Canopy Closure Rate and Forest Structure

Teresa Valverde; Jonathan Silvertown

Ecology, Volume 78, Issue 5 (Jul., 1997), 1555-1562.

Stable URL:
http://links jstor.org/sici?sici=0012-9658%28199707%2978%3 A5%3C1555%3ACCRAFS%3E2.0.CO%3B2-5

Your use of the JSTOR archive indicates your acceptance of JSTOR’s Terms and Conditions of Use, available at
http://uk jstor.org/about/terms.html. JSTOR’s Terms and Conditions of Use provides, in part, that unless you have
obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or
printed page of such transmission.

Ecology is published by The Ecological Society of America. Please contact the publisher for further permissions
regarding the use of this work. Publisher contact information may be obtained at
http://uk.jstor.org/journals/esa.html.

Ecology
©1997 The Ecological Society of America

JSTOR and the JSTOR logo are trademarks of JSTOR, and are Registered in the U.S. Patent and Trademark Office.
For more information on JSTOR contact jstor @mimas.ac.uk.

©2003 JSTOR

http:/fuk.jstor.org/
Wed Feb 12 12:28:49 2003



Ecology, 78(5), 1997, pp. 1555-1562
© 1997 by the Ecological Society of America

CANOPY CLOSURE RATE AND FOREST STRUCTURE

TERESA VALVERDE' AND JONATHAN SILVERTOWN

Ecology and Conservation Research Group, Biology Department, The Open University, Walton Hall,
Milton Keynes, MK7 6AA, United Kingdom

Abstract. Natural disturbances produce openings in forest canopies. Gap opening and
closure create a mosaic of regenerating phases in the forest, which are a source of envi-
ronmental heterogeneity, contributing to the maintenance of community diversity. In this
study we measured the rate of canopy closure using hemispherical photographs taken in
the same points in August 1992, 1993, and 1994 at three temperate forests in Britain. We
analyzed the change in percentage canopy openness in time and found that canopy closure
occurred exponentially. These results were used to build a matrix model that incorporated
canopy dynamics as a linear Markov-chain process of forest succession by classifying forest
patches into types (according to percentage canopy openness) and calculating the probability
of each patch type becoming the following patch type in one year’s time. Standard matrix
analysis allowed us to project forest structure (i.e., the proportion of patches of each type)
at equilibrium, and to explore the effect of different disturbance rates on canopy dynamics.
Simulations showed that higher disturbance rates result in a lower proportion of the forest
under closed-canopy conditions, and that variation in disturbance rate has a dramatic effect
on turnover rate. Forest dynamics studies could be based on a patch characterization system
based on a quantitative scale of percentage canopy openness, which would make compar-

isons between forests possible.

Key words:  canopy closure; forest regeneration cycle; hemispherical photography; matrix models;

patch dynamics; secondary succession.

INTRODUCTION

Forest canopy dynamics is the product of a perma-
nent process of disturbances and regeneration. Al-
though both processes are of equal importance, much
more is known about gap formation than about canopy
closure. Natural disturbances are a source of environ-
mental heterogeneity and patch effects, which occur on
a wide variety of spatial and temporal scales (Pickett
and White 1985). In forest habitats, small disturbances,
such as branch or tree falls, produce canopy openings;
these eventually close due to the lateral extension of
adjacent vegetation and the growth of new trees into
the canopy (Runkle 1981, Runkle and Yetter 1987).
This process results in a mosaic of regenerating phases
represented by forest patches of various sizes and ages
(Doyle 1981, Brokaw 1985, Martinez-Ramos et al.
1988). The disturbance/regrowth cycle involved in
patch dynamics is of ecological interest in itself, but
also because it is linked with many other ecological
processes occurring at different spatial and temporal
scales. Among other things, it provides a permanent
source of environmental heterogeneity, which allows
the coexistence of species with different life histories
and ecological requirements, thus increasing commu-
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nity diversity (Brokaw 1985, Pickett and White 1985,
Runkle and Yetter 1987, Whitmore 1989, Alvarez-
Buylla and Garcfa-Barrios 1991).

The rate at which new gaps are formed (i.e., the
disturbance rate, k) has often been reported in forest
dynamics studies. It is defined as the proportion of the
forest area that is affected by natural disturbances each
year. Despite the differences in vegetation types and
nature of disturbances involved, temperate forests show
little variation in this parameter, with values of ~1%
(ranging from 0.5 to 2.0%; Runkle 1985, Runkle and
Yetter 1987). Similar values have also been reported
for tropical and subalpine forests (Brokaw 1985, Veb-
len et al. 1994, Battles et al. 1995). The study of forest
disturbance rate is important not only because it de-
termines forest structure, but also because turnover
rates (i.e., the mean time between recurring gap for-
mation at any one point in the forest, which is a function
of k) may act as an important selective force on certain
life history traits among gap-colonizing species (Hart-
shorn 1978). Moreover, variations in the disturbance
rate could alter the successional pattern and subsequent
composition, diversity, and structure of the forest
(Doyle 1981, Busing 1995). Some authors have ex-
plored this subject theoretically, describing the effect
of a range of k values on forest canopy dynamics using
models derived from generalized Lefkovitch projection
matrices (Horvitz and Schemske 1986, Alvarez-Buylla
and Garcia-Barrios 1991, Cipollini et al. 1993, 1994,
Alvarez-Buylla 1994).
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Another major variable affecting canopy dynamics,
the rate of gap closure, has rarely been studied (but see
Runkle 1985, Cipollini et al. 1993). Many understory
species depend on gap formation for the accomplish-
ment of one or several phases of their life cycle, but
as regeneration proceeds and gaps close, their demog-
raphy may be strongly affected by the changing en-
vironmental conditions (Horvitz and Schemske 1986,
Alvarez-Buylla and Garcia-Barrios 1991, Cipollini et
al. 1993, 1994, Valverde 1995). Thus, both gap for-
mation and canopy closure rates have important con-
sequences not only in terms of forest structure, but also
because they impose times and rates on many other
ecological processes within forest habitats (Brokaw
1982, Busing 1995).

In this study we investigated canopy closure rate in
terms of the change in the light conditions over time
with the aid of hemispherical photography. Based on
our results of canopy closure, we then built a matrix
model of canopy dynamics to project forest structure
under different disturbance rates. The photographic
technique has the advantage of being an instantaneous
measurement that provides a quantification of the light
conditions integrated over long periods of time (Mitch-
ell and Whitmore 1993), and has also been used as a
measure of gap size (Kennedy and Swaine 1992). How-
ever, to our knowledge, it has never been employed to
measure canopy closure rate, although it provides a
useful tool in the study of these and other related sub-
jects regarding patch dynamics.

METHODS

The study sites.—Empirical data on canopy closure
was collected at Dancers End Nature Reserve, in Buck-
inghamshire, UK (National Grid Reference SP902096),
which is a Fagus sylvatica (beech) and Fraxinus ex-
celsior (ash) forest on a chalky soil. It has traditionally
been managed through coppice cycles of 5-10 yr, the
coppiced species being mainly Corylus avellana (ha-
zel) and Crataegus monogyna (hawthorn). The present
study was part of a metapopulation study of Primula
vulgaris in which the light conditions of several patches
occupied by this herb species were being monitored
(Valverde 1995, Valverde and Silvertown 1995). Thus,
the sample points from which canopy closure rate was
calculated were P. vulgaris patches in different light
conditions, ranging from a gap to completely closed
canopy. Six of these patches were studied at Dancers
End forest.

Two additional forest patches (also bearing P. vul-
garis populations) were considered too: one in Woburn
Wood, a Quercus robur (oak) and Castanea sativa
(chestnut) forest in Bedfordshire (NGR SP927325), and
another one in Salcey Forest, a Quercus robur and
Fraxinus excelsior forest in Northamptonshire (NGR
SP814508).

Hemispherical photography and light measure-
ment.—Hemispherical photographs were used to char-
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TABLE 1. Mean percentage canopy openness (and standard
deviations) obtained in eight forest patches in three con-
secutive years. All patches were on flat ground (i.e., with
no slope); latitudes ranged from 51°48' (Dancers End) to
52°12' (Salcey Forest) N.

Canopy openness (%)

General
Patch 1992 1993 1994 description n
DE7 - 13.21 11.16  large gap 7
(4.44) (3.14) (=450 m?»

DE2 12.01 9.12 7.31 large gap 8
(2.20) (1.73) (2.82) (=400 m?)

DES 5.95 4.88 3.16 small gap 7
2.09) (1.53) (1.75) (=100 m?)

wWwW 5.65 4.78 4.05 small gap 15
(2.92) (3.13) (2.48) (<100 m?

SF 3.09 3.08 1.90 closing canopy 11
(1.28) (1.73) (1.00)

DE3 2.67 1.87 1.84  closing canopy 8
(1.36) (0.88) (0.60)

DE4 2.03 1.95 1.46  closed canopy 7
(0.71)  (0.58) (0.72)

DE6 1.57 1.97 closed canopy 7
(0.79)  (0.81)

Note: Patches are listed in order of decreasing diffuse light
(Dancers End, DE; Woburn Wood, WW; and Salcey Forest,
SF); their general description corresponds to August 1992,
Mean canopy openness was calculated from a varying number
(n) of hemispherical photographs per patch.

t Ellipses indicate ‘‘not measured.”

acterize the light environment and to evaluate the rate
of change of canopy cover at each sample point in the
forest. This technique involves the use of a hemispher-
ical lens to photograph the forest canopy from below.
Hemispherical photographs were taken at exactly the
same points in each of the eight forest patches studied
in August 1992, 1993, and 1994. These points were
marked with plastic pipes sunk into the ground for
relocation purposes. Seven to 15 photographs (de-
pending on the variation in canopy cover) were taken
at regular intervals along a transect incorporating the
whole range of light conditions encountered in each
patch. For example, in the case of well-defined canopy
gaps (i.e., DE7, DE2, and DES; see Table 1), the tran-
sect ran from the edge to the center of the gap in order
to include the natural variability in the light conditions
characteristic of these types of forest patches; the spac-
ing between photographs along transects was consistent
among different gaps. Transect length varied between
8 and 50 m, depending on the size of the patch and on
the variation in the light conditions within it.

To take the photographs, the camera was placed 50
cm above the ground level (i.e., the height of the tripod)
at each of the plastic pipes that served as markers. The
lens was never obstructed by shrubs or other low veg-
etation; thus, the photographs captured the image cor-
responding to the shape of the canopy at its maximum
height (which ranged from =~ 7 to 20 m).

We used an Olympus Auto-fisheye lens (1:2.8, f =
8 mm) with a black and white, high-contrast film (ASA
50). The resulting hemispherical images were digitized
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F1G. 1. Schematic model of forest canopy dynamics and corresponding matrix model. Each box represents a patch type,

and the arrows indicate transitions between patch types over one time step, which correspond to matrix entries.

and then analyzed using the program Solarcalc 5.41
(Macintosh II), developed by Chazdon and Field
(1987). This program can calculate a number of light
variables derived from hemispherical photographs. We
chose the percentage weighted canopy openness (which
is a measure of diffuse light; Mitchell and Whitmore
1993) to characterize canopy conditions, as it is a direct
measure of the percentage of open sky in the photo-
graph and can also be used to describe gap size (Ken-
nedy and Swaine 1992).

As hemispherical photographs were taken at the
same points each year, we were able to detect changes
in the level of canopy openness at each sample point
from one year to the next; this information allowed us
to calculate canopy closure rate (see Results). For these
analyses each sample point was considered individually
(i.e., n = 60 photographs/yr). However, with the aim
of giving a general description of the light conditions
in each patch, Table 1 shows the average percentage
canopy openness per patch. Note that, in general, the
variation in the light conditions within patches (which
can be inferred from the standard deviations reported
in the table) was larger in gaps than in closed canopy
conditions, wich resulted from the wide range of dif-
fuse light values measured from the edge to the center
of gaps.

Canopy dynamics model.—Based on our results of
canopy closure, we built a generalized Lefkovitch ma-

trix model, which incorporated canopy dynamics as a
linear Markov-chain process of forest succession fol-
lowing disturbance (Horvitz and Schemske 1986, Al-
varez-Buylla and Garcia-Barrios 1991, Cipollini et al.
1993, 1994, Alvarez-Buylla 1994). We then used the
model to explore the effect of different disturbance
rates on forest structure.

To build the model, we subdivided the forest into
four broad patch types, according to their level of can-
opy openness: large gaps, small gaps, closing canopy,
and closed canopy patches (Fig. 1). The model assumes
that each patch type may remain the same or become
the next patch type in one time step as a result of canopy
closure, and that type-1 patches (i.e., large gaps) may
be created due to natural disturbances only in type-4
patches (completely closed-canopy conditions). We are
aware that these disturbances may occur in any type
of forest patch, as other authors have pointed out
(Horvitz and Schemske 1986); however, for the sake
of simplicity, the probability of large gaps being
formed in other patch types was deemed negligible, as
most of the forest is composed of type-4 patches.

The model is represented mathematically by matrix
P, an n X n matrix, where n is the number of patch
types (Fig. 1). Each matrix entry, p,, represents the
transition probability from a type-j patch to a type-i
patch in one year’s time. Let f, be a vector representing
the proportion of patches of each type at time ¢ in the
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forest. The structure of the forest after 1 yr can be
described by the vector f,,,, where

f., = py X 1. )

The upper right matrix entry, p, 4, represents the prob-
ability of gap formation in closed-canopy patches, i.e.,
the disturbance rate, k. Thus, the probability of closed-
canopy patches remaining as such, p,,, is given by 1
— k. Other matrix entries were calculated according to
the rate of canopy closure (see Results). The right ei-
genvector of matrix P associated with the dominant
eigenvalue (A = 1.000) is proportional to the distri-
bution of patch types in the forest at equilibrium, or
the stable patch-type distribution.

RESULTS

Canopy closure rate.—The rate of canopy closure
was estimated by comparing the percentage canopy
openness obtained in each sample point in consecutive
years. The results of 60 photographs were compared
between 1992 and 1993, and between 1993 and 1994.
We obtained a strong positive correlation between per-
centage canopy openness at time ¢ and at ¢ + 1 for both
periods (Fig. 2a): for 1992 vs. 1993, R*? = 0.88, P <
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given by a = o e

0.001, m = 0.67, and b = 0.53; and for 1993 vs. 1994,
R> = 0.86, P < 0.001, m = 0.80, and b = 0.18 (where
m and b are the slope and the y intercept, respectively).
As data points were not totally independent from each
other (i.e., they were grouped in particular forest patch-
es), we corrected for the effect of patch by including
the patch number as a nominal covariable in the anal-
ysis; the effect of the covariable was not significant (P
= 0.55 for 1992 vs. 1993, and P = 0.36 for 1993 vs.
1994).

The slopes of the 1992 vs. 1993 and the 1993 vs.
1994 regression lines (Fig. 2a) were not significantly
different (¢ = 0.361, df = 10, P > 0.9). Thus, a single
regression line was fitted to the entire data set (also
including the effect of patch as a covariable) setting
the y intercept at zero in order to account more real-
istically for the changes in canopy conditions (Fig. 2b).
According to the latter, the relationship between canopy
openness (a) in consecutive years is given by

a,.; = (0.79)a,. (2)

The linear relationship given by Eq. 2 implies that the
change in the percentage canopy openness through time
occurred exponentially (Fig. 3). This exponential func-
tion is described by the equation

(32)

a = oged,

where ¢ is time (in years), o, iS percentage canopy
openness at t = 0, and c is a constant given by In(0.79)
= —0.23. This constant, ¢, represents the rate of change
of canopy cover, defined here as the rate of canopy
closure. Thus, the time required for a certain amount
of canopy closure to occur can be calculated from Eq.
3a as:

‘= In (/o)
—

(3b)

Patch-type evaluation and transition.—In order to
describe canopy dynamics as a Markov-chain process
of forest succession following disturbance, we classi-
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FiG. 4. Diagram showing the range of percentage canopy openness values defining the different patch types according
to (a) the ‘‘geometric’’ and (b) the “‘uniform” patch-type classifications.

fied forest patches into four broad types (Fig. 1). We
used our canopy openness measurements to define
quantitatively each of these patch types along the range
of percentage canopy openness values obtained through
the hemispherical photographs (i.e., from 0 to 16%).
We applied two patch-type classification criteria: (1) a
‘‘geometric’’ one, in which the range of canopy open-
ness defining each patch type was chosen along a geo-
metric series (Fig. 4a) and (2) a ‘“‘uniform” one, in
which the range of canopy openness was equivalent for
all patch types (Fig. 4b).

For each patch-type classification, the time required
for a certain patch type to advance to the following
type was approximated as the time required to go from
the center of one patch-type category to the center of
the next category. Thus, in the ‘‘geometric’’ patch-type
classification, for instance, the time required for a typ-
ical type-1 patch (12% canopy openness) to become a
typical type-2 patch (6% canopy openness) was 3 yr
(see Eq. 3b), and full canopy closure would occur 9 yr
after gap opening. The time required for different
patch-type transitions in both patch-type classifications
is given in Table 2.

Canopy dynamics.—Fig. 1 shows the matrix model
of canopy dynamics, P. Matrix entries represent tran-
sition probabilities between patch types in one year,
and were calculated from the time required for each
patch type to become the following patch type: if a
type-x patch takes n yr to become a type-y patch, then,
on average 1/n of type-x patches will become type-y
patches every year, whereas 1 — (1/n) will remain in

TABLE 2. Time (in years) required for different patch-type
transitions in the two patch-type classifications used.

Patch-type classification

Patch-type

transition “Uniform” “Geometric”’
1to2 1.46 3.01
2to3 2.22 3.01
3to4 4.78 3.01

the type-x category. The canopy dynamics matrices cal-
culated in this way for the two patch-type classifica-
tions are given in Table 3. N

The probability of gap formation in closed-canopy
patches (matrix entry p,,) corresponds to the distur-
bance rate, k, i.e., the rate at which new gaps are
formed. In this study, we considered several theoretical
k values (ranging from 0.5 to 5%, covering the ob-
served natural variation in this parameter) to obtain the
dominant right eigenvector of matrix P, which is pro-
portional to the stable patch-type distribution. The re-
sults of these simulations are shown in Fig. 5. Forest
structure at equilibrium is dominated by type-4 patches
for both patch-type classifications. In the ‘‘geometric”
classification, type-1, -2, and -3 patches showed the
same relative frequency, regardless of the disturbance
rate (Fig. 4a). However, in the ““‘uniform” classification
brighter patches showed lower frequency than rela-
tively darker patches for all k£ values (Fig. 4b). This
follows from the fact that, according to this classifi-
cation, darker patches take longer to become the fol-
lowing patch type (Table 2).

The projected forest structure at equilibrium was

TAaBLE 3. Matrix models of canopy dynamics based on (a)
the ‘“geometric’ patch-type classification and (b) the ‘‘uni-
form” patch-type classification. k = disturbance rate.

Patch type Patch type at time ¢
at time
t+ 1 1 2 3 4
a)
1 0.7 0 0 k
2 0.3 0.7 0 0
3 0 0.3 0.7 0
4 0 0 0.3 1 -k
b)
1 0.3 0 0 k
2 0.7 0.6 0 0
3 0 0.4 0.8 0
4 0 0 0.2 1 -k

Note: All columns sum to unity.
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strongly affected by the disturbance rate but only
slightly affected by the patch-type classification used
(Fig. 5): the proportion of the forest area under closed-
canopy conditions varied between 95.4 and 67.4%
(with k = 0.5 and 5%, respectively) in the ‘‘geometric’
patch-type classification, and between 95.7 and 69.1%
(with k = 0.5 and 5%, respectively) in the “uniform”
patch-type classification.

Disturbance rate had a dramatic effect on turnover
rate (Fig. 6), which is the mean time between succes-
sive gap formations at any one point in the forest [cal-
culated as: (1/p) X i, where p = the proportion of the
forest in new gaps, and i = the time interval during
which type-1 patches remain as such]. Given the range
of disturbance rate values tested, the turnover rate var-
ied from 200 to 28 yr and it was practically the same
for the two patch-type classifications tested (Fig. 6).

DISCUSSION

Our results indicate that canopy closure occurred at
an exponential rate. This is in agreement with the sug-
gestions made by other authors who have implied that
structural changes are faster during the first stages of
gap closure (Horvitz and Schemske 1986), and that
regeneration in gaps occurs at a faster rate just after
gap formation, becoming slower as the size of the gap
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200
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Disturbance rate, k (%)

Fi1G. 6. Effect of disturbance rate (k) on turnover rate (i.e.,
mean time between successive gap formations at any one
point in the forest).

decreases (Brokaw 1985). The exponential canopy clo-
sure rate obtained implies that, in general, changes in
percentage canopy openness were more noticeable at
points with higher initial diffuse light than at points
with relatively lower diffuse light (Fig. 2b). Corre-
spondingly, our results also appear to suggest that
changes in percentage canopy openness were more
readily detectable near the center of gaps than close to
the edges; however, the type and structure of our data
set were not designed to address this particular question
and our results should not be considered conclusive in
this respect.

Gap closure rate depends, among other things, on
the characteristics of the gap, such as its size and shape.
Runkle (1985) pointed out that small gaps usually close
through the lateral extension of branches of bordering
canopy trees, which occurs at a rate that ranges from
4 to 26 cm per year. In agreement with these results,
Cipollini et al. (1993) obtained tree lateral extension
rates of 17—18 cm/yr. The closure of large gaps, though,
depends mainly upon the growth of new trees into the
canopy (Runkle 1981). Our results regarding canopy
closure rate are not directly comparable with previous
estimates, as we measured the change in percentage
canopy openness rather than the rate of expansion or
growth of bordering trees. However, our estimate of
the time required for full canopy closure after gap for-
mation (=9 yr) appears reasonable compared to the
results for both tropical and temperate forests reported
by other authors: Runkle (1981) stated that the maxi-
mum time needed for a gap to close is given by the
time required by saplings to reach a 10-20 m height,
combined with the effect of the lateral extension of
adjacent trees; according to this, gaps must take be-
tween 10 and 40 yr to close. Additionally, Horvitz and
Schemske (1986) estimated that full canopy closure
would occur 10 yr after gap formation, whereas Ci-
pollini et al. (1993) reported an estimate of 8 yr. Thus,
our results, based on empirical data on canopy closure,
are in agreement with previous estimates. How realistic
these estimates are will ultimately depend, among other
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TABLE 4. General results of the canopy dynamics model with four and eight patch types and
with different disturbance rates (k) values. The ‘‘geometric’’ patch-type classification was

used (see Fig. 4).

Number of patch types in the model

4 8
Model result k= 0.5% k=5% k=0.5% k=5%
Proportion of the forest area in closed
canopy conditions 0.95 0.67 0.89 0.46
Turnover rate (yr) 200 28 200.5 19.7

things, on the size and type of disturbance and on the
species involved in the regeneration.

It could be argued that our results underestimate the
actual time required for a newly created gap to develop
into a closed-canopy patch. Thus, we also considered
a model with twice the number of patch types, which
delayed the formation of closed-canopy patches to =18
yr. The results showed that, when k£ = 0.5%, the turn-
over rate was the same regardless of the number of
patch types considered, and the proportion of the forest
area in closed-canopy conditions decreased slightly
when the number of patch types in the model was dou-
bled (Table 4). When k = 5%, both the turnover rate
and the projected proportion of the forest in closed
canopy conditions decreased when the model was run
with eight patch types. However, our general results
agree with those obtained by Horvitz and Schemske
(1986) in that the disturbance rate had a more dramatic
effect on forest structure and turnover rate than did the
number of patch types in the model. Regarding the two
patch-type classifications considered, our results
showed that they had practically no effect on turnover
rate and only a small effect on the projected forest
structure at equilibrium (Fig. 5).

Turnover rates of natural forests have been reported
as typically between 200 and 50 yr for disturbance rates
of 0.5-2% (Runkle 1985). The turnover rates we ob-
tained for comparable k values were within this range.
Thus, most of our results are in general agreement with
previous analyses, which strongly suggests that our
canopy closure measurements, on which the canopy
dynamics model is based, are reliable and accurate.
Note that, unlike other canopy dynamics models (Horv-
itz and Schemske 1986, Cipollini et al. 1993), our mod-
el did not use an age-based patch-type classification;
instead, patches were classified according to stages
along the canopy regeneration cycle. Stage-based mod-
els that classify forest patches according to both size
and age of disturbance have been used before (Alvarez-
Buylla and Garcia-Barrios 1991, Alvarez-Buylla
1994). Here, we suggest that the use of more objective
variables (such as percentage canopy openness) for the
classification of forest patches would certainly aid in
the construction and interpretation of this kind of patch
dynamics models.

Several studies have stressed the importance of gap

size, in particular, as a key factor affecting both canopy
dynamics and the dynamics of gap-dependent species,
and thus, forest structure and composition (Dirzo et al.
1992, Busing 1995). However, gaps have been defined
according to varying criteria, which has led some au-
thors to doubt the validity of comparisons of gap and
turnover times between studies (Vandermeer et al.
1994, Vandermeer and Bongers 1996). Light measure-
ments derived from hemispherical photography are re-
liable estimates that may be used as a description of
gap size (Kennedy and Swaine 1992). Here, we have
shown that they are useful also in the derivation of
some canopy dyamics variables. Future forest dynam-
ics studies could use a patch characterization system
based on a quantitative scale of percentage canopy
openness, which, if widely adopted, would make com-
parisons between forests possible.
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