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Abstract

Examining the contribution of hemispherical photographs in the under-
standing of Natural forest regeneration is very important in estimating the
future forest structure, composition and to enforce conservation regulations.
This study sets out to examine the interaction between stump sprouting, LAI,
site and canopy openness for the entire AKAK forest area and for the logging
compartments; 2013, 2015 and 2017 respectively. 49 sprouted stump were
identified randonly. 20 m x 20 m plots were demarcated along a canopy gaps
for each sprouted stump, the plots were established in such a manner that the
sprouted stumps will be in the middle. For each of the selected 49 sprouted
stump, indirect measurements of canopy cover were performed in the 49
plots of 20 m x 20 m (0.04 ha), giving a total of 1.96 ha of land covered. Ga-
laxy S3 smartphone with a built-in Infinix ZERO 4 fish-eye lens with 198°
view angle equidistant projection was used to take photos. The fish-eye lens
was mounted on the phone camera and photograph were taken at a fixed
height of 1.3 m. Results revealed that, the combine Principal Component
Factor Analysis (2013, 2015 and 2017) of the correlation matrix for Sprout,
Years, LAI 4%, LAI 5%, Canopy and Site openness, shows that factor 1 ex-
plained 62.6% of total variance while factor 2 explained 17.9% together ex-
plain 80.05% Communalities. For the year 2013, 2015 and 2017 respectively
shows that there is a very strong correlation (p < 0.000) between LAI (4 and
5) and (canopy and site openness). This there is a very strong highly signifi-
cant interaction (p < 0.0005) between LAI4 and LAI5.
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1. Introduction

Sustainable management of natural forests depends on their ability to regenerate,
understanding natural regeneration processes and the distribution of recruits is of
paramount importance in estimating the future forest structure, composition and
to enforce conservation regulations (Ceccon et al., 2006; Schaafsma et al., 2011).
The failure of a species to regenerate will ultimately result in its (local) extinction
(Denslow, 1980). Information on forest recovery is crucial for future ecological
monitoring and understanding the dynamics of ecological recovery in this forest
ecosystem. Different tree species have developed different regeneration strategies
over millions of years of evolution (Brokaw, 1985). Regeneration from sprout-
origin contributes to sustaining predisturbance species composition (Dietze &
Clark, 2008). Several studies have shown that sprouts can constitute the majority
of the dominant trees within the regenerating cohort after harvesting, although
the capacity to sprout varies by species and site conditions (Boring et al., 1981;
Beck & Hooper, 1986; Arthur et al., 1997). Several studies have documented the
major contribution of sprouts as a regeneration source within upland and bot-
tomland forests (Beck & Hooper, 1986; Arthur et al., 1997; Dietze & Clark, 2008;
Johnson & Deen, 1993). Silvicultural practices, such as the retention of over sto-
ry trees after harvesting, have been found to have few effects on sprout produc-
tion but potentially affect sprout survival and growth rates (Dey et al., 2008;
Keyser & Zarnoch, 2014). Forest regeneration in the tropics occurs in gaps
formed by selective logging and windfalls. In high species diversity forest, species
are competing for scare gap resources, in which some species are successful than
others, this may be due to the nature and requirements of the seed and the
seedling. However, large gaps formed by intensive logging will affect the compo-
sition and structure of the forest. The size of the gap plays a significant role in
species diversity, composition and regeneration of natural forests. Gaps in forest
landscapes assume a wide range of sizes from the openings created by the deaths
of single branches or trees. Canopy structure can be measured by a characteristic
descriptor, such as tree height, stocking rate, canopy cover, and light transmit-
tance although, leaf area index is the variable most commonly used to quantify
forest canopy. Also cover photography is a technique that measure canopy (fo-
liage and crown) cover. Hemispherical photography (HP), implemented with
cameras equipped with “fisheye” lenses, is a widely used method for describing
forest canopies and light regimes. A promising technological advance is the
availability of low-cost fisheye lenses for smartphone cameras. Smartphone HP
is a cheaper and faster but still adequate operational alternative to traditional
cameras for describing forest canopies and light regimes. The analysis of the
light intercepted by the tree crowns has been the basis for various ecological stu-
dies, especially for the dynamics of the vegetation growing under canopy cover
(Coates et al., 2003; Duchesneau et al., 2001; Pacala et al., 1996). HP is now con-
sidered the most widely used ground-based method for describing both canopy
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characteristics and forest light regimes (Chianucci & Cutini, 2013; Promis et al.,
2011). Today, another potential technological advance in this field is the availa-
bility of low-cost fisheye lenses for smartphone and tablet cameras (Korhonen,
et al., 2006) and (Tichy, 2015). The history of HP in forestry provided by (Hall et
al., 2003) provides a vivid account of the rapid evolution of the use of HP in fo-
restry. Little is known about the overall contributions hemispherical Photo-
graphs to understand natural forest regeneration. In the Akak forest area, given
the fact that data on the contribution of hemispherical Photographs to under-
stand natural forest regeneration is scanty, this research will examine the inte-
raction between stump sprouting, LAI, site and canopy openness for the entire
AKAK forest area and for the logging compartments; 2013, 2015 and 2017 re-
spectively.

2. Material and Methods
2.1. Location of the Study Area

The Akak forest area is located between latitude 5°20" - 5°25'N longitude and 9°
12' - 9°30'E latitude, in the Eyumojock subdivision, Manyu Division, Southwest
Region of Cameroon as shown in Figure 1. Vegetation consists of semi deci-
duous lowland rainforest of the Guineo-Congolian type (Kenfack et al., 2006).
Precipitation is unimodal, with an annual average around 4100 mm (Nchanji &
Plumptre, 2003) and a three-month dry season from December to February
(Groenendijk, 2015). The topography is relatively flat. Although human inter-
vention through the establishment of large plantations of cash crops (Palm oil,
coffee), as well as natural factors such as elephant disturbance and windfalls have
created large gaps in these forests. Logged forest sites are located in the “heart”
of the MPL (Mukete Plantations Limited) and the forests of this area have un-
dergone logging both formal and informal from 1995 to date.

2.2. Data Collection of Hemispherical Photos

49 sprouted stump were identified randomly as shown in Figure 2 (Fuashi et al.,
2020; Ayamba et al., 2019). 20 m x 20 m plots were demarcated along a canopy
gaps for each sprouted stump, the plots were established in such a manner that
the sprouted stumps will be in the middle. For each of the selected 49 sprouted
stump, indirect measurements of canopy cover were performed in the 49 plots of
20 m x 20 m (0.04 ha), giving a total of 1.96 ha of land covered. Galaxy S3
smartphone with an built-in Infinix ZERO 4 fish-eye lens with 198° view angle
equidistant projection was used to take photos as shown in Figure 3 (Bianchi et
al., 2017). The fish-eye lens was mounted on the phone camera and photograph
were taken at a fixed height of 1.3 m (Bianchi et al., 2017) as shown in Figure 3.
The smartphone was held by hand, keeping it leveled and pointing upward as
best as we could (Bianchi et al., 2017). Pictures were taking using the automatic

exposure with good contrast between sky and canopy (Hale et al., 2009). Pictures
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Figure 2. The distribution of sampling plots.
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were takenly immediately after reaching the point (Planchais & Pontailler, 1999).
The smartphone pictures had pixel dimensions of 3.1341 x 1.624. The smart
phone was used because smartphone hemispherical photographs is comparable
to hemispherical photographs using traditional cameras (Tichy, 2015) and it take
only diagonal photographs which is suitable for rectangular or square plots fol-
lowing the definition of (Schneider et al., 2009). Four pictures were taken per
plot randomly as shown in Figure 4, two pictures taken at north-south direction
and the other two pictures east-west direction with the aid of a compass (Bianchi
et al., 2017). Photographs were taken at each sampled plots (that was average
time the team spent on each plot), trying to catch the best backlighting condi-
tions. A total of 196 images (pictures) were taken in Febuary - April 2018, on 49
plots of 20 m x 20 m in size. Hemispherical photos were taken under completely
overcast sky conditions and when the sun was under the skyline in order to mi-
nimize glare from Sunlight (Bianchi et al., 2017). Fieldwork took place the whole
day resulting in different time of hemispherical photographs acquisition
(Bianchi et al., 2017).

Fisheye lens

Smart phone

Figure 3. Fisheye lens mounted on a smart phone.

To calculate canopy chracteristics, 196 images collected were imported in the
Gap Light Analyser (GLA). This software transforms the colours of the images
to black and white, in order to quantify the pixels before calculation of canopy

openness, leaf area index and site openness (Frazer et al., 2000).

2.3.Image Processing in Gap Light Analyser

Before the pictures were processed, GLA software was downloaded on the
desktop. A folder was created on the desktop to store the 196 images collected
from the field. The images were uploaded in to the GLA application and
process. Before processing began, Geographic north and polar projection dis-
tortion on the configuration menu of the GLA software were selected as the

geographic parameters of the images. Geographical North was used because our
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Figure 4. Hemispherical photographs.

camera was aligned using a compass northward (Frazer et al., 2000), and polar
projection distortion was used because it is the specification of the camera lens
(Herbert, 1987).

Still in the configuration menu, the image was registered using “register the
image” selection, and the cross-hair cursor was draged from west to east of the
image which created a symmetrical circle around the image. During image reg-
istration, the box for “fix the registration for subsequent image” was checked
since all our images were taken using the same lens.

After the image was registered, a second working image opened. The thre-
shold button in the image menu was clicked to slide the cursor till we had an
accurate representation of the sky and shadow for both first and second working
image. This was done to ensure that both dark and light areas of the original
image had similar representation in either directions (Frazer et al., 2000).

In the menu bar the registered image was calculated for canopy only since the
research is focused on canopy characteristics.

Canopy characteristics included:

1) Leaf area index (LAI) that can be simply defined as the amount of leaf sur-
face area per unit ground area. It describes the photosynthetic and transpirational
surface of plant canopies. Here, calculated effective leaf area index integrated over
the zenith angles 0° - 60° (referred as LAI 4 in the GLA software) were used.

LAI = leaf area/ground area, m*/m”.
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2) Canopy openness that is a percentage of open sky seen from beneath a for-

est canopy, or called “a frog per-spective”.

co=Y(G,W, )x100

where CO represents canopy openness, Z represents the different intervals of
ze-nithangle, G, is the gap fraction of interval Z and W, the weighting factor for
interval Z.

3) Site Openness is the percentage of the total sky area that is found in

over-lapping gaps in the canopy and mask for each sky region.

SO=)",(G,W,)x100

where SO represent canopy openness, Z represents the different intervals of
ze-nithangle, G, is the gap fraction of interval Z and W, the weighting factor for
interval Z.

The result was transfer to minitap for further analysis.

2.4. Data Analysis

All statistical analyses were done using Minitab Version 17 Statistical Package
(Minitab Inc., PA, USA). The significance level (a) was set at 0.05.

The field data were imported into QGIS 2.8 to digitise the coordinates of the
sprouted stumps. Baseline information from the Cameroon official forest data
and the Cameroon atlas were collected before any data manipulation com-
menced. After digitizing was completed, a quality check was performed to en-
sure that no points or lines were missing. To ensure correct display of data, all of
the shape files were projected to UTM 84, zone 32 N.

Multivariate factor analysis without rotation was done to explore relationships
among the variables. Two factors were extracted and their contribution to ex-
plaining the resulting data patterns was determined by the percent variation and
communality. This was followed by applying the Spearman rank correlation.

The relationship between canopy characteristics and LAI was determined us-
ing Spearman Rank correlation and a = 0.05. The relationship between all para-
meters was established through Multivariate Factor analysis based on the corre-

lation matrix.

3. Results

3.1. The Interaction between Stump Sprouting, LAI, Site and
Canopy Openness for the Entire AKAK Forest Area

The combine Principal Component Factor Analysis (2013, 2015 and 2017) of the
Correlation Matrix for Sprout, Years, LAI 4%, LAI 5%, Canopy and Site open-
ness, shows that factor 1 explained 62.6% of total variance while factor 2 ex-
plained 17.9% (Table 1).

Factor 1 and factor2 together explain 80.05% Communalities. This means that
natural forest recovery in the Akak forest area can be explained 80.05% by the
variables listed (Table 1).
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Table 1. The relationship amongst Sprout, Years (2013, 2015 and 2017), Canopy open-
ness, Site openness, LAI 4%, LAI 5%.

Variables Factor 1 Factor 2 Communalities
Year —-0.014 -0.737 0.544
Sprout 0.074 -0.728 0.536
Canopy openness -0.974 0.001 0.948
Site openness -0.974 0.001 0.948
LATI 4% 0.953 0.015 0.908
LAI 5% 0.972 0.033 0.946
Variance 3.7534 1.0749 4.8283
% Var 0.626 0.179 0.805

3.2. The Relationship between Stump Sprouting, LAI, Site and
Canopy Openness for the Logging Compartments; 2013, 2015
and 2017 Respectively

Factors 1 and 2 together explain 96.5% Communalities (Table 2) in 2013. This
means that natural forest recovery in the forest compartment logged in the year
2013 in the Akak forest area can be explained 96.5% by the variables listed
(Table 2).

Table 2. Relationship amognst Sprout, Years, Canopy openness, Site openness, LAI 4%
and LATI 5% for logged compactment 2013.

Variable Factor 1 Factor 2 Communality
Sprout 0.682 -0.731 0.998
Canopy openness -0.977 -0.103 0.965
Site openness -0.977 -0.103 0.966
LAI 4% 0.938 0.235 0.935
LAI 5% 0.977 0.078 0.961
Variance 4.2081 0.6164 4.8245
% Var 0.842 0.123 0.965

Factors 1 and 2 for 2015 together explain 96.2% Communalities. This means
that natural forest recovery in the forest compartment logged in the year 2015 in
the Akak forest area can be explained 96.2% by the variables listed above (Table 3).

Table 3. The relationship amongst Sprout, Years, Canopy openness, Site openness, LAI
4% and LAI 5% for logged compactment 2015.

Variable Factor 1 Factor 2 Communality
Sprout 0.143 —-0.990 1.000
Canopy openness 0.978 0.060 0.960
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Continued
Site openness 0.978 0.061 0.960
LAI 4% —-0.966 -0.012 0.934
LAI 5% -0.978 -0.012 0.956
Variance 3.8225 0.9867 4.8093
% Var 0.765 0.197 0.962

Factors 1 and 2 in 2017 together explain 96.1% Communalities. This means
that natural forest recovery in the forest compartment logged in the year 2017 in
the Akak forest area can be explained 96.1% by the variables listed above (Table
4).

Table 4. The relationship amongst Sprout, Years, Canopy openness, Site openness, LAI
4%, LAI 5% for logged compactment 2017.

Variable Factor 1 Factor 2 Communality
Sprout 0.562 -0.827 1.000
Canopy openness 0.972 0.136 0.962
Site openness 0.972 0.136 0.962
LAT 4% —-0.961 -0.093 0.932
LAI 5% —-0.968 -0.115 0.951
Variance 4.0647 0.7424 4.8071
% Var 0.813 0.148 0.961

For the year 2013, 2015 and 2017 respectively shows that there is a very strong
correlation between LAI (4 and 5) and (canopy and site openness) (Table 5).

Table 5. The (P value) for the relationship amongst canopy openness and site openness

with LAI4/5.
Canopy openness Significant Site openness Significant
code code
Rho P value Rho P value
Year-2013
LAI4 —-0.728 <0.003 bl -0.714 <0.004 b
LAI5 —-0.932 <0.0005 il -0.922  <0.0005 o
Year-2015
LAI4 —-0.899 <0.000 il —-0.899 <0.000 o
LAI5 —-0.886 <0.000 il —-0.886 <0.000 e
Year-2017
LA14 -0.911 <0.000 il -0.911 <0.000 e
LA15 —-0.960 <0.000 il —-0.960 <0.000 e

Very significant***, Very significant**, significant*.

DOI: 10.4236/0jf.2024.143018 321 Open Journal of Forestry


https://doi.org/10.4236/ojf.2024.143018

A.J. Ayamba et al.

There is a very strong highly significant interaction (p < 0.0005) between LAI4
and LAI5. This means that as LAI4 increases so to LAI5 also increases (Table 6).
There is no significant correlation between sprouting with other variables (LAI,

canopy and site openness) (Table 6).

Table 6. The (P value) for the relationship amongst: Sprout, Years, Canopy openness, Site
openness, LAI 4%, LAI 5%.

C Sit
Sprout Years anopy e LAI 4%
openness openness
0.078
Years
0.593
Canopy 0.050 0.132
openness 0.735 0.366
Site 0.048 0.132 1.000
openness 0.744 0.366 0.0005
-0.070 0.002 -0.865 —0.864
LAT 4%
0.631 0.987 0.0005 0.0005
-0.058 -0.078 -0.907 —-0.906 0.919
LAI 5%
0.695 0.593 0.0005 0.0005 0.0005

4. Discussion

The interaction between stump sprouting, LAI, site and canopy openness
for the entire AKAK forest area.

A large number of specialized studies have used Hemispherical Photographs
in a wide array of fields related to forestry, including forest ecology (light regime
Canham et al., 1990; seedling regeneration Nicotra et al., 1999; spring phenology
White, 1991) and canopy openness (Machado & Reich, 1999). Hemispherical
photography can provide an accurate measure of understory light conditions
(Becker et al., 1989; Rich et al., 1993) as there is apparently is a strong relation-
ship between canopy openness and LAls. In our studies canopy openness/site
openness and LAIs had a very strong negative correlations meaning the opening
in the Akak forest area is relatively low, this could be due to the hyper selective
logging practiced in this area.

For the variable sprout (this refers to both sprouted and un sprouted stumps),
factor 2 is dominating in each case with factor loading of —0.731, —0.990 and
—0.827 respectively, this means that the number of stumps sprouts in the Akak
forest area is relatively low as compared to the observed logged stumps as indi-
cated by a negative signed in all the cases on the variable, therefore the recovery
of the original stocking densities is not likely from stump sprouting alone. With
regards to variable canopy openness and site openness, factors 1 both for canopy
and site openness are dominating, it shows that there is a perfect positive inte-

raction between canopy and site openness which is very significant, this could
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mean that the proportion of both canopy and site openness is relatively low in
the Akak forest area as indicated by a negative 9.74 on each variable. They have
high communalities of 0.948 each meaning the variables have an enormous con-
tribution of 94.8% on forest recovery in the Akak forest area.

The Relationship between stump sprouting, LAI, site and canopy open-
ness for the logging compartments; 2013, 2015 and 2017 respectively.

The forest compartment of 2013 had a very strong and very significant corre-
lation between canopy openness and site openness, this means as canopy open-
ness increases so thus site openness increases. The interaction between canopy
openness with LAI 4/5 has a strong and very strong negative correlation, this
means that as LAIs increases so does canopy openness reduces. For the interac-
tion between LAI 4/5 and site openness has a strong and very strong negative
correlation respectively, which is very significant, this means that as LAIs in-
creases so does site openness reduces. The forest compartment of the year 2015
indicates that the interaction between canopy openness with LAI 4/5 has a very
strong negative correlation, this means that as LAls increases so does Canopy
openness reduces. For the interaction between LAI 4/5 and site openness has a
very strong negative correlation. This means that as LAIs increases so does site
openness reduces. The forest compartment of the year 2017 indicates that the
interaction between canopy openness with LAI 4/5 has a very strong negative
correlation, this means that as LAIs increases so does Canopy openness reduces.
For the interaction between LAI 4/5 and site openness has a very strong negative
correlation, this means that as LAIs increases so does site openness reduces.
While LAI (4 and 5) the first factors both for LAI 4 and LAI 5 (factor loading:
0.953 and 0.972) are dominating. This means that the proportion of LAIs in the
AKAK forest area is very high, couple with high communalities values of 90.8%
and 94.6% respectively which the variables contribute in Natural forest recovery
in the AKAK forest area.

The forest structure has a mosaic of areas, some few opening, and areas simi-
lar to small gaps, where low levels of radiation reach the forest floor indicating a
continuous canopy. Similar results were obtained from the studies carried by
(Kabakoft & Chazdon, 1996) were LAI was negatively correlated with canopy
opening in the two forests and also in six sites in a tropical humid forest. In
dense tropical forest, the canopy opening is smaller (<10%), while in the season-
al forests canopy opening varies from 33 to over 60% (Kabakoff & Chazdon,
1996).

5. Conclusion

The combine Principal Component Factor Analysis (2013, 2015 and 2017) of the
Correlation Matrix shows that factor 1 explained 62.6% of total variance while
factor 2 explained 17.9%, while for the year 2013, 2015 and 2017 respectively
shows that there is a very strong correlation (p < 0.000) between LAI (4 and 5)

and (canopy and site openness). There is a very strong highly significant interac-
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tion (p < 0.0005) between LAI4 and LAI5. There is no relationship between
sprouting with other variables (LAI, canopy and site openness). The years 2013,
2015 and 2017 show that there is a very strong relationship between LAI (4 and
5) and (canopy and site openness) thus as LAI increases so canopy and site

openness reduce.
Conflicts of Interest
The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

Arthur, M. A., Muller, R. N., & Costello, S. (1997). Species Composition in a Central
Hardwood Forest in Kentucky 11 Years After Clear-Cutting. American Midland Natu-
ralist, 137, 274-281. https://doi.org/10.2307/2426846

Ayamba, A. ], Fuashi, N. A., & Orock, A. E. (2019). Tree Composition and Ecological
Structure of Akak Forest Area. Environment and Natural Resources Research, 9, 23-44.
https://doi.org/10.5539/enrr.v9n4p23

Beck, D. E., & Hooper, R. M. (1986). Development of a Southern Appalachian Hardwood
Stand after Clearcutting. Southern Journal of Applied Forestry, 10, 168-172.
https://doi.org/10.1093/sjaf/10.3.168

Becker, P., Erhart, D. W., & Smith, A. P. (1989). Analysis of Forest Light Environments
Part I. Computerized Estimation of Solar Radiation from Hemispherical Canopy Pho-
tographs. Agricultural and Forest Meteorology, 44, 217-232.
https://doi.org/10.1016/0168-1923(89)90018-x

Bianchi, S., Cahalan, C., Hale, S., & Gibbons, J. M. (2017). Rapid Assessment of Forest
Canopy and Light Regime Using Smartphone Hemispherical Photography. Ecology
and Evolution, 7,10556-10566. https://doi.org/10.1002/ece3.3567

Boring, L. R, Monk, C. D., & Swank, W. T. (1981). Early Regeneration of a Clear-Cut
Southern Appalachian Forest. Ecology, 62, 1244-1253. https://doi.org/10.2307/1937289

Brokaw, N. V. L. (1985). Gap-Phase Regeneration in a Tropical Forest. Ecology, 66,
682-687. https://doi.org/10.2307/1940529

Canham, C. D., Denslow, J. S., Platt, W. J., Runkle, J. R., Spies, T. A., & White, P. S.
(1990). Light Regimes beneath Closed Canopies and Tree-Fall Gaps in Temperate and
Tropical Forests. Canadian Journal of Forest Research, 20, 620-631.
https://doi.org/10.1139/x90-084

Ceccon, E., Huante, P., & Rincdn, E. (2006). Abiotic Factors Influencing Tropical Dry
Forests Regeneration. Brazilian Archives of Biology and Technology, 49, 305-312.
https://doi.org/10.1590/s1516-89132006000300016

Chianucci, F., & Cutini, A. (2013). Estimation of Canopy Properties in Deciduous Forests
with Digital Hemispherical and Cover Photography. Agricultural and Forest Meteor-
ology, 168, 130-139. https://doi.org/10.1016/j.agrformet.2012.09.002

Coates, K. D., Canham, C. D., Beaudet, M., Sachs, D. L., & Messier, C. (2003). Use of a
Spatially Explicit Individual-Tree Model (SORTIE/BC) to Explore the Implications of
Patchiness in Structurally Complex Forests. Forest Ecology and Management, 186,
297-310. https://doi.org/10.1016/s0378-1127(03)00301-3

Denslow, J. S. (1980). Gap Partitioning among Tropical Rainforest Trees. Biotropica, 12,
47-55. https://doi.org/10.2307/2388156

DOI: 10.4236/0jf.2024.143018

324 Open Journal of Forestry


https://doi.org/10.4236/ojf.2024.143018
https://doi.org/10.2307/2426846
https://doi.org/10.5539/enrr.v9n4p23
https://doi.org/10.1093/sjaf/10.3.168
https://doi.org/10.1016/0168-1923(89)90018-x
https://doi.org/10.1002/ece3.3567
https://doi.org/10.2307/1937289
https://doi.org/10.2307/1940529
https://doi.org/10.1139/x90-084
https://doi.org/10.1590/s1516-89132006000300016
https://doi.org/10.1016/j.agrformet.2012.09.002
https://doi.org/10.1016/s0378-1127(03)00301-3
https://doi.org/10.2307/2388156

A.J. Ayamba et al.

Dey, D. C,, Jensen, R. G., & Wallendorf, M. J. (2008). Single-Tree Harvesting Reduces
Survival and Growth of Oak Stump Sprouts in the Mis-Souri Ozark Highlands. In Pro-
ceedings of the 16th Central Hardwoods Forest Conference (pp. 26-37). U.S. Depart-
ment of Agriculture, Forest Service, Northern Research Station.

Dietze, M. C., & Clark, J. S. (2008). Rethinking Gap Dynamics: The Impact of Damaged
Trees and Sprouts. Ecological Monographs, 78, 331-347.

Duchesneau, R., Lesage, 1., Messier, C., & Morin, H. (2001). Effects of Light and Intraspe-
cific Competition on Growth and Crown Morphology of Two Size Classes of Unders-
tory Balsam Fir Saplings. Forest Ecology and Management, 140, 215-225.
https://doi.org/10.1016/s0378-1127(00)00281-4

Frazer, G. W., Trofymow, J. A., & Lertzman, K. P. (2000). Canopy Openness and Leaf
Area in Chronosequences of Coastal Temperate Rainforests. Canadian Journal of For-
est Research, 30, 239-256. https://doi.org/10.1139/x99-201

Fuashi, N. A., Ayamba, A. J., & Orock, A. E. (2020). The Role of Logged Timber Stump
Sprouting in Natural Forest Regeneration in the Akak Forest Area of Cameroon. Jour-

nal of Ecology and The Natural Environment, 12, 9-21.

Groenendijk, P. (2015). Long-Term Trends in Tropical Tree Growth: A Pantropical Study.
Ph.D. Thesis, Wageningen University.

Hale, S. E., Edwards, C., Mason, W. L., Price, M., & Peace, A. (2009). Relationships be-
tween Canopy Transmittance and Stand Parameters in Sitka Spruce and Scots Pine
Stands in Britain. Forestry, 82, 503-513. https://doi.org/10.1093/forestry/cpp020

Hall, J. S., Harris, D. J., Medjibe, V., & Ashton, P. M. S. (2003). The Effects of Selective
Logging on Forest Structure and Tree Species Composition in a Central African Forest:

Implications for Management of Conservation Areas. Forest Ecology and Management,
183, 249-264. https://doi.org/10.1016/s0378-1127(03)00107-5

Herbert, T. J. (1987). Area Projections of Fisheye Photographic Lenses. Agricultural and
Forest Meteorology, 39, 215-223. https://doi.org/10.1016/0168-1923(87)90039-6

Johnson, R. L., & Deen, T. (1993). Prediction of Oak Regeneration in Bottomland Forests.
In D. L. Loftis, & C. E. McGee (Eds.), Oak Regeneration: Serious Problems Practical
Recommendations (pp. 146-155). Southeastern Forest Experiment Station

https://www.srs.fs.usda.gov/pubs/gtr/gtr_se084.pdf

Kabakoff, R. P., & Chazdon, R. L. (1996). Effects of Canopy Species Dominance on Un-
derstorey Light Availability in Low-Elevation Secondary Forest Stands in Costa Rica.
Journal of Tropical Ecology, 12,779-788. https://doi.org/10.1017/50266467400010038

Kenfack, D., Thomas, D. W., Chuyong, G., & Condit, R. (2006). Rarity and Abundance in
a Diverse African Forest. Biodjversity and Conservation, 16, 2045-2074.
https://doi.org/10.1007/s10531-006-9065-2

Keyser, T. L., & Zarnoch, S. J. (2014). Stump Sprout Dynamics in Response to Reductions
in Stand Density for Nine Upland Hardwood Species in the Southern Appalachian
Mountains. Forest Ecology and Management, 319, 29-35.
https://doi.org/10.1016/j.foreco.2014.01.045

Korhonen, L., Korhonen, K., Rautiainen, M., & Stenberg, P. (2006). Estimation of Forest
Canopy Cover: A Comparison of Field Measurement Techniques. Si/va Fennica, 40,
577-588. https://doi.org/10.14214/sf.315

Machado, J., & Reich, P. B. (1999). Evaluation of Several Measures of Canopy Openness
as Predictors of Photosynthetic Photon Flux Density in Deeply Shaded Conifer-Dominated
Forest Understory. Canadian Journal of Forest Research, 29, 1438-1444.
https://doi.org/10.1139/x99-102

DOI: 10.4236/0jf.2024.143018

325 Open Journal of Forestry


https://doi.org/10.4236/ojf.2024.143018
https://doi.org/10.1016/s0378-1127(00)00281-4
https://doi.org/10.1139/x99-201
https://doi.org/10.1093/forestry/cpp020
https://doi.org/10.1016/s0378-1127(03)00107-5
https://doi.org/10.1016/0168-1923(87)90039-6
https://www.srs.fs.usda.gov/pubs/gtr/gtr_se084.pdf
https://doi.org/10.1017/s0266467400010038
https://doi.org/10.1007/s10531-006-9065-2
https://doi.org/10.1016/j.foreco.2014.01.045
https://doi.org/10.14214/sf.315
https://doi.org/10.1139/x99-102

A.J. Ayamba et al.

Nchanji, A. C., & Plumptre, A. J. (2003). Seed Germination and Early Seedling Establish-
ment of Some Elephant-Dispersed Species in Banyang-Mbo Wildlife Sanctuary, South-
Western Cameroon. Journal of Tropical Ecology, 19, 229-237.
https://doi.org/10.1017/s0266467403003262

Nicotra, A. B., Chazdon, R. L., & Iriarte, S. V. B. (1999). Spatial Heterogeneity of Light
and Woody Seedling Regeneration in Tropical Wet Forests. Ecology, 80, 1908-1926.
https://doi.org/10.2307/176668

Pacala, S. W., Canham, C. D., Saponara, J., Silander, J. A., Kobe, R. K., & Ribbens, E.
(1996). Forest Models Defined by Field Measurements: Estimation, Error Analysis and
Dynamics. Ecological Monographs, 66, 1-43. https://doi.org/10.2307/2963479

Planchais, I., & Pontailler, J. (1999). Validity of Leaf Areas and Angles Estimated in a
Beech Forest from Analysis of Gap Frequencies, Using Hemispherical Photographs and
a Plant Canopy Analyzer. Annals of Forest Science, 56, 1-10.
https://doi.org/10.1051/forest:19990101

Promis, A., Gértner, S., Butler-Manning, D., Durdn-Rangel, C., Reif, A., Cruz, G., &
Hernandez, L. (2011). Comparison of Four Different Programs Forthe Analysis of He-
mispherical Photographs Using Parameters of Canopystructure and Solar Radiation
Transmittance. Waldokologie Online, 11, 19-33.

Rich, P. M., Clark, D. B, Clark, D. A., & Oberbauer, S. F. (1993). Long-Term Study of So-
lar Radiation Regimes in a Tropical Wet Forest Using Quantum Sensors and Hemis-
pherical Photography. Agricultural and Forest Meteorology, 65, 107-127.
https://doi.org/10.1016/0168-1923(93)90040-0

Schaafsma, M., Morse, S. J, Posen, P., Swetnam, R. D., Balmford, A., Bateman, I. J., Bur-
gess, N., Chamshama, S. A.., Fisher, B., Freeman, T., Geofrey, V., Green, R., Hepelwa,
A.S., Hernandez, A. S., Hess, S., Kajembe, G. C., Kayharara, G., Kilonzo, M., Kulindwa,
K., Lund, J. F., Madoffe, S. S., Mbwambo, I., Meilby, H., Ngaga, Y. M., Theilade, I,
Treue, T., Beukering, P. V., Vyamana, V. G., & Turner, R. K. (2011). The Importance
of Local Forests Benefits: Valuation of Non-Timber Forest Products in Fastern Arc
Mountains in Tanzania, Working Paper 2011-05. Centre for Social and Economic Re-
search on the global Environment, Norwich.

Schneider, D., Schwalbe, E., & Maas, H. G. (2009). Validation of Geometric Models for
Fisheye Lenses. ISPRS Journal of Photogrammetry and Remote Sensing, 64, 259-266.
https://doi.org/10.1016/j.isprsjprs.2009.01.001

Tichy, L. (2015). Field Test of Canopy Cover Estimation by Hemispherical Photographs

Taken with a Smartphone. Journal of Vegetation Science, 27, 427-435.
https://doi.org/10.1111/jvs.12350

White, A. S. (1991). The Importance of Different Forms of Regeneration to Secondary

Succession in a Maine Hardwood Forest. Bulletin of the Torrey Botanical Club, 118,
303-311. https://doi.org/10.2307/2996645

DOI: 10.4236/0jf.2024.143018

326 Open Journal of Forestry


https://doi.org/10.4236/ojf.2024.143018
https://doi.org/10.1017/s0266467403003262
https://doi.org/10.2307/176668
https://doi.org/10.2307/2963479
https://doi.org/10.1051/forest:19990101
https://doi.org/10.1016/0168-1923(93)90040-o
https://doi.org/10.1016/j.isprsjprs.2009.01.001
https://doi.org/10.1111/jvs.12350
https://doi.org/10.2307/2996645

	The Contribution of Hemispherical Photographs to Understand Natural Forest Regeneration in the AKAK Forest Area
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Location of the Study Area
	2.2. Data Collection of Hemispherical Photos
	2.3. Image Processing in Gap Light Analyser
	2.4. Data Analysis

	3. Results
	3.1. The Interaction between Stump Sprouting, LAI, Site and Canopy Openness for the Entire AKAK Forest Area
	3.2. The Relationship between Stump Sprouting, LAI, Site and Canopy Openness for the Logging Compartments; 2013, 2015 and 2017 Respectively

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

