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Abstract: Various studies on the physical characteristics of the canopy gaps in tropical and subtropical regions
but that in the mangrove swamp forest in Malaysia is little known. The objectives of this study are to assess the
canopy gaps physical characteristics (size, form, direction), to assess the changes in soil physical characteristics
and microenvionment in and around the canopy gaps. Five canopy gaps were selected formed by lightning
strikes, gaps size and shapes were determined using the portable Global Positioning System and photographic
images were analysed using ForestCrown. Result shows that canopy gap opening has increased the total light
reaching the forest floor, changed the canopy gap microenvironment. Strong correlation between canopy
opening percentage and temperature of gaps explains the changes of canopy gaps characteristics. These
changes have contributed to new seedling germination, regeneration and maintaining the canopy gap
dynamics.

Keywords: physical characteristics; canopy gaps; mangrove forests; Sungai Kilim Forest Reserve;
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1. Introduction

Canopy gaps formed by lightning strikes are believed to be the main factor in regeneration of
mangrove swamp forest in the tropical and temperate regions 1,2, 3,4, 5,6,7, 8,9, 10, 11]. In addition,
storms with the presence of lightning are the normal phenomena in both the tropical and subtropical
regions with highest frequency in the tropics [12]. For example, in Everglades National Park, Florida,
United States the frequency of lightning strikes occurred five to nine times per km per year. [13, 14].
The minimum gap area defined is 10 km2 [15] or the distance between the surrounding trees and the
minimum width of 5 m [1]. Lightning strikes not only cause canopy tree mortality in mangrove
forests, it has a similar effects towards other tropical forest sites [16,17].

Mangrove swamp forests are prone to various kinds of disturbances either naturally or due to
anthropogenic activities. Normally the attentions are given to large-scale disturbances such as those
due to tropical typhoons and whirl winds [7, 18, 19, 20, 21]. Nevertheless, most mangrove swamp
forests in tropical areas formed canopy gaps are of small-scale such as those caused by local lightning
strikes, pest infestations and either due to broken trunks or branches after storms [2, 4, 5, 6, 22, 23,
24]. Both size and shapes of canopy gaps are the drivers of change for the ground flora and soil. The
physical microenvironment is mainly affected by the size of canopy gaps. However, the accessibility
of light especially at the centre of gaps are affected by the position of sun, direction of light and gap
diameter including the height of canopy [25]. Thus, [26] suggest that the resistance of mangrove
canopy cover varied according to disturbances regime and vegetation characteristic, but its resilience
depends on the extend of canopy damage as the canopy recovery rate is consistent globally.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Canopy opening is the initiator of regeneration process of the disturbed forest where the
propagules and the saplings are able to grow. This is affected by the availability of sunlight absorbed
by the photoreceptors that changed the cell metabolism and subsequently induced growth and
development of mangrove plants [27]. The physical factors such as humidity, temperature,
evapotranspiration, light and soil physical characteristics (salinity, temperature, and nutrients)
would be modified with the formation of canopy gaps [5, 6, 28]. Additionally, both air and soil
temperatures are affected by the period of light distribution and illumination to the forest floor [25].
These changes would affect the microenvironment and soil characteristics in the canopy gaps. Thus,
resulted in changes of carbon stocks storage [29].

The objectives of this study are to assess the canopy gaps physical characteristics (size, form,
direction), to assess the changes in soil physical characteristics and microenvionment in and around
the canopy gaps.

2. Materials and Methods

2.1. Plot design

Five canopy gaps were selected as studied plots in Compartments 6 and 7 of Sungai Kisap Forest
Reserve, Pulau Langkawi, Kedah. Selection of the areas is based on canopy gaps formed naturally
(lightning strikes). These natural gaps are selected after observing the dynamics of the area affected
by anthropogenic activities. Other factors considered are the accessibility of tha gap areas. The
establishement of the plots was carried out in October 2017. The preliminary selection was done using
Google Earth Pro version 7.3, where the canopy gaps are identified with their coordinates.

Plot construction is made using poles and raphia to fix the boundary of the area including
marking the spots for observation. Those plots were marked as Gap 1 (G1), Gap 2 (G2), Gap 3 (G3),
Gap 4 (G4), and Gap 5 (G5). The geopositions are:

G1 (N 6° 22" 33.23”, E 99° 52" 33.66”), G2 (N 6° 22’ 43.03”, E 99° 52" 31.33”), and G3 (N 6° 22’
49.53”, E 99° 52’ 24.4”) are in Compartment 6, whereas G4 (N 6° 23’ 24.46”, E 99° 52" 6.38”) and G5 (N
6° 23" 18.69”, E 99° 52’ 3.88”) are in Compartment 7 (Figure 1).

Figure 2 shows the design of the plots established to measure the gap size and determination of
the canopy gaps and measurement of soil physical characteristics including measuring light intensity
within and around the canopy gaps. Nine areas were marked as spots for the respective
measurements. The central spot is marked as P. The north edge of gap is marked as N1, south edge
of gap as S1, the east edge as E1, and the west edge as W1. Within the canopy there are four spots
marked as (N2), in the north, (52), in the south (E2) in the east and (W2) in the west.
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Figure 1. Location of studied area in Compartments 6 and 7 Sungai Kisap Forest Reserve, Pulau
Langkawi. Source: Forest Department Kedah & ArcMap (ArcGis).

Figure 2. Plot design of canopy gap in studied area of Sungai Kisap Forest Reserve, Pulau
Langkawi.

2.2. Measurement of gap size
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In the field the gap phases accessed were marked at the centre of the gap, north, south, east and
west using the portable Global Positioning System (GPS). Length and width of each gap were
measured to determine the size and shape of the respective gaps according to [30]. The dimensions
measured were from above the canopy opening. For gap size measurement and determination of gap
shape the distance from N1 to S1 (y1 + y2) and E1 to W1 (x1 + x2) were taken.

The gap size formula is calculated based on the area size of the elongated form (elliptical);

Gapsize=IIx (a+2)x (b +2) (1)

where:
a=yl+y2 (2)
b=x1+x2 3)

Gap shapes are of two main types (circular and elongated) either in the mangrove swamp forest
or terrestrial forest [31, 32]. For the determination of the gap shape, the ratio of the distance from
north edge (N1) to the south edge (S1) (a) from the distance of east edge (E1) to the west edge (W1)
(b) gives the concentric index value for ther respective gaps as follows;

Concentric Index=a /b or (y1 +y2) / (x1 + x2) 4)

where:
The value of concentric Index for the gap area is categorised as;
1 = completely circular;
0.9-1.1 = circular;
0.7-0.9 = semi-circular towards east-west;
1.1-1.3 = semi-circular towards north-south;
<0.7 = elongated towards east-west;
>1.3 = elongated towards north-south.

2.3. Measurement of soil physical characteristics

Measurement for the percentage of canopy opening and the physical characteristics such as
temperature, pH and salinity of water were taken to assess the microenvironment of the canopy
including its relation of these parameters with the effect of canopy opening. A total of nine spots
identified for the measurement of these parameters were made by constructing two transects crossing
the N to S edges and E to W edges of the gap. The construction of transects began from gap edges to
beneath the canopy beginning from N1 to U2, S1 to S2, E1 to E2, and W1 to W2 with the distance of
2y1, 2y2, 2x1, and 2x2. This distance is equivalent to the gap diameter (Figure 2).

For the measurement of percentage of canopy gap opening, the hemispheric images were taken
using fish-eye lens with Nikon DSLR D90 camera for all the nine spots. The hemispheric images taken
by directing the lens to the canopy at 0.5 meter distance from the ground at 0800 hr until 1500 hr. The
photographic images were analysed using ForestCrown, and the percentage of canopy openings
were obtained.

From the same spots within the plots parameters such as temperature, pH, and salinity of soil
pores were obtained by digging holes of 30 cm during low tide using metal shovel. After 15 to 20
mins when water from the soil pores flow into the the pits, probe YSI is dipped into the hole at 15 cm.
Readings were recorded after 2 to 3 mins.

2.4. Data Analysis

The hemispheric images obtained from all spots or studied plots were uploaded to ForestCrown
software for analysis. After all the images have been uploaded, images taken by fish-eye lenses were
selected using elliptical selection tool before being processed. All images selected were digitalised to
form the boundary between tree canopy with those with cloud background. This process used square
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selective function or elongated selective function or both. Those images digitilised were analysed to
obtain canopy opening percentage values.

Readings of temperature, pH and salinity of soil pore water were recorded at all spots or plots
(gap centre, gap edge, within canopy). Mean values for all variables are obtained. Regression analysis
was conducted to determine the relationship between canopy opening percentage and physical
characteristics of soil pore water using Microsoft Excel.

3. Results

The five canopy gaps accessed were formed by lightning strikes. Table 1 gives all sizes and
shapes that were determined. The range of gap size is between 290 m2 to 750 m2, two of them are
circular, two are semi-circular towards east-west and one is elongated towards north-south. G1 is the
largest (749.03 m2), G3 is almost as large as G1 (746.44 m2), next is G2 (411.20 m2), followed by G4
(370.15 m2) and the smallest is G5 (291.28 m2). However, all five gaps are categorised as large (>150
m2).

Table 1. Size and shape of five canopy gaps.

Gap Area (m?) Concentricity Index Category
Gl1 749.03 0.88 Semi-circular towards E-W
G2 411.20 1.53 Elongated towards N-5
G3 746.44 1.08 Circular
G4 370.15 0.93 Circular
G5 291.28 0.89 Semi-circular towards E-W

Canopy opening percentage shows that the highest values are at the centre and decreases
towards the gap edges and the lowest are at in the canopy. This is due to different condition of the
gaps where at the centre (C) it has the lowest canopy cover followed by gap edges (N1,51,E1,W1) and
eventually to under the canopy (N2,52,E2,W2).
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Figure 3. Mean of canopy opening percentage in every plot across the transects (a) north-south, and
(b) east-west, in five gaps.
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Figure 4. Mean canopy opening percentage in the plots (a) gap centre, gap edge, and under the

canopy, and (b) direction of transect (centre, north-south, and east-west).

Regression analysis between canopy opening percentage with temperature of soil pore water
shows a significant effect at 12 = 0.77 value (Figure 5 (a)). The mean of soil pore water temperature
recorded at every studied plot is in the range of 25-29 °C and have different readings. The higher
relative temperature was recorded at the centre of gap, decreases to the edges and the lowest were
recorded under the canopy (Figure 6).

Mean of salinity of soil pore water is in the range of 13-19 ppt in the individual plot (Table 2).
However, the value of salinity does not show significant differences between locations and plots
(Figure 6 (c) and (d)). Weak relationship (r2=0.21) between canopy opening percentage is also shown
in Figure 5 (b). For pH of soil pore water, it is almost insignificant (r2 =0.08). Uniform mean pH values
are recorded in every studied plot beginning with pH 7 to pH 8 (Table 2). With regards to its
relationship to canopy opening percentage, regression analysis showed a value of r2=0.08 which
showed negative relationship (Figure 5 (c)). The pH mean also does not show any significant
difference between location or plot direction.
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Figure 5. Regression between canopy opening percentage and the physical characteristics of soil pore
water (a) temperature, (b) salinity, and (c) pH.
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Figure 6. Mean value of (a) & (b) temperature, (c) & (d) salinity, and (e) & (f) pH of soil pore water for
every plot across the north-south transect and east-west transects for five canopy gaps.

Table 2. Mean value of temperature, salinity, pH and canopy opening percentage of soil pore water
for every plot.

Parameter Centre Edge Canopy

Cn=5 N1n=5 S1n=5 El1n=5 W1ln=5 N2n=5 S2n=5 E2n=5 W2n=5

Temperature (°C) 28.48 2719 27.62 2777 2690 2633 2594 2626 26.00
(#0.48) (+0.30) (+0.47) (+0.54) (x0.26) (+0.23) (+0.13) (+0.11) (+0.28)

Salinity (ppt) 1792 1560 1818 14.73 13.81 13.93 16.00 1447 14.67
(#1.29) (¢1.64) (£1.39) (+1.10) (¢x1.37) (3.56) (+2.70) (+2.35) (+2.42)

I 7244 723 7144 7218 72 7382 7184 8032 7.196

P (#0.19) (#0.11) (#0.12) (+0.11) (x0.07) (+0.14) (x0.08) (+0.77) (+0.12)

Canopy opening (%) 3406 1675 1478 21.16 1863 1254 10.69 10.85 11.56
(£3.67) (+2.97) (+0.89) (+2.92) (¥2.91) (+1.81) (+0.71) (+1.01) (+0.86)

Table 3. Mean temperature, salinity, pH of soil pore water, and percentage of canopy opening

according to locations within plot (Centre, gap edge and within canopy).

Parameter CE:l_t;e fjig C::;gy
28.48 27.37 2613
Temperature (°C) (£0.48) (0.20) (£0.10)
Salinity (ppt) 17.92 15.58 14.77
(1.29) (0.94) (£0.44)
. 7.24 7.20 7.45
P (+0.19) (£0.02) (+0.20)
Canopy opening (%) 34.06 17.83 11.41
(3.67) (+1.36) (£0.42)

Table 4. Mean of temperature, salinity, pH of soil pore water and canopy opening according to plot

directions (centre, north-south, east-west).

Centre N-S E-W

Parameter n=5 n=20 =20
28.48 26.77 26.73
Temperature (*C) (0.48) (0.39) (£0.39)
Salinity (ppt) 17.92 15.93 14.42
(+1.29) (+0.87) (£0.21)

H 7.24 7.24 7.41
P (x0.19) (x0.05) (x0.21)
Canopy opening (%) 34.06 13.69 15.55
(+3.67) (+1.32) (£2.57)
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4. Discussion

Similar results with this study in gap sizes (Figure 7) were obtained in Papua New Guinea by
[4] who obtained the range of 300-700 m2. There are other studies which obtained similar results such
as [33] at Everglades, Florida, United States with mean size of 332 m2; [34] at Kosrae island,
Micronesia of 700 m2; [5] in the Republic of Dominica of 724 m2; and [35] at Panama (329 m?2).
However, a study at Queensland, Australia obtained the mean of gap area comparatively smaller at
84.2 m2 [36].

800 -

700 A
600 A
500 4
400 A
300 A
200 4
100 A
0 - T T T T
1 2 3 4 5

Gaps

Gap area (m)

Figure 7. Size of five canopy gaps.

Though all gaps measured were caused by similar factor (lightning strikes) but their effects are
different. In addition, their physical characteristics adaptation are also different. According to [36]
mean of gap size formed by lightning strikes in the tropics are larger than those in the subtropics.

Canopy gaps that allow more light penetration gave the higher percentages and those covered
by the canopy inhibit light penetration gave the lower percentages of openings (Figures 3 and 4).
However, these opening percentages do not give much changes to the orientation or direction of gap
plots, either the north-south (N-S) direction or east-west E-W) direction (Figure 4. This is because
Pulau Langkawi is situated at the equator which has no season as the temperate region. For example,
in summer in the southern hemisphere the earth axis slants, and the sun’s angle is almost vertical at
about 10°- 20° at Moreton Bay, Queensland, Australia [37]. Results of [36] supports this assumption
by recording a significant difference of the value of Photosynthesis Potential Active Radiation (PPAR)
received in canopy gap centre and at north-south transect.

Results also showed that canopy opening percentage that enhance the light distribution to the
forest floor and also modify the soil condition as observed by [1, 6, 36]. However, this study shows
the enhancement of light distribution has given important effects to temperature and pH, except
salinity. This is due to the fact that in mangrove swamp forest especially in gap phases it is directly
influenced by water tides (twice a day), sea water and also freshwater flow in inland areas.

A study by [38] finds that soil pore water salinity is very high under the canopy than those in
gap areas. In this study salinity observed and measured is high and this is due to sea water tides that
inundates the canopy gap areas including the mangrove inland areas. This process gives the ideal
condition for mangrove species growth that tolerate high salt content such as Avicennia marina.
Meanwhile salinity and pH which are ordinary as observed in Pulau Langkawi is made possible by
high tides. This condition gives more opportunity for seedlings and saplings to survive.

5. Conclusions

Canopy gap opening has increased the total light reaching the forest floor. The increase of light
has changed the canopy gap microenvironment. Strong correlation between canopy opening
percentage and temperature of gaps explains the changes of gaps characteristics and its surrounding.
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These changes have contributed to new seedlings germination, growth of saplings and sustain the
canopy gap dynamics.
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