one or 

two individuals found within the entire study site. For the 2002 and 2006 data, 8 species were 

identified for analysis, based upon their abundance and known responses to light, classified as 

either shade tolerant or light demanding (Tables 1 and 2). The sample size numbers within the 

tables refer to the total number of saplings, by species and age class, within the 2002 and 2006 

censuses. There are twice as many shade tolerant saplings than light demanding saplings. But 

given the closed nature of primary tropical forest canopies, and the resulting low lighting 

conditions, this ratio is simple viewed as a realistic and accurate sample set of the study plot.

Table 1. List of shade tolerant tree species and sample sizes used in the study.

Light Group Species Large Saplings Small Saplings Total

Shade Tolerant Quararibea wittii 356 154 510

Drypetes amazonica 99 14 113

Oxandra acuminata 42 72 114

Klarobelia candida 45 86 131

Total 542 326 868
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Table 2. List of light demanding tree species and sample sizes used in the study.

Light Group Species Large Saplings Small Saplings Total

Light Demanding Piper laevigatum 70 110 180

Piper reticulatum 86 19 105

Caraipa densifolia 49 40 89

Lunania parviflora 37 5 42

Total 242 174 410

Analysis

Data analysis occurred in two stages. The initial stage involved processing the hemispherical 

photographs in Hemiview to obtain light values. These values were then statistically evaluated 

for internal consistency within each data set. Once completed, the different annual data sets 

were then evaluated against each another other to determine the trend in canopy light over the 

five year study period. Again, only annual light values (ISF, DSF, and GSF) were used in the 

analysis. The final results are a calculated average change in understory light for the entire 

study plot from 2003 to 2008, as well several different comparison light values for each 

individual seed trap location. 

The second analysis stage involved correlating the light values with the sapling data to 

determine the relationship between understory light and sapling growth. This stage can only be 

completed once valid light values have been obtained. In order complete a regression or spatial 

analysis between these two data sets, additional data steps are also necessary. The first is 

determining what sort of light value to apply to the sapling data. Specifically, whether an 

average light value for the five year period should be applied or whether a different composite 

light value should be used. The second data step involves physically pairing the light values with 

the sapling data. Specifically, which saplings belong to which light values.
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Coupling the sapling growth measurements with light values proved initially problematic. Two 

facts eased matters. The first is that the spatial location of each hemispherical photograph is 

perfectly matched with the seed trap plot. The second is that the sapling subplot is nested within 

the seed trap plot. Both plots use the same coordinate system. With this in mind, several 

different interpolation schemes were evaluated. In the end, a simple approach was taken. A 

7.5m circle was drawn around each seed trap, or the location of each light value. This resulted 

in a 17 x17 grid of non-overlapping circles, whose origins are the seed traps. The distance from 

each individual sapling and each individual seed trap was then calculated, using their respective 

x, y coordinates. If the calculated distance was less than the 3.75m radius of the circle, then the 

sapling and seed trap were coupled together. This process was repeated for each seed trap and 

each sapling for the 8 species of concern using an automated, nested-loop function. This 

approach does result in orphaned saplings, that fall just outside the radius of each circle. 

Regardless, this process efficiently matched saplings with light values, which were assumed to 

be constant over the entire area of the circle.

A simple linear regression was chosen to correlate light values with the sapling growth data. The  

exact regression model employed used the average light value (independent variable) from 

2003 to 2008, calculated at each seed trap, against the calculated change in growth (dependent 

variable) from 2002 to 2006, for each sapling. The regression analysis was run separately by 

species and by sapling age class. 
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RESULTS AND DISCUSSION

To assess the spatial distribution of tree saplings within the study plot, the entire sapling data set 

from 2002 and 2006 was plotted against the seed traps plot (Figure 1).

Figure 1. Spatial plot of seed traps and tree sapling data for 2002 and 2006. All species 

measured have been plotted. Hemispherical lens photographs were taken at the seed trap 

locations. 
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From this larger collection, a subset of the sapling data was spatially plotted by light group for 

2002 and 2006 (Figure 2). In this case, only the 8 species of concerns were included. The 

resulting plot reveals a clear and evident pattern. Tree saplings appear to be spatially 

distributing, or clustering, themselves according to light preference. Even without any data 

analysis of the hemispherical photographs or sapling growth data, this plot shows that canopy 

light is important.

Figure 2. Spatial plot of seed traps and tree sapling data, by light group, for the species of 

concern, 2002 and 2006.
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The same data subset for 2002 and 2006 was spatially plotted again, but this time by light group 

and sapling age class (Figure 3). A more nuanced pattern begins to appear. Tree saplings are 

spatially distributing themselves by both light preference and age class, or time. As the forest 

canopy rearranges itself over time, both the spatial and temporal components of canopy light 

are important.

Figure 3. Spatial plot of seed traps and tree sapling data, by light group and sapling age 

class, for the species of concern, 2002 and 2006. Small saplings are defined as those ! 1m 

tall but < 1cm dbh. Large saplings are defined as also those ! 1m tall but > 1cm dbh and < 

10cm dbh 
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After the exploratory spatial plot analysis was completed, the hemispherical photographs were 

processed in Hemiview. Photographs taken on the north side of the traps from both 2003 and 

2008 were processed using variable threshold intensity values. Based upon a comparison of the 

resulting GSF values for 2003 and 2008, the data appears to be internally consistent (Table 3). 

The data sets have similar GSF value ranges (range = 0.1808 for 2003, and 0.1950 for 2003), 

standard deviations around the mean (stdev = 0.0278 for 2003, 0.0288 for 2008), and average 

threshold intensity values (threshold = 192.8 for 2003, and 193.3 for 2008).

Table 3. Summary comparison of GSF values for 2003 and 2008.

Global Site FactorGlobal Site FactorGlobal Site FactorGlobal Site Factor Threshold Intensity ValueThreshold Intensity Value

Year min max avg stdev avg stdev

2003 0.0544 0.2352 0.1095 0.02778 192.8 12.64

2008 0.0549 0.2499 0.1185 0.02881 193.3 13.27

Difference: 0.000496 0.014729 0.009060 0.534

0.9% 6.3% 8.3% 0%

According to the calculated GSF values obtained from Hemiview, there was an 8.3% increase in 

canopy light from 2003 to 2008. This finding contradicts the original hypothesis that canopy light 

would marginally decrease over the specified time period, due to the absence of any large tree 

falls, and resulting gaps, in the study plot. One possible explanation for the increase in light is 

the presence of new, small gaps in the canopy due to palm tree falls or palm fronds loss. 

However, before these GSF values can be accepted, further verification of the data set is 

needed. The change in canopy light over the five year period may simply be due to seasonal 

difference between the two sets of photographs. The 2003 hemispherical photographs were 

shot during the wet season, when tree foilage is full, and the 2008 hemispherical photographs 

were shot during the dry season, when trees begin to lose leaves.

Samir Arora, Masterʼs Project, Duke University, 2009

15



To gain a better understanding of what is occurring at each seed trap location, where the 

hemispherical photographs were taken, the difference in individual GSF light values from 2003 

to 2008 was calculated and plotted (Figure 4). This graph reveals an overall net increase in 

canopy light over the seed traps plot. The graph also reveals that individual canopy light 

changes vary by each seed trap location, which corresponds with how tree canopies rearrange 

themselves over time. The calculated GSF values difference appear to be randomly distributed.

Figure 4. Plot of calculated GSF value difference by seed trap location for 2003 to 2008. Within this 

plot, the 289 seed traps are depicted in a linear fashion, from the first to the last seed trap.
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To verify that this difference and trend in canopy light is valid, the 2003 GSF values were 

regressed against the 2008 GSF values (Figure 5). The regression analysis revealed a 

disturbing finding. The 2003 and 2008 GSF values are highly uncorrelated (R2 = 0.02, and line 

slope = 0.15.) 

Figure 5. Scatterplot of 2003 GSF values against 2008 GSF values.

Interesting to note, the range of values, mean, standard deviation, and variance for the two sets 

of values are similar (Table 4). This indicates that the GSF values may be randomly distributed 

within the seed traps plot, making temporal inferences between paired sets of photographs 

difficult. 
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Table 4. A full comparison of annual light values from 2003 and 2008.

ISFISF DSFDSF GSFGSF

2003 2008 2003 2008 2003 2008

min value 0.0652 0.0546 0.0481 0.0517 0.0499 0.0520

max value 0.1559 0.1581 0.2456 0.2605 0.2352 0.2499

range 0.0907 0.1035 0.1975 0.2087 0.1853 0.1979

mean 0.1096 0.0960 0.1290 0.1211 0.1270 0.1185

stdev 0.0167 0.0149 0.0308 0.0308 0.0288 0.0288

var 0.00028 0.00022 0.00095 0.00095 0.00083 0.00083

To investigate this problem further, the entire set of hemispherical photographs collected in 2003 

was analyzed. A comparison of the original set of hemispherical photographs, taken on the north 

side of the seed traps, against the replicate set of photographs, taken on the south side of the 

traps, yielded similar results. Both sets of photographs were taken together, meaning at the 

same time, with identical protocols. The only difference between the two pairs of photographs is 

the spatial distance of 0.7m. As a result, the light values from both sets are expected to be 

similar, if not identical.

One note regarding the processing of the replicate photographs and subsequent analysis. For 

the purposes of this investigation, both the north and south side photographs were processed in 

Hemiview with a fixed threshold intensity value. This approach allows the paired replicates to be 

processed with identical parameters, reducing the amount of variability and error in processing.

The comparison between the original and replicate sets of hemispherical photographs from 

2003 yielded similar results to the comparison between the 2003 and 2008 hemispherical 

photographs. Based upon an evaluation of all three light value types (ISF, DSF, and GHF), the 
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population samples for the original and replicate set of photographs are homogenous (Table 5). 

Statistical investigations into the means (Figure 6), variance, and covariance between the two 

samples supports this claim. Both sets of photographs, taken together or individually, appear 

accurately capture and characterize the canopy light conditions in the seed trap plot.

Table 5. A comparison of annual light values from 2003, taken on the north and south sides of the 

seed traps

Figure 6. A comparison of the means and variance for replicate values
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A regression analysis revealed even more unexpected results. Based on scatterplots comparing 

GSF, DSF, and ISF values, the two sets of photographs are not highly correlated. The fitted 

linear regression line for the GSF values yields an R2 of 0.4 and a line slope of 0.6 (Figure 7). 

Given less than a meter separate the paired GSF values, the slope value is expected to be 1.0. 

Also, the low R2 indicates that GSF values from one side of the seed trap are poor predictors for 

GSF values on the opposing side of the trap. A comparison of replicate DSF values revealed 

similar results (R2 = 0.39 and slope = 0.6). The highest correlation was for ISF values (R2 = 0.56 

and slope = 0.77).

Figure 7. Scatterplot of both sets of GSF values from 2003. Replicate sets of hemispherical 

photographs were taken on both the north and south sides of the seed traps.
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Similar analysis were repeated for the uncorrected annual light values. By default, Hemiview 

provides site factor values that are cosine corrected, to account for differences in the shape of 

the surfaces that are receiving light. The uncorrected site factor values (ISFU, DFSU, and 

GSFU) from the north and south side of the seed traps were correlated to determine the cosine 

correction was leaded to additional errors. Regression of the of the uncorrected light values 

yielded similar results to the corrected light values. Of the 6 site factor values, ISFU yielded the 

best correlation between north and south light values (R2 = 0.58 and slope = 0.87).

Figure 8. Scatterplot of both sets of uncorrected Indirect Site Factor (ISFU) values from 2003. 

Replicate sets of hemispherical photographs were taken on both the north and south sides of 

the seed traps. The light values are cosine corrected by default.
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The results from the comparison of north and south light values from 2003, along with the 

results from the comparison of light values from 2003 and 2008 reveal two important findings.

The first is that grouped series of hemispherical photographs yield data that is internally 

consistent, and whose values correctly characterizing light conditions within a given study 

location. This means that regardless of the spatial collection method used, as long as a 

significantly large enough sample size of hemispherical photographs are correctly taken, then 

the set of photographs will accurately capture the full variance of canopy light conditions in the 

study area. Taken on their own, the 2003 north photographs, 2003 south photographs, and 2008 

photographs are valid. Problems occur when you attempt to pair and compare distinct sets of 

photographs.

The second finding is that hemispherical photographs are weakly autocorrelated, making any 

attempt to spatially or temporally correlate individual sets of light values is difficult. Paired 

replicate photographs, even spaced close together (< 1m), exhibit a low correlation. There is 

simple to low too much noise in the light values data sets to accurately tease out a response. 

As a result, the calculated average differences in canopy light between 2003 and 2008 are not 

correct. This conclusion was corroborated by a simple linear regression analysis between the 

average GSF and average ISFU values, calculated from 2003 to 2008 for each seed trap, 

against changes in sapling growth for Quararibea wittii, a shade tolerant species, and Piper 

reticulatum, a light demanding species. Average light values were correlated against the sapling 

growth data sets for each species, by age class. The analysis was repeated using ranked 

subsets of the sapling growth data, with hopes of improving the signal to noise ratio. In all 

cases, light values and change in sapling growth data were uncorrelated. Average R2 values 

ranged from 0.0002 to .04.
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This study is inconclusive. The data yielding no distinct trends in canopy light over the five year 

period nor any significant relationships between canopy light changes and sapling growth. 

Additional, more sophisticated statistical analyses techniques may be required to determine the 

true relationship between canopy light and sapling growth. These techniques may include 

different interpolation schemes for the light values, and different response variables for 

correlating the sapling growth data.
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