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Abstract 

 

The importance of mangrove litter for food of a variety of organisms is well established. Litter production and 

decomposition has been studied previously from two locations in Pakistan. This communication presents release of dissolved 

nutrients in mangrove channel water at Sandspit. Overall concentration of nutrient ions was high during post-monsoon season.  

Highest values of all nutrients (NH4 15.41µg. l-1, NO3 8.26 µg. l-1 and NO2 6.58 µg. l-1), except for phosphates, were recorded 

in November. Phosphate had highest value (14.78 µg. l-1) in December. The levels of all nutrients showed sharp decreases and 

attained lowest values in summer. The in situ seasonal values of nutrient ions had significant correlation with the litter 

production in the area. The litter trap data reveals high production of litter during dry post-monsoon season (1.93±1.15 g.m-

2.d-1) which is largely constituted of leaf litter (52%). Similarly, the in vitro leaf decomposition experiment clearly demonstrate 

release of particulate and dissolved matter during decomposition and 50% weight loss was noted in 48 and 50 days under 

aerobic and micro-aerobic conditions, respectively. Rate of release of all nutrient ions was slightly slower under micro-aerobic 

condition. Seasonal variability observed in water parameters and dissolved nutrients showed significant correlation with the 

litter production and decomposition. It is evident from the data that nutrient concentration in mangrove ecosystem (Manora 

Channel) is regulated through mangrove detrital system, though some influence of Layari River may exist. The organic detritus 

and nutrients could potentially enrich the coastal waters and ultimately support primary and secondary productivity. 
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Introduction 

 

Litter produced in the mangrove ecosystem provides 

food for a wide variety of organisms, including 

commercially important detritus feeding organisms (Husain, 

2020, Muro-Torres et al., 2020, Friis & Killilea, 2023). 

Freshly fallen litter in water or on the sediment surface is 

either transferred through tidal currents to the adjacent water 

bodies or accumulated as peat and buried under forest 

sediments (Naidoo, 2023; Shanij et al., 2023). Litter 

degradation starts with rapid leaching of dissolved organic 

(carbon, nitrogen, phosphorus, and tannin) and inorganic 

matter (Howard et al., 2020; Mamidala et al., 2022, 2023). 

Litter decomposition involves detritus feeding, microbial 

degradation and leaching of nutrients (Jessen et al., 2020, 

Shanij et al., 2023). During decomposition the chemistry of 

detritus changes completely (Van Vinh et al., 2020, 

Mamidala et al., 2023). 

Particulate organic detritus is one of the major 

components in the movement of organic matter from 

mangroves to the adjacent coastal waters (Tue et al., 2012; 

Saavedra-Hortua et al., 2020; Mamidala et al., 2023). 

However, it depends on flushing rate, tidal amplitude, 

geomorphology, and structural characteristic of the plants 

(Signa et al., 2017; Sanyal et al., 2020; Alongi, 2020). 

Contribution of mangrove forest to the near-shore food 

chain, nutrient supply, and net export of detritus from 

mangrove forests have been appreciated (Yan et al., 2022). 

The relationship between biodiversity and ecosystem 

properties is a function of litter decomposition (Carugati et 

al., 2018, Wintah et al., 2023). High nutrient production in 

mangrove ecosystem has profound effect on the biodiversity 

and abundance of organisms. From fisheries point of view, 

the mangrove ecosystem has significant importance owing 

to its role as feeding and breeding grounds for juveniles of 

many economically important finfish and shellfish has been 

well documented (Kathiresan, 2021; Priya et al., 2023). 

Exchange of nutrients between mangrove and coastal 

water is difficult to measure and hence the process is poorly 

understood. A few reports on the release of nutrients in 

mangrove swamps are available from various parts of the 

world (Taillardat et al., 2019; Twilley, 2019; Mamidala et 

al., 2022, 2023).  

Pakistan has significant mangrove cover along the 

Sindh and Baluchistan coasts (Siddiqui et al., 2008, Ahmed 

et al., 2020). Release of substantial amount of organic matter 

from Avicennia marina forest into the coastal water has been 

reported earlier (Siddiqui & Qasim, 1988; Farooqui et al., 

2012; Sahar et al., 2023). Despite the importance of 

dissolved nutrient flux, the release of nutrient from 

decomposing leaves of A. marina has not been studied. To 

understand the importance and function of these forests it is 

inevitable to undertake studies on nutrient available and its 

release from decomposing mangrove litter in this ecosystem. 

Present study involves assessment of litter production, litter 

decomposition, dissolved nutrients release during leaf litter 

decomposition and its seasonal variation in mangrove 

channels at Sandspit backwaters.  
 

Material and Methods 
 

Study site: The Sandspit mangrove area (24°82’84”N 

66°94’34”E) is connected to the Arabian Sea through 

Manora channel. Ships and boats frequently use this 

channel to access Karachi Port and Fish harbour. The 

Manora channel is flushed twice every day through tidal 

currents and receives discharge from the Lyari River, a 

continuous source of fresh water but also carrying domestic 

and industrial effluents (Fig. 1). 
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Fig. 1. Map showing study site in mangrove forest located at Sandspit backwaters. 

 

Field experiments 

 

Litter production: Seasonal litter production was 

estimated at Sandspit backwater mangroves by fixing nine 

litter-traps (25x25 cm) under the plant canopy (for details 

see Farooqui et al., 2012). The litter collected in the traps 

was recovered bimonthly, carefully sorted into different 

component (i.e., leaves, twigs, flower, fruits and other 

miscellaneous) and weighed after drying at 70°C for 48hrs. 

Data from Farooqui et al., (2012) was used to compare it 

with the seasonal dissolved nutrients in the adjoining 

channel water.  

 

Seasonal analysis of channel water (dissolved nutrients 

and other parameters): Water samples (from 1 m below 

the surface) were collected from mangrove channels every 

month during high tides in acid-washed polyethylene 

screw capped bottles and brought to the laboratory on ice. 

Samples were filtered immediately (Whatman GF/F) and 

analyzed within12 hrs. for dissolved nutrients (ammonia, 

nitrate, nitrite, and phosphate) according to previously 

describe methods (Parsons et al.,1984). 

Other water parameters, such as, temperature (mercury 

thermometer), salinity (refractometer 0161633ATAGO, 

Japan) and pH (ELEMETRON CP-401 pH meter) were also 

analyzed at the same site. Water samples were also fixed on 

site for the analysis of dissolved oxygen as per Winkler’s 

method (Parsons et al., 1984). 

 

Laboratory experiment 

 

Decomposition and nutrient release: Fresh yellow 

leaves of A. marina were picked from mangrove trees, 

washed with tap water and blot dried. Known quantities 

(15 g) of leaves were placed in 30 beakers (100 ml) 

capacity containing well aerated filtered (Whatman GF/F) 

seawater. Fifteen sets of beakers incubated in well aerated 

seawater providing aerobic condition and (ii) another set 

of 15 beakers was incubated in seawater under micro-

aerobic condition in anaerobic jars. Triplicate bags were 

randomly selected and recovered at the incubation period 

of 0, 7, 14, 30 and 60 days. Content from each beaker was 

filtered (Whatman GF/F), leaf material on the filter was 

air dried briefly and weighed to obtain weight remaining. 

The samples from filtrate (50 ml) were analyzed for 

dissolved nutrients (ammonia, nitrate, nitrite, and 

phosphate) according to previously described methods 

(Parsons et al., 1984). 

 

Data analysis 

 

Pearson Correlation coefficient and nMDS plots 

were used to  determine the relationship between physico-

chemical parameters and dissolved nutrients in channel 

waters by using PAST version 2.13 (Hammer et al., 2001) 

and PRIMER software package version 7.0 (Clarke & 

Gorely, 2006; Clarke & Gorely, 2015). Linear regression 

was used to determine the relationship between 

concentration of nutrients and weight loss during 

incubation period. The statistical software Minitab-17.0 

was used for statistical analysis. 

 

Results 

 

Litter production: A seasonal variability in litter 

production and nutrient leaching (Table 1) were recorded 

in Sandspit backwaters mangroves depicting low value of 

litter production during pre-monsoon (0.58±0.15 g.m-2.d-1) 

followed in ascending order by monsoon season 

(1.10±0.43 g.m-2.d-1) and post-monsoon season (1.93±1.15 

g.m-2.d-1). Leaf-litter constituted 52% of the total litter fall. 

Low contribution of fruits (19%), flower (17%) and twigs 

(4%) were recorded including 8% of other miscellaneous 

component (Fig. 2). 

 

Study site 

Arabian Sea 
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Fig. 2. Percent litter fall in A. marina mangrove stands at 

Sandspit backwater during study period (modified from 

Farooqui et al., 2012). 

 

 
 

Fig. 3. Seasonal variation in the concentration of nutrients 

(ammonia, nitrate, nitrite and phosphate in channel water at 

Sandspit during study period. 

Table 1. Seasonal variation in concentration of nutrient ion (µg/l) in channel water and rate of litter fall  

(gm.m-2.d-1)) at Sandspit mangrove area. 

Seasons 
Total litter fall 

(gm.m-2.d-1) 

Concentration of nutrient ions (µg/l) 

Ammonia Nitrate Nitrite Phosphate 

Pre-monsoon 0.58 ± 0.15 10.64 ± 1.34 4.19 ± 0.37 1.84 ± 0.31 4.89 ± 4.11 

Monsoon 1.10 ± 0.43 10.42 ± 1.43 1.91 ± 0.75 1.72 ± 1.35 5.93 ± 3.96 

Post-monsoon 1.93 ± 1.15 13.81 ± 0.97 6.01 ± 1.46 5.14 ± 1.54 14.07 ± 0.54 

 
Table 2. Two-way ANOVA showing individual effect of 

seasons on nutrient ion (NO2
-; NO3

-; NH4
+; and PO4

3-) 

concentrations. 

Factor F-value 

Nutrients 9.4*** 

Seasons 16.25*** 

Where, *** = p<0.001 

 

Analysis of channel water 

 

Dissolved nutrients: In general, variable nutrient 

concentrations were observed in channel water with a clear 

seasonal pattern (Fig. 3). Overall concentration of nutrient 

ions were high during post-monsoon season (Tables 1 and 

2). Highest values of all nutrients (NH4:  15.41µg. l-1, NO3: 

8.26 µg. l-1 and NO2: 6.58 µg. l-1), except for phosphates, 

were recorded in November. Phosphate had highest value 

(14.78 µg. l-1) in December. The levels of all nutrients 

showed sharp decreases and attained lowest values in 

summer.  Lowest values were recorded for ammonia (8.85 

µg. l-1) in May, nitrate, and nitrite in June (1.2 µg. l-1 

and0.86 µg. l-1), and phosphate (0.96 µg. l-1) in February 

(Fig. 3). The Pearson correlation analyses showed (Table 

3) that ammonia had significant correlation with nitrate (r2 

= 0.72), nitrite (r2= 0.86) and phosphate (r2=0.912), 

respectively. Water temperature was significantly 

correlated with salinity (r2= 0.77), pH (r2= 0.729 and nitrate 

(r2= 0.616). The relationship between the seasonal litter 

production and dissolved nutrient concentration in the 

adjacent channel was also assessed. Ammonia, nitrite and 

phosphate concentrations in the channel water had 

significant positive correlation with the litter production 

except for phosphate concentrations (Fig. 4). 

 
Table 3. Pearson correlation coefficient matrix showing relationship between concentration of nutrients (nitrate, nitrite, 

ammonia and phosphate) and hydrographic parameters (air temperature, water temperature, mud temperature,  

salinity, pH and dissolved oxygen) observed in channel water at Sandspit. 

Water variables 
AT  

(°C) 

WT  

(°C) 

ST  

(°C) 

Salinity 

(PSU) 

DO  

(mg/l) 

Ammonia 

(µg/l) 

Nitrate 

(µg/l) 

Nitrite 

(µg/l) 

W T (°C) 0.904* - - - - - - - 

ST (°C) 0.9* 0.99* - - - - - - 

Salinity (PSU) 0.879* 0.77* 0.769* - - - - - 

pH 0.84* 0.729* 0.721* 0.859* - - - - 

DO (mg/l) - - - - - - - - 

Ammonia (µg/l) - - - - 0.518* - - - 

Nitrate (µg/l) 0.652* 0.616* 0.514* -  0.411* - - 

Nitrite (µg/l) - 0.169 - -  0.791* 0.651* - 

Phosphate (µg/l) - - - 0.231  0629* 0.845* 0.837* 

AT (air temperature), WT (water temperature), ST (mud temperature), DO (dissolved oxygen) * = Highly significant at probability 0.05 
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Table 4. Seasonal variation of physico-chemical variables in channel water at Sandspit mangrove. 

Seasons 
Temperature (°C) 

Salinity (PSU) pH DO (mg/l) 
Water Mud 

Pre-monsoon 23.44 ± 3.31 23.30 ± 3.32 40.08 ± 2.45 6.80 ± 0.09 1.92 ± 0.22 

Monsoon 29.77 ± 3.71 30.10 ± 3.54 46.11 ± 1.18 7.44 ± 0.38 0.96 ± 0.20 

Post-monsoon 23.73 ± 2.46 22.81 ± 1.55 41.98 ± 3.37 6.96 ± 0.39 1.61 ± 0.45 

 

 
 

Fig. 4. Concentration of nutrient ions (a) ammonia, (b) nitrate, (c ) nitrite and (d) phosphate (µg/l) in channel water with respect to letter 

production (gm.m-2.d-1) at Sandspit mangrove area. 

 

Other parameters: Water parameters recorded for samples 

collected from mangrove channel through a year are shown 

in Table 4. Seasonal variability in the water (23.44-29.77oC) 

and sediment (22.81-30.10oC) temperatures were noted and 

the highest temperature values were recorded in monsoon 

and lowest during pre-monsoon in water and post-monsoon 

in sediment (Table 4). Salinity of channel water ranged from 

40.08-46.11 PSU with highest value in monsoon and lowest 

pre-monsoon seasons (Table IV). Channel water remained 

slightly acidic during pre- and post-monsoon with a 

minimum pH value of 6.8 observed in post-monsoon. 

Alkaline pH condition was recorded during monsoon season 

(Table 3). Concentration of dissolved oxygen in channel 

water varied from 0.96 to 1.92 µg. l-1 and the minimum 

values were recorded in post-monsoon. Water and sediment 

and water temperature and salinity were significantly 

correlated (Pearson correlation; Table 3). 

A relationship was made by using non-metric MDS 

(nMDS) assessment for seasonal variation in 

physicochemical variable of channel water and nutrient 

leaching with respect to % weight loss (Fig. 5). The Figure 

5a Shown clearly 60% similarity between DO (dissolved 

oxygen), N2 (nitrite) and N3 (nitrate), 80% between pH, 

AM (ammonia) and P (phosphate) as well as 80% between 

WT (water temperature), MT (mud temperature) and S 

(salinity). Whereas, leaching of nutrients with respect to 

weight loss showing 20% similarity (Fig. 5bi-ii). 

 

Laboratory experiment  

 

Decomposition and nutrient release: The laboratory 

experiment clearly indicates that particulate and dissolved 

materials were released during decomposition of mangrove 

leaf litter during both aerobic (AC) and micro-aerobic 

(MAC) incubation. Hence the weight of the decomposing 

leaves decreases slowly in the initial phase and more 

rapidly later. It was estimated that 48 and 50 days were 

required for 50% reduction in weight during aerobic and 
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micro-aerobic incubation, respectively. The dissolved 

nutrient release also followed the same pattern and the 

concentration of all nutrients (ammonia, nitrate, nitrite, and 

phosphate) increased slowly during early incubation period 

(up to 7 days) and a rapid phase of nutrient release was 

noted as decomposition proceeds further (Fig. 6). In both 

aerobic and micro-aerobic condition the rate of ammonia 

release was highest (AC: 0.221 µg.l-1.d-1; MAC: 0.194 µg.l-

1.d-1) followed in descending order by nitrate (AC: 0.174 

µg.l-1.d-1; MAC: 0.127 µg.l- 1.d-1), phosphate (AC: 0.141 

µg.l-1.d-1; MAC: 0.113 µg.l-1.d-1), and nitrite (AC: 0.122 

µg.l-1.d-1; MAC: 0.091 µg.l-1.d-1), respectively (Fig. 6 A & 

B). Dissolved nutrients released during incubation 

appeared to have a significant positive correlation with the 

weight loss (Figs. 7 and 8). 

 

 
 

Fig. 5. Seasonal variation in % similarity between (a) water 

parameters, (bi) % weight loss and nutrient leaching in aerobic 

condition and (bii) % weight loss and nutrient leaching in micro-

aerobic environmental condition at Sandspit along Karachi coast. 

 

Discussion 
 

Here we report on the assessment of dissolved 

nutrient ions variations in a mangrove stand at Sandspit 

(Karachi, Pakistan). Seasonal variations in nutrient 

composition in coastal marine ecosystem is well 

established (Masoud et al., 2019; Minu et al., 2020; 

Matos et al., 2022; Kamal et al., 2023). The values 

observed for the channel water in the present work are 

in good agreement with the previous studies from 

Pakistan, for example, Manora channel (Khan & 

Saleem, 1988, Rizvi et al., 1988; Shoaib et al., 2017; 

Sahar et al., 2023) and Sonmiani Bay (Farooq, 2006; 

Hameed-Baloch et al., 2014), and from elsewhere 

(Zhang et al., 2020; Sun et al., 2022; Anitha Kumari et 

al., 2023). The major contribution in the dissolved 

nutrients is apparently through leaf litter production and 

decomposition involving leaching and microbial 

degradation (Hutchison et al., 2014; Mamidala et al., 

2023). Leaching alone removes considerable substances 

and can produce high levels of DOM (Saifullah et al., 

2016). Environmental conditions, for example, 

temperature (Sanyal et al., 2020), tidal inundation 

(Howard et al., 2020; Mamidala et al., 2023), role of 

microbial community and invertebrates grazing 

efficiency (Mamidala et al., 2023; Morrison et al., 2023) 

are known to control the decomposition and release of 

DOM and POC in the mangrove environment. Mangrove 

leaves have major contribution in the liter production 

(Faroqui et al., 2012; Mamidala et al., 2023) and hence 

appears to regulate nutrient cycle in the mangrove 

environment. In the present study, the pattern of nutrient 

variation in the channel water follows the seasonal 

pattern of litter production.  

The peak in the litter production (Faroqui et al., 

2012, Siddiqui and Qasim 1988) appears more than a 

month earlier of the highest nutrient values observed in 

November (NH4, NO3 and NO2) and December (PO4). 

The gap in the highest litter production and maximum 

nutrient concentration in channel water is probably due 

to the time required for decomposition of litter and 

release of particulate and dissolved nutrients in the field 

condition (average t50 = 51.5 d; average decay constant 

= 0.135 Kd-1; Shafique et al., 2015). Although nutrient 

loading through Layari River carrying sewage and other 

wastes also seems to impact nutrient levels in the back 

waters, but we suggest that the nutrient fluctuation in 

Manora channel water is a function of rate of litter 

production and decomposition as expected and the 

effluents have low impact. All nutrients assessed here 

except nitrate and phosphate ions in mangrove channel 

have significant positive correlation with litter 

production data. However, in the laboratory experiment, 

all nutrients, including nitrate and phosphate ions, 

increase concomitantly with decomposition of leaves 

and show a significant positive correlation. The 

disparity in the litter production and nitrate/phosphate 

levels in the channel water could be attributed to its 

variable nutrient loadings through Layari (effluents), 

consumption by planktons (Flores, 2022; Mack, 2023), 

denitrification and/or ammonification; later being the 

preferred pathway (Mack, 2023); microbial phosphate 

solubilization known to occur in mangrove sediment 

(Mack, 2023) and conversion of polyphosphates into 

orthophosphates (Pandey & Pande, 2023). 
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We designed the nutrient leaching experiment in 

laboratory so that it mimics the litter decomposition 

conditions prevailing in the field (e.g., aerobic and micro-

aerobic). The experiment shows that mangrove litter releases 

both particulate material and dissolved nutrients with slower 

rates during initial stage of decomposition and much faster 

during later stage of decomposition (Pradisty et al., 2021). 

This observation supports the notion, already mentioned 

above, that increases in the nutrient levels in channel water has 

a lag period of about a month with the increases observed in 

the litter production since litter produced in mangrove 

environment takes time to decompose completely (Roy et al., 

2012; Mamidala et al., 2022, 2023). 

In the summary, it is evident that dissolved nutrient 

ions are released from the decomposing litter. Taking into 

account the total litter production in this area (4.35 

tonnes.ha-1.y-1; Faroqui et al., 2012), a considerable 

amount of nutrients are being into the system through litter 

decomposition (Kamruzzaman et al., 2019; Shanij et al., 

2023). The organic detritus and nutrients could potentially 

enrich the coastal waters and ultimately support primary 

and secondary productivity. 

 

  
 
Fig. 6. Variation in the concentration of ammonia, nitrate, nitrite and phosphate observed during decomposition of A. marina foliage: a) 

aerobic condition and b) micro-aerobic condition. 
 

  
 

  
 

Fig. 7. Concentration of nutrient ions (µg/l) leaching during Avicennia marina leave decomposition in lab aerobic condition (LAC). 
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Fig. 8. Concentration of nutrient ions (µg/l) leaching during Avicennia marina leave decomposition in lab anaerobic condition (LAAC). 

 

Declaration of competing interest 

 
The authors declare that they have no known competing 

financial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 

 

Funding 

 
This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-
profit sectors. 

 
References 
 

Ahmed, Y.Z., S. Shafique, Z. Burhan and P.J.A. Siddique. 2020. 

Screening of antimicrobial and cytotoxic activities of two 

marine cyanobacteria collected from mangrove backwater at 

Sandspit, Pakistan. Pak. J. Bot., 52(4): 1481-1490.  

Alongi, D.M. 2020. Carbon cycling in the world’s mangrove 

ecosystems revisited: Significance of non-steady state 

diagenesis and subsurface linkages between the forest floor 

and the coastal ocean. Forests., 11(9): 977. 

Anitha Kumari, C., J. Christobel and B. Lawrence. 2023. 

Seasonal variations in physico-chemical characteristics of 

Kanyakumari Coastal Waters, South-West Coast of India. J. 

Surv. Fish. Sci., 10(2S): 3549-3561. 

Carugati, L., B. Gatto, E. Rastelli, M.L. Martire, C. Coral, S. 

Greco and R. Danovaro. 2018. Impact of mangrove forests 

degradation on biodiversity and ecosystem functioning. 

Sci.c Rep., 8(1): 1-11. 

Clarke, K.R. and R.N. Gorley. 2015. Getting started with 

PRIMER v7. PRIMER-E: Plymouth, Plymouth Marine 

Laboratory, 20(1). 

Clarke, K.R. and R.N. Gorely. 2006. PRIMER v6: user manual/ 

tutorial. Plymouth: PRIMER-E. 

Farooq, S. 2006. Ph.D. Thesis. Centre of Excellence in Marine 

Biology, University of Karachi, Karachi Pakistan. 

Farooqui, Z., P.J.A. Siddiqui, S. Shafique, A. Ali and P. Iqbal. 
2012. Assessment of litter production in semi-arid 
mangroves forests near active Indus river mouth (Hajambro 
creek) and Karachi backwaters, Pakistan. Pak. J. Bot., 44(5): 
1763-1768. 

Flores, E.A. 2022. Effects of Nutrient Enrichment on Mangrove 
and Saltmarsh Habitats (Doctoral dissertation, The 
University of Texas Rio Grande Valley). 

Friis, G. and M.E. Killilea. 2023. Mangrove Ecosystems of the 

United Arab Emirates. In: A Natural History of the Emirates 

(pp. 217-240). Cham: Springer Nature Switzerland. 

Hameed-Baloch, A., M.S. Haneef-ur-Rehman, M.A. Kalhoro and 

M.A. Buzdar. 2014. The curious case of mangroves forest at 

the Sonmiani bay Area, Lasbela District, Pakistan: A review. 

Lasbela Univ. J. Sci. Technol., 3: 61-74. 

Hammer, Ø., D.A.T. Harper and P.D. Ryan. 2001. PAST 

paleaontological statistics, ver. 1.89. Paleaontol Electron, 4: 9. 

Howard, J.L., C.C. Lopes, S.S. Wilson, V. McGee-Absten, C.L. 

Carrión, J.W. Fourqurean. 2020. Decomposition rates of 

surficial and buried organic matter and the lability of soil 

carbon stocks across a large tropical seagrass landscape. 

Estuar. Coast., 1-21. 

Husain, P. 2020. The ecosystem services of mangroves for 

sustainable coastal area and marine fauna in Lombok, 

Indonesia: A review. J. Innov. Sci. Edu., 1: 1-7. 

Hutchison, J., M. Spalding and P. zu Ermgassen. 2014. The role 

of mangroves in fisheries enhancement. The Nature 

Conservancy and Wetlands International, 54: 434. 

Jessen, B.J., C.A. Oviatt, R. Rossi, C. Duball, C. Wigand, D.S. 

Johnson and S.W. Nixon. 2020. Decomposition of mangrove 

litter under experimental nutrient loading in a fringe 

Rhizophora mangle (L.) forest. Estuar. Coast. Shelf Sci., 

248: 106981. 

Kamal, M., N. Abdel-Raouf, K. Alwutayd, H. AbdElgawad, M.S. 

Abdelhameed, O. Hammouda and K.N. Elsayed. 2023. 

Seasonal changes in the biochemical composition of 

dominant macroalgal species along the Egyptian Red Sea 

Shore. Biology, 12(3): 411. 

y = -4.6007x + 99.381

R² = 0.9315

0

20

40

60

80

100

0 2 4 6 8 10

%
 w

ei
g

h
t 

lo
ss

Nitrite ion (µg/l)

y = -2.7339x + 101.5

R² = 0.8062

0

20

40

60

80

100

0 2 4 6 8 10

%
 w

ei
g

h
t 

lo
ss

Ammonium ion (µg/l)

y = -5.7241x + 105.89

R² = 0.9048

0

20

40

60

80

100

0 2 4 6 8 10

Phosphate ion (µg/l)

y = -6.6856x + 103.64

R² = 0.9019

0

20

40

60

80

100

0 2 4 6 8 10

Nitrate ion (µg/l)



SEEMA SHAFIQUE & PIRZADA J.A. SIDDIQUI 1564 

Kamruzzaman, M.D., K. Basak, S.K. Paul, S. Ahmed and A. 
Osawa. 2019. Litterfall production, decomposition and 
nutrient accumulation in Sundarbans mangrove forests, 
Bangladesh. Forest Sci. Technol., 15(1): 24-32. 

Kathiresan, K. 2021. Mangroves: Types and importance. 
Mangroves: Ecology, Biodiversity and Management, 1-31. 

Khan, S.H. and M. Saleem. 1988. A preliminary study of 
pollution in Karachi Harbor. Marine Science of the Arabian 
sea. In: (Eds.): Thompson, M.F., N.M. Tirmizi. Proceeding 
of International Conference. American Institute of 
Biological Science, Washington, D.C. pp. 539-547. 

Mack, M.R. 2023. Understanding the Influence of Nutrient Pollution 
on Mangrove Ecosystems: Insights From the Marsh-Mangrove 
Ecotone (Doctoral dissertation, Villanova University). 

Mamidala, H.P., D. Ganguly, R. Purvaja, G. Singh, S. Das, M.N. 
Rao, A.K. Ys, K., Arumugam and R. Ramesh. 2023. 
Interspecific variations in leaf litter decomposition and 
nutrient release from tropical mangroves. J. Environ. 
Manag., 328: 116902. 

Mamidala, H.P., D. Ganguly, P. Ramachandran, Y. Reddy, A.P. 
Selvam, G. Singh, K. Banerjee, R.S. Robin and R. 
Ramachandran. 2022. Distribution and dynamics of 
particulate organic matter in Indian mangroves during dry 
period. Environ. Sci. Poll. Res., 29(42): 64150-64161. 

Masoud, M.S., A.M. Abdel-Halim and A.A. El Ashmawy. 2019. 
Seasonal variation of nutrient salts and heavy metals in 
mangrove (Avicennia marina)  environment, Red Sea, 
Egypt. Environ. Monit. Ass., 191(7): 425. 

Matos, C.R., J.F. Berrêdo, W. Machado, E. Metzger, C.J. 
Sanders, K.C. Faial and M.C. Cohen. 2022. Seasonal 
changes in metal and nutrient fluxes across the sediment-
water interface in tropical mangrove creeks in the Amazon 
region. Appl. Geochem., 138: 105217. 

Minu, A., J. Routh, J.F. Machiwa and S. Pamba. 2020. Spatial 
variation of nutrients and primary productivity in the Rufiji 
Delta mangroves, Tanzania. Afri. J. Mar. Sci., 42(2): 221-232. 

Morrison, E.S., Y. Liu, A. Rivas-Ubach, J.H.F. Amaral, M. 
Shields, T.Z. Osborne, R. Chu, N. Ward and T.S. Bianchi. 
2023. Mangrove peat and algae leachates elicit rapid and 
contrasting molecular and microbial responses in coastal 
waters. Commu. Ear. Environ., 4(1): 376. 

Muro-Torres, V.M., F. Amezcua, M. Soto-Jiménez, E.F. Balart, 
E. Serviere-Zaragoza, L. Greenand and J. Rajnohova. 2020. 
Primary sources and food web structure of a tropical wetland 
with high density of mangrove forest. Water, 12(11): 3105. 

Naidoo, G. 2023. The mangroves of Africa: A review. Mar. Pollu. 
Bull., 190: 114859. 

Pandey, P.K. and A. Pande. 2023. Aquatic Environment 
Management. CRC Press. 

Parsons, T.R., Y. Maita and C.M. Lali. 1984. A manual of 
chemical and biological methods for seawater analysis. 
Pergamon Press, Oxford, pp. 173. 

Pradisty, N.A., A.A. Amir and M. Zimmer. 2021. Plant species-and 
stage-specific differences in microbial decay of mangrove leaf 
litter: the older the better? Oecologia., 195(4): 843-858. 

Priya, A., S.G. Bhavan, K. Bella, K. Biji, P.K. Velayudhan, P. 
Sahadevan, C. Vasudevan, M. Lal, T. Mayekar, B. Ingole and 
R. Kutty. 2023. Delineating the fish-based ecosystem services 
of a small tropical Indian estuary: Identification, evaluation 
and management. Estuar. Coast. Shelf Sci., 293: 108506. 

Rizvi, S.N.S., M. Saleem and J. Baquar. 1988. Steel mill 
effluents: Influence on the Bakran creek environment. 
Marine Science of the Arabian Sea. In: (Eds.): Thompson, 
M.F. & N.M. Tirmizi. Proceeding of International 
Conference. American Institute of Biological Science, 
Washington, D.C. 549-569. 

Roy, M., S. Ray and P.B. Ghosh . 2012. Modelling of impact of 
detritus on detritivorous food chain of Sundarban mangrove 
ecosystem, India. Proce. Environ. Sci., 13: 377-390. 

Saavedra-Hortua, D.A., D.A. Friess, M. Zimmer and L.G. Gillis. 
2020. Sources of particulate organic matter across mangrove 
forests and adjacent ecosystems in different geomorphic 
settings. Wetlands, 40(5): 1047-1059. 

Sahar, R., S. Shafique, Z. Burhan, S.G. Rasool and P.J.A. 
Siddiqui. 2023. Potential of nitrification rate in sediments of 
grey mangrove (Avicennia marina) located at different 
stations along Karachi coast, Pakistan. Pak. J. Bot., 55(5): 
1973-1983. 

Saifullah, A.S.M., A.H.M. Kamal, M.H. Idris, A.H. Rajaee and 
M.K.A. Bhuiyan. 2016. Phytoplankton in tropical mangrove 
estuaries: role and interdependency. Forest Sci. Technol., 
12(2): 104-113. 

Sanyal, P., R. Ray, M. Paul, V.K. Gupta, A. Acharya, S. Bakshi, 
T.K. Jana and S.K. Mukhopadhyay. 2020. Assessing the 
dynamics of dissolved organic matter (DOM) in the coastal 
environments dominated by mangroves, Indian Sundarbans. 
Front. Earth Sci., 8: 218. 

Shafique, S., P.J.A. Siddiqui, R.A. Aziz, S.S. Shaukat and F. 
Farooqui. 2015. Decomposition of Avicennia marina 
(Forsk.) Vierh. foliage under field and laboratory conditions 
in the backwaters of Karachi, Pakistan. Bangla. J. Bot., 
44(1): 1-7. 

Shanij, K., S. Suresh, V. Jilesh and T.S. Nayar. 2023. Leaf litter 
production and decomposition in a Riverine Mangrove 
forest in India. Wetl. Ecol. Manag., 1-19. 

Siddiqui P.J.A., S. Farooq, S. Shafique, Z. Burhan and Z. Farooqi. 
2008. Conservation and management of biodiversity in 
Pakistan through the establishment of marine protected 
areas. Ocean Coast. Manag., 51: 377-38. 

Siddiqui, P.J.A. and R. Qasim. 1988. Changes in dry weight, organic 
and inorganic content and calorific value in decomposing 
mangrove, Avicennia marina, foliage. Marine Science of the 
Arabian sea. In: (Eds.): Thompson, M.F. & N.M. Tirmizi. 
Proceeding of International Conference. American Institute of 
Biological Science, Washington, D.C. pp. 393-400. 

Signa, G., A. Mazzola, J. Kairo and S. Vizzini. 2017. Small-scale 
variability in geomorphological settings influences 
mangrove-derived organic matter export in a tropical bay. 
Biogeosci., 14(3): 617-629. 

Shoaib, M., Z. Burhan, S. Shafique, H. Jabeen and P.J.A. 
Siddique. 2017. Phytoplankton composition in a mangrove 
ecosystem at Sandspit, Karachi, Pakistan. Pak. J. Bot., 49(1): 
379-387. 

Sun, X., Z. Dong, W. Zhang, X. Sun, C. Hou, Y. Liu, C. Zhang, 
L. Wang, Y. Wang, J. Zhao and L. Chen. 2022. Seasonal and 
spatial variations in nutrients under the influence of natural 
and anthropogenic factors in coastal waters of the northern 
Yellow Sea, China. Mar. Poll. Bull., 175: 113171. 

Taillardat, P., A.D. Ziegler, D.A. Friess, D. Widory, F. David, N. 
Ohte, T. Nakamura, J. Evaristo, N. Thanh-Nho, T. Van Vinh 
and C. Marchand. 2019. Assessing nutrient dynamics in 
mangrove porewater and adjacent tidal creek using nitrate 
dual-stable isotopes: A new approach to challenge the 
Outwelling Hypothesis? Mar. Chem., 214: 103662. 

Tue, N.T., T.D. Quy, H. Hamaoka, M.T. Nhuan and K. Omori. 
2012. Sources and exchange of particulate organic matter in 
an estuarine mangrove ecosystem of Xuan Thuy National 
Park, Vietnam. Estuar. Coast., 35: 1060-1068. 

Twilley, R. R. 2019. Mangrove wetlands. In: Southern Forested 
Wetlands, 445-473. Routledge. 

Van Vinh, T., M. Allenbach, K.T.V. Linh and C. Marchand. 
2020. Changes in leaf litter quality during its decomposition 
in a tropical planted mangrove forest (Can Gio, Vietnam). 
Front. Environ. Sci., 8: 10. 

Wintah, W., K. Kiswanto, E. Hilmi and M.H. Sastranegara. 2023. 
Mangrove diversity and its relationships with environmental 
conditions in Kuala Bubon Village, West Aceh, Indonesia. 
Biodiver. J. Biol. Diver., 24(8): 

Yan, R., J. Feng, Y. Wang, L. Fu, X. Luo, L. Niu and Q. Yang. 
2022. Distribution, Sources, and Biogeochemistry of Carbon 
Pools (DIC, DOC, and POC) in the Mangrove-Fringed 
Zhangjiang Estuary, China. Front. Mar. Sci., 9: 909839. 

Zhang, P., H. Ruan, P. Dai, L. Zhao and J. Zhang. 2020. 
Spatiotemporal river flux and composition of nutrients 
affecting adjacent coastal water quality in Hainan Island, 
China. J. Hydrol., 591: 125293. 

 

(Received for publication 22 February 2024) 


