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Introduction

Mangrove areas in Egypt are dispersed in numerous small sites 
along the Red Sea coast, although the overall area of man-
groves is relatively small. The present estimates indicate that 
there are approximately five km2 of mangroves in Egypt. The 
limited mangrove areas of Egypt suggest that this is a vulner-
able ecosystem and needs an effective management to ensure 
its ongoing survival (Saenger, 2002). The mangal vegetation of 
the western coast of the Red Sea was investigated by Kassas, 
Zahran (1965, 1967) and Zahran (1977, 1982).

The population structure of an individual tree or the struc-
ture of the population can be conceived as comprising a series 
of stages (e.g. seedling, juvenile, mature trees etc.). The size 
class structure indicates a successful regeneration of forest spe-
cies (Curtis, McIntosh, 1951; Saxena, Singh, 1984). Also, Harp-
er and White (1974) and Harper (1977) suggested that the tree 
size may be a better predictor of reproductive output than age 
and that balanced or stable size distributions in higher plants 
may be analogous to balance or stable age distributions in high-
er plants. Natural disturbance plays a critical role in mediating 
old-growth forest dynamics and disturbance vary in type, scale, 
and effect on stand structure (Pickett, White, 1985; Pickett et 
al., 1989).

The structure of a plant population is the result of the ac-
tions of biotic and abiotic factors upon the growth and mortal-
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ity rates of individuals and of past recruitment events (Hutch-
ings, 1997). The size structure of plant populations has been 
frequently used to assess the regeneration status and to predict 
future population changes by assuming that populations with 
many small stems in relation to larger ones are self-replacing or 
increasing, whereas populations with relatively few small stems 
are believed to be declining in abundance (Hay, 2002; Buyave-
jchewin et al., 2003; Baker et al., 2005; Bastian et al., 2020). 
Also, the tidal inundation influences a number of edaphic fac-
tors including salinity, pH, and concentrations of nutrients that 
are known to influence growth and distribution of mangrove 
vegetation (Ball et al., 1988; McKee, 1993).

The aims of this study were to investigate, from an empiri-
cal data set, whether measures of size structure is related to 
future trends in the number of plant populations, as can be de-
rived from the population growth rates and the edaphic factors.

Material and methods

Study area

Four main localities encompass the entire coastlines of the Egyp-
tian Red Sea. The natural variation of Avicennia marina popula-
tions subjected to different climatic, physiographic, and human 
impact conditions were selected for this study. The first transect 
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was in Sharm El-Bahry (south El-Qusair), the second in Wadi 
El-Gimal (south Marsa Alam), the third Wadi Al-Qu’lan (north 
Hamata), and the fourth in Sharm El-Madfa’a (south Shalatein). 
The exact location and altitude of the study sites are shown in 
Table 1 and Fig. 1.

Population size structure

Demographic survey of A. marina population was performed 
through field work during 2017. The size was estimated by meas-
uring the height and mean crown diameter. The tree size was 
calculated as a spherical shape, in form of the canopy volume V 
following Hegazy, Elhag, 2006; Mosallam et al. (2018) according 
to the equation: V=4/3*ab, where a is the average canopy radius 
and b represents the canopy height. The size class values were 
then used to classify A. marina populations into seven size-class-
es (A<1 m3, B=1–10 m3, C=10–50 m3, D=50–100 m3, E=100–200 
m3, F=200–300 m3 and G>300 m3) separated the populations 
into different sizes (Alatar et al., 2015). Density was calculated as 
individuals per hectare. The mean and standard error of circum-
ference, height, diameter, size index, and height to diameter ratio 
per individual in each size class were then determined (Shaltout, 
Ayyad, 1988; Alatar et al., 2015).

Soil and data analysis

A composite soil sample was collected from each stand as a 
profile of 50 cm depth and air-dried. Organic carbon was deter-
mined by the loss on ignition method. CaCO3 was estimated us-
ing Collin’s calciminer. Soil-water extracts (1:5) were prepared 
for the estimation of electric conductivity (EC) using electric 
conductivity meter, soil reaction using pH meter, chlorides by 
direct titration against silver nitrate using 5% potassium chro-
mate as indicator, and bicarbonates by titration against HCl us-
ing methyl orange as an indicator. Soil extracts of 5 g air-dried 
soil were prepared using 2.5% v/v glacial acetic acid for estima-
tion of sodium, potassium, and calcium by flame photometer 
and magnesium by atomic absorption (Allen et al., 1989; Rayan 
et al., 2001). All the edaphic variables were assessed statically 
using COSTAT software for Windows version (4.6) and one-
way analysis of variance was applied to assess the significance 
of variations using SPSS for windows version (25).

Results

Population size structure

The canopy volume class distribution of the four study popula-
tions are shown in Fig. 2. The populations in Sharm El-Bahary 
and wadi El-Gimal lack at least one or more volume class stages. 
The volume class distribution in the first population (Sharm El-
Bahary) shows the presence of five classes, B to F. The volume 
class E is the highest, making up 36.1% of the total population, 
while class B is the lowest, comprising 4.7%. Alternatively, the 
volume class distribution in the population of wadi El-Gimal 
demonstrates five classes, A to E. The maximum contribution 
for volume comes from class C, which makes up 31.6% of the 
total population, while the lowest contribution is from class A, 
which comprises 10.5% (Fig. 2). All volume classes are repre-

sented in the last two populations occurring in wadi Al-Qu’lan 
and Sharm El-Madfa’a. The volume class C in wadi Al-Qu’lan 
population shows the highest contribution (33.9%), while both 
classes D and E have only a presence of 1.6%. Population in 
Sharm El-Madfa’a has the highest volume class F (25.7%) and 
the lowest two classes are A and G making up 1.4% (Fig. 2).

Population features relations

The relation between the diameter and canopy volume of A. 
marina population showed a positive relationship (Fig. 3). 
Strong correlation coefficients are obtained (r2=0.92) for the 

Location Latitude and altitude
Sharm El-Bahry 34° 24’ 52’’ E / 25° 52’ 05’’ N
Wadi El-Gimal 35° 05’ 33’’ E / 24° 40’ 08’’ N
Wadi Al-Qu’lan 35° 15’ 73’’ E / 24° 22’ 36’’ N
Sharm El-Madfa’a 35° 42’ 12’’ E / 22° 54’ 39’’ N

Fig. 1. Map of Egypt showing the studied localities along the Red 
Sea Coast.

Table 1. Study locations with Global Positioning System (GPS) read-
ings along the Red Sea Coast, Egypt.
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Fig. 2. Canopy volume class distribution in the four study populations of A. marina: Volume classes are: A<1 m3, B=1–10 m3, C=10–
50 m3, D=50–100 m3, E=100–200 m3, F=200–300 m3 and G>300 m3.

Fig. 3. The relationships between the individual canopy diameter and canopy volume of A. marina populations in the four study localities.
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Fig. 4. The relationships between the individual height and canopy volume of A. marina populations in the four study localities.

Site Sharm El-Bahry Wadi El-Gimal Wadi Al-Qu’lan Sharm El-Madfa’a T value p value
Circumference 1.09±0.03 0.83±0.06 1.01±0.06 1.66±0.05 0.78 0.49 ns
Height 4.51±0.07 3.45±0.20 3.19±0.20 4.49±0.08 8.67 0.003*
Crown Diameter 3.28±0.07 2.22±0.14 2.36±0.14 3.17±0.07 6.17 0.009*
Crown Volume 245.6±10.6 109.4±15.3 138.1±15.3 255.5±11.3 5.02 0.015*
Height/Diameter 1.43±0.02 1.69±0.10 1.51±0.10 1.43±002 7.07 0.006*

Table 2. Comparison of growth performance (mean±SE) of A. marina populations in the four study localities, Significance levels are shown 
as (*): p<0.05, df=3.

population of Sharm El-Bahry and the weak correlation co-
efficients are obtained (r2=0.63) for the population of wadi 
El-Gimal. Also, the relation between the individual heights 
and canopy volume showed a positive relation (Fig. 4). Strong 
correlation coefficients are obtained (r2=0.72) for the popula-
tion of Sharm El-Bahry and the weak correlation coefficients 
are obtained (r2=0.46) for the population of wadi El-Gimal. 
All growth performance of A. marina differ significantly at 
the four localities except the circumference. Table 2 shows 
that circumference has the highest value (1.66 m) in Sharm 
El- Madfa’a and the lowest value (0.83 m) in Wadi Al- Gimal. 
The mean height has the highest value (4.51 m) in Sharm El-
Bahry and the lowest value (3.19 m) in Wadi Al-Qu’lan. The 
variation in the canopy volume was the highest (255.5 m3) in 
Sharm El-Madfa’a and the lowest (109.4 m3) in Wadi El-Gimal. 
In addition, the crown diameter has the highest value (3.28 m) 
in Sharm El-Bahry and the lowest value (2.22 m) in Wadi El-
Gimal. The mean height/diameter ratio was the highest (1.69) 
in Wadi El-Gimal and the lowest value (1.43) in Sharm El-
Bahry and Sharm El-Madfa’a, respectively. The comparison of 

soil characteristics of A. marina populations in the four study 
localities showed significant variations in all variables except 
the silt content and SO4 (Table 3).

Soil characteristics

Sand and silt contents have the highest values (81.7 and 8.1%, 
respectively) in Sharm El-Bahary and the lowest value (71.6 and 
4.7%, respectively) in Sharm El-Madfa’a. The electric conductiv-
ity has the highest value (164.5 mmohs cm-1) in Wadi El-Gimal 
and the lowest value (134.5 mmohs cm-1) in Wadi Al-Qu’lan. The 
soil reaction (pH) has the highest values (8.15%) in Sharm El-
Bahary and the lowest value (7.88) in Sharm El-Madfa’a. Organ-
ic carbon and CaCO3 have the highest values (1.76 and 12.8%, 
respectively) in Wadi Al-Qu’lan and the lowest value (71.6%) 
for organic carbon in Sharm El-Bahary and 11.5% of CaCO3 in 
Sharm El-Madfa’a. Sodium and calcium have the highest values 
(513.1 and 14.5 m-equiv l-1, respectively) in Sharm El-Madfa’a 
and the lowest value (250.4 and 28.2 m-equiv l-1, respectively) 
in Wadi El-Gimal. Potassium has the highest value (70 m-equiv 

Ekológia (Bratislava) 2021: 40(1): 48–53



52

l-1) in Sharm El-Bahary and the lowest (134.5 m-equiv l-1) in 
Wadi El-Gimal. Magnesium and chloride have the highest val-
ues (126.3 m-equiv l-1) for magnesium in wadi Al-Qu’lan and 
(652.1 m-equiv l-1) for chloride in Sharm El-Madfa’a, while the 
lowest values (84.1 and 434 m-equiv l-1, respectively) in Sharm 
El-Bahary. Sulphate has the highest value (2.83 m-equiv l-1) 
in Sharm El-Bahary and the lowest value (0.76 m-equiv l-1) in 
wadi Al-Qu’lan.

Discussion

Mangroves along the Red Sea coast of Egypt are conspicuous and 
their relative abundance varies with the locality. In dry years or 
during long-lasting dry periods, tree populations experience high 
mortality and low recruitment (Ward, Roher, 1997; Wiegand et 
al., 1999). The results of this study show that plant height, size 
index, and number growth performance such as height, diameter 
are more correlated to each other than the circumference. This 
agrees with the findings of van Rooyen et al., 1994 and Alcorn et 
al. (2001) for trees along the Nossob River bed in Kalahari Gems-
bok National Park.

Size differences in plant populations may be caused directly 
or through differences in growth rates due to age difference, ge-
netic variation, heterogeneity of resources, herbivory, and com-
petition (Weiner, 1985). In the present study, the population of 
A. marina has positively skewed size distribution. The limited 
distribution may represent stable growing with low reproductive 
capacity. Such distributions may indicate a high juvenile mortal-
ity as well (Harper, 1977) but they nevertheless seem to represent 
long-term stability, since in most stable populations one would 
expect an excess of juvenile over mature individuals (Leak, 1965; 
Crisp, Lange, 1976; Moore, Bahadresa, 1978; El-Ghonemy et al., 
1980; Goldberg, Turner, 1986).

The distribution of A. marina along the Red Sea coast of 
Egypt indicate an overlap in environmental requirements or 
tolerance of environmental stress. Mangroves are not restricted 
to specific soil conditions although each community tends to 
show niche relation to certain soil variable. Hence, several soil 

properties could serve as indicators for community type differ-
entiation and distribution as well (Ukpong, 1995; Al-Mutairi, 
2017). For example, the soil characteristics of A. marina popu-
lations in the four study localities showed significant variations 
in all soil variables except the silt content and SO4. This agrees 
with the findings of El-Khouly, Khedr (2007) for the zonation 
pattern of A. marina and Rhizophora mucronata along the Red 
Sea Coast, Egypt.

Conclusion

The findings of this study help to put forward a management plan 
to conserve and sustainable use the Avicennia trees as based on 
demography. Also, the distribution of Avicennia marina to var-
ying condition of soil factors. However, the influence of other 
environmental factors needs to be analyzed before the current 
zonation pattern can be properly understood.
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