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Introduction
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ABSTRACT. An annual study on Potamides cingulatus (Gmelin) assemblages with environmental, biological
parameters and sediment properties was carried out at low tide from three sites in Port Qasim Korangi Phitti mangrove
creek area and Sandspit backwaters along the coast of Karachi from January 1999 to December 1999. Environmental
factors in the mangrove creek area included pore and water temperature influenced by seasons whereas, the salinity, pH,
Eh (mv) and the biotic parameters like crab burrows and pneumatophores (or roots) were preliminary influenced by sites.
The total density of P. cingulatus ranged in between 4 to 592 per m” Significant variations were observed in density
among sites (F,, 77 = 15.14, P < 0.05). The total mean seasonal distribution showed a high density of P. cingulatus during
SW monsoon (141.8 + 157.6) and post monsoon (129.1 + 154.4) respectively.

Key words — Potamides cingulatus, Environmental parameters, Seasonal dynamics, Mangrove, Karachi.

However, very little information is available on the

Molluscs are comparatively recognized, dominated
invertebrate groups and key component of mangrove
communities (Smith and Nol, 2000). The Gastropoda is
the most diverse class of molluscs in the marine
environment (Strong et al., 2008; Kesavan et al., 2009 and
Ghasemi et al., 2011) such as mangroves (Vermeij, 1973;
Ahmadreza et al., 2012) and terrestrial habitats (Barker,
2001). Gastropods have a significant ecological role to
play in the mangrove ecosystems which provides an ideal
condition for higher productivity of gastropods which in
turn serve as food (Morrisey et al., 2003; Kesavan et al.,
2009; Ahmadreza et al., 2012). Gastropod assemblage has
been shown to extremely contribute to feeding resources
of waders within the mangrove environment (Al-Sayed et
al., 2008). The role of mangrove gastropods in nutrient
dynamics has been largely overlooked; studies (Fratini et
al., 2008) have demonstrated their central ecological role.
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gastropod diversity of mangrove ecosystem (Khade and
Mane, 2012). Based on the structure of the molluscan
assemblages, the pollution damage in mangrove forests
can be assessed. Despite their importance, there are few
specific quantitative data on the distribution spatial and
temporal variations of molluscs in mangrove ecosystem
(Wells 1984; Khan et al., 1999; Barkati and Rehman,
2005; Printrakoon et al., 2008; Rehman and Barkati, 2009;
Afsar et al., 2012 and Jahangir et al., 2012). P. cingulatus
is an extremely widespread gastropod species found in
mangrove area of the world (Danehkar, 2001; Verma et
al., 2004; Safa, 2006; Rohipour, 2007 and Kesavan et al.,
2009) and present at the highest tidal mark in the sandy
part of the polluted mangrove habitats of Pakistan
(Tirmizi and Barkati, 1983; Huda and Khan, 1996; Khan
et al, 1999; Barkati and Rehman, 2005). The P.
cingulatus also serve as intermediate host for many
trematode parasites. Therefore, the present study was
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Fig. 1. Map of the Karachi coast showing sampling sites, Site 1.
Port Qasim, Site 2. Phitti creek and Site 3. Sandspit
mangrove areas during January1999 to December 1999

attempted to determine the temporal and spatial patterns
of P. cingulatus in mangrove creek areas along with
environmental, biological variables and sediment
properties.

2. Data and methodology
2.1. Study area

The city of Karachi lies between 24° 61' North and
65° 55' East. One of the study areas is located in the
Korangi Creeks, while the other is in backwaters of
Manora Channel near Sandspit. Both areas are dominated
with the dense vegetation of mangroves, the Avicennia
marina. In Korangi creek two sites were selected within
Kadiro creek, the main shipping channel. The site 1 was
closer to the Port Qasim jetty more likely exposed to
pollutants from the jetty and Steel mills and the site 2 was
at the open end of the Kadiro creek the main shipping
channel, but likely less polluted due to tidal flushing,
dilution and effect of dispersion and the site 3 was located
in the Sandspit backwater mangrove area (Fig. 1).

2.2. Field sampling

Samples were collected at the low tide from three
sites Port Qasim, Phitti creek and Sandspit backwater
mangrove area. The sampling of Potamides cingulatus
was conducted at monthly intervals from January 1999 to
December 1999. P. cingulatus were collected by hand
picking, in 0.5 m” areas. A 0.5 m® quadrate was randomly
placed (in replication of three) at each station. In each
quadrate crab burrows and aerial roots (pneumatophore)
of mangroves A. marina were counted.

Abundance and density of shells, crabs burrows and
mangrove roots or Pneumatophores were estimated by
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Fig. 2. Variations in density of crab burrows collected from Site
1. Port Qasim, Site 2. Phitti creek and Site 3. Sandspit
mangrove areas during January1999 to December 1999
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Fig. 3. Variations in root density of pneumatophores of mangrove
(A. marina) collected from Site 1. Port Qasim, Site 2. Phitti
creek and Site 3. Sandspit mangrove areas during January
1999 to December 1999.
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Fig. 4. Variations in density of P. cingulatus collected from Site
1. Port Qasim, Site 2. Phitti creek and Site 3. Sandspit
mangrove areas during January1999 to December 1999

counting within an area of 0.25 m? and extrapolating the
data to estimate densities in per unit area. The salinity
(ppt) was measured with an optical refractometer (with a
correction of 1%). Temperature, pH and Eh (mv) were
measured with the help of a pH meter (Hanna model
8314). Abundance and community structure data were
grouped into seasons following (Naz et al., 2012)
northeast monsoon (December to February), pre-monsoon
(March to May), southwest monsoon (June to August) and
post-monsoon (September to November). Sediment
sample cores were collected from each quadrate using a
syringe corer (internal diameter was 2.7 cm) at each site.
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TABLE1

Spatial variations in temperature, salinity, pH, Eh (mv) and organic carbon of overlying and interstitial water (mean + SD)

Overlying water

n Site 1 n Site 2 n Site 3
Temperature water (°C) 24 30.117 +£3.369 24 29.863 £3.313 24 29.117+£3.792
Salinity ppt 24 42.043 +4.486 24 41.67 +£8.19 24 37.250+£2.4
pH 24 7.9908 £ 0.333 24 7.8721 £ 0.4375 24 8.0771 £ 0.3409
Eh (mv) 24 -62.79 £21.21 24 -57.96 £22.18 24 -66.67 +22.54

Interstitial water

n Site 1 n Site 2 n Site 3
Temperature water (°C) 24 27.742 £ 2.466 24 27.2583.429 24 27.721 £4.147
Salinity ppt 24 41.5+4.22 24 40.71 £5.14 24 37.500 + 3.336
pH 24 7.71 £0.300 24 7.4492 +0.1747 24 7.5408 +.3915
Eh (mv) 24 -46.54 £ 17.70 24 -31.79 +£10.33 24 -31.96 + 30.10
Organics 24 4.135+2.863 24 4.205+2.137 24 3.460 +2.521

TABLE 2

Spatial variation in Sediment properties, Root density (m?) and crab burrow (m?) (mean + SD) of
three study sites during January to December, 1999

Sediment properties n Site 1 n Site 2 n Site 3
Mass of moisture 24 16.23 +2.466 24 15.903 +3.004 24 13.266 +2.395
Percent moisture 24 39.83+£10.29 24 36.82+7.53 24 28.16+12.53
Volume of water 24 15.834 £ 2.405 24 15.515+2.930 24 12.934 + 2.336
Volume of sediments 24 15.796 £ 1.949 24 16.441 £ 1.823 24 18.919 £2.958
Porosity 24 102.98 +26.60 24 95.19 +19.46 24 72.81+32.41
Median 24 2.2060 £ 0.600 24 2.842+0.724 24 1.216 +0.599
Graphic mean 24 2.1040 £ 0.536 24 2.589 +0.536 24 1.7222 +0.3605
Standard deviation 24 1.657 £ 1.159 24 1.5651 £ 0.2841 24 4.42+7.50
Skewness 24 -0.0611 +0.3150 24 -0.2793 £ 0.2919 24 0.3803 + 0.4801
Kurtosis 24 1.208 +1.169 24 0.997 +0.538 24 6.69 +13.37
Organics 24 4.315+2.863 24 4.205+2.137 24 3.460 +2.521
Root density 24 7.83£12.62 24 21.0+31.26 24 32.67+26.84
Crab burrows 24 159.5 +£179.1 24 389.0+324.3 24 137.5+153.9

2.3. Laboratory analyses

Undisturbed sediment core samples were brought
to the laboratory and homogenized in a large petri
dish. Three replicates of 1-2 g sediment samples were
taken in pre-weighed crucible and wet weights were
noted (using a microbalance, up to 0.001 g correction).
The sediment samples were then dried for 24 hours

at 70 °C and dry weights were noted. Dried sediment
samples were then ignited for four hours in the
muffle furnace at 500 °C and ash free dry weight was
noted. Sediment properties like per cent moisture,
porosity and per cent organic contents were
estimated. Granulometric analyses (grain size) were
carried out by dry sieving methodology following
Folk (1974).
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TABLE 3

Seasonal variation (mean + SD) in density of P. cingulatus collected from (Site 1) Phitti creek, Port Qasim and (Site 2)
Sandspit mangrove area during January to December 1999

n Total mean n Site 1 n Site 2 n Site 3
Seasons (Mean = SD) (Mean = SD) (Mean = SD (Mean = SD
N E monsoon 18 104.9 £ 126.7 6 8.67+17.60 6 106.7 £ 152.7 6 199.3+954
Pre monsoon 18 104.0 £ 138.4 6 48.7+72.7 6 85.3+136.1 6 178.0+175.0
SW monsoon 18 141.8£157.6 6 98 +£105.1 6 96.7 + 86.1 6  230.7+£2275
Post monsoon 18 129.6 + 154.4 6 253+40.5 6 52.7+44.4 6  310.7+134.1

Completely randomized design (CRD) analysis of
variance (ANOVA) with nested treatment arrangements
were used to test all parameters for differences at a station,
level and seasons. Density was log (x+1) transformed after
testing for heterogeneity of variances.

3.  Results

The salinity of the overlying water showed
considerable fluctuation. The highest salinity reached up
to 75 ppt. at site 2. Temperature of water varied in
between 22.2 °C to 40 °C, being high in summer and low
in winter, indicated typical seasonal pattern (Table 1).
Highest pH values were observed at site 3 in July. The
maximum mean densities of crab burrows were observed
at site 2 whereas site 1 and site 3 showed minimum
burrow density as compared to site 2. The number of
burrows ranged from 4 to 1200 burrow m™ (Fig. 2). The
Pneumatophores of mangrove (A. marina) or root density
ranged in between 4 to 116 m™ (Fig. 3).

P. cingulatus commonly found in the studied
intertidal areas and ranged from 4 to 664 individual m’.
The spatial variability in the density of mollusks was
significant in between sites (Fy, g3 = 26.79, P < 0.05) but
the difference was not significant among seasons. The
collective mean seasonal distribution of all the three sites
showed a high density of P. cingulatus during SW
monsoon (141.8 + 157.6) and post-monsoon (129.6
+ 154.4) respectively. Lowest density was observed in NE
monsoon (1049 + 126.7) and pre monsoon (104.6
+ 138.4). A similar trend was also observed at Site 1,
where maximum density was observed in SW monsoon
(98 +£ 105.1) and lowest during NE monsoon (8.67
+ 17.60). At site 3, the highest density was observed
during post monsoon (332.9 + 114.4) and lowest in pre
monsoon (261.8 + 213) (Table 3) but the opposite trend
was observed at site 2 where maximum density was
observed from NE monsoon (310.7 £+ 134.1) and
minimum in the post monsoon (178.0 + 175.1).

4. Discussion

Seasonal variation was observed in the mangrove
environment (fundamentally concerning temperature,
salinity pH and Eh). The water temperature was high in
summer and low in winter indicating a typical seasonal
pattern as also reported by Dye, (1983a) and Alongi
(1987b). The seasonal or temporal variations in the
distribution of P. cingulatus were demonstrated to be
closely related to the monsoon pattern and input of
organic matter and consequently changes in the sediment
structure. The mean highest density of P. cingulatus was
observed during SW and post monsoons. Minimum
density was observed in the pre monsoon at Sandspits
area, but at Phitti creek maximum density was observed
during the NE monsoon and minimum was in post
monsoon. However, moderate to low densities had been
reported from Sandspit backwater mangrove areas during
the southwest and post-monsoon seasons, whereas high
densities have been reported in the northeast and pre-
monsoon seasons (Khan et al., 1999). The high densities
were likely related to high phytobenthic biomass of
benthic macroalgae, (like, Enteromorpha) and microalgae
(pennate diatoms) that were observed during northeast
monsoon season (Saifullah and Elahi, 1992, Chaghtai and
Saifullah, 1992). The marked effects of biologically
produced structures like crab burrows, plant stems and
roots have been documented and regarded as a localized
effect on the abundance of gastropods (Thistle, 1980).
Verma et al. (2004) also recorded P. cingulatus as a
common gastropod and were abundantly found during
monsoon season at Mahi creek, Mumbai, India. Sultana,
(2001) reported high density of P. cingulatus from
February to May, during pre-monsoon season in Sandspit
area and annually ranged from 52 to 632 individual m™
significant difference was also observed in seasons.

Highest abundance of P. cingulatus observed at
Sandspit might be due to the area not being subjected to
the direct wave action and richness of mangroves in the
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area reflected high productivity of mollusks. Population of
benthic fauna has a direct relationship with the population
of mangrove stands, sediment form, tidal flow, current,
temperature, salinity, pollution and over exploitation
(Barkati and Rehman 2005). Lowest abundance of P.
cingulatus at the Korangi creek area as compared to
Sandspit back waters could be due to the discharge of
untreated sewage water and industrial discharge from
major industries and ships, including oil spills and waste.
The pollution causes a high nutrient content in the water,
which likely caused eutrophication in some creeks. This in
turn has resulted in excessive growth of algae, which can
smother the young mangrove seedlings, thus regeneration
of mangroves and suffocation the pneumatophores. The
disparity aggregation patterns of P. cingulatus that might
be due to the result of differential pattern mortality or
predation by predators like sea gulls and crabs (Khan
etal., 1999).

Ahmadreza et al. (2012) also have reported highest
gastropod species in the Persian Gulf with significant
impact on benthic animal communities, included sediment
particle size, salinity, water currents and pollutants. The
present study not only provided spatial and temporal
variations in the distribution and abundance of the P.
cingulatus in the coastal mangrove area.

Acknowledgements

We would like to acknowledge the facilities and
funds that were provided under the Office of Naval
Research (ONR) Project NP-30 grant.

References

Afsar, N., Siddiqui, G. and Ayub, Z., 2012, “Updates of records selected
Prosobranch gastropod species found along the coast of Sindh
and Balochistan, Pakistan”, Pakistan J. Zool., 44, 1, 267-275.

Alongi, D. M., 1987, “Intertidal zonation and seasonality of meiobenthos
in tropical and microphytobenthos in the northern Adriatic Sea,
preliminary results”, Biol Mar. medit., 7, 233-238.

Al-Sayed, H., Humood, N. and Khalil, A. W., 2008, “Observations on
macrobenthic invertebrates and wader bird assemblages in a
protected marine mudflat in Bahrain”, Aqu. Eco. Heal. Manag.,
11, 450-456.

Ahmadreza, K., Zahra, B. and Mohammadreza, S., 2012, “The
Gastropod Fauna along the Bushehr Province Intertidal Zone of
the Persian Gulf”, J. Persian Gulf (Marine Science), 3, 9, 33-42.

Barkati, S. and Rehman, S., 2005, “Species Composition and Faunal
Diversity at of Sindh Mangroves”, Pak. J. Zool, 37, 17-31.

Barker, G., 2001, “The biology of terrestrial mollusks”, (CABI
publishing, Wallingford, U. K.), p404.

Chaghtai, F. and Saifullah, S. M., 1992. “First recorded bloom of
Navicula Bory in a mangrove habitat of Karachi”, Pak. J. Mar.
Sci., 1, 139-140.

Danehkar, A., 2001. “Intraction of Avicennia marina trees and related
animals (underscoring of gastropoda fauna) in mangrove
forest of Qeshm and Khamir region (Harra Biospheric
Reserve)”, Ph.D. thesis, University of Tarbiat Modares, Tehran,
Iran.

Dye, A. H., 1983a, “Composition and seasonal fluctuation of meiofauna
in a southern African mangrove estuary”, Mar. Biol., 73,
165-170.

Folk, R. L., 1974, “Petrology of sedimentary Rocks”. (Hemphills
Publication Co., Austin, Taxes), p182.

Fratini, S., Vannini, M. and Cannicci, S., 2008, “Feeding preferences and
food searching strategies mediated by air-and water-borne cues
in the mud whelk Terebralia palustris (Potamididae:
Gastropoda)”, J. Exp. Mar. Biol. Ecol., 362, 26-31.

Ghasemi, S., Zakaria, M. and Mola Hoveizeh, N., 2011, “Abundance of
Molluscs (Gastropods) At Mangrove Forests of Iran”, J. Am.
Sci., 7, 660-669.

Huda, I. A. and Khan, S. A., 1996, “Biodiversity of benthic fauna in
Korangi-Phitti creek system at different ecological niches: in
proceeding of the UNESCO workshop on coastal aquaculture”,
Edited by Q. B. Kazmi, 37-46.

Jahangir, S., Siddiqui, G., Moazzam, M. and Ayub, Z., 2012, “Clams of
the families Tellinidae and Veneridae and blood cockle of
family Arcinidae from Phiti creek and Somiani along the coast
of Pakistan (Northern Arabian Sea)”, Pakistan J. Zool., 44, 1,
259-266.

Kesavan, K., Babu, A., Ravi, V. and Rajagopal, S., 2009, “A checklist of
malacofauna from Pondicherry mangroves”, AES Bioflux, 1,
31-36.

Khade, S. N. and Mane, U. H., 2012, “Diversity of Bivalve and
Gastropod, Molluscs of some localities from Raigad district,
Maharashtra, west coast of India”, Recent Research in Science
and Technology, 4, 10, 43-48.

Khan, M. A., Saifullah, S. M., Shaukat, S. S., Qureshi, N. and Chaghtai,
F., 1999, “Population structure and pattern of the gastropod
Potamides cingulatus (Gmelin) in a mangrove habitat of
Karachi”, Pak. J. Bio. Sci., 2, 178-181.

Morrisey, D. J., Turner, S. J., Mills, G. N., Williamson, R. B. and Wise,
B. E., 2003, “Factors affecting the distribution of benthic
macrofauna in estuaries contaminated by urban runoff”, Mar.
Env. Res., 55, 113-136.

Naz, F., Qureshi, N. A. and Saher, N., 2012, “Temporal and spatial
variation in species composition, distribution and abundance
copepods in mangrove creek area along the Karachi coast,
Pakistan”, I. J. Geo. Mar. Sci., 41, 1, 61-69.

Printrakoon, C., Wells, F. E. and Chitramvong, Y., 2008, “Distribution
of mollusks in mangrove at six sites in the upper gulf of
Thailand”, Raffl. Bull. Zool., 18, 247-257.



92 MAUSAM, 66, 1 (January 2015)

Rahman, S. and Barkati, S., 2012, “Spatial and temporal variations in the
species composition and abundance of benthic molluscs along
four rocky shores of Karachi” Turk. J. Zool., 36, 291-306.

Rahman, S. and Barkati, S., 2009, “Studies on index of disturbance of
benthic molluscs at four rocky shores of Karachi”. Pak. J.
Oceanogr., 5, 1-2, 19-28.

Rohipour, M., 2007, “A study on the molluscean diversity on the
mangrove forest at Sirik region”, Shahid Beheshri University,
Tehran, Iran, p86.

Safa, H., 2006, “A Survay of Mangrove Forest structure at Tiab and
Kolahi”, M. S. thesis, Islamic Azad University, Branch of
Bandar Abbas, Iran, p90.

Saifullah, S. M. and Elahi, E., 1992. “Pneumatophore density and size
mangrove of Karachi, Pakistan”, Pak. J. Bot., 24, 5-10.

Smith, A. and Nol, E., 2000. “Winter foraging behaviour and prey
selection of the Semipalmated plover in coastal Venezuela”,
Wilson Bulletin, 112, 467-472.

Strong, E., Gargominy, O., Ponder, W. and Bouchet, P., 2008, “Global
diversity of gastropods (Gastropoda; Mollusca) in freshwater”,
Hydrobiologia, 595, 149-166.

Sultana, R., 2001, ‘“Distribution and abundance of meiobenthos
in mangrove areas near the Karachi coast” M. phil thesis, Centre
of Excellence in Marine Biology, University of Karachi,
Pakistan.

Thistle, D., 1980, “The response of the harpacticoid copepod to the
community to a small scale natural disturbance”, J. Mar. Res.,
38, 381-395.

Tirmizi, N. M. and Barkati, S., 1983, “Seasonal abundance and
recruitment of the snail, Potamides cingulatus from Karachi
mangroves, in: Mangrove fauna (Invertebrates) of Karachi,
Sindh Coast” Report No. 2., Pakistan Agriculture Research
Council, Islamabad, 23-25.

Verma, A., Balachandran, S., Chaturvedi, N. and Pati, V., 2004, “A
preliminary report on the biodiversity of Mahil creek, Mumbai,
India with special reference to avifauna”, Zoos’s. Print. J., 19,
1599-1605.

Vermeij, G. J., 1973, “Drilling predation in a population of the edible
bivalve Anadara granosa (Arcidae)”, Nautilus, 94, 123-125.

Wells, F. E., 1984, “Comparative distribution of macromolluscs and
macrocrustaceans in a north-western Australian mangrove
system”, Freshw. Res., 35, 591-596.



