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Abstract
& Key message The gap dynamics in the studied secondary forest were comparable to those of other temperate forests;
large openings were filled within 30 years by afforestation; large and medium gaps closed 30–40 years after they formed.
& Context Gaps have important roles in forest regeneration and plant succession. However, it is difficult to determine gap
dynamics over long time periods at regional scales.
& Aims We studied how the dynamics of gaps and large openings (oversized “gaps”) changed in a secondary temperate forest
over 50 years.
& Methods We computed the dynamic indices of gaps (16–3257 m2) and large openings (>3257 m2) using remote sensing
techniques applied to six satellite images that were taken approximately every 10 years. Additionally, number-based gap closure
ratios were calculated at each interval.
& Results Gap dynamics were comparable in magnitude to those calculated for other temperate forests, and 60% and 53% of the
large and medium gaps had closed within 30–40 and 20–30 years, respectively. The small gaps closed within 10 years, based on
ground-level surveys, and 79.2% of large openings that existed in 1964 were covered by artificial forests in 1994.
& Conclusion Gaps of different sizes closed within 40 years due to natural regeneration. Large openings had closed within
30 years via afforestation. These findings can be used for evaluating recovery status and for predicting succession times in
secondary forest structures driven by gap formation.

Keywords Secondary forest . Gap pattern . Gap duration time . Anthropogenic opening

1 Introduction

The gap phase initiates the forest development cycle and is
dominated by tree regeneration (Watt 1947). Thus, it plays an
important role in the establishment, survival, and development
of tree species with diverse ecological requirements (Runkle
1989; Ritter et al. 2005; Petritan et al. 2013). Gap formation
increases the availability of resources for plant growth, such as
light, temperature, and soil moisture, thereby influencing sap-
ling recruitment and growth patterns (Ritter et al. 2005;
Raymond et al. 2006; Sapkota et al. 2009; Muscolo et al.
2014). Tree species composition and forest structure are func-
tions of the sizes, shapes, ages, and temporal shifts of forest
gaps (Blackburn 2014). Hence, quantifying gap disturbance
regimes through space and time provides useful tools for eval-
uating the current forest status and for predicting future dy-
namics (Elias and Dias 2009).

Gap characteristics have been described across a range of
different forests. Most descriptions provide information on
gap fraction (areal proportion of gaps in the forest), gap
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number, and gap size distribution (Runkle 1982; Fujita et al.
2003). However, information on gap dynamics derived from
repeated observations of individual stands is sparse (Kenderes
et al. 2008). More comprehensive quantitative information on
canopy gap dynamics is required for improving understanding
of forest disturbance and canopy dynamics. Such data will
substantially aid in the development of forest management
plans.

The cyclical process of gap dynamics from creation
through infilling by lateral crown growth or tree regenera-
tion and the subsequent formation of new gaps are crucial
elements of autogenic succession (Muscolo et al. 2014).
Gap dynamics are usually quantified by measuring the
rates of gap formation and closure, as well as the duration
of gap persistence (Vepakomma et al. 2012). However, gap
dynamics changed with forest characteristics, such as the
successional stage, disturbance resistance, canopy height,
and tree growth rate (Vepakomma et al. 2008; Kathke and
Bruelheide 2010; Sefidi et al. 2011; Muscolo et al. 2014;
Zhu et al. 2017). For example, gap formation rates reported
by Henbo et al. (2004) for an old-growth beech forest were
0.5–1.3% of forested area per year, which were four times
higher than rates in a near-natural spruce forest reported by
Kathke and Bruelheide (2010). Bartemucci et al. (2002)
indicated that the gap closure rates in temperate forests
were usually more rapid than those in boreal forests, but
contradictory results have been published (Vepakomma
et al. 2012; Rugani et al. 2013). Thus, gap dynamics
should be studied in different forest ecosystems.

Secondary forests comprise the major component of
Chinese timber resources and have received considerable
attention in recent years (Zhu et al. 2007). The primary
forests were largely (> 70%) converted to secondary stands
over the past century through anthropogenic disturbances
(Zhu et al. 2017). To improve the ecosystem services of
forests, most of the secondary stands in northeastern China
were converted into non-commercial forest ecosystems in
1998, under the auspices of the Natural Forest Protection
Project (Li et al. 2005). Retrospective studies of canopy
gap dynamics over the long term would provide useful
information for evaluating the restoration of disturbed for-
ests in this region and for understanding the regeneration
process and the mechanisms underlying gap dynamics.

Large openings—i.e., above the size limit for gaps pro-
posed by Zhu et al. (2015)—differ from gaps in terms of
their driving factors and means of closure. However, the
dynamics of large openings also need to be estimated like
gaps in secondary forests, because (1) large openings and
gaps are similar in terms of previous land use and (2) dur-
ing the past 50 years, management practices, including tree
plantation and logging, have created an artificial forest cy-
cle consisting of large openings, growth, and mature

phases, which has played a similar role to gaps in the re-
covery of secondary forest ecosystems.

Traditionally, the data required for describing gap charac-
teristics have been provided by ground-level field surveys,
which do not adequately capture spatial and temporal patterns
across large regions (Yamamoto et al. 2011). Remote sensing
is an alternative method for studying the characteristics of gap
dynamics at landscape levels (Baumann et al. 2014). High-
resolution satellite remote sensing data are able to provide
more detailed and comprehensive information about canopy
gaps over larger space and time scales than field surveys can
offer (Garbarino et al. 2012). However, this useful satellite
method has rarely been used to provide data on the long-
term dynamics of canopy gaps for temperate secondary
forests.

The objective of our study was to analyze canopy the dy-
namics of gaps and large openings in a temperate secondary
forest over a 50-year period (1964, 1974, 1986, 1994, 2003
and 2014). We hypothesized that small gaps would account
more for overall gap dynamics and close faster than larger
ones.

2 Materials and methods

2.1 Study area

The study was conducted at the Qingyuan Forest Ecosystem
Research Station, which is an approved member of the
Chinese Ecosystem Research Network (CERN), a component
of the Chinese Academy of Sciences (CAS). The station is
within Qingyuan County, a montane region in eastern
Liaoning Province, northeastern China (41°51′6.1′′N,
124°54′32.6′′E) (Fig. 1). The region has a continental mon-
soon climate with long, cold winters and hot, rainy summers.
The annual precipitation is 700–850 mm, 80% of which falls
in June and August. The mean annual temperature is 4.7 °C,
with an annual minimum of −37.6 °C and an annual maxi-
mum of 36.5 °C. The soil is a typical brown soil that belongs
to Udalfs. The average frost-free period is 130 days. The av-
erage tree canopy height at the time of this study was 20 m
(Zhu et al. 2007).

The study site was originally dominated by old-growth,
mixed broadleaf/Korean pine forests until the 1930s.
However, the original forests were gradually replaced by sec-
ondary forests after decades of timber harvesting and massive
anthropogenic disturbances. To meet the timber demand,
some of the secondary forests were logged and replaced by
larch (Larix spp.) plantations after the 1960s (Zhu et al. 2017).
Our study site comprised a typical temperate secondary forest
ecosystem after 50 years of exploitation: a mixture of second-
ary forest and larch plantations. The nearest late-successional
forest is located in Changbai Mountains of northeastern
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China, which is more than 200 km away from our study site.
The main components of the typical forest stands are now
(2014) Fraxinus rhynchophylla Hance, Juglans mandshurica
Maxim., Phellodendron amurense Rupr., Quercus mongolica
Fisch. ex Ledeb. (Yan et al. 2010).

From 1964 to 2014, the local forestry administration man-
aged the secondary forest in three main ways: afforestation,
tending, and clear cutting. Clear cutting removed all trees in
the forest compartments and accounted for only 0.51% of the
study area. It had a slight impact on the formation of large
openings but little impact on the formation of gaps. Tending
was conducted in 6.47% of the study area and involved re-
moving weak individual trees from dense forest stands. Minor
spaces (up to the size of small gaps) would have opened up
and then disappeared within 10 years (Lu et al. 2015).
Therefore, we can conclude that less than 7% of the gaps
resulted from tending within a 10-year period; i.e., more than
93% of gaps formed naturally. Afforestation was conducted in

8.91% of the total area, mostly in existing large openings
rather than gaps, because afforestation efforts had a minimum
size of 2 ha, which far exceeds the upper limit (0.3 ha) of gaps
(Table 1). Thus, we can reasonably infer that the gaps in the
study were mainly formed and closed by natural disturbances,
whereas the filling of large openings was closely related to
artificial disturbances.

2.2 Image collection and pre-processing

The satellite images used in this study were taken every
10 years over a 50-year period, allowing comparisons among
five consecutive time periods of similar duration (basic image
information is listed in Table 2). The spatial resolution of all
images used to classify medium and large gaps was unified to
10m, while small gaps were classifiedwith a resolution of 3m
in the images from 1964, 1976, 2003 and 2014. The images
were cloud-free and were taken from June to September. The

Fig. 1 Location of the study area
(QFCERN: Qingyuan forest
CERN)

Table 1 The area fraction of the
forest with different management
practices in different periods

Periods Area fraction of the forest with different management practices (%)

Tending Clear cutting Afforestation

1964–1976 2.55 0.51 4.28

1977–1986 1.12 0 2.85

1987–1994 2.80 0 1.53

1995–2003 0 0 0.25

2004–2014 0 0 0

Total 6.47 0.51 8.91
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nominal values of Gain and Offset were used to process sur-
face reflectance in the images, and a dark subtraction algo-
rithm was applied for atmospheric correction using ENVI
software (Garbarino et al. 2012). Subsequently, 20–30 uni-
formly distributed ground control points (derived from a
1:5000 topographic map of the study area) were used for
georeferencing and orthorectifying the images (Yan et al.
2011). The root-mean-square error (RMSE) of the geometric
rectification across all images was less than one pixel.

2.3 Gap identification and classification

First, we identified gaps using the unsupervised classification
proposed by Garbarino et al. (2012). The images were classi-
fied into 10 classes based on the maximum likelihood decision
rule. Then, the 10 classes were aggregated into 5 classes using
the Jeffries–Matusita separability test. The resulting five clas-
ses were determined according to gaps, rivers, and vegetation
types based on visual interpretation and field investigation.
The classified images were then simplified into binary images
comprising ‘gap’ pixels and ‘non-gap’ pixels. The Clump,
Eliminate, and Recoding commands in Erdas 2013
(Baumann et al. 2014) were used to optimize the classification
results. The accuracy of the classification results was exam-
ined using the Accuracy Assessment feature in Erdas 2013.
We randomly produced 50 points from each of the classes and
positioned each by hand. Subsequently, we calculated the
Kappa statistics for the entire classification (Baumann et al.
2014). Kappa coefficients in the range of 0.6–0.8 were
benchmarked as “substantial” (Landis and Koch 1977) and
reclassification was necessary when the results failed to pass
the threshold of K > 0.6. Reclassification ensured that accura-
cy was appropriate for adequate interpretation of the forest
gaps.

2.4 Field data collection

To ground-truth the results of our identification and classifi-
cation, we performed two field investigations. In the first in-
vestigation, we conducted a field survey using the belt transect
method during August and September of 2014, when we re-
corded 197 forest gaps. These gaps were positioned on the

images by their global positioning system (GPS) coordinates
(differential GPS; Unistrong MG868S hardware). Among the
recorded gaps, 97.5% were classified correctly to the non-
forest class by visual inspection. The second field investiga-
tion was conducted during July and September of 2015. We
chose 60 gaps identified from images at different times. We
used differential GPS (Unistrong MG868S hardware) to track
these image-interpreted gaps in the field by their center coor-
dinates. Five dominant trees in each “gap” were chosen to
represent the regeneration layer. Subsequently, the image-
interpreted gaps were considered real gaps when regenerating
trees did not reach more than two-thirds of the average canopy
tree height. The heights of these trees were measured with a
laser rangefinder (Nikon, Forestry Pro550). This second field
investigation indicated 60 image-interpreted gaps, of which
86.7% were real gaps and 13.3% were closed forests.

2.5 Calculation of gap dynamic indices

The non-forest patches were classified into small, medium and
large gap categories by the ratio of gap diameter to the mean
height of gap border trees (RD/H); the RD/H ratios of the small,
medium, and large gaps were 0.23–0.74, 0.74–1.73, and 1.74–
3.23, respectively (Zhu et al. 2015). ArcGIS software analysis
tools were used to determine areas of polygons. The mean
height of the forest canopy in our study area was 20 m (mea-
sured in the field).We then transformed the RD/H ranges to gap
size ranges: 16–172 m2 (small gaps), 172–940 m2 (medium
gaps) and 940–3278 m2 (large gaps).

We extracted the gap fraction (proportion of the study area
with gaps), gap number, andmean gap size across all observation
years using the Calculate Geometry tool in ArcGIS 10.2 soft-
ware. However, data for the small gaps were lacking in 1986 and
1994 due to the low image resolution (10m). Subsequently, area-
based indices, including gap formation rates (GFR, area that had
transformed annually from forest to gap matrix in relation to the
total study area) and gap closure rates (GCR, area that had trans-
formed annually from gap to forest matrix in relation to the total
study area), were estimated from changes in the grid cells with
different canopy states between two time periods (1964–1976
and 2003–2014) (Henbo et al. 2004). To assess the duration of
large and medium gaps, we performed an analysis of transitions

Table 2 The basic information for the images used in this analysis

Year Month Source Spatial resolution

1964 July KEYHOLE-7 Panchromatic 2 m

1976 June KEYHOLE-12 Panchromatic 3 m

1986 July SPOT 1 Panchromatic 10 m

1994 September SPOT 2 Panchromatic 10 m

2003 July SPOT 5 Panchromatic 2.5 m

2014 August KOMPSAT-3 Panchromatic 0.7 m; Multispectral 2.8 m
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(gap or closed forest matrix) for each large or medium gap
(Kathke and Bruelheide 2010) that was newly formed during
the periods 1964–1976, 1977–1986, 1987–1994, and 1995–
2003. The number-based gap closure ratios were calculated at
each following interval of roughly 10 years (8–12 years). We
considered both the initial gap size and that when the gap closed
completely. Gaps that partially closed at the end of a time period
were assigned to the unclosed-gap group and were not consid-
ered when calculating the number-based gap-closure percentage.

3 Results

The general characteristics of forest gap dynamics reflected
high variability between different years, but we detected no
clear temporal trends across the span of the study (Fig. 2,
Table 3). The maximum values of gap fraction, gap number,
and mean gap size were obtained in 2003; minimum values for
these parameters were obtained in 2014 (Table 3). In 1964
1976, 2003 and 2014, most of the gaps are small gaps (86.1%

Fig. 2 Spatial patterns of gaps
and vacant land in a 1964, b
1976, c 1986, d 1994, e 2003 and
f 2014

Annals of Forest Science (2019) 76: 72 Page 5 of 10 72



in 2003 to 92% in 2014), representing half of the gap area
(46.3% in 1976 to 52.6% in 1964). Medium gaps accounted
for the second-highest percentage of the gap area in 1964, 2003
and 2014 (average 34.6%) but large gaps get the ranking in
2014 with a percentage of 31.7% in 1976 (Fig. 3). The rates
of gap formation and gap closure were 0.12% year−1 and 0.10%
year−1, respectively, during 1964–1976 and 0.14% year−1 and
0.37% year−1, respectively, during 2003–2014 (Fig. 4). The
areal proportion of vacant land declined from 11.1% in 1964
to 1.1% in 2014 (Fig. 5), of which 79.2% was filled with larch
(Larix spp.) plantations (Table 4). The cumulative percentage of
gap closure data showed that 100% of gaps were closed after
40 years. For each period, the majority (52.3–64.5%) of large
gaps closed within 30–40 years, while the majority (47.2–
57.9%) of medium gaps closed within 20–30 years (Fig. 6).

4 Discussion

We compared our gap dynamics indices with those reported for
other temperate forests (summarized in Table 4). In general, the

gap formation rate, gap closure rate, gap fraction, gap number,
and mean gap size in our study were within the range of other
studies. For example, the gap formation rate of 0.1–0.2% year−1

measured in our study was comparable to those reported by
Holeksa and Cybulski (2001) and Kathke and Bruelheide
(2010) for near-natural coniferous forests. Other studies have
reported much higher dynamic rates. Tanaka and Nakashizuka
(1997) measured gap formation rates in an old-growth temper-
ate forest that were approximately four times higher than ours.
The wide range of gap dynamic indices for temperate forests
may be explained as follows. (1) Gap dynamics are closely
associated with the frequency and severity of exogenous
disturbances. Henbo et al. (2004) measured the gap formation
rates in a temperate old-growth beech forest and found that they
were five times higher than those measured in our study area;
they proposed that the gap number increases with the increasing
frequency of typhoon. (2) Endogenous senescence also drives
gap formation, particularly in old-growth forests, though it is
rare in secondary forests, where senescence typically produces
small gaps (Diaci et al. 2012). (3) Forest age affects tree growth
rates. The gap closure process is largely controlled by lateral

Table 3 Fraction, number and mean size of large, medium-sized and small gaps in different observation years

Characteristic Class 1964 1976 1986 1994 2003 2014

Gap fraction (%) Large gap 0.3 1.3 1.8 0.7 0.5 0.6

Medium gap 1.5 0.9 1.3 1.4 1.9 0.7

Small gap 2.0 1.9 –a – 2.7 1.3

Total 3.8 4.1 – – 5.1 2.6

Gap number Large gap 33 81 164 59 50 35

Medium gap 647 524 342 457 691 231

Small gap 4369 4012 – – 4578 4257

Total 5049 4617 – – 5319 4523

Mean gap size /SD (m2) Large gap 1227/420 2167/514 1482/473 1601/443 1350/354 2314/505

Medium gap 313/121 231/104 513/375 413/106 371/175 409/253

Small gap 62/51 64/45 – – 80/57 41/27

Total 101/195 120/145 – – 129/117 74/231

aNo data were obtained from images because of low resolution (10 m)

Fig. 4 Formation rate, closure rate and turnover rate of gaps in the periods
of 1964–1976 and 2003–2014Fig. 3 Area and number ratio of small, medium and large gaps to total

gaps in different observation years
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extension growth, and tree growth rates in older forests are usu-
ally lower than those in younger stands (Rugani et al. 2013). (4)
Different rates of gap formation and closure might be a function
of differences in the durations of observation periods. Fujita et al.
(2003) compared gap formation rates detected by analyses of
aerial photographs at the same study site, with 5-year and 17-
year observation intervals. The gap formation estimatewith a 17-
year interval was three times higher than the estimate for a 5-year
interval. To some extent, these potential explanations account for
our distinctive results of gap dynamics in a temperate secondary

forest. We provide additional evidence for the diversity of cano-
py gap dynamics in temperate forests, as reported by Manabe
et al. (2009).

The durations of large and medium gaps in the temperate
secondary forest at our study site was 30–40 years, respectively,
which was similar to those reported by Diaci et al. (2012) for a
temperate old-growth forest, where the gaps (200–300 m2) re-
quired 30–60 years for canopy closure, but remarkably shorter
than the gap duration of 50–100 years in the boreal forest studied
by Vepakomma et al. (2012). The particular gap duration time at
our site may be related to at least three factors, i.e., regeneration
growth rate, canopy height, and the presence of advanced regen-
eration. First, trees in temperate forests usually grow faster than
those in boreal stands because of the higher temperature and light
levels associated with high solar angles at lower latitudes (Gray
et al. 2012). The relatively long growing season in the temperate
forest may be another reason for a high annual average regener-
ation growth rate (Littell et al. 2008). Second, canopy height also
determines gap infilling because the higher the canopy is, the
longer the period to gap closure (Vepakomma et al. 2011). In a
boreal forest studied by Vepakomma et al. (2012), the canopy
height was 40m, almost double the average canopy height in our
secondary forest. The canopy height differences had predictable

Fig. 5 Areal fraction of large opening in different observation years

Table 4 Gap fraction, mean gap size, gap formation rates (GFR) and gap closure rates (GCR) in different forest types

Reference Location Forest type Gap
fraction
(%)

Mean gap
size (m2)

GFR
(% year−1)

GCR
(% year−1)

Duration of observation
period (years)

Foster and Reiners
(1986)

USA Old-growth coniferous 33 – 0.3 – 1

Liu and Hytteborn
(1991)

Sweden Old-growth coniferous 31 84.2 0.4–0.5 1

Henbo et al. (2006) Japan Old-growth coniferous 15.1 98 0.1 0.4 42

Kathke and
Bruelheide (2010)

Germany Near-natural coniferous 4.9–8.4 212.7–479.9 0.1 0.3 58

Holeksa and
Cybulski (2001)

Poland Near-natural coniferous 27.4–33.8 92 0.1–0.2 13

Runkle (1982) USA Old-growth mixed
broadleaf-conifer forest

9.5 28–69 1 1 1

Henbo et al. (2004) Japan Old-growth broadleaved
forest

10.7–23.0 88.4–223.1 0.5–1.3 0.3–0.5 43

Blackburn (2014) England Nesar-natural broadleaved
deciduous forests

23.5 237 0.9 0.6 10

Tanaka and
Nakashizuka
(1997)

Japan Old-growth broadleaved
deciduous forest

5.5–11.0 79.4–116.1 0.4–1.1 0.2–1.1 50

Rugani et al. (2013) Slovenia Old-growth broadleaved
deciduous forest

3.2–10.6 118–317 0.2–0.3 0.1–0.2 11–20

Kenderes et al.
(2008)

Hungary Old-growth broadleaved
deciduous forest

2.5–7.7 40–93 0.2–0.3 0.1 30

Fujita et al. (2003) Japan Old-growth broadleaved
evergreen forest

10.9–13.6 104–138 0.3–1.0 0.3–0.7 32

Bottero et al. (2011) Bosnia and
Herzegovina

Old-growth mixed
broadleaf-conifer forest

19.3 76.9 1

Our research (gaps) China Secondary broadleaved
deciduous forest

2.6–5.1 74–129 0.1 0.1–0.4 50
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effects on gap duration times. Third, the short gap duration at our
site may have been related to the relatively high advanced regen-
eration capacity associated with the relatively complex structure
of the temperate forest. Species with advanced regeneration ca-
pabilities have advantages in the competition for resources over
species that regenerate from seeds when gaps form; advanced
regeneration capacity accelerates the closure of gaps (Felton et al.
2006). These explanations partly account for the relatively short
gap duration times in the temperate secondary forest we studied.

In our study area, 80% of the large openings that existed in
1964 were infilled by artificial plantations by 1994. In a sim-
ilar study of large-opening restoration conducted by Nadal-
Romero et al. (2013), most of the large openings were still
open after more than 50 years of secondary plant succession.
The inconsistency among studies can be largely attributed to
differences in anthropogenic influence. In northeastern China,
afforestation programs on large openings were implemented
by the National Forest Service between the 1960s and 1990s
to promote timber production (Wang 2007). Tree seedlings
were planted in large openings and tended with appropriate
husbandry measures, such as shrub cutting, soil preparation,
etc. With these procedures in place, the infilling process in
large openings began with artificial young tree recruitment,
skipping stages of invasion by herbaceous plants and woody
shrubs. Regular thinningmanagement decreased intra-specific
competition and further accelerated the growth of young trees
(Schulze 2008), so that the large openings in our study area
were quickly infilled with forest over a 30-year period.

The objective of forest management for secondary forests
is to restore a mature forest. The baseline data on past and
current gap dynamics in this study may prove useful to the
management of secondary forests. Our findings demonstrat-
ed that the secondary forest had obviously lower gap dynam-
ic parameters than temperate old-growth forests, such as gap
size. Although the gap partitioning hypothesis (Holladay
et al. 2006) considers smaller gaps or intact forest to be fa-
vorable to the establishment and survival of shade-tolerant
species, it may take a long time for shade-tolerant species to
reach the forest canopy because of the limited growth space.
We previously identified the effects of gaps on regeneration
of woody plants by meta-analysis of 42 publications and
found that gaps with higher light intensity also exhibited a
positive effect (+124%)on the regenerationof shade-tolerant
species (Zhu et al. 2014); sufficient growing space seemed to
offset, or even outweigh, this disadvantage (Poorter 2009).
Thus, for forest managers, we suggested that simulating gap
disturbance accompanied by supporting measures, such as
cutting shrubs and planting, should be applied to accelerate
the succession of secondary forests.

5 Conclusions

The gap dynamics in the secondary forest studied over the
period of 1964–2014 were comparable to those of other tem-
perate forests. The time required to close 100% of the medium

Fig. 6 Closing process of newly
formed large gaps and medium
gaps in the following years, after
they appeared in different
observation intervals. F Forest, G
gap, NL-Total number of newly
formed large gaps, NM-Total
number of newly formed medium
gaps, NL-F number of large gaps
that transformed to forest at each
following time period, NM-F
number of medium gaps that
transformed to forest at each
following time period
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or large gaps was 30–40 years, although the cumulative pro-
portion of closed medium gaps was quite high after only
20 years. Our observations improve the understanding of
gap turnover rates in secondary forests affected by natural
disturbances and can be used to assess the current status, and
estimate canopy turnover rates, of forests.
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