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Figure 3. Photo analysis of crown architecture. (a) depicts an example of a tree that
displays crown asymmetry. This tree was 10.3 meters from the gap. This photo was
taken from the west side of the tree and cut in two halves to yield a forest side (left)
and a gap side (right). (b) shows a photo of a symmetrical crown of a tree located 24.7
m from the gap edge taken from the east side of the tree to yield a gap side (left) and
forest side (right). Branch and trunk pixel area towards the gap were compared to
branch and trunk pixel area towards the forest.

Survival of a tree in response to a forest canopy gap is dependent on how
well it will tolerate light intensity and acclimate to the sudden increase in
light. Shade intolerant tree species require full sun to grow successfully as
seedlings, while shade tolerant tree species are more likely to withstand less
than ideal light conditions. There is lack of agreement with respect to the
crown expansion of trees as a function of light availability, with some studies
suggesting that shade intolerant species will utilize light to a higher degree
than intolerant, and other studies supporting the opposite. We investigated
whether shade tolerant or intolerant canopy tree are more likely to respond
to a sudden increase in light availability by growing their branches
asymmetrically towards a canopy gap
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QUESTIONS

METHODS

RESULTS

CONCLUSIONS

1. Do canopy trees alter their crown architecture in response to an increase
in light from a newly created gap?
2. If so, are trees closer to the gap more likely to respond to the increase in
light by growing their branches towards the gap?
3. Is this response associated with a tree species shade tolerance or shade
intolerance?

~The study was conducted in the Yale-Myers Experimental Forest in Eastford,

Connecticut (41° 56’N, 72°7’W, elevation 200 m). Two experimental large

gaps (ELGs) established by the Yale School of Forestry and Environmental

Studies in 2000 were used, at Kozey Road and Tree Heaven.

~Four 30x10 meter belt transects were created perpendicular to the gap edge

into the forest.

~Photos of tree crowns (devoid of leaves) within each transect were taken

from the east and west sides of those trees in the winter of 2016.

~Crown photos were converted to grayscale pixel values from black (0) to

white (255) and cut into two halves, one facing the gap and one facing the

forest.

~Trees were categorized into three distance groups, 0-10 m, 10-20 m, and 20-

30 m away from the gap edge at each site.

~Mann Whitney U tests were conducted on gap-side vs forest-side black

pixels to determine if crown growth was asymmetrical.

~Kruscall-Wallis tests and linear regressions were done to detect differences

in crown asymmetry among the three distance groups.

~Trees were grouped into shade tolerant and shade intolerant species, with

intermediately tolerant trees grouped with the shade intolerant.

I investigated whether crown architecture responds to light availability created by two artificial gaps at two ELG sites in a southern New England forest
by using tree crown photographs to compare the forest and gap-facing branches of tree crowns. Currently the literature does not agree on some
aspects of growth of canopy tree crowns. At both ELGs, at least some trees showed asymmetrical crown growth towards the gap (12 for Kozey Road
and 7 for Tree Heaven). Linear regressions at both ELGs showed that there was a relationship between Mann Whitney values and distance from the
gap. When doing pairwise comparisons on each of the three distance groups (0-10m, 10-20m, and 20-30 m), the only significant difference was at
Tree Heaven between the 0-10 m and the 20-30 group. When comparing shade tolerant vs shade intolerant trees within 11 m from the gap, logistic
regressions showed no significant relationship between shade tolerance and crown asymmetry. The Fisher’s exact tests also yielded no significant
association of crown asymmetry with shade tolerant or crown asymmetry with shade intolerant trees at Kozey Road or Tree Heaven. I found no
significant association between the shade tolerance of a given tree species and its likelihood to have an asymmetrical crown when growing within 11
m from the gap.

Code
Pairwise Mann Whitney 

p-values

Kozey Road
1 vs 3 0.238
1 vs 2 0.716
2 vs 3 0.395

Tree Heaven
1 vs 3 0.015
1 vs 2 0.662
2 vs 3 0.113

Kruskal-Wallis

p-values

Regression

p-value
Kozey Road 0.06 0.02

Tree Heaven 0.004 0.008

Figure 1: Transect
layout. Trees
within 5 m on
either side of each
transect line
(shown by the
center line of each
vertical rectangle)
and within 30 m
from the edge of
the gap were used
for the analysis.
The trees were
tagged previously
in 2007 and 2009.

~Logistic regressions and Chi square analyses were conducted to determine

the effect of shade tolerance on crown asymmetry.

Figure 4: Linear regression of Mann Whitey values as a function of distance from the gap for (a) Kozey
road (p=0.020) and (b) Tree Heaven (p=0.008). There was a significant association between distance
from the gap and Mann Whitney values.

Figure 2. The photos from the east and west side of each tree were cut in half to show
north (forest) facing and south (gap) facing branches.

Table 2. Pairwise Mann Whitney tests of the
association between distance from the gap
edge and Mann Whitney values at Kozey Road
and Tree Heaven.

a b

a b

Table 1. Kruskal-Wallis tests and linear regressions
on crown asymmetry as a function of distance from
the gap.

Logistic 

Regression 

Fisher's exact 

test
x2

Kozey Road 0.484 0.35 16.96
Tree Heaven 0.937 0.48 4.13

Pooled 0.35 0.28 6.64

Table 3. logistic regression, fishers, and x2 2x2
contingency table tests of the association
between crown asymmetry and shade
tolerance for trees within 11 m from the gap.

Code 1: 0 to 10 m from the gap; code 2: 10 to
20 m from the gap; code 3: 20 to 30 m from
the gap
* Denotes significant association

Mann Whitney statistic value

Figure 6. Logistic Regression graph for Tree
Heaven trees within 30 m of the gap. A
probability of 0 indicates the tree was shade
intolerant and a probability of 1 indicates that the
tree was shade tolerant. The slope of the logit
model (red line) was not significant (p=0.876)
(graph courtesy Dr. de Gouvenain).


