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Abstract

Article Information

This study focused on the multivariate analysis i.e. cluster
cl
analysis and ordination of
twenty eight stands of mangrove forests at six different sites i.e. Sandspit, Port Qasim,
Kemari, Korangi Crossing, Ketti Bunder and Sonmiani. For quantitative measurement 10
x10 square feet quadrats were made randomly at 25 m intervals and small quadrats (1
X 1 m 2) were laid inside the main quadrats for quantitative sampling of pneumatophores.
The relationships between vegetation and physico
physico-chemical properties were also
investigated. The group structure was exposed by an agglomerative clustering
technique while major trends were disclosed
disclos
by PCA ordination. The results of the
cluster analysis showed that the six groups of tree vegetation were associated with
density/ha and to more or lesser extent with physico
physico-chemical variables. Some of the
edaphic variables such as soil nutrient showed significant or weak linear relationships
with one or more ordination axes.
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INTRODUCTION
Mangrove forests are the tropical coastal ecosystems
which are extremely important ecologically and
economically as they protect coastal lines, harbors and
support coastal fisheries and
d provide natural nurseries for
animals. The root system also provides habitat for
invertebrates, such as sponges, crabs, molluscs and
oysters as well as many adolescent fish species.
Mangroves are dominated by several species of trees or
shrubs that grow in salt water. These trees have shallow,
widely spread roots that extend from their trunks and
branches to anchor them to the bottom. Some species
bear pneumatophores that stick out from the mud surface
for facing anaerobic situation above the anoxic mud.
Their extensive root system traps and filters plant
matter hence they are considered as bio-chemical
bio
depositors.. The mangrove detritus provides the base of
the food chain and commercial forest products
p
(Kathiresan and Bingham, 2001). This primary production
product
forms a significant part of food webs. They have important
structural properties including the trapping and
stabilization of intertidal sediments; the formation of
organic soils; providing protection from wave and wind
erosion; provide a vegetative reeff surface in the sub-tidal
sub

and intertidal zones; and forming a structural complex of a
multi-branched
branched forest with a wide variety of surface
habitats (Savage, 1972). Mangrove ecosystem is varied
with the nature of prevailing environment. These swamps
grow only where coastal physiography and energy
conditions are favorable.
50° and 24°, 50°
Pakistan is located between 20°,, 50
latitude north and 67.50° and 68.15° longitude
ongitude east. It lies
at the junction of three major regions of the sub
sub-continents
Asia; Central Asia to the North, the Middle East to the
West and the Indian sub-continent
continent to the East. The
coastline of Pakistan extends from 990 km to 1050 km
long and 490-500
500 km wide which shares 350 km with
Sindh and remaining with Balochistan. The Mangrove
forests in Pakistan are distributed at the length of the
coast of Sindh and Baluchistan. These forests form a
unique part of ecosystem on the deltaic region of the
Indus.
us. In Pakistan these forests take fundamental
significance because these are found near the harbor in
different channels and creeks to protect the land from soil
erosion and the effects of storms. These are responsible
in cleaning the harbors and cause low
w maintenance costs
of the port. They also act as a pollution controller,
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naturally filtering out the industrial and human waste.
Mangrove swamps, like other wetlands, are important
components of the water cycle, absorbing excess water
flow during times of flooding. However, in Pakistan
mangrove forests have traditionally been used as a
source of building poles, fodder and firewood. No
considerable work has been done on the management
and maintenance of these forests. In order to achieve
sustainable forest management there is a need to
evaluate the trends in forest conditions over time.
The analysis of multivariate data in ecology is
becoming increasingly important (Anderson 2001).
Ecologists often need to test hypotheses concerning the
effects of experimental factors on whole assemblages of
species at once. This is important for core ecological
research and in studies of biodiversity or environmental
impacts in many habitats, including marine subtidal
environments (Warwick et al., 1988; Gray et al., 1990;
Chapman et al., 1995; Glasby, 1997), mangroves
(Skilleter, 1996; Kelaher et al., 1998), freshwater systems
(Faith et al., 1995; Quinn et al., 1996) and terrestrial
systems (Oliver & Beattie, 1996). The major objectives of
this study are 1) to carry out the structural studies in
mangrove forests 2) to present the population studies
using multivariate techniques for understanding the
community structure, current status and future trend 3) to
know the soil-water relationship with mangrove species.

MATERIALS AND METHODS
Quadrat method (Mueller-Dombois and Ellenberg,
1974) was applied for quantitative sampling. Six sites
Sandspit, Port Qasim, Kemari, Korangi, Ketti Bunder and
Sonmiani were studied. Twenty eight stands were
sampled in a random manner having ten replicates of
2
10x10 m quadrats. The interval was taken from the
shore-line to the last mangrove stand following Mendoza
and Danilo (2001). All the trees within quadrat with dbh
more than 2cm for A. marina, R. mucronata and C. tagal
were counted and measured for tree height, basal area
2
and density. A 1x1 meter quadrat were laid inside the
main plot for estimating the number and height of
pneumatophores. Two hundred leaves were collected
from each stand to measure the leaf area from each
stand. GPS was used to record position of the stands.
The sampling data of same sites were grouped to obtain
six different data sets representing six localities surveyed.
Due to monospecific nature of most of the stands, the
absolute values (density and basal area) were calculated.

Physico-chemical Analysis
The soil and water samples were collected from every
stands. All the samples were labeled and brought into
laboratory for analysis. Sediments were washed and were
oven dried to constant weights. The dried samples were
then milled into a fine powder using a mortar and pestle.
One gram of dried soil sample was taken in a beaker and
digested in 25ml of aqua regia (Berrow and Stein,1983),
was heated at 70ºC to dryness add 1ml nitric acid to
avoid microbial activity. They were filtered by Whatman
No.42 filter paper. Make up 100ml and finally stored for
heavy metal analysis. Water samples were then filtered
with what man filter paper no.1. Five heavy metals i.e. Fe,
Cr, Co, Mn, and Zn were determined by Atomic
Absorption Spectrophotometer (Model PG 990).
The organic matter was determined following Ismail,
(2002) and the maximum water holding capacity of
sediment was determined according to Keen (1931). 25g
soil was weighed and a paste was made with distilled
water. The paste was filtered with the help of Whatman
filter paper No. 42. The filtrate of the sediments and water
samples were taken in a small beaker. The other physical
parameters salinity, pH, total dissolved solids, conductivity
and temperature were measured by Sension
105
multiparameter meter (Model Sension Tm ).
Multivariate Analysis
The clustering strategy was employed namely the
agglomerative clustering technique developed by Ward,
(1963) and ordination technique Principal Component
Analysis (PCA) were employed on data using tree
2
density/ha, basal area m /ha, tree height, number of
pneumatophores, height of pneumatophores and leaf
area. The mean values of all parameters were estimated
based on the cluster dendrogram. All the physicochemical variables were correlated with ordination axes 1,
2 and 3.

RESULTS
The dendrogram resulting from one way cluster
analysis for tree data using Ward’s method is shown in
Figure 1. The dendrogram discloses six main groups at a
squared Euclidean distance of 7.1x 106 with respect to the
density/ha. The species composition in the study area was
dominated by broad leaved species A. marina of the
family Avicenniaceae. The mean values of all parameters
in different groups were placed in Table 1.

Table 1: Average value (Mean± SE) of the phytosociological and absolute values of all the groups (commuties types)
based on the cluster dendrogram
Groups

Species

Group 1
Group 2

A. marina
A. marina
A. marina
R. mucronata
A. marina
A. marina
A. marina
R. mucronata
C. tagal

Group 3
Group 4
Group 5
Group 6

Absolute values
2
Den/ha
BA(m /ha)
4058±89
3354±62
1298.48±83
6059.56±129
2272±62
2759±68
1407±108
1731.3
865.65

7.69±2.06
5.84±0.98
3.78±0
4.99±0
5.84±0.98
7.72±2.56
7.24±3.78
1.97±0
3.14±0

H.T
(m)

N.P

H.P.
(cm)

L.A
2
(cm )

4.10±0.24
3.54±0.16
3.74±0
3.50±0
4.15±0.19
3.69±0.24
4.70±0.37
2.37±0.20
1.32±0.11

23±2
23±2.20
16±0
38±4
26±2
21±11
-

29.25±6.24
26.37±2.95
24.6±0
24.97±3.05
22.26±1.61
29.14±4.03
-

28.57±1.59
22.33±2.11
11.66±0
25.03±1.66
25.56±1.21
18.84±9.54
-

Note: BA=Basal area, H.T. = height of tree, N.P. =number of pneumatophores, H.P= height of pneumatophores,
L.A. = leaf area, - = not found
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CLUSTER ANALYSIS
Distance (Objective Function)
0

7.1E+06

100

75

1.4E+07

2.1E+07

2.8E+07

25

0

Information Remaining (%)
50

St1
St4
St16
St21
St24
Group 1
St5
St8
St18
St6
St17 Group 2
St23
St27 Group 3
St28
St2
St25 Group 4
St11
St20
St3
St10
St14
St22
St7
Group 5
St13
St9
St15
St12
Group 6
St19
St26
Figure 1: Cluster analysis for 28 Mangrove forest stand using Ward’s Euclidean distance method
Group 1
Group1 includes eight stands and was mainly
2
characterized by highest density/ha, basal area m /ha,
height of pneumatophores and the leaf area of the
Avicennia marina. The density of this group ranged
between 3895 to 4545 with the mean density 4058±89
-1
trees ha . This group exhibited the mean value of basal
2
area 7.69±2.06 m /ha and height of the trees 4.10±0.24 m
respectively. This group occupied the mean number of
pneumatophores 23±2 with the maximum height of
pneumatophores 29.25±6.24 cm and leaf area 28.57±1.59
cm2. The results of the physico-chemical parameters
revealed.
Group 2
This group was ranked second that includes four
stands, showing mean density of 3354±62 trees/ha. The
result discloses that density ranged between 3246 to 3463
trees/ha. The basal area of this group varied between
2
39.42 to 77.94 m /ha with an average value of 5.84±9.84
2
m /ha. The tree height of this group ranged 3.32m to 4m
with a mean value of 3.54±0.16m. This group occupied
the same number of pneumatophores 23±2.2 as group 1.
The height of pneumatophores and the leaf area were
2
found 26.37±2.95 cm and 22.33±2.11 cm respectively.
Group 3
This group was designated the smallest group and
consists of a single stand. This group was dominated by
Rhizophora mucronata 6060 trees/ha with the codominant species A. marina 1296 trees/ha. In this group
R.mucronata encompassed higher basal area (4.99±0

2

2

m /ha) followed by A.marina (37.84±0 m /ha). Least
number of pneumatophores (16±0) and leaf area (11.66±0
2
cm ) were recorded in this group. The height of the
pneumatophores was 24.6±0 cm in this group.
Group 4
This group also includes four stands with the density
ranged between 2164 to 2381 trees/ha with an average
value of 22721±62 individuals/ha. Similar value of basal
area (5.84±0.98 m2/ha) was recorded from this stand as
recorded in group 2. The mean value of tree height was
4.15±0.19m it varied between 3.65 to 4.5m.
The
maximum number of pneumatophores (38±4m2) with the
greatest height (24.97±3.05 cm) was originated from this
group. The mean value of the leaf area was found
2
25.03±1.66 cm .
Group 5
The dendrogram exposed that group as a large group
comprised eight stands which acquired third rank due to
its density (2759±68 trees/ha). The value of basal area
2
was higher (7.72±2.56 m /ha) in this group and the height
varied between 2.93 to 4.96m with the mean value of
3.69±0.24m. The number/ height of pneumatophores and
2
leaf area were 26±2, 22.26±1.61 cm and 25.56±1.21 cm
respectively.
Group 6
This group contains three stands, in which one stand
was associated with R. mucronata and C. tagal while two
stands were occupied by A.marina. In this group R.
mucronata exposed 1731±0 individuals/ha while the
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average density of A. marina and C. tagal were 1407±108
and 866±0 trees/ha respectively. The mean value of basal
2
area for A. marina was 7.24±3.78 m /ha followed by R.
2
2
mucronata 1.97±0 m /ha and C. tagal 3.14±0 m /ha. This
group resided the greatest height (4.7±0.37 m) of A.
marina while R. mucronata and C. tagal dwelled
2.37±0.20 m and 1.32±0.11 m respectively. Number of
pneumatophores were 21±1.1, height of pneumatophores
2
was 29.14±4.03 cm and the leaf area was 18.84±9.54 cm
respectively.
Physico-chemical Characteristics of Groups
With respect to physico-chemical variables of soil,
group 1 showed higher salinity (41.50±2.17 ppt), iron
(299.86±17.54 ppm) and cobalt (23.62±1.23 ppm) while
Group 2 characterized with low values of sodium
(1925.3±0 ppm), potassium (2349.99±0 ppm), magnesium
(53.55±6.64 ppm), calcium (2070±90.90 ppm), zinc

(18.46±7.82) and chromium (2.61±0.82 ppm). On the
other hand, group 3 showed relatively high pH (8.1±0)
and maximum concentration of magnesium (78.72.±0 with
low values of salinity 22±0 ppt), conductivity (44±0), total
dissolved solids (22.3±0), Sulphate (6.47±0ppm), nitrate
(185±0ppm), iron (1187.1ppm) and cobalt ( 19.52±0ppm).
However, Group 4 shows least values of pH (6.83±0.47)
and Pottassium (2019.72±226.55 ppm) whereas high
amount of conductivity (60.59±2.84), total dissolved solids
(33.08±1.15 ppm) and calcium (2541.46±39.98 ppm) was
recorded from this group. Maximum organic matter
(15.10±2.90 %), water holding capacity (54.20±1.66%),
Sulphate (7.63±0.29ppm) and nitrate (279.63±25.46 ppm)
were found in Group 5 conversely lower organic matter
(9.09±2.17%) and water holding capacity (47.47±6.29)
were recorded from group 6 with maximum values of
sodium (1946.97±97.06 ppm), zinc (39.22±12.34 ppm)
and chromium (4.12±1.58 ppm) (Table 2).

Table 2: Mean values of physico-chemical properties of mangrove sediments in groups
Parame
ters

OC

Group 1
Group 2

MWHC

pH

salinity

Conductivity

TDS

Sulphate

Nitrate

10.50± 1.73

52.28±4.65

7.51±0.24

14.14±2.74

50.87±2.52

8.0±0.50

41.50±2.17

60.59±2.84

30.86±1.31

7.58±0.36

252.57±21.71

37.63±1.60

52.75±4.55

27.13±2.34

7.19±0.56

Group 3

11.83±0

51.35±0

8.1±0

222.75±33.33

22±0

44±0

22.3±0

6.47±0

Group 4

13±4.79

49.88±4.27

185±0

6.83±0.47

41.25±1.65

64.85±2.55

33.08±1.15

6.75±0.51

227±29.23

Group 5

15.10±2.90

54.20±1.66

7.38±0.30

39.89±1.11

57.63±1.85

29.45±0.93

7.63±0.29

279.63±25.46

Parame
ters

Na

K

Ca

Mg

Zn

Fe

Co

Cr

Group 1

1878.30±136.34

2189.84±192.23

2496.49±51.11

67.52±10.21

27.23±8.07

2998.6±174.5

23.62±1.23

2.82±0.86
2.61±0.82

Group 2

1693.40±196.81

2390.96±75.34

2070.31±90.90

53.55±6.64

18.46±7.82

2563.2±504.9

24.76±0.82

Group 3

1925.3±0

2346.99±0

2322.35±0

78.72±0

28.19±0

1187.1±0

19.52±0

7.26±0

Group 4

1815.33±60.61

2019.72±226.55

2541.46±39.98

65.70±7.42

26.90±11.93

27.9.4±2.9.8

22.21±1.23

3.54±1.25

Group 5

1862.56±97.76

2344.29±66.70

2478.69±44.49

55.39±4.96

32.99±8.01

2660.1±217.9

21.34±0.81

2.75±1.05

The analysis of water explained that group 1 showed
high concentration of salinity (41.15±1.99 ppt) and zinc
(0.58±0.06 ppm) while Group 2 exhibited high value of
dissolved oxygen (4.40±0.38 g/L) while low values of
conductivity and total dissolved solids (49.53±6.05)
(30.70±3.99 ppm) respectively. In Group 3 most of the
parameters showed maximum values including, pH
(8.1±0.11), viscosity (9.25±0.21), cobalt (0.51±0.001 ppm)
and manganese (4.395±0.22 ppm) with lower mean
values of salinity (33±1.95 ppt) and iron (0.056±0.015
ppm). In comparison group 4 revealed minimum values of
dissolved oxygen (1.89±0.71 g/L), pH level (6.83±0.47),

zinc (0.06±0.02 ppm) and cobalt concentration (0.31±0.10
ppm). The maximum conductivity (64.05±2.69), total
dissolved
solids
(39.84±2.57)
and
temperature
(26.23±1.55 ºC) was recorded from this group. The least
values of temperature (22.76±1.07 ºC) and viscosity
(8.49±0.04) were recorded in group 5. Group 6 was also
an important group that exhibited the lowest concentration
of manganese (3.85±0.91 ppm) maximum levels of iron
(0.61±0.10 ppm), cobalt (0.51±0.01ppm) and chromium
(0.62±0.15 ppm). On the other hand, the value of specific
gravity (1.03±0) was almost same in all groups. (Table 3).

Table 3: Mean values of physico-chemical properties of mangrove water in groups
Parameters
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
Parameters
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

Salinity

Conductivity

TDS

DO

Temperature

pH

Specific gravity

41.15±1.99
36.80±1.54
33±
41.13±2.40
38.44±2.50
40.13±1.39
Viscosity
8.54±0.14
8.76±0.24
9.25±0
8.79±0.24
8.49±0.04
8.99±02.8

60.31±2.46
49.53±6.05
52.1±33.2
64.05±2.69
56.15±2.28
63.33±2.65
Fe
0.58±0.12
0.58±0.05
0.056±0.0154
0.55±0.02
0.38±0.08
0.61±0.10

39.45±1.39
30.70±3.99
33.2±0
39.84±2.57
36.98±2.41
38.17±2.07
Zn
0.58±0.06
0.17±0.07
0.515±0.15
0.06±0.02
0.20±0.05
0.14±0.05

2.31±0.43
4.40±0.38
3.87±0
1.89±0.71
2.68±0.51
2.02±0.98
Co
0.42±0.06
0.46±0.03
0.515±0
0.31±0.10
0.38±0.06
0.51±0.01

24.48±1.51
25.80±2.03
26±8.1
26.23±1.55
22.76±1.07
25.60±1.14
Cr
0.48±0.11
0.59±0.22
0.15±0
0.42±0.15
0.49±0.12
0.62±0.15

7.48±0.21
8.04±0.50
8.1±0
6.83±0.47
7.38±0.30
7.07±0.09
Mn
4.28±0.29
3.95±0.30
4.395±0
4.01±0.22
4.24±0.40
3.85±0.91

1.03±0
1.03±0
1.03±9.25
1.03±0
1.03±0
1.03±0
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Ordination
The results of principal component analysis (PCA) of
stands are given in Table 4. The first principal component
accounts for 33% of the total variance. While the second
component accounts for 20.36% of the total variance. The
third component represented 18.20 % of the total
variability. The first three components together accounted
for 71.57% of the total variability. The first component is

primarily controlled by tree height, number of
pneumatophores, height of pneumatophores and
density/ha. The second component is mainly controlled by
leaf area, basal area, density/ha and height of
pneumatophores whereas the third component is
proscribed by density/ha, basal area, leaf area and
number of pneumatophore.

Table 4: Results of principal component analysis showing Eigen value percentage variance, cumulative percentage
variance, first six ranked eigenvector coefficients and vegetation parameters
Eigenvector Associated
Axis Eigen value % of Variance Cum.% of Variance
coefficient
variables
0.61
Tree height
0.55
No. of Pn
1
1.980
33.001
33.001
0.46
Height of Pn
0.29
Density/ha
0.74
Leaf Area
0.51
Basal Area
2
1.222
20.364
53.365
0.22
Density/ha
0.11
Height of Pn
0.65
Density/ha
0.30
Basal Area
3
1.092
18.205
71.569
0.16
Tree height
-0.02
No. of Pn
Note: Pn=Pneumatophores
The PCA stand ordinations axes 1 and 3 and axes 2
and 3 are shown in Figure 2 and 3 respectively. The six
main groups which derived from the Ward’s cluster
analysis were superimposed on PCA ordination at axes 1
and 3 and axes 2 and 3. No overlapping of groups was
seen in all groups, the groups were separated out clearly
on these axes. However, these groups were divided
efficiently in PCA ordination on axes 1 and 3 i.e. only one
stand (28) was located in group 3 at the right of the upper
side at axis 1 and 3 whereas on axis 2 and 3 this laid at
the upper central part of the ordination.
Interestingly, the ordinations of axes 1 and 3 and axes
2 and 3 exhibited almost continuous distribution of stands

across the ordination planes. A. marina was found as a
dominant species in 26 stands out of 28. All main groups
were separated on the basis of density/ha. All the stands
in group 1 are located at the right side on axis 1 and 3 and
on 2 and 3 it occupied central position. Group 2 consisting
of four stands considered the less polluted areas found
towards right in the bottom. Group 3 is the impure stand
dominated by R. mucronata and the co-dominant species
is A. marina. This group was located upper at group 1 at
both the ordination plane. Group 4 was found among the
groups 2, 5 and 6 at the lower central part of the axis 1
and 3 and 2 and 3. Group 5 was to the left of the
ordination whereas group 6 was situated at the central
lower side of the ordination plane.

Figure 2: Principal component analysis of total vegetation parameters
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Figure 3: Principal Component Analysis of total vegetation parameters.
Correlation of Ordination Axis with Physico-chemical
Variables
It was stated that physico-chemical factors influencing
mangrove distribution were inferred from the ordination
patterns. The correlation of ordination axes with physical
variables of water and soil are given in Table 5 to 9.
Ordination axis 1 was positively correlated with water and
soil pH (P<0.05). The physical parameters of both soil and
water were plot against ordination axis 2 and 3 which
showed positive correlation with conductivity (P<0.05) and

temperature of water at (P<0.01) probability level. The
viscosity of water and total dissolved solids of soil were
also correlated on axis 3 at P<0.05 and P<0.001
respectively. The correlation coefficient between soil and
nutrients and the axis of PCA ordination described that
magnesium was correlated at P<0.05 while Sulphate and
nitrate were significantly correlated on axis 2 at P<0.01.
The heavy metal analysis of water and sediments
disclosed that cobalt in water and chromium in soil were
significantly correlated at P<0.05 on both axes 2 and 3.

Table 5: Correlation coefficient between mangrove water and the first three axes of the PCA stand ordination
Variables
Salinity
Conductivity
TDS
DO
Temp
pH
Specific gravity
Viscosity

r-value
0.11
0.25
0.16
0.15
0.25
0.38
0.11
0.03

Axes 1
Significance
Ns
Ns
Ns
Ns
Ns
P<0.05
Ns
Ns

r-value
0.23
0.35
0.12
0.17
0.50
0.11
0.29
0.15

Axes 2
Significance
ns
P<0.05
ns
ns
P<0.01
ns
ns
ns

r-value
0.13
0.35
0.04
0.09
0.47
0.00
0.00
0.35

Axes 3
Significance
Ns
P<0.05
Ns
Ns
P<0.01
Ns
Ns
P<0.05

Note: TDS= total dissolved solids, DO= dissolved oxygen, Temp=temperature, r = Correlation coefficient. ns = Non signifiant

Table 6: Correlation coefficient between heavy metals of mangrove water and the first three axes of PCA stand
ordination based on the data of circular plots vegetation
Variables
Fe
Zn
Co
Cr
Mn

r- value
0.24
0.06
0.25
0.23
0.10

Axes 1
Significance
Ns
Ns
Ns
Ns
Ns

r- value
0.03
0.24
0.40
0.19
0.07

Axes 2
Significance
ns
ns
P<0.05
ns
ns

r- value
0.12
0.30
0.35
0.23
0.17

Axes 3
Significance
Ns
Ns
P<0.05
Ns
Ns

Note : r = Correlation coefficient. ns = Non signifiant

Table 7: Correlation coefficient between edaphic factors and the first three axes of PCA stand ordination based on the
data of circular plots vegetation
Variables
OC
MWHC
pH
Salinity
Conductivity
TDS

r- value
0.101
0.042
0.383
0.036
0.218
0.229

Axes 1
Significance
ns
ns
P<0.05
ns
ns
ns

r- value
0.037
0.022
0.111
0.141
0.386
0.308

Axes 2
Significance
ns
ns
ns
ns
P<0.05
ns

r- value
0.055
0.210
0.004
0.231
0.449
0.460

Axes 3
Significance
Ns
Ns
Ns
Ns
P<0.01
P<0.01

Note: OC=organic compound, MWHC= mean water holding capacity, TDS=total dissolved solids, r = Correlation coefficient. ns = Non signifiant
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Table 8: Correlation coefficient between soil nutrients and the first three axes of PCA stand ordination
Variables
Sulphate
Nitrate
Sodium
Pottassium
Calcium
Magnesium

Axes 1
Axes 2
Axes 3
r-value Significance r-value Significance r-value Significance
0.118
Ns
0.449
P<0.01
0.151
ns
0.195
Ns
0.475
P<0.01
0.017
ns
0.222
Ns
0.090
ns
0.189
Ns
0.169
Ns
0.306
ns
0.175
ns
0.115
Ns
0.171
ns
0.190
ns
0.346
P<0.05
0.024
ns
0.039
ns
Note : r = Correlation coefficient. ns = Non signifiant.

Table 9: Correlation coefficient between soil heavy metals the first three axes of PCA stand ordination
Variables
Zinc
Iron
Cobalt
Chromium

r-value
0.303
0.136
0.157
0.212

Axes 1
Significance
Ns
Ns
Ns
Ns

r-value
0.246
0.035
0.049
0.374

DISCUSSION
It has been pointed out by Greig-Smith, (1983) that the
two basic techniques viz. classification (clustering) and
ordination are complementary to each other though
fundamentally applied for different purposes. Multivariate
analysis was exceedingly useful in exposing the
underlying group structure on the basis of density/ha as a
major prevailing factor in the data structure. PCA
ordination is an important and effective multivariate
analysis tool for ordinating homogeneous community data
(McCune and Mefford, 2006). The gradational nature of
these
data
was
explored
through
Principal
Correspondence Analysis (PCA) by following Fasham
(1977).
The number of individual/ha in group 1 ranked first in
accordance with density/ha of mangroves species A.
marina. The trees in Sandspit 1, Sandspit 4, Chara creek
(Aziz point), Ganglaro creek, Sukro Creek, Korangi Creek,
Korangi area, and Dubbo Creek were higher than basin
mangrove forests. It is necessary to mention that this
group contains mixed conditions of the forests from less
polluted to higher polluted areas. Most of the areas are
away from the interruption of inhabitants due to
unavailibity of resources to reach in these areas.
However, these areas also showing the heavy metal
pollution but among them the higher concentration of iron
provides the reasons of the maximum density, Basal area
2
m /ha, height of pneumatophore and leaf area. Sediment
and water characteristics are the most important
environmental factors directly affecting mangrove
productivity and structure However, the concentration of
the iron in present study was lesser than Ismail, (2002) in
the same mangrove areas. Iron is an essential element
which form an iron plaque over the sediment layers,
according to Lacerda (1997) formation of plaque controls
the uptake of ions present in saline sediments. On the
other hand, Otte et al. (1987) stated that iron plaque
behaves as a geochemical barrier against the uptake of
trace metals by roots in mangroves while St-Cyr and
Crowder, (1990); Tanizaki, (1993) reported that iron
plaque fixes most of the trace metals deposits on the
outer cortex of the roots and resists to enter in the root
tissues. The maximum height of pneumatophores in this
group suggested the most efficient mechanism of these
aerial roots to neutralize the effects of heavy metals as

Axes 2
Significance
ns
ns
ns
P<0.05

r-value
0.004
0.216
0.115
0.324

Axes 3
Significance
Ns
Ns
Ns
P<0.05

reported by Scholander et al. (1962). Stand density
referred many trees while basal area referred the
presence of large amount timber in these particular
mangrove forests. Group 2 ranked second with respect to
density/ha close to the basin forests with minimum tree
height. All the creeks (Gharo Creek, Chhan Waddo Creek,
and Dubbo Creek) and a channel (Budgashi Channel)
found in this group were the high land areas which
provide a protected environment to the mangrove forests
from erosion and heavy tidal influence. The logging of the
trees is prohibited in these areas which is one of the basic
reason of high density. Though the tree height was owing
to least concentration of sodium, calcium and magnesium.
Reef et al. (2010) stated that nutrient limitation is
correlated with multiple factors, including sediment, tidal
range and substrate type. In all plant communities nutrient
availability is an important driving variable influencing
community structure (Grime, 1979; Chapin, 1980; Tilman,
1987). This is also the case for mangrove forests (Boto
and Wellington, 1983). According to Reef et al. (2010) the
nutrients most likely to limit growth in mangroves species
similarly, Ukpong, (1997) showed that nutrient availability
is one of the dominant components influencing mangrove
vegetation performance.
Group 3 was the isolated group with single stand at
Kuppa Wali having highest density/ha and basal area
2
m /ha of R. mucronata while A. marina in this stand
recorded as co-dominant species with least individuals/ha.
The number of trees/ha of R. mucronata was higher than
fringe forests while the trees of associated species A.
marina lower than riverine forests During the whole study
this is the only place where A. marina and R. mucronata
were co-existing may be due to inconsistent zonation
pattern of lagoon (Saifullah and Rasool, 2002). A. marina
is found at the front line followed by R.mucronata in the
middle and according to Saifullah and Rasool, (2002) this
type of zonation provides a better chance to R.mucronata
to survive and flourish. Similar type of zonation was also
reported by Kogo et al. (1980), secondly least salinity
level measured from this site, may be favorable for the
growth of the R. mucronata seedling. Kathiresan and
Thangam, (1990) stated this species shows better growth
in salinity ranged upto 30ppt. The density in group 4 lower
than groups 1, 2 and 5 but higher than riverine forests
type which is characterized by finest growth conditions
(Lugo and Snedaker, 1974, Cintron et al., 1985). Brown
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and Lugo, (1982) reported riverine system as a more
productive system than fringe, basin and dwarf systems.
These areas are anthropogenically disturbed including
high rate of cutting trees and grazing. Maximum number
of pneumatophores in this group might be due to the fact
of the high values of conductivity and total dissolved
solids which provide better chance to exchange available
materials in pneumatophores. The high values of these
conductivity and TDS relate with high concentration of
calcium ion. Tariq et al. (2008) reported that the plants
with proper nutrients are able to produce new roots to
replace the older roots. Coultas and Calhoun, (1976)
reported much higher values of conductivity in Florida
attributed to the high values of limestone underlying the
mangrove sediments.
The density of A. marina in group5 positioned third,
near to basin forests while the maximum basal area m2/ha
was lower than fringe but higher than dwarf forests. The
major stands of this group located at two major creeks
systems; Gharo and Korangi creeks. Siddiqui, (2001) also
reported the dense growth of mangrove in Korangi creek
this might be due to the convenience of effluents from
cattle colony rich with nutrients. The sites possessed high
rate of water holding capacity, organic matter, sulphate
and nitrate which might be favorable for the growth of the
mangrove species. All these parameters are inter linked,
Lacerda and Abrao, (1984) proposed that in the
sediments heavy metal accumulation is mainly controlled
by its greater absorbing capacity while Ismail, (2002)
explained the nature of the organic matter to reduce the
state of the sediments by producing high concentration of
hydrogen sulphide. The reduction of sulphate to sulphide
would result in production of ammonia reported by
Haynes and Lyons, (1982).
It would be possible that ammonia is converted into
nitrate by nitrifying bacteria; the higher pH (alkalinity) also
favored this result. Argon, (1986) reported the sinking
behaviour of sulphide for heavy metals while Haghiri,
(1974) explained the chelating property of organic matter
which combines with certain groups of heavy metals to
fixes them in the sediments. According to Hudson, (1994)
water holding capacity is greater with high organic matter.
It is same in the case of the present study the organic
matter stabilizes soil structure which causes an increment
in volume as well as the size of the pores. It was
suggested that organic matter and water holding capacity
is beneficial for the increment in basal area of the
mangrove trees. Reduce height of pneumatophores in this
group may be due to the high rate of organic matter which
reduces the consumption of oxygen. According to Nazim
et al. (2010) oxygen is a demanding factor which gave a
profound effect on the growth of pneumatophores. Among
three stands of group6 R. mucronata grows as a dominant
species with associated species C. tagal in only Baloch
Bhira while Phitti creek and China creek consist
monospecific stands of A. marina. The presence of R.
mucronata and C. tagal in Baloach Bhira is more
surprising because they are absent in the adjacent site s
of Kalmat Hor, Gwatar bay and eastern part of the Indus
delta (Saifullah and Rasool, 2002). Even these species
also not found in the adjacent Iranian territory of Qeshir
island (Kogo et al., 1980; Spalding et al., 1997). The
associated species grows with a low profile due to small
density and size of the trees. Another reason may be
attributed to the unavailability of fresh water, logging and
siltation which are major threats to the mangroves at this
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particular site (Alizai et al., 1988). However, there are two
rivers viz. Porali river and Winder river between these two
Porali river is the largest river compared to any other
rivers in Balochistan (Verheijen, 1998). The absence of
rainfall in the area converted into a river of sand (Hussain,
1998). According to Mirza et al. (1982) the total mangrove
cover in the lagoon is about 3000 ha which amounts 25%
of the total area but has already reduced due to high rate
of sedimentation with the last century.
The number of trees of A. marina were lower than
riverine forest due to pollution because these areas are
majorly concerned as a source of pollutants (Ismail,
2002). The least concentration of organic matter and
water holding capacity also enhance the rate of heavy
metals accumulation in trees. The maximum tree height
of the A. marina was recorded in this group might be
possible due to high concentration of zinc and chromium.
The results presented here seem to support the findings
of Zheng et al. (1997) who strongly opposed to plant
mangrove seedlings in Zinc polluted sites because
seedling secretes certain types of organic acids that may
increase the solubility of the metals resulting in high rate
of mortality due to Zn toxicity. Principal component
analysis is geared to ecological data sets and secondly
the tendency to compress the axis ends relative to the
middle, is also corrected in the PCA. The sites have
higher resemblances with respect to the variables
therefore all the sites showed a same clustered
distribution in the ordination planes. The Eigen value
forms a descending series with first component (axis)
explaining the maximum variance and a maximized
efficiency, utilizes all the correlations within stands. The
principal reason of obtaining strong, weak or no
correlation with many of the environmental factors seems
to be the disturbance of vegetation due to natural or
anthropogenic activities.

CONCLUSION
The major gradients that were disclosed by PCA
ordination indicates some degree of discontinuity as the
groups emerging from cluster analysis segregated in
ordination plane. The first component can be treated as
an amalgam of associated variables tree height,
number/height of pneumatophores and density/ha. The
application of multivariate techniques i.e. classification
and ordination have resulted in a clear demonstration of
vegetation pattern in study area in quantitative terms that
linked to certain physico-chemical parameters.
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