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ABSTRACT: Mangrove ecosystem of Indus delta is degrading at an alarming rate due to
multiple threats including human activities and the environmental pollution that are the
most significant threats among them. This study focuses on the physico-chemical
characteristics in the mangroves of north western part of the Indus delta and the effect of
pollution on these characteristics. Particular, attention is paid on population structure of
the predominant mangrove species Avicennia marina. Comparison was done between
polluted and anthropogenically stressed Sites 1, 2, 3 (Rehdri creek) and unpolluted sites
4, 5 and 6 (Shah Bunder) were studied. Higher silt fraction was found in Rehdri, whereas
greater clay component was found in Shah Bunder. Soil organic matter ranged between
10.9 to 12.4 % in the polluted sites while in the unpolluted sites it ranged between 4.89-8.26%. pH and salinity were both higher in the unpolluted sites at Shah Bunder. The
nutrients and pollutant levels were higher in polluted area, e.g. the maximum TKN
recorded was 7.86±1.47 while it was as low as 0.035±0.01 in the unpolluted locality.
BOD and COD were also higher in the creeks of polluted mangroves than in the
unpolluted area. The difference in characteristics of the two sites was obvious in cluster
analysis and in the PCA ordination. The growth of the monospecific stands of Avicennia
marina is higher at Rehdri; is due to nutrient dumping from the cattle colony effluent;
comparing with Shah Bunder which has a sparse vegetation, lesser tree density and
smaller average DBH, which may be due to lower level of nutrients and/or interspecific
competition. Greater number of individuals in smaller size classes showed ample
recruitment. Absence of certain size-classes in unpolluted sites could be attributed to
illegal harvesting of larger mangrove trees. Types of stresses in both the localities are
different and are a cause of concern for the conservationists.
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INTRODUCTION
In Pakistan, mangroves are found mostly on the coast of Sindh and in some parts of
Balochistan (Ansari, 1987). Most of the coastline of Sindh comprises of the Indus Delta
which is one of the largest deltas in the world having an area of more than 850,000 ha.
The mangroves of Indus Delta (Fig. 1) are considered to be unique because they are the
largest arid region mangroves in the world (Mohit et al., 2012). Most of the literature
available in Pakistan reports the Indus delta to spread from Korangi Creek in Karachi
which is the north-west part, to the Indian province of Gujrat (Rann of Kutch area) and
much of the mangroves on Indian side of the Delta are found around Kori creek (Bhatt et
al., 2009). The mangroves of Indus Delta are characterized by extremely arid conditions,
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Fig. 1. Sites of study in Indus delta.
variable seasonal temperature and having evapotranspiration rate of 14.6 cm per year.
Mean annual rainfall in the delta is 22 cm , consequently, the mangroves are mostly
dependent on the Indus River for the supply of freshwater.
The thriving fisheries and the existence of a number of marine organisms in Pakistan
coast is dependent on the mangrove habitat (Saifullah and Rasool, 2002).
Habitat Loss:
The total area of Indus Delta is approximately 850,000 acres, most of which was
once covered with mangroves. Despite the fact that an area of 344,845 ha of the Indus
delta has already been declared as protected forests and is under the jurisdiction of Sindh
Forest Department (Qureshi, 1993), the mangrove cover is decreasing at an alarming rate,
the evidence of which is that the published literature over time shows a continuous
decline, which has decline from 380,000 hectare in 1950 to 86,767 hectare in 2005 (Table
1, Fig. 2) shows the mangrove removal along the coastal fringes due to industrialization
at Port Qasim.

63

Ahmed and Shaukat: Status of mangroves of Indus delta
Table 1. The loss of habitat of Indus delta from literature records.

Source/Reference

Area (ha)

Year

Biodiversity Management Information
System (1997).

380,000

1950

Forestry Sector Master Plan , Government
of Pakistan, PAK/88/018, (Champion et al.
1965)

400000

1965

Mirza et al. (1983)

265,000

1983

Qureshi, (1985)

228,812

1985

Kella, (1999)

160,000

1990

IUCN (2005)

86,767

2005

It is unfortunate, that the mangroves of Pakistan are degrading due to several
anthropogenic stresses such as pollution (dumping of waste water), hyper-salinity,
urbanization, socioeconomic pressure, overexploitation of mangrove resources, etc.
(Saifullah, 1997). Indus delta, which was once regarded as fifth largest mangrove forest
of the world and had a cover of 400,000 ha, presently its cover has been dramatically
reduced. Huge loss of 67% of dense mangrove forest during 1953 to 2001 has been
reported due to harvesting (Qamar, 2009).
Loss of biodiversity:
Apart from losses in mangrove cover, the floral diversity of mangroves has also
declined drastically which can have adverse effects on the ecosystem functions. In the
delta, 8 species of mangroves were reported earlier (Saifullah, 1983; Qureshi, 1985),
which are now reduced to only 4 species, namely Avicennia marina (Forsk.) Vierh.,
Rhizophora mucronata Poir., Ceriops tagal (Perr.) C. B. Robinson and Aegiceras
corniculatum (L.) Blanco. Out of these Avicennia marina is the predominant species
which constitutes about 95 % of the tree cover in the Delta (Ismail et. al., 2014).
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Fig. 2. Mangroves affected by road construction at Port Qasim Industrial Estate.
The delta ecoregion provides significant habitat for invertebrates and fish (Barkati
and Rehman, 2005), Many species of marine dolphins such as the Indo Pacific
Humpback Dolphin and Bottle-Nose Dolphins are found in the creeks. The Delta is an
important flyover for migratory birds. There are about 123 bird species known from this
ecoregion (Memon, 2005).
Causes of Degradation:
The entire Indus Delta depends upon the fresh water flow from the river. Historically
the flow of Indus River was about 150 MAF and brought about 400 million tons of silt
into the Delta. This quantity has reduced as according to Indus Water Accord 1991, only
10 MAF is allowed which can bring only 30 million tons of silt (Memon, 2005). In the
past few years, the regular fresh water flow downstream Kotri Barrage has reduced by
less than 1 MAF (million acre feet) (Sindh Development Review, 2008-09), which is
leading to erosion of mudflats (Magsi and Atif, 2012).
The mangroves of most parts of Indus Delta do not receive much of the pollution,
except the mangroves of Karachi and vicinity, which form the North Western part of the
delta. In Karachi, the major sources of pollution are the industries, which are situated all
around the city. Sindh Industrial and Trading Estate (SITE), Korangi Industrial Area,
Landhi Industrial and Trading Estate (LITE), Industrial Zone at Port Qasim, etc are the
major zones in which the industries are located. The total waste water generated from the
industrial and domestic sector is approximately 450 mgd (million gallons per day). The
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Fig. 3. Mangroves at fringes of Port Qasim are falling due to strong waves (swells)
generated by ships.
large scale port activities at the Port Qasim area mostly responsible for degradation of
mangroves, such as those from the swells that are generated by the ships (Siddiqui and
Majid, 2004). These swells damage the muddy islands and as a result trees along the
fringes keep falling constantly due to high rate of erosion (Fig. 3). Vegetation of Shah
Bunder. In the foreground are the seedlings of Avicennia marina showed in (Fig. 4). At
this area the government is planning the construction of power plants; this would
necessarily result in habitat loss.
Population Structure:
Population structure of a tree species shows whether the species is regenerating within
the particular community and the pattern of mortality and/or harvesting. The only earlier
study in this respect related to mangroves of Pakistan is that of Saifullah et al., (1994)
which demonstrated a negative exponential distribution of DBH (diameter at breast
height) with high frequency of individuals in the lower size classes that declined
exponentially. The spatial pattern of the trees of A. marina was found to be aggregated. In
the present study the density and population size structure of the mangroves under study
are examined in detail.
The objectives of the present study were 1) to investigate the environmental
conditions prevailing in an obviously polluted locality and in a (relatively) unpolluted
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Fig. 4. Vegetation of Shah Bunder. In the foreground are the seedlings of Avicennia
marina.
locality in detail, 2) to compare the density and diversity of mangrove trees at the
polluted and unpolluted localities, 3) to examine the population size class structure at the
two contrasting localities i.e. polluted and unpolluted.
MATERIALS & METHODS
For the purpose of studying the level of pollution, two mangroves areas within the
Indus Delta were selected (Fig. 1). Both the areas (localities) are similar in climatic
conditions but differ in physico-chemical characteristics of seawater and sediments,
particularly in the context of pollution, anthropogenic activity, nutrient availability,
coastal settlements, etc. Rehri creek (24o48'46" E 67o13'54" N) is in the North-Western
part of Indus Delta, which is a polluted location near a village named Rehdri Goth, near
Karachi, adjacent to Port Qasim (Fig. 5). Most of the pollution here comes from the
industries and cattle colony situated in Landhi. The other is Shah Bunder (24o08'39" E
67o55'18" N) is situated right in the heart of Indus Delta, it’s a historic port of Sindh,
which was earlier used as a hub of trade between inland areas and foreign countries. This
can be designated as (relatively) unpolluted site (Fig. 6).
Some base line characteristics were studied in both the types of habitats (localities).
For this purpose, in both the habitats types three sites were determinsiticaly selected. In
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the polluted mangroves of Rehdri creek the selected sites were designated as Sites 1, 2
and 3, while in the unpolluted mangroves at Shah Bunder the selected sites were named
as Sites 4, 5 and 6. Some physical parameters such as temperature, pH, dissolved oxygen
(DO) and salinity were assessed. pH was measured using Jenway pH meter (England),
DO was measured using Hach 51850-11 (USA) while salinity was measured using
refractometer. (Soil texture was assessed by using wet sieving method (Barbour et al.,
1980). Soil organic matter was determined by Loss on Ignition (LOI) method as
described by (Dean, 1974). Whereas some chemical parameters such as, TKN, PO4,
BOD, COD and oil and grease contents were analysed using standard methods of APHA,
(1998) (American Public Health Association). All paramters were analysed for 3 winter
months (December – Feburary 2009-10) and 5 summer months (May – September 2010).
Tree density and average DBH were also measured in order to compare the pattern of
forest growth. Three quadrats of 10 x 10 m were used on each site and the density (# of
trees) values were calculated per hectare. Two dimensional PCA (principal component
analysis) ordination and agglomerative cluster analysis using Ward’s method were
carried out to compare the differences and to expose the similarities and the group
structure inherent in the environmental parameters of the two sites (Orloci and Kenkel,
1985; Shaukat and Siddiqui, 2005). Basically, both the techniques were used to disclose
the pattern in the data, i.e. group structure and trends underlying the data matrix.
RESULTS AND DISCUSSION
Variation in environmental characteristics of the two localities which were due to
reasons stated earlier namely the polluted locality (Rehri creek) receives industrial and
domestic waste water as well as cattle waste from the nearby cattle colony, while Shah
Bunder does not receive such effluents though it receive some oil from ships and other
waste or spilled material from Port Qasim. The main difference between the two
localities was in the growth of mangroves. In Rehdri Island and Port Qasim area, which is
a polluted habitat, mangroves were found to be growing luxuriantly in the entire area.
While in Shah Bunder, it was found that most of the mangroves were sparsely growing,
they were generally smaller in size (dwarf mangroves). However, there were some
patches of relatively denser vegetation. Another difference between the two sites was that
of species diversity. All four species of mangroves which still exist in Pakistan i.e.
Avicennia marina, Rhizophora mucronata, Ceriops tagal and Aegiceras corniculatum are
naturally present in Shah Bunder, while in Rehdri, only Avicennia marina was dominant
along with a few individuals of one re-introduced species, Rhizophora mucronata.
Whereas, the phytocoenose at Rehri Island was exclusively composed of Avicennia
marina.
Physico-chemical characteristics of six sites were compared. Summer and winter
temperatures of air, water and soil (Fig. 7 a & b – 8 a & b) were noted for the two
localities Rehdri and Shah Bunder. In summer, the water temperature was found lower
than that of air in both localities. Whereas in winter it was vice versa. In summer, mean
mid day air, water and soil temperatures of polluted mangroves were 33.4 ± 0.61, 30.8 ±
0.24 and 31.7 ± 0.38 oC respectively. In unpolluted area the summer temperatures of air,
water and soil were 31.9 ± 0.51, 28.6 ± 0.23 and 30.2 ± 0.34 oC respectively.
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Fig. 5. Sites 1, 2 and 3 at Rehri Goth, between Port Qasim and Korangi Creek.

Fig. 6. Map of sites 4,5 and 6 of Shah Bandar.
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Fig. 7. Average mid day summer (a) and winter (b) temperatures in polluted area (Rehri)
the values are mean of 5 summer months (May - September) and 3 winter months
(December, January and February).
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Fig. 8. Average mid day summer (a) and winter (b) temperatures in unpolluted sites
(Shah Bunder) the values are mean of 3 summer months (May, June and July)
and 3 winter months (December, January and February).
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The winter temperatures of air water and soil in polluted area were 21.5 ± 0.38, 22.6
± 0.12 and 24.3 ± 0.29 oC respectively. While the temperature at the sites of unpolluted
locality in winter were 18.3 ± 0.26, 23.4 ± 0.11 and 21.7 ± 0.31 oC.
Soil texture of the six sites (Table 2) did not differ much, except that the percentage
of clay was higher in the remote area of the delta (Sites 4 – 6), whereas silt proportion
was a little lower; and clay was higher in Shah Bunder compared to the other sites. In
Rehdri, (near Karachi), the fraction of silt was greater, and reached upto 65.43 % at site
2. The sites Rehdri were mostly found to have silty loam or silty clay loam. Whereas at
the Shah Bunder, the soils were mostly clay loam or silty clay loam. The literature
available on similar physico-chemical studies is from Korangi Creek area, a neighbouring
locality to Rehdri creek, where soil reported is mostly clayey (Chaudhary et. al., 2013).
Soil organic matter differed at the two major sites. The sites 1, 2 and 3 had higher organic
content in the soil that ranged between 10.86 % to 12.46 % (Fig. 9). While at Shah
Bunder (Sites 4, 5 and 6) it was quite low and varied between 4.89 % to 8.26 %. This
marked difference was due to greater input of organic waste and greater algal growth at
the polluted locality (Bot & Benites, 2005).
Among all 6 sites, the pH (Fig. 10a) was found to be within the range of 7.37 ± 0.1
(Site 1) and 8.19 ± 0.074 (Site 6). In the polluted locality, it was slightly lower than that
in the unpolluted locality.
However, salinity showed greater variation i.e. between 33.7 ± 1.52 ‰ (Site 1) and
44 ± 0.7 ‰ (Site 4) (Fig. 11). Hypersalinity prevailed in the unpolluted area particularly
in the winter and there was higher degree of variation between the summer and winter in
this region. However, in the sites near Karachi (Polluted area), the appreciable variation
was not exhibited between the two seasons. The reason for which is that the sites near
Karachi have almost uniform inflow of water, through the waste streams and on the other
hand, the unpolluted remote locality receives only some fresh water in the flood season
(Memon, 2005). Salinity is known to affect the biodiversity by acting as a limiting factor
in the intertidal zone (Gibson, 1982).
Among the nutrient parameters the higher values of both TKN (Total Kjeldahl
nitrogen) and phosphate were found at Rehdri, where the maximum value of TKN was
7.86 ± 1.47 mg/L (Site 1) and minimum at 2.14 ± 1.13 mg/L (Site 3) (Fig. 12 ). Shahzad
et al., (2009) earlier reported TKN which was between 69.62 and 1.3 mg/L from the
same locality of Rehri creek. The high value reported by Shahzad et. al., (2009) is
probably due to the waste coming from cattle colony which dumps large amounts of
waste into the sea at this location (personal observation and reported by Shahzad et. al.,
2009). At Shah Bunder, the value was very low, it ranged between 0.035 ± 0.01 mg/L
(Site 5) and 0.12 ± 0.04 mg/L (Site 6).
Likewise phosphate was also found greater in the summers of polluted area and
ranged between 0.81 ± 0.07 mg/L (Site 2) and 1.67 ± 0.23 (Site 1) how ever there was
variations observed in these values (Fig. 13). Whereas it went as high as 78 mg/L in
Shahzad et al., (2009) study, but that was mostly at the mouth of waste stream from cattle
colony. While at the three unpolluted sites, the values were very low, with a minimum of
0.01 ± 0.004 mg/L (Site 5) and 0.03 ± 0.009 (Site 4). Saravanakumar et. al., (2008)
reported the phosphate levels between 0.13 to 3.12 uM which a fairly low range and
nitrate level between 0.23 _ 7.2 uM from the natural mangrove estuaries in Gujrat, India,
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Fig. 9. Soil organic matter in the six sites.
Table 2. Soil Texture of the six sites.

Site

Coarse Sand % Fine Sand
% Silt
(2.0-0.2 mm) (0.2 - 0.02) (0.02 – 0.002)

% Clay
( < 0.002)

Texture

1

3.58

24.33

63.41

8.68

Silty Loam

2

2.61

18.03

65.43

13.93

Silty Loam

3

0.5

17.54

56.11

25.85

Silty Clay Loam

4

1.24

16.59

49.58

32.59

Clay Loam

5

0.41

18.51

54.23

26.85

Silty Clay Loam

6

0.86

22.54

48.26

28.34

Clay Loam
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an area which is adjacent to Indus delta and is similar in climatic and floral characteristics
to present study area. High dissolved oxygen (DO) is an indicator of healthy or
unpolluted condition; the DO levels varied between as low as 2.3 ± 0.25 at site 1 and as
high as 5.9 ± 18 mg/L at site 5 (Fig. 14 ). The DO levels at all six sites were slightly
higher in the winter and lower in summer with one exception.
The value of BOD which is a typical indicator of pollution was found higher in the
polluted sites ranged between 15.61 ± 3.46 (Site 3) and 35.12 ± 6.47 (Site 1) (Fig 15). It
decreased as we moved away from the sources of pollution, towards the open sea.
Shahzad et al.,(2009) found similar values from the creek. While at the Shah Bunder, the
values of BOD ranged between 1.51 (Site 5) ± 0.8 to 7.81 ± 2.4 (Site 4). Values of COD
were also found on the higher side at the polluted location and ranged between 60.8 ±
11.6 (Site 3) to 125.4 ± 32.5 (Site 1). While at the Shah Bunder it showed a lower range
i.e. 7.96 ± 2.12 (Site 5) to 8.75 ± 1.57 (Site 6) (Fig. 16). The high levels of pollutants in
the creeks near Karachi, (Site 1 – 3) showed that the narrow creeks in this location gets
overloaded with the pollutants coming from the waste streams. Whereas there was some
level of BOD and COD found in the unpolluted area, the source of which may be the
neighbouring villages, spillage of chemical waste) or natural sources.
Oil and grease was also found higher only in the area where boats stand in the Rehdri
Creek. The values of oil and grease varied between 2.43 ± 0.64 mg/L (Site 1) to 0.48 ±
0.08 mg/L (Site 3) in the polluted locality (Fig. 17), whereas in the unpolluted locality
also, it was found at low levels in two sites only, the reason might be that, there is little
boating activity in the area. One study (Zaqoot et al., 2009) in Karachi Harbour (about 30
Km from the present study point at Rehdri) which contains heavy traffic of vessels of all
sizes, reported oil and grease between 0.9 to 49.9 mg/L. Similar study conducted in
northwest of Persian Gulf (Jazani et al., 2013) showed a concentration total petroleum
hydrocarbon in petrochemical effluents ranging from 13.10 mg/L to 20.13 mg/L.
In both the PCA ordinations (Fig. 18 a, b) of summer and winter water quality data
of the six sites, a high proportion of total variance is explained by first two components,
for summer 92.5 % and 4.1 %, while 89.5% and 7.9% for winter respectively. The
ordination shows more or less two groups. Left hand side represents polluted sites
scattered over a wide range of variation and on the right hand side there is a cluster of 3
unpolluted sites, that are characteristically similar. The first component for summer data
is a function of COD, TKN, BOD and pH. The second component is a function of
Salinity, oil and grease & TKN. For winter data, the 2 dimentional PCA of winter data
also shows two groups, one of polluted sites (Rehdri) on the left side of the ordination,
while the group on the right side represents unpolluted sites (Shah Bunder). First
component is primarily regulated by BOD, COD and PO4.while the second component is
a composite of salinity, pH and TKN.
The dendrograms in Fig. 19a (summer) and Fig. 19b (winter) show two clusters.
Cluster 1 includes all polluted sites (1–3) and cluster 2 which contains sites (4 - 6)
includes all the unpolluted sites. The polluted sites have high levels of BOD, COD, oil
and grease while these lineaments have lower values for sites designated as unpolluted.
Tree DBH is a very important parameter to determine the ecosystem health. The DBH
classes of trees of the sites 1, 2, 3 have been reported in Fig. 20 a, b & c respectively.
Sites 1, 2 and 3 had smaller trees in greater number which is an indicator of plant
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Fig. 10. a, pH of seawater of the six sites; b, Salinity of seawater of the six sites.
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Fig. 11. a, TKN of seawater of the six sites; b, total phosphate of seawater of the six sites.
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Fig. 12. a, Dissolved oxygen levels on the six mentioned sites; b, BOD of the six sites,
analyzed using standard method (APHA); c, COD of seawater of the six sites,
analyzed using standard method (APHA).

Fig. 13. Oil and grease content of seawater of the six sites.

78

Pakistan Journal of Marine Sciences, Vol. 24(1&2), 2015.

Fig. 14. Two dimensional PCA ordination of the six sites in the summer. a, 2008.
Eigenvalue 1 (λ1) = 6.477, explained variance (EV) = 92.5%; eigenvalue 2 (λ2)
= 0.2872, EV=4.1 %; Cumulative variance for first two PC=96.6%. In the
winter; b, λ1 = 6.26, explained varianc%. e (EV) = 89.5%; λ2 = 0.555, EV =
7.9%; Cumulative variance for first two PC = 97.4%.
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Fig. 15. Dendrogram derived from Ward’s agglomerative cluster analysis of the six sites
during summer (a) and winter (b) 2008. Vertical axis shows Euclidean Distance.
recruitment. Gaps at some places show that there is harvesting of the trees. Whereas,
the sites 4, 5 and 6 (Fig. 21 a, b & c respectively) have trees only in the smaller size
classes and none in the larger ones indicating a deficiency of nutrients.
Densities of trees in the two localities were also variable. It ranged between 2645 ±
274.1 to 2952 ± 282 trees per hectare (Fig. 22) in Rehdri, where the average dbh was
found to be 11.80 ± 0.52 cm. in the unpolluted area of Shah Bunder the average dbh was
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Fig. 16. DBH distribution classes at various sites. a, site 1; b, site 2; c, site 3.
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Fig. 17. DBH distribution classes at various sites. a, site 4; b, site 5; c, site 6.
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Fig. 18. Tree density at mentioned sites.
quite small and was 3.32 ± 0.31 cm. The dbh distribution followed a more or less
negative exponential trend. Likewise Saifullah et al (1994) observed a similar dbh
distribution trend for A. marina at Korangi creek mangroves. The density ranged between
1680 ± 127 to 1948 ± 113 trees per hectare. This shows heavy growth of trees in the
polluted area, but these stands were mostly monospecific to Avicennia marina whereas in
the unpolluted mangroves of Shah Bunder, there were a few plants of other species like
Rhizopora mucronata and Ceriops tagal were also found. Another study from Karachi
earlier (Saifulah et. al., 1994) reported tree density between 60 and 9400 per hectare, with
an average of 1518 trees per ha and associated the variation with various environmental
factors. Whereas Saifullah & Rasool, (2002) reported between 2665–2700 trees per
hectare in diversified mangrove stands of Miani Hor, Balochistan, this area is also a
pollution free area and contains the same species as the Shah Bunder does.
Higher growth rates have been attributed to high rate of organic pollution which
contains nutrients and sedimentation (Feller et. al., 2003). A similar study showed heavy
forest growth after nutrient enrichment in a Rhizophora mangle stand (Feller, 1995).
CONCLUSION
In this study it was obvious that the pollutant load in the Rehri creek (near the village
Rehri Goth) near Karachi has contributed to greater growth of the trees, but the stands
here are monospecific ad have greater pollution levels as evidenced by high BOD and
COD.. On the other hand the mangroves of Shah Bunder receive lower level of nutrients

Ahmed and Shaukat: Status of mangroves of Indus delta

83

and are also under stress due to greater salinity and low organic matter. Such conditions
seem to be responsible for their reduced growth.
The observations recorded here may have enormous value for conservation biologists
interested in conserving the density of mangroves as well as their biodiversity.
REFERENCES
Ansari, T.A., 1987. In: Mangroves of the Asia and the Pacific: Status and Management.
Technical Report UNDP/UNESCO Research and Training. Pilot Program on
Mangrove Ecosystem in Asia and Pacific (RAS/79/002), pp. 151–173.
APHA. 1998. Standard Methods for the Examination of Water and Waste Water, 20th
Edition. American Public Health Association, Washington DC.
Barkati, S. and S. Rehman. 2005. Species composition and faunal diversity at three sites
of Sindh mangroves. Pak. J. Zool. 37: 17 – 31.
Bhatt, S., D.G. Shah and N. Desai. 2009. The mangrove diversity of Purna Estuary, South
Gujarat, India. Trop. Ecol., 50: 287 – 293.
Biodiversity Management Information System (1997). Indo-Malayan Realm Study Final
Report, (Unpublished manuscript).
Bot, A., and J. Benites. 2005. The importance of soil organic matter: key to droughtresistant soil and sustained food production (No. 80). Food & Agriculture Org.
Champion, H.G., S.K. Seth and G.M. Khattak. 1965. Forest Types of Pakistan. Pp: 87 –
95. Pakistan Forest Institute Peshawar, Peshawar, Pakistan.
Chaudhary, M.Z., N. Ahmad, A. Mashiatullah and A. Ghaffar. 2013. Geochemical
assessment of metal concentrations in sediment core of Korangi Creek along Karachi
Coast, Pakistan. Environmental monitoring and assessment. 185(8), pp.6677-6691.
Dean, J.W.E., 1974. Determination of carbonate and organic matter in calcarious
sediments and sedimentary rocks by loss on ignition: Comparison with other
methods. J. Sediment. Petrol. 44: 242 – 248.
Feller, I.C., 1995. Effects of nutrient enrichment on growth and herbivory of dwarf red
mangrove (Rhizophora mangle). Ecological monographs, 65(4), pp.477-505.
Feller, I.C., D.F. Whigham, K.L. McKee and C.E. Lovelock. 2003. Nitrogen limitation of
growth and nutrient dynamics in a disturbed mangrove forest, Indian River Lagoon,
Florida. Oecologia. 134: 405-414.
Forestry Sector Master Plan, Government of Pakistan, PAK/88/018, (Champion et al.,
1965).
Gibson, R.N., 1982. Recent studies on the biology of intertidal fishes. Oceanogr. Mar.
Biol. Ann. Rev. 20: 363–414.
Ismail, S., S.M. Saifullah and S.H. Khan. 2014. Bio-geochemical studies of Indus delta
mangrove ecosystem through heavy metal assessment. Pak. J. Bot. 46: 1277-1285.
IUCN. 2005. Mangroves of Pakistan, Status and Management. IUCN-The World
Conservation Union, Karachi, Pakistan. 4pp.
Jazani, R.K., G.M. Tehrani and R.O.S.L.I. Hashim. 2013. TPH-PAH contamination and
benthic health in the surface sediments of Bandar-E-Imam Khomeini-Northwest of
the Persian Gulf. Int. J. Engin. Sci. Innov. Technol. 2, 213-225.

84

Pakistan Journal of Marine Sciences, Vol. 24(1&2), 2015.

Kella, L., 1999. Protective role of Indus Delta mangroves with particular reference to
cyclone mitigation. Proceedings National Seminar, on Mangrove Ecosystem
Dynamics of the Indus Delta. Pp .86-90.
Magsi, H. and S. Atif. 2012. Water Management, Impacts and Conflicts: Case of Indus
water distribution in Sindh, Pakistan. Int. J. Rural stud. 19: 3 – 7.
Memon, A.A., 2005. Devastation of Indus Delta. Proceedings, World Water and
Environmental Resources Congress 2005, American Society of Civil Engineers.
Environmental and Water Resources Institute, Anchorage, Alaska, May 14-19, 2005.
Mirza, M.I., M.Z. Hasan, S. Akhtar and J. Ali. 1983. Identification and area estimation of
mangrove vegetation on the Indus Delta using Landsat data. ESCAP Regional
Workshop on Remote Sensing Applications for Vegetation Mapping. Pp: 19-21.
Colombo, Sri Lanka.
Mohit, K., H.B. Chauhan, A.S. Rajawat and Ajai. 2012. Application of remote sensing
and GIS techniques in understanding changes in mangrove cover in parts of Indus
delta around Kori creek, Gujarat, India. J. Environ. Res. Develop. 7: 504 – 511.
Orloci L. and N.C. Kenkel. 1985. An Introduction to Data Analysis: With Examples
From Population And Community Ecology. IPH, Maryland, USA.
Qamar, M.K., 2009. Mangroves of Active Indus Delta-Changes and Their Causes. PhD
Thesis, National College of Business Administration & Economics, Lahore,
Pakistan.
Qureshi, M.T., 1985. Working plan of mangrove forests (coastal forests) from 1985-86 to
2004-05. Sindh Forest Department, Government of Sindh.
Qureshi, M.T., 1993. Rehabilitation and management of mangrove forests of Pakistan. In:
H. Lieth and A. Al Masoom. (Eds). Towards the rational use of high salinity tolerant
plants. Pp: 89-95. The Netherlands.
Saifullah, S.M., 1983. Ecology of mangroves. In: Proceedings of the national workshop
on mangroves held at Karachi, 8-10 August, 1983, Botany Department, University of
Karachi.
Saifullah, S.M., S.S. Shaukat and S. Shams. 1994. Population structure and dispersion
pattern in the mangroves of Karachi, Pakistan.. Aquat. Bot. 47:329-346.
Saifullah, S.M., 1997. Management of the Indus Delta Mangroves. In: B.U. Haq, S.M.
Haq and J.M. Stel (Eds.), Coastal Zone Management Imperative for Maritime
Developing Nations Kullenberg. Kluwer Academic publishers, The Netherlands. Pp:
336–346.
Saifullah, S.M. and F. Rasool. 2002. Mangroves of Miani Hor lagoon on the north
Arabian Sea coast of Pakistan. Pak. J. Bot. 34(3): 303-310.
Saravanakumar, A., M. Rajkumar, J.S. Serebiah and G.A. Thivakaran. 2008. Seasonal
variations in physico-chemical characteristics of water, sediment and soil texture in
arid zone mangroves of Katchch-Gujarat. J. Environ. Biol. 29: 725 – 732.
Shaukat,S.S. and I.A. Siddiqui. 2005. Eseenatilas of Mathematical Ecology (With
Computer Programs in BASIC, FORTRAN and C++). Farquan Publ., University of
Karcahi Publication, Karachi. 243pp.
Shahzad, A., A. KHAN, S.S. Shaukat and W. Ahmed. 2009. Chemical Pollution Profile
of Rehri Creek Area, Karachi (Sindh). J. Chem. Soci. Pak. 31(4): 593.

Ahmed and Shaukat: Status of mangroves of Indus delta

85

Siddiqui, M.N. and S. Maajid. 2004. Monitoring of geomorphological changes for
planning reclamation work in coastal area of Karachi, Pakistan. Advanc. in Space
Res. 33(7): 1200-1205.
Sindh Development Review, 2008-9. Planning and Development Department,
Government of Sindh, Sindh, Karachi.
Zaqoot, H.A., S.H. Khan, A.K. Ansari and K. Qureshi. 2009. Assessment of water quality
in the coastal environment of Karachi bordering northern Arabian Sea. J. Flood
Engineer. 1(1): 5–19.

