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Abstract Eutrophication is posing a threat to the coastal marine ecosystems. The consequence of anthro-
pogenic induced eutrophication of waters has resulted in severe deterioration of surface waters. In this
research a preliminary data was collected on eutrophication by environmental monitoring on some selected
coastal areas of the Red Sea near Tabuk, Saudi Arabia. Sampling sites were selected from Haqgl, Sharmaa and
Duba (five for each station) and water samples collected in four different seasons (Oct 2013, Jan 2014, April
2014 and July 2014) to study seasonal dynamics of water quality parameters (especially in reference to the
trophic status of water). Only one coastal site from each station was found with some eutrophic characteristics.
Water samples collected from these eutrophic sites were more alkaline, turbid, with higher nutrient and low
dissolved oxygen contents as compared to other sampling sites. Dynamics in relative densities of coastal flora
and fauna were also found to be related with coastal water quality. Human settlements, fish markets, boating
clubs and tourisms near these coastal areas of the Red Sea were observed as the primary causes of nutrient
loading; run-offs during rains carrying nutrients also aggravate the problem. The results of this study may help
in estimating the intensity of the problem and as a forecast for time frame to take an action for the conser-
vation of affected coastal marine ecosystems and restoration of degraded coastal areas of the Red Sea.

Keywords Eutrophication - Coastal ecosystems - Red Sea - Bio-indicators

Introduction

Coastal eutrophication is one of the major threats to the marine ecosystems. The European Union (EU) Water
Framework Directive (WFD) is given to prevent the deterioration, protect aquatic systems and to promote the
sustainable use of water (Andersen et al. 2006). Hypoxia is one of the common effects of eutrophication in
coastal marine ecosystems and is becoming an increasingly prevalent problem worldwide. The causes of
hypoxia are associated with excess nutrient inputs from both point and non-point sources. Changes in climate,
particularly temperature, may also affect the susceptibility of coastal marine ecosystems to hypoxia
(Feuchtmayr et al. 2009). Hypoxia is a particularly severe disturbance because it causes death of biota and
catastrophic changes in the ecosystem (Conley et al. 2009). The discovery of trophic development of waters
and their terminology dates back to the early 20th century. The availability of water for human consumption
will be one of the great issues of 21st century. It is predicted that eutrophication is increase as threats to water
resources and ecosystems (Johanson et al. 2001; Liu et al. 2011; Ansari et al. 2014; Naeem et al. 2014).
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The consequences of anthropogenic induced eutrophication of waters however, were not anticipated until
they became evident in the 1940s and 1950s. Severe deterioration of waters at that time raised remarkable
public concern and triggered expanding scientific interest (Vollenweider 1970, Officer and Ryther 1980,
Vollenweider and Kerekes 1980, Nixon 1995, Dokulil and Teubner 2011, Jeppesen et al. 2005). The biologists
are studying it extensively in order to prevent eutrophication of aquatic bodies around the world (Yang et al.
2008). Eutrophication of coastal waters is a serious environmental problem with high costs for society
globally. This is a development which demands immediate environmental action along many coastal sites
(Lindahl and Kollberg 2009; Smith 2007). The consequence of anthropogenic induced eutrophication of
waters has resulted in the contamination of surface water and related management issues which in turn has
raised the brows of environmentalist across the world (Ansari et al. 2011a; Ansari and Khan 2011; Ansari and
Gill 2014; Ansari and Khan 2014).The work on eutrophication was started by Vollenweider in 1968 and
Rohlich in 1969. It is now evident that the nutrients are primarily responsible for limiting productivity in lakes,
rivers and coastal areas (Likens 1972). Eutrophic ecosystems depend on many factors, including retention
time, temperature, nutrients loading, hydraulic regimes, plant harvesting, and light intensity. The species
compositions of phytoplankton are regulated by pH, light, temperature, turbulence, salinity and nutrients
contents of waters (El-Shafai et al. 2007, Ansari and Khan 2009b; Lu et al. 2010; Devlin and Witham
1986).Initially, P and C have drawn the attention of limnologists and ecologists as primary causes of
eutrophication. However, now it is proved that N contributes in increasing eutrophication especially in
estuaries where it is a limiting factor under normal conditions. Therefore, it is evident that N is a primary cause
of eutrophication in many coastal ecosystems (Paerl et al. 2003). Phosphorus has been considered the principal
limiting nutrient for primary production of phytoplankton in aquatic bodies (Philips 2002; Sharpley et al.
2003). Various studies showed that the anthropogenic nutrients input are directly related with intensity of
coastal eutrophication and degradation of coastal areas (Polomski et al. 2009). Nonpoint sources of nutrients
are more responsible than the point sources for eutrophication in many regions (Carpenter 2005). Eutrophi-
cation generate significant alterations in structure and functioning of a wetland ecosystem (Davis et al. 2003)
and alter the physicochemical and biological characteristics of soil and water (Corstanje and Reddy 2006).

A regular environmental monitoring and assessment of eutrophication will provide a research data on level
of degradation of marine ecosystems in coastal areas of the red sea. The work will be an ecological vision on
this global problem of coastal eutrophication and its causes, consequences and controls, in special reference to
coastal areas of Red Sea in the boundary of Kingdom of Saudi Arabia.

Materials and methods

Three coastal stations of the Red Sea viz. Haql (29° 17'9.9” N 34° 56’ 18.9” E), Sharmaa (28° 1’ 27.9” N 35°
16" 9.9” E) and Duba (27° 20’ 57.3” N 35° 41’ 46.2" E) were selected for environmental monitoring and
assessment of coastal eutrophication (Fig. 1). After every 500 meters five sampling sites from each station
(Haql, Sharmaa and Duba) were selected starting from the residential area of the city near to the sea coast.
Water samples were collected in four different seasons (Oct 2013, Jan 2014, April 2014 and July 2014) to
study the seasonal variations in water quality parameters. Physico-chemical parameters (pH, Turbidity, DO,
Magnesium, Calcium, SiO;3, Phosphate and Nitrate) of collected waters samples were measured following
APHA (2005). Data was analyzed statistically for the significance of research following Gomez and Gomez
(1984) and computer software (SPSS for statistical analysis). Qualitative survey for the density of flora and
fauna along the selected coastal areas of the Red Sea was also carried out in four different seasons of Tabuk.
To determine the distribution of some plant and animal species along the coastal areas studied in this research,
density was calculated. Five different sites were considered as replicates for each station.

Density in terms of occurrence and water surface occupied was expressed in four qualitative density
classes. Negative (—) used to indicate non-occurrence and occurrence of the species. Single + indicates low
density with sporadic occurrence, two ++ signs indicate for a medium density, three +++ shows high
density of species with the dominance by a single species at particular coastal area of the Red Sea.
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Fig. 1 Coastal stations of the Red Sea selected for environmental monitoring and assessment of coastal eutrophication

Results

Table 1 showed physico-chemical characteristics of water samples collected from five different sites along
Red Sea coast at Haql, Tabuk, Saudi Arabia in October 2013 and January, April, July 2014. All the water
samples were found with alkaline pH, but maximum 8.5 was recorded at site S1 in the month of July 2014.
Water temperature was at its peak (22 °C) at site S4 in the month of July 2014. Water of S1 site was found
more turbid than the samples from other coastal sites at Haql. Dissolved oxygen contents in water samples
were significantly low at site S1 whereas optimum at rest of the sampling sites. Highest amount of oxygen in
water was found at S5 in the month of April 2014. Magnesium, Calcium and Silica contents were significantly
high in water samples collected from site S1. The nutrients contents viz. phosphates and nitrates in water
samples were recorded significantly high at site S1. The statistical analysis of water quality parameters
revealed that the symptoms of coastal eutrophication were more prominent in waters at site S1 only, whereas
the water samples showed improvement in quality with the distance from site S1 (Table 1).

Table 2 showed physico-chemical characteristics of water samples collected from five different sites along
Red Sea coast at Sharmaa, Tabuk, Saudi Arabia in October 2013 and January, April, July 2014. Most alkaline
pH 8.8 was recorded at site S1 in the month of October-2013. Water temperature was of its maximum (20 °C)
at site S2 and S3 in the month of July 2014. The water temperature was as low as 7 °C in January-2014 at site
S5. Water at S1 site was found more turbid than the samples from other coastal sites at Sharmaa. Dissolved
oxygen contents in water samples were significantly low at site S1 whereas higher oxygen level in water
observed at rest of the sampling sites. Magnesium, calcium and silica nitrates and phosphates contents in water
were significantly higher at site S1 as compared to the other sampling site showing a decreasing trend with the
distance from site S1 (Table 2).

Table 3 showed physico-chemical characteristics of water samples collected from five different sites along
Red Sea coast at Duba, Tabuk, Saudi Arabia in October 2013 and January, April, July 2014. The water was
most alkaline with a pH 8.7 at site S1 recorded in the month of January-2013. Highest water temperature of
21 °C was recorded at sites S3 and S4 in the month of July 2014. The water temperature goes 8 °C in January-
2014 at site S2. Water turbidity was high at site S1 as compared to the coastal sites at Duba. There was low
content of dissolved oxygen in water samples from site S1 whereas significantly higher amount of oxygen was
available in the water at rest of the sampling sites. Magnesium, calcium and silica nitrates and phosphates
contents in water were significantly higher at site S1 in the month of January 2014, as compared to the other
sampling site showing a decreasing trend with the distance from site S1 (Table 3).
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Table 4 showed the density of some flora and fauna along the selected coastal sites of the Red Sea. Among
the diffrent plant species sudied along the selected coastal sites Ulva lactuca, Padina pavonica and Entero-
morpha flexuoca showed higher densitities in most of the seasons at Haql station as compared to the other two
stations at Sharmaa and Duba. Ulva lactuca showed its highest density at five selected sites of Haql station in
October-2013 and April-2014. The densities of Lottia limulata and Boleophthalmus sps. were higher among
the different animal spcies studied at coastal sites. Lottia showed its maximum density at Haql station in the
month of October-2013, whereas Boleophthalmus at Duba station in April 2014 (Table 4).

Discussion

Many coastal waters of developed nations have experienced widespread and rapid eutrophication (the increase
in supply of organic matter) during the last half of the 20th century. This has resulted in increased phyto-
plankton production, decreased water clarity, often-severe depletion of dissolved oxygen in bottom waters,
loss of seagrasses and, in some cases, declines or changes in the quality of fisheries production (Andersen and
Conley 2009; Sayyed 2008; Boesch and Brinsfield 2000). Recent national assessments documented that the
nitrogen-driven coastal eutrophication is widespread and increasing in the United States. An aquatic system
takes thousands of years to become eutrophic which is a natural process. However, a high rate of input of
nutrients due to anthropogenic activities significantly enhance the condition in a very short period of time
(Ansari and Khan 2002, 2006a, 2007). This is called cultural eutrophication. High chemical or physical stress
also enhance the struggle for survival in eutrophic systems. As a result the diversity of organisms declines in
eutrophic than in oligotrophic systems (Ansari 2005; Ansari and Khan 2006b, 2009a).

Continuous evaporation from the surface of Red Sea results into an increase in concentration of magne-
sium, calcium, silica, nitrates and phosphates and Khomayis (2002). Inorganic nitrogen in the form of nitrates
and nitrites can be used as pollution indicator to correlate with phytoplankton composition. Inorganic nitrogen
in an aquatic ecosystem stimulates the development, maintenance and proliferation of primary producers and
results into eutrophication (Camargo and Alonso 2006, Fang et al. 2007)

This significant coastal pollution problem includes impacts including increased areas and severity of
hypoxic and anoxic waters; alteration of food webs; degradation and loss of sea grass beds, kelp beds and coral
reefs; loss of biodiversity; and increased incidences and duration of harmful algal blooms (Scavia and Bricker
2006). Increase in phytoplankton species, water temperature and frequent decomposition of dead planktons
and other organic matter results in depletion of oxygen level (Calliaria et al. 2005). Light reduction in the
water column and enhanced organic matter (OM) load into the sediments are two main consequences of
eutrophication in marine coastal areas (Olive et al. 2009). In eutrophicated coastal waters seagrass decline was
found associated with light intensity (Burkholder et al. 2007). Various treatments of light showed a significant
effect on photosynthesis and acclimation in aquatic macrophytes (Jensen et al. 2006; Karlsson et al. 2009).

Temperature is one of important environmental factor for directly related with the functioning of an aquatic
ecosystem (Ansari and Khan 2008, 2009b; Lau and Lane 2002; Shen 2002). Temperature is recognized as an
important environmental factor in aquatic ecosystems as it regulates all the biological activities like meta-
bolism, growth, development and reproduction. Seasonal variations in temperature strongly influence these
biological activities. Long-term, changes in temperature of the surrounding environment directly affect the
evolution, physiology and behavior of aquatic organisms (Begon et al. 1990, Regier et al. 1990).

In addition to more favorable temperatures during a particular season, there is some phonological speci-
ficity in developing plant and animal biomass (Picard et al. 2005). The temperature values recorded during
spring appeared to be suitable for seaweeds growth. These data are in accordance of those of Kebede and
Ahlgren (1996) reported 30 °C as the optimum temperature growth and development of aquatic plants. pH
controls absortion of nutrients and bichemical reactions taking place in living organisms. It is observed that
more alkaline pH enhances the growth of phytoplankton (Ansari and Khan 2008, 2009b; Ansari et al. 2011b,
2011c).

Density represents the numerical strength of a species in the community. The number of individuals of the
species in a unit area is its density. Density gives an idea of degree of competition (Sharma 2012). The high
nutrient concentrations enhance the excessive growth of phytoplankton and macrophytes in aquatic ecosystem
(Rovira and Pardo 2006, Ansari and Khan 2013). Eutrophication causes undesirable changes in species
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composition of an aquatic ecosystem (Romermann et al. 2008) and has been identified as the major threat to
the survival of aquatic ecosystems and biodiversity (Murphy et al. 2003, Murphy 2002). Abdul-Aziz et al.
(2003) reported blooming of phytoplankton in May and August influenced by temperature and nutrients in
coastal waters of Arabian Gulf, Saudi Arabia. Species composition of the benthic phytoplankton in marine
fouling area of Sharm Obhour (North Obhour), Red Sea was reported by Al-Harbi and Khomayis (2005).
Khomayis (2002) studied the annual cycle of nutrient and chlorophyll-a in the coastal water of Jeddah, Red
Sea and revealed the role of inorganic nutrients as limiting factors for the growth of phytoplankton.

Most of the countries around the globe have now realized the serious threat posed by eutrophication. The
water bodies of countries like India, China, Bangladesh, Pakistan, Indonesia, Switzerland, Poland, Austria,
Denmark, Croatia, Ireland, France, Greece, Estonia, Russia, Italy, Turkey, Japan great lakes states of the USA
and Canada are under the direct threat of eutrophication (Ansari 2005). In the mid-20th century, eutrophication
had been recognized as one of the causative factors of pollution in European and North American lakes and
reservoirs. Since then, it has become more widespread and surveys showed that 54 % of lakes in Asia, 53 % in
Europe, 48 % in North America, 41 % in South America and 28 % in Africa are in eutrophic state (Colin et al.
2007). In Spain 80 % of the lakes, 70 % of the reservoirs and 60 % river sites were eutrophic in the 1990s with
hypertrophy increasing downstream (Alvarez-Cobelas et al. 2001; Khan and Ansari 2005; Khan et al. 2014).
Three large coastal marine ecosystems (Chesapeake Bay, Northern Gulf of Mexico, and Danish Straits)
showed repeated hypoxic events have led to an increase in susceptibility of further hypoxia and accelerated
eutrophication (Conley et al. 2009). Large-scale changes resulting from coastal eutrophication have been
documented for continental shelf waters in the Gulf of Mexico, Mediterranean, Black and North Seas,
relatively confined seas such as the Baltic and Seto Inland Sea, large bays such as the Chesapeake Bay and
Long Island Sound and numerous smaller estuaries and lagoons (Boesch and Brinsfield 2000).

The Red Sea is a narrow inland sea separating the Arabian Peninsula, western Asia, from northeastern
Africa. It extends northwest from the strait of Bab el Mandeb to Suez, Egypt, for a distance of 1900 km (1200
mile). The northern extremity is divided by the Sinai Peninsula into the gulfs of Suez and Aqaba. The Suez
Canal connects the Red Sea with the Mediterranean Sea and Bab El-Mandeb connects it with the Gulf of
Aden, an arm of the Arabian Sea. The seasonal variations of the algal flora in the different water sources in
Saudi Arabia in the Red Sea had been studied by only few workers (Touliabah et al. 2010). Kingdom of Saudi
Arabia is sharing its boundary with seven countries and three water bodies. In the west Gulf of Aqaba and Red
Sea form a coastal border of almost 1800 kilometres, which have a huge human settlement in terms of many
towns and cities (viz. Al Lith, Al Qunfudhah, Al Wajh, Duba, Haql, Jeddah, Jazan, Rabigh, Thuwal, Yanbu).
This large human population settled on the coasts significantly contributing nutrients to the coastal areas in the
form of different wastes and causing coastal eutrophication. A survey on scientific literature shows a very little
work has been done on the eutrophication of coastal areas in the boundary of Saudi Arabia. So, we have
selected the present topic and taken a task for the preliminary research on the coastal eutrophication and its
causes, consequences and controls. One time study cannot provide a forecast to imply effective control
measures, much more data from the monitoring of coastal marine ecosystems for a longer duration is required
to reach any conclusion. However, the results of this research may give a initial sign of the problem that can
help in preventing a huge capital loss in order to control coastal eutrophication as compare to the condition
when the problem is completely established. The study may be helpful in planning the research projects to
combat the coastal eutrophication to restore and conserve the marine ecosystems and degraded coastal areasof
the Red Sea in Saudi Arabia.

The consequences of coastal eutrophication caused by excessive anthropogenic inputs of nutrients are:
Increase in biomass of phytoplankton, zooplanktons and macrophytes, domination of algal bloom forming
species which is toxic to consumers of eutrophic ecosystem, increase in biomass of consumer species due to
increase of biomass of benthic and epiphytic algae, anoxic conditions in the aquatic ecosystem results in
frequent fish kills, decline in species diversity of aquatic ecosystem, decrease in harvestable fish biomass,
decrease in water transparency. Problems related to the quality of water and its aesthetic value. In addition to
increasing scientific knowledge, answers to these questions related to eutrophication can influence strategies
for ecosystem restoration or rehabilitation (Hecky 2009, Smits 2005).
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