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Abstract

Mangrove forests, which are declining across the globe mainly because of human in-
tervention, require an evaluation of their past and present status (e.g. areal extent,
species-level distribution, etc.) to better implement conservation and management
strategie this paper, mangrove cover dynamics at Gaogiao (under the jurisdiction of
ZhanjiangMangrove National Nature Reserve — ZMNNR, P. R. China) were assessed
through tim 7 (Corona KH-4B), 2000 (Landsat ETM+), and 2009 (GeoEye-

) satellite % n mportar%]cline in mangrove cover (—-36%) was observed
between 1967 and 2009 due to dike construction for agriculture ddy) and aqua-
culture tices. Moreover, dike construction prevented mangro from expanding
landwaru"Although a small increase of mangrove area was observed between 2000
and 2009 (+24 %), the ratio mangrove/aquaculture kept decreasing due to increased
aquaculture at the expense of rice cultur the land-use/cover map based on ground-
truth data (5m x 5m plot-based tree measurements) (August—September, 2009) and
spectral reflectance values (obtained from pansharpened GeoEye-1), both Bruguiera
gymnorrhiza and small Aegiceras corniculatum ar tinguishable at 73—100 % accu-
racy, whereas tall A. corniculatum is identifiable at orily 53 % due to its mixed vegetation
stands close to B. gymnorrhiza (classification accuracy: 85 %). Sand proportion in the
sediment showed significant differences (Kruskal-Wallis’ANOVA, P < 0.05) between
the three mangrove classes (B. gymnorrhiza and small and tall A. corniculatum). Distri-
bution of tall A. corniculatum on the convex side of creeks and small A.corniculatum on
the concave side (with sand) show intriguing patterns of watercourse changes. Over-
all, the advantage of very high resolutio@ellite images like GeoEye-1 for mangrove
spatial heterogeneity assessment and/or’species-level discrimination is well demon-
strated, along with the complexity to provide a precise classification for non-dominant
species (e.g. Kandelia obovata) at Gaogiao. Despite the limitations such as geomet-
ric distortion and single band information, the 42-yr old Corona declassified images
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are invaluable for land-use/cover change detections when compared to recent satellite
data sets.

1 Introduction

Mangroves provide a wide array of ecological and economic benefits (Dahdouh-
Guebas and Koedam, 2006a; Dahdouh-Guebas et al., 2006a; Nagelkerken et al.,
2008; Walters et al., 2008) are now considered as one of the most threatened
ecosystems in the world (D et al., 2007). The mangroves once fringing ~ 75% of
tropical coasts (Chapman, 1976) are reduced to about 25 % due to human interven-
tion (ROnnback, 1999) ent estimates on global mangrove cover indicate between
137760 and 152000 k%}of forest in 123 countries and territories (Giri et al., 2011;
Spalding et al., 2010). In general, mangrove denudation at the rate of 2.1 % annually is
much higher than the loss of tropical forests and coral reefs (Valiela et al., 2001).

This persisting sure on mangrove ecosystems underlines the demand for man-
grove biogeogra | data and vegetation maps (produced at species level or I
extent) that can ultimately be used by local authorities for better conservatio d
management practices (Masso i Aleman et al., 2010). With the difficulty of conven-
tional monitoring techniques in mangrove environments, the data obtained from aerial
and/or satellite remote sensing sensors became essential, particularly when analyzing
vegetation history and dynamics (Dahdouh-Guebas and Koedam, 2008)._The coarse
resolution of most remote sensors (e.g. Landsat, SPOT, etc.) provides éﬁ:gh infor-
mation to discriminate at the species level but only for large and homogeneous stands.
In mangrove research, both spatial and spectral resolution need to be high to enable
delineation of small patch size ertain species. In this context, the modern sen-
sors like IKONOS, QuickBird am@%ﬁoEyeJ are providing Very High Resolution (VHR)
images that enable the spotting of voluminous single trees on the ground (Dahdouh-
Guebas et al., 2004). Overall, remote sensing, combined with ground-truth observa-
tions in a GIS environment, remains time-saving as well as cost-effective for qualitative
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and quantitative assessment of the mangrove vegetation (Dahdouh-Guebas, 2002;
Dahdouh-Guebas et al., 2006b; Satyanarayana et al., 2011; Green et al., 2000).

The main objective of thie—=tudy i analyze the spatial heterogeneity of r-
ent mangrove species in G ao (L u Peninsula, China) using ground-truth and
GeoEye-1 data addition, a diachronic observation of three satellite images (ob-
tained from Coé, Landsat ETM+ and GeoEye-1) enabled the assessment of land
cover change within and outside the mangrove over a 42 yr period (1967—2000-2009).
In additio role of abiotic and biotic factors influencing local mangrove distribution
was analﬁ

2 Materials and methods
2.1 Study area

The present study was conducted near Gaogiao (facing the Gulf of Tongking on
Leizhou Peni a) in Southern China (Fig. 1), where the mangroves are managed by
the Zhanjiang Mangrove National Nature Reserve (ZMNNR). The conservation area
in Leizhou Peninsula is(=mated to be 20000 ha of which 12375 ha consist of the
actual mangrove vegetafton, while the remaining area (7625 ha) consists of mudflats
suitable mangrove propagation (Chen et al., 2009; ZMNNR, 2010). The historic
extent ngroves was estimated at 27 ha in 1957 (Gao et al., 2009) and is Ai

continuous along the coast, mostly becﬂ%—i of aquaculture activities. Being the Iarﬁ%j
mangrove wetland in China (Li and Lee, 1997; Chen and Li, 2007; Chen et al., 2009),
its rich biodiversity was indicated by 22 mangrove species (Gao et al., 2009), 82 bird
s@s 48 gastropodst%shellfish species, and 11 fin fish species Ramsar, 2009).
The study zone considered for the present investigation (Gaogiao) ses 2000 ha
(21°33'55" N and 109°45'17" E), represented by seven mangrove eC|es including
Aegiceras corniculatum (L.) Blan vicennia marina (Forssk.) Vierh., Bruguiera gym-
norrhiza (L.) Lamk., Excoecaria agallocha L., Kandelia obovata (Sheue), Rhizophora
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stylosa Griff., and Sonneratia apetala (Buch-Ham). A Ramsar status (no. 1157) was
conferred to the whole ZMNNR in January 2002. Plantations in open areas are mostly
constituted of B. gymnorrhiza.

A northern tropical climate, a mean annual temperature of 23°C, and a coldest and
hottest day in January and July, respectively, characterize the site_The rainfall, with
uneven rates of precipitation, lasts from May to September with an annual of
1500 mm (Gao et al., 2009). Local diurnal tides have an average depth of 2.53 m and
a maximal range of 6.25m. The mean annual temperature of the seawater is 23.5°C,
the salt content ranges between 20 %. and 23 %., and the pH is 7.6—-7.8 (Liang an
Dong, 2004).

2.2 Fieldwork

Data on mangrove vegetation, salinity and sediment characteristics were collected
along 9 transects (running perpendicular to the coast/creek line) (Fig. 1) in 5m x5m
area plots at 50 m intervals. A total number of 70 plots, located in the main stands of
the high tide area, were studied between 6 August and 8 September 2009. In each plot,
the vegetation data consisted of tree identification, height (m) and girth G5, (the girth
at 130 cm height along the stem which was subsequently converted into the diameter
— D459) measurements. In the c@f trees smaller than 130 cm, girth was measured
at 10cm height (Gyqp). This may introduce a bias but it was encountered mostly for
small corniculatum \@%ﬁﬂ forms pure stands and thus is not problematic for the
classé}gnment method used. Based on these measurements, different tree struc-
tural parameters such as density (stemsm‘z), basal area (m2), relative density (%),
dominance (%) (i.e. relative basal area), tive frequency (%), were estimated us-
ing standard formulae (Cottam and Curtis, 1956; Cintron and Schaeffer Novelli, 1984;
Dahdouh-Guebas and Koedam, 2006b).

The pore-water salinity (from a 20cm deep hole dug into the ground) was mea-
sured at three different (randomly chosen) areas within each plot using a @ refrac-
tometer (Atago®, MASTER-S/Milla, Japan). A soil sample (~ 2509) was collected from
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each plot and analyzed for its textural conten ugh hydrometer method (Bouyoucos,
1962). Soils e analyzed in the soil Iabori%j of the Agriculture College in Guang-
dong Ocean%versity. The geographical coordinates of all plots were obtained @g
a handheld global positioning system (Garmin, GPS 60™, USA).

2.3 Remote sensing

Three satellite images, namely from Corona KH-4B, ecently declassified US mil-
itary program (dated 17 December 7) (spatial réﬂtion: 1.8 m), Landsat ETM+
(30 October 2200) (spatial resolutio .25m), and the pansharpened GeoEye-1 (16
October patial resolution: 0.5m) sensors, were used to identify changes in
mangrovd adjacent land-use/cover (e.g. aquaculture) patterns. The panchromatic
Corona image was obtained from the United States Geological Survey (USGS) and
georeferenced (using ground control points — GCPs against GeoEye-1) in ArcMap v.
9.3.1, whereas others are ured duly after their image rectification.

Both GeoEye-1 and Lan ETM+ images were subjected to contrast-enhancement
(applying Brovey Transformation in ERDAS IMAGINE® v. 8.5) for clear identification of
the features. The mangrove and aquaculture areas were delineated from all three satel-
lite images through on-screen digitization and compared. Since no aquaculture ponds
were easily recognizable in 1967, the mangrove/aquaculture ratio was calculated only
for 2000 and 2009. In the case of recent (2009) data, the pansharpened NDVI mal-
ized Difference Vegetation Index) map of GeoEye-1 was added to the pansr%lned
multispectral image of GeoEye-1 as a band, and supervised classification was carried
out using maximum likelihood classification to achieve better accuracy (Green et al.,
2000). All aforementioned species were sampled during fieldwork, however only B.
gymnorrhiza and A. corniculatum formed large pure stands. Within mangroves, three
different classes, namely B. gymnorrhiza, tall A. corniculatum and small A. cornicula-
tum, were assigned (through the training sets of the signature editor) ive man-
grove plots (Table 1) based on dominance (Neukermans et al., 2008; Satyanarayana
et al., 2011), and tree height variations. Other classes in the supervised classification
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included water, sand, open area (i.e. grassland), and aquaculture ponds (in total seven
classes including mangroves). Finally, the accuracy assessment of the land-use/cover
map was carried out using 113 GCPs i%ajtered across mangrove and non-mangrove
areas.

2.4 Correlation between dominant vegetation and abiotic factors

Information on soil texture and pore-water salinity for each plot were regrouped accord-
ing to the mangrove class of the plot. One-way analysis of variance (ANOVA) ap-
plied to test whether the means of the groups were equal, while Student’s f-te ith
Bonferroni correction) were used to compare two groups. For some datasets, however,
the conditions for using ANOVA were not observed. In such cases, the Kruskal-Wallis
test substituted the ANOVA and the Wilcoxon rank sum test replaced the Student’s
t-test. Statistic tests were computed using R (R Development Core Team, 2010).

3 Results

3.1 Mangrove cover dynamics

sides of Gaogiao (Fig. 2). The most perceptible ge was observed on uth-
east corner where a large mangrove stand has‘ieen converted | an agricultural
(paddy) area and aquaculture ponds, delimited by a new dike. Sit;ﬁrly, mangroves
on the north, adjacent to main water channels, where red ice and aquaculture
practices. Changes in the river course pattern were al vide at some places on
the north (Fig. 2). Time-series data revealed that certain paddy fields were replaced by
aquaculture ponds between 2000 and 2009. In this context, the dike limits remained
the same with only those aquaculture developments on its landward side (Fig. 2). At the
same time (i.e. between 2000 and 2009), the mangrove/aquaculture ratio at Gaogiao
decreased despite a small increase e mangrove cover (192 ha) %Ie 2).

Between 1967 and 2009, mangrove degradationrred mainly along the é%;/vard
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3.2 In situ plant and animal diversity

In transects, A. corniculatum was the most present cies (63/66 plots) followed by
B. gymnorrhiza (44/66) and K. obovata (29/66). The C%ive density of A. corniculatum
was also important jn most plots (90 % on average) when compared to B. gymnorrhiza
(7 %) or bovata%). However, canopy cover is better estimated using dominance
(69% o erage for A. corniculatum, 22 % for B. gymnorrhiza, and 6 % for K. obo-
vata) than with relative density, making dominance, in this case, more appropriate for
a supervised classification of remote sensing imagery understory was observed,
except for seedlings. E. agallocha was rarely found an r of vegetation for a 2-3m
circle ree crab species were identified (Sesarma bidens De Haan 1835, Paras-
esaréifﬁnis De Man 1895 and Uca arcuata De Haan 1833) which may have a role
in nutrient dynamics in soil rnacles were observed in high quantity aves of A.
corniculatum and A. marin he vicinity of large C;%ercourses.

3.3 Land-use/cover classification

Spectral reflectance values of the seven land-use/cover classes were separable
(Fig. 3). Aquaculture and water classes were distinguished primarily by the blue and
NDVI bands. In contrast, differences between open areas and sand es were found
small. For the mangrove classes, although values were similar for lue and green
bands, their differentiation in the red, near infrared (NIR), and NDVI bands was consid-
erably high. The highest value DVI was found for B. gymnorrhiza, followed by tall
A. corniculatum E%i]small Iatum
i

3.4 Mangrove distribution ;

In agreement with the aforementioned spectral characteristics, the supervised classi-
fication (Fig. 4) provided satisfactory results. The interior position of B. gymnorrhiza
could be noticed as a single patch with %smaller ones close by. Tall A. corniculatum
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were present in the northern part of the study zone and along the major water chan-
nels, whereas small orniculatum were mostly distributed in the peripheral margins
and close to s. While aquaculture, open area and small orniculatum
classes are fully accurate, others such as water and dike/sand, in g two man-
grove classes (i.e. tall A. corniculatum and B. gymnorrhiza), were less well delineated.
Tall A.corniculatum had a low accuracy owing to the fact that nearly severﬁ%js were
misclassified from B. gymnorrhiza to tall A. corniculatum (Table 3).

The sediments at Gaogiao were predominantly of clayey-silt in nature (Table 4). Sand
content was found higher j all A. corniculatum sites. In contrast, clay silt ent
as well as salinity varied G%T‘ remained insignificant among classe %

4 Discussion
4.1 Mangrove cover changes

Mangrove degradation has been reported substantially since increasing pressure of
paddy cultivation is exercised. Mangroves lost two thirds of their original cover during
the last 50 yr, especially between 1960 and 1970s, due to deforestation, land recla-
mation for aquaculture or tourist resorts and urbanization activities E%jnd Lee, 1997;
Chen et al., 2009; Chen and Ye, 2011; Spalding et al., 2010; Re al., 2008). At
Gaoqiao, oss of mangroves in a 42-yr period (by 35.9 % between 1967 and 2009)
is due to% agriculture (paddy) and aquaculture practices for shrimps and crabs
(Fig. 2). After acquiring the Ramsar site of international importance, the dike which
was constructed previously did not change but the type of land-use inside the dike
area was shifted from agriculture fields to aquaculture ponds. Nevertheless, the neg-
ative impacts of aquaculture on mangrove vegetation and the booming of this indus-
try during the 1980-1990s for economic reasons are well known (Ronnback, 1999;
Dahdouh-Guebas et al., 2002; Primavera, 1998; Hamilton et al., 1989). In fact, in order
to filter the nitrogen and phosphorus loads within mangrove ecosystem, the minimum
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sustainable ratio for mangrove and aquaculture areas was proposed at 2-22 f for-
est per ha of aquacultureﬁ”%jéa-Pierce, 2002; Primavera et al., 2007; Robe and
Phillips, 1995). In the cas aoqiao, the mangrove/aquaculture ratio is below d
easing (Table 2) due to aquaculture extension. In addition, the actual manﬂ;%n)
E%:i r(i.e. 775ha) we%mated using 2009 GeoEye-1 satellite imagery was @%ﬁld to

be less than the area 2000 ha) projected by (Ramsar, 2009)

4.2 Land-use/cover classification

On one hand, the single (panchromatic) band information in Corona image did not
support both unsupervised and supervised classifications. On the other hand in the
GeoEye-1 image, in addition to B. gymnorrhiza and both tall and small A. corniculatum
stands, we tried to provide supervised classes for S. apetala, K. obovata and the mixed
mangrove stands of A. corniculatum-A. marina sampled in the southern transect, How-
ever, due to their lower dominance and limited coverage, the accuracy of these c%es
in the confusion matrices was poor and their distribution in the classified maps unre-
alistic, their where thus suppressed. Overall, the importance of NIR and NDVI bands
for (dominant) mangrove species diéﬁ\ination at Gaogqiao is shown (Fig. 3). Despite
of the same species, a clear-cut difference in the NDVI and blue reflectance between
tall and small s of A. corniculatum is observed. This could be due to both variation
in their gree /biomass and to the ence in dominance of B. gymnorrhiza in
tall A. corniculatum class (18 %) compared to small orniculatum class (3 %). This
latter hypothesis may also explain the misclassified of tall A. corniculatum in the
B. gymnorrhiza class (Table 3).

4.3 Current mangrove distribu%ion

In addition to previous observations made et al., 1997; Ye et al., 2005; He et al.,
2007; Ren et al., 2008; Gao et al., 2009{=—_.Imsar, 2009) (from the mangrove sites
close to Hong Kong, Yingluo Bay and Leizhou Bay)_the present study highlights the
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dominance of A. corniculatum, along with B. gymnorrhiza, in the vicinity. This could be
due to the fact that different patches/areas (even in the same region) support different
species in relation to their geographic location (sea or landward), freshwater runoff and
the extent of inundation.

Species like B. gymnorrhiza are usually characteristic of interior sites away from
main flooding channels (Ye et al., 2003; Satyanarayana et al., 2010), and this might be
the reason for its abundance inside the forest (Fig. 4). K. obovata is more rant to
water logging than B. gymnor% (Ye et al., 2003), and e was found small
permanent watercourses and waterlogged areas. In fact, water cha s in the study
zone (vectors added in Fig. 4) are often boarded by the tall A. corniculatum class and
it is exactly in these areas that most K. obovata individuals were found en areas
are the last areas e inundated, as was observed in situ and this miéi
tot the very low d of propagules observed in these areas, indicating their limited
transport by water.

The intriguing pattern of distribution by tall A. corniculatum and small_A_cornicula-
tum observed along the convex and concave creek sides ectively (ﬂ%jﬁl) is likely
to correspond to accretion and erosion zones (Fig. 2), si%iisting an important role
of currents on the dynamics of habitats and vegetation regeneration low salinity
(8.5%0) in the high tide area of Gaogiao could be due to sampling g the rainy
season but also to constant freshwater input from Ximi and Qaoqiao rivers flowing into
Yingluo Bay. Therefore, pioneer mangrove species like A. marina, which occupies the
frontier edge of the tidal flat (= tidal flats) in China (Ye et al., 2005; Ren et al.,
2011), was found essentially in I%nost southern transect. However, salinity in Man-
groves close to Gaogiao has been measured by (Liang and Dong, 2004) at 23 %.. This
important difference of measurement could explain why no significant correlatior%s
found with salinity. An important point is the observation of old A. marina sites in the
northern part of the study area, which may reflect an ancient disjunct zonation of this
species restrained by parasitism G%h as barnacles) or by man.
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Although mangrove associate species (e.g. Heritiera littoralis, rbera manghas,
etc.) were also reported, they are poorly represented in the foreéelf. In the man-
groves, they occupy only the raised areas (lpomoea pescapreae), where the rate
of flooding is likely small, and the side of the dikes, where they are dominant.
They also colonize, d with some mangrove species (Aegiceras, Acrostichum, Ex-
coecaria), the banks of rivers and small streams inland that supply the rice fields. This
abrupt trélion in zonation along the land-sea gradient inside the mangroves and
the presence of landward mangroves species both testify to a restriction of mangrove
habitats after construction of this artificial barrier.

5 Conclusions

The applicability of very high resolution imagery such as GeoEye-1 for mangrove spa-
tial heterogeneity assessment and species-level discrimination, along with its difficulty
to provide a precise classification for non-dominant species, is demonstrated in the
present study. If the mangrove stand size is considerable, it is possible to identify the
same species (e.g. A. corniculatum) using GeoEye-1 NIR imagery even when present
with different tree heights. In addition, the use of 42-yr old Corona satellite imagery,
compared to newly derived satellite data (e.g. GeoEye-1), allowed studying mangrove
and other land-use/cover dynamics. While mangrove destruction between 1967 and
2000 was associated with the land reclamation for agriculture and aquaculture prac-
tices, conversion of agricultural zones into aquaculture ponds, between 2000 and 2009,
was also responsible for g grove/aquaculture ratio decreas € mangrove species
distribution spreading over—775ha at Gaogiao appeared to b termined largely by
its geographic (sea oard) location. The overwhelming dominance of A. cornic-
ulatum (which is known as “river mangrove”) coincides with strong freshwater input in
the vicinity. However, no environmental factors measured were able to discriminate B.
gymnorrhiza and Tall A. corniculatum stands.
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Knowing the current mangrove distribution at Gaogiao, we gest that further stud-
ies (involving both remote sensing and ground-truth assessr%s) should be focused
on other mangrove patches in south of our study zone LYingluo Bay) and other man-
grove areas in ZMNNR (i.e. Beitan, Techeng, Taiping, heng, Qishui, He’ an and
Tuli) for a complete monitoring and more efficient management.
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Table 2. Extent, difference and mangrove/aquaculture ratio of mangrove and aquaculture areas
(1967—2000-2009) in ZMNNR, Gaogiao, China.

Aquaculture Difference Mangrove Difference Mangrove/Aquaculture
Year area (ha) with 2000 area (ha) with 1967 ratio
1967 - - 1209 - -
2000 707.2 - 583 -51.8% 0.82
2009 9941 28.9% 775 -35.9% 0.78
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Table 3. Accuracy assessment of the classified land-use/cover map of Gaogiao, China.
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Class < = v O WR d o a
Aquaculture 24 0 0 0O 0 O 0 24 100
Water 1 20 0 0O 0 O 0 21 95
Sand 0 0 33 2 0 O 0 23 91
Open area 0 0 0 8 0 O 0 8 100
Small rniculatum 0 0 0 O 11 o0 0 11 100
Tall A. iculatum 0 0 0 o 2 10 7 19 53
B. gymnorrhiza 0 0 0 O 0 4 11 15 73
Column total 25 20 33 10 13 14 18 133
User’s accuracy (%) 96 100 100 80 85 71 61 85
k=086 7=0.86
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Table 4. Average value and standard deviation of soil yarigbles for the three mangrove classes
at ZMNNR, Gaogiao, China. Statistical analysis indi significance (P value) levels (a =
0.05 with Bonferroni correction for multiple test = 0.017). Significant results are highlighted in
bold face.

Sand Silt Clay Average
(%) (%) (%) salinity (%o)

B. gymnorrhiza 0.22+£0.15 0.31+£0.13 0.47£0.18 6.2+4.5
Tall A. corniculatum 0.23+0.15 0.35+0.13 0.42+0.14 8.3+5.1
Small A. corniculatum 0.38+0.16 0.31+0.15 0.32+0.14 9.4+57
Analy variance Kruskal-Wallis  df Kruskal-Wallis df Kruskal-Wallis df Kruskal-Wallis  df

0.009 55 0.2791 55 0.0405 55 0.1861 53
Average of Wilcoxon Wilcoxon Wilcoxon Wilcoxon
the difference
B. gymnorrhiza = Tall 0.5823 - 0.3025 -
A. corniculatum
B. gymnorrhiza = Small 0.0184 - 0.0343 -
A. corniculatum @
Tall A. corniculatum = 0.0046 - 0.0381 -
Small A. corniculatum
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Fig. 1. (A) The eight mangrove areas found in Leizhou Peninsula of southern China, and
(B) pansharpened multispectral GeoEye-1 satellite (2009) imagery showing Gaogiao mangrove
cover facing the Gulf of Tongking. The ground inventory has been carried out in transects (yel-
low lines) running perpendicular to the coast/creek line.
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Fig. 2. Changes in the extent of iao mangrove cover observed from 1967 (Corona) and
2009 (GeoEye-1) satellite data an ansion of aquaculture ponds observed from 2000 (Land-

sat) and 2009 (GeoEye-1) satellite data (background: 1967 Corona imagery).
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Fig. 3. Spectral reflectance of the land-use/cover classes used for supervised classification of

Gaogiao mangrove and adjacent areas.
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Fig. 4. Land-use/cover supervised classification of Gaogiao based on the pansharpened mul-
tispectral GeoEye-1 (2009) image, and on the fieldwork transects shown in Fig. 1.
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tall vegetation occur in the regularly inundation zone along the waterways, and must be old stands. the dwarf Aegiceros stands could be young crop and might grow tall in due course of time. Distribution pattern of mangrove species observed in the present observations could also be compared with distribution pattern of the same species in othr regions of China and some of the neighbouring Asian countries.
The above points  need to be discussed under appropriate chapter


