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Abstract 

In this study, the changes in nutrient concentration, chlorophyll a, total alkalinity and 

physicochemical parameters of surface water at mangrove and marine stations in Nayband 

mangrove ecosystem were investigated. Water samples were collected from 4 stations 

distributed throughout the mangrove forest and 3 stations in the coastal water of the Persian 

Gulf during two seasons of summer and winter. The results showed that the average of salinity 

and temperature at mangrove stations in the summer was significantly higher than the winter 

and the mean pH and dissolved oxygen in the winter was significantly higher than the summer 

(p<0.05). Statistical comparison showed that mean concentration of phosphate, silicate, 

chlorophyll a and total alkalinity in surface waters of mangrove forests in the summer was 

significantly higher than the winter (p<0.05), and mean concentration of nitrite, nitrate and 

ammonium in the winter was significantly higher than the summer at mangrove stations. In 

addition, the statistical comparison showed that the mean concentration of nutrients (phosphate, 

silicate, nitrite and ammonium) and chlorophyll a at mangrove stations was significantly higher 

than marine stations (p<0.05) in both seasons. 
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1. Introduction 

Productive wetlands, which support biodiversity 

and ecosystems, are essential parts of the 

environment. The wetlands also regulate water 

quality, quantity, nutrient cycling and act as a buffer 

between terrestrial and aquatic systems [1]. 

Mangrove ecosystems are productive wetlands found 

in tropical and subtropical regions which provide 

suitable shelter for both marine and terrestrial 

organisms [2]. Human interferences with the 

landscape have widespread influences on wetlands 

[3] and global warming [4]. Consequently, water 

temperature [5] and in-stream biogeochemical 

processes are altered [6]. The healthy aquatic 

ecosystem depends on the physico-chemical and 

biological characteristics [7]. Therefore, several 

studies have been conducted to evaluate the health 

status of mangroves ecosystems by measuring 

physicochemical parameters [8-12]. 
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The Nayband, the largest mangrove forest located 

in the Bushehr province, is largely affected by oil 

and gas activities and their pollution, land 

reclamation, agricultural and aquaculture activity, 

over using natural resources, and changing land-use. 

Road construction has been led to hydrological 

changes and subsequent decline of mangrove forests 

of east Nayband Bay. The present investigation is an 

attempt to study some of the crucial, physical, 

chemical and biological parameters of Nayband 

mangrove ecosystem in relation to the assessment of 

the state of health of the mangroves. To our best 

knowledge, studies of parameters, such as 

chlorophyll a, nutrient concentrations (nitrate, nitrite, 

ammonium, phosphate, and silicate) and total 

alkalinity at this valuable ecosystem has not been 

reported so far. 

2. Material and Methods 

2.1. Study Area 

The Mangrove forests of Nayband, are the widest 

mangrove communities in above 27 degrees' latitude 

in the northern coast of the Persian Gulf, and the last 

dense and extensive complex of these ecosystems in 

the northwest Indian Ocean and has an area of about 

390 hectares. Water samples were collected from 

four stations distributed throughout the mangrove 

forest and three stations in the coastal water of the 

Persian Gulf as a reference (Figure 1). Sampling was 

carried out during summer (September, 2016) and 

winter (February, 2017) seasons. From each station 

three replicate samples were taken. According to 

meteorological data obtained from the Bushehr 

Metrological Agency the air temperature showed 

marked variation in relation to seasons. The mean 

atmospheric temperature varied from 24.1 to 38.5 °C 

during the winter and summer, respectively.  

 

 

Fig 2: Sampling stations 

2.2. Analytical Method 

Concentration of nutrients and chlorophyll a were 

measured by colorimetric [13] and 

spectrophotometric method, respectively [14]. Total 

alkalinity was measured by open-cell potentiometric 

titration [15]. Dissolved oxygen (DO) and pH was 

measured using Hack multi meter )HQ40d). Salinity 

was measured using a WTW 3210 portable meter. 

2.3. Statistical Analysis 

For Statistical analysis, the SPSS software version 

22 was used. To obtain the distribution of data the 

Klomogrov-Smirnov test was used. The statistical 

differences were determined by Mann-Whitney U 

test. Spearman test was used to determine the 

correlation between the parameters.  

3. Results and discussion 

3.1. Physicochemical parameters 

Figure 2 shows the measured physicochemical 

parameters of surface water on the coastal water of 

the Persian Gulf (marine stations) and near the 

mangrove trees (mangrove stations). Most studied 

physicochemical parameters showed significant 

differences between stations and seasons. 
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Fig 2: Mean values of studied physicochemical parameters at mangrove and marine stations 

in the winter and summer seasons. 

 

Aaverage water temperature ranged from 

36.05±0.84 °C to 34.73±0.14 °C and between 

25.35±0.82 °C and 22.73±0.13 °Cat mangrove and 

marine stations. Temperature is the most important 

factor to maintain the growth, reproduction, survival, 

and distribution of organisms in the environment 

[16]. The mean water temperatures in the summer 

were higher than the winter at all studied stations.  

Figure 2 shows the average salinity in the summer 

was higher than in the winter. The average salinity 

ranged from 40.0±0.9 to 37.1±0.06 psu and between 

32.2±0.2 and 36.1±0.9 psu in the summer and winter 

at mangrove and marine stations, respectively. 

Generally, changes in the salinity in the brackish 

water habitats, such as estuary, backwater, 

mangroves and coastal waters are because of the 

influx of freshwater from river, by land runoff 

caused by monsoon or by tidal variations. This could 

be attributed to high degree of evaporation with 

decreased freshwater inflow and land drainage [17]. 

Metrological data obtained from the Bushehr 

Metrological Agency was shown that the total 

amount of rainfall was about 327 mm during the 

winter and no rainfall during the summer. The 

highest rainfall was recorded in February, 2017    

(287 mm). These values were expected to result in a 

marked  decrease in  salinity at the mangrove  

stations. 

pH is an important variable in water quality 

assessment as it influences many biological and 

chemical processes within a water body. In 

unpolluted waters, pH is principally controlled by the 

balance between the carbon dioxide, carbonate and 

bicarbonate ions as well as other natural compounds 

such as humic and fulvic acids. The natural acid-base 

balance of a water body can be affected by industrial 

effluents and atmospheric deposition of acid-forming 

substances [18]. Diel variations in pH can be caused 
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by the photosynthesis and respiration cycles of algae 

in eutrophic waters [19]. A combination of several 

factors would influence the pH of the mangrove 

lagoon water system. The pH of seawater is usually 

relatively stable for tropical systems ranging 

between7.4-8.5. Any significant deviations above or 

below this normal range suggests some form of 

disturbance [18]. The average pH values in the 

winter were 8.4 at mangrove and marine stations 

(Figure 2). But, the average pH values in the summer 

varied from 6.9 to 7.2 at mangrove and marine 

stations, respectively. This decrease may be because 

of presence of oil and gas facilities nearby the 

Nayband ecosystem and thus, it affected by oil and 

gas activities and their pollution (increasing CO2 

levels of the atmosphere and other greenhouse 

gases). The hydrolysis of CO2 in seawater increases 

the hydrogen ion (H+) concentration and thereby 

reduces the pH of seawater, a term coined “ocean 

acidification” [20]. As oceans become less basic, the 

ability of marine calcifies to form calcite and 

aragonite skeletons decreases [21]. Moreover, when 

pH of water decreases below 7, it dissolves many 

metals resulting in their toxicity [22]. Also, higher 

pH values recorded in the winter were accompanied 

by a relative increase in the concentration of DO (pH 

shows a positive correlation with DO). 

Average dissolved oxygen for the sample period 

ranged between 7.94±0.7 to 7.68±0.02 mg/l and 

10.87±0.9 mg/l to 9.31±0.04 in the summer and 

winter at mangrove and marine stations, 

respectively..  The DO content of natural waters 

varies with temperature, salinity, turbulence, the 

photosynthetic activity of algae and plants, and 

atmospheric pressure. The solubility of oxygen 

decreases as temperature and salinity increase. 

Significant variations in DO can occur seasonally or 

even over 24 hour periods, in relation to temperature 

and biological activity (i.e. photosynthesis and 

respiration). Increases in DO relate to phytoplankton 

concentrations as algal blooms in eutrophic waters 

can cause DO concentrations to rise dramatically 

[19]. The statistical analysis shows that the mean DO 

in the winter is significantly higher than the summer 

(p<0.05) at all stations and this might be because of 

the cumulative effect of lower water temperature 

with heavy rainfall and the resultant fresh water 

mixing [12, 23]. The present study also showed an 

oxygen super-saturation (>5.66 mg/l) in the Nayband 

ecosystem, it might be because of higher rate of 

photosynthesis and limited flushing [24]. 

3.2. Nutrient analysis 

In mangrove ecosystem, nutrients are considered 

as the most important parameters that influence 

growth, reproduction and metabolic activities of 

biotic components. The distribution of nutrients is 

mainly based on season, tidal conditions and fresh 

water influx from land [25]. As shown in Figure 3, 

the average nitrite, nitrate and ammonium 

concentrations in the winter was significantly 

(p<0.05) higher than the summer, at mangrove 

stations. This might be because of heavy rainfall in 

the winter (total rainfall in February was 287 mm). 

Similar finding has been reported by other researcher 

[26, 27]. Anbazhagan suggested that the addition of 

nitrogenous nutrients mainly through freshwater and 

terrestrial runoff in the lagoon definitely increased 

the level of nitrogenous nutrients [28]. Moreover, 

lower values in the summer compared to the winter 

might be because of utilization of these nutrients by 

benthic algae and phytoplankton, which is abundant 

in the summer [10] (these nutrient concentrations 

showed a negative correlation with Chlorophyll a 

(p<0.05)). Also, average concentration of phosphate 

and silicate in the surface waters of sampling 

stations, in the summer was significantly higher than 

the winter (p<0.05). This might be because of the 

release of silicate and phosphate from the bottom 

sediment and exchange with overlying water [29]. 

According to Saisastry and Chandramohan, the 
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mudflat and mangroves are known to trap phosphates 

during period of annual run off and release the same 

at a later time to the water [30]. Similar finding has 

been reported by Ghaemi in the Mond estuary 

ecosystem (Bushehr province) [31]. In addition, the 

statistical comparison showed that the mean 

concentration of nutrients at mangrove stations was 

significantly higher than marine stations (p<0.05) in 

both seasons. 

 

 
 

Fig 3: The mean (± SE) concentration of nutrients, at mangrove and marine sampling stations 

in the winter and summer seasons 
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3.3. Chlorophyll a analysis 

The lowest (i.e. 21.6°C) and highest (i.e. 32.9°C)  

Chlorophyll a, a characteristic algal pigment, 

constitutes approximately 1% to 2% (dry weight) of 

planktonic algal biomass. This feature makes 

chlorophyll a, a convenient indicator of algal 

biomass. High concentrations of chlorophyll a would 

result in high values of productivity and high 

phytoplankton biomass [25]. Rossouw reported that 

chlorophyll a concentration can be considered the 

most important biological response variable for 

nutrient related problems [32]. Phytoplankton 

biomass (Chlorophyll a) was among the most 

reliable planktonic indices distinguishing four groups 

with different water qualities: oligotrophic (0.21-0.55 

µg/l), mesotrophic (0.57–2.55 µg/l), eutrophic (3.00 

to 6.55 µg/l) and extremely eutrophic (>31.17 µg/l) 

[18]. According to Figure 4, mean chlorophyll a 

concentration in the summer were significantly (p 

<0.05) higher than the winter. Also, the mean 

chlorophyll a content in the both seasons at 

mangroves stations were significantly higher than 

those of marine stations (p <0.05). In the present 

research, the mean chlorophyll a concentration in the 

surface water corresponded to published values for 

mesotrophic surface tropical waters (1.03-1.82 μg/l 

at marine statins; 1.38-2.03 μg/l at mangrove 

stations). In general, the average chlorophyll a 

concentration in different regions of the Persian Gulf 

has been reported differently, for example, in surface 

waters of Kuwait 2.23 µg/l, Qatar surface waters 2 to 

4 µg/l, and in the total surface waters of Persian 

Gulf, 0.3-0.8 µg/l [33].  

 

 

Fig 4: The mean (± SE) concentration of chlorophyll a, at mangrove and marine sampling stations 

in the winter and summer seasons 

 

3.4. Total alkalinity analysis 

Alkalinity of a water body is a measure of its 

capacity to neutralize acids to a designated pH [34, 

35]. Alkalinity is an indirect measure of the 

concentration of anions in water. The dissolved 

anions according to McNeely et al. [36] may be 

sourced from bicarbonates, carbonates, hydroxides, 

phosphates borates or silicates which may be derived 

from industrial wastes, dissolved rocks, salts, soils or 

bottom sediments. Figure 5 shows the measured total 

alkalinity of surface water in two seasons at 

mangrove and marine stations. The results showed 

that the average of alkalinity in the summer was 
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significantly higher than the winter (p<0.05). The 

increase in alkalinity during the summer seasons may 

be because of industrial discharges, as well as low 

rainfall, high evaporation, sea water intrusion [9]. 

The results of this study showed that there is a linear 

relationship between alkalinity and salinity in the 

summer, while there is no linear relationship 

between alkalinity and salinity in the winter season. 

This may be because of the mixing of fresh water 

resources, such as rainfall, in the winter [37]. 

 

 

Fig 5: The mean (± SE) total alkalinity, at mangrove and marine sampling stations 

in the winter and summer seasons 

 

4. Conclusions 

The present study was carried out to assess 

physical, chemical and biological parameters of the 

Nayband mangrove ecosystem. The study revealed 

that the parameters like water temperature, pH, 

salinity, dissolved oxygen, total alkalinity, 

chlorophyll a, nitrite, nitrate, ammonium, phosphate, 

and silicate exhibited considerable seasonal and 

spatial variations. 

Based on this study, it became clear that the 

vicinity of oil and gas facilities to the Nayband forest 

and their pollutions has affected the quality of the 

water, as manifested by the high level of DO and 

decrease of surface water pH below the Persian Gulf 

surface water pH (8.1-8.2). The decrease of surface 

water pH might be because of greenhouse gases 

emission from oil and gas facilities. It is, therefore, 

highly recommended to decrease or stop of CO2 

emission and sewage discharge inside this valuable 

ecosystem. Results obtained during this study will 

serve as a baseline data for further follow-up study in 

the environment of this economically important 

mangrove ecosystem in the Persian Gulf. 
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