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Abstract
Primary Productivity is the process by which inorganic forms of carbon are synthesized by living organisms into 

simple organic compounds. Most carbon on Earth is in inorganic oxidized forms such as carbon dioxide (CO2), 
bicarbonate (HCO3-), and carbonate (CO3). Inorganic carbon must be chemically reduced to form the organic 
molecules which are the building blocks of life and the mechanism by which energy is stored in living organisms. 
Eritrea’s coastal and marine ecosystems are characterized by rich and diverse coral reefs, isolated mangrove forests, 
sea-grass beds, bays, beaches and pristine unpolluted waters that are at the critical juncture between development 
and conservation. These ecosystems represent a physical resource base for the potentially rich and unexploited 
marine fisheries. This study is basically aimed at the measurement of primary productivity in relation to fisheries. The 
study results will also high light the plankton assemblage of a coastal environment and this study will also examine 
the productivity of the coastal environment.
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Introduction
As a brief review, it is recognized that some organisms are capable 

of synthesizing organic molecules from inorganic precursors, and 
of storing biochemical energy in the process [1,2]. These are called 
Autotrophs; meaning “self-feeding organisms able to manufacture 
complex organic molecules from simple inorganic compounds such 
as water, CO2 and nutrients”; include plants, some protests, and some 
bacteria. Photoautotrophs use light energy to fix carbon, whereas 
Chemoautotrophs use the energy released through the oxidation of 
reduced inorganic substrates to fix carbon into organic compounds [1]. 
The process by which they do this usually is photosynthesis, and as its 
name implies, photosynthesis requires light [2]. Photosynthesis is the 
process by which plants and other autotrophs generate carbohydrates 
and oxygen from carbon dioxide, water, and light energy in chloroplasts.

2 2 6 12 6 26 CO + 6 H O C H O  + 6 O→

Blankenship [3] defined photosynthesis as: “a process in which light 
energy is captured and stored by an organism, and the stored energy 
is used to drive cellular processes” Oxygenic photosynthesis may be 
expressed as an oxidation-reduction reaction in the form followed by 
Falkowski [4]

2 2 2 2 22H O + CO  + light (CH O) + H O + O→
The terms Production and Productivity are often used 

interchangeably and there is no generally accepted definition of 
Primary Production [5]. Photosynthesis results in Primary Productivity. 
Falkowski [4] define Primary Productivity as a time dependent process 
which is a rate with dimensions of mass per unit Time; whereas primary 
production is defined as a quantity with dimensions of mass. In Contrast, 
Underwood [5] defined primary production as a rate of assimilation of 
inorganic carbon into organic matter by autotrophs. In terms of number 
of species, phylogenetic diversity and contribution to total global 
Primary Production, the unicellular phytoplankton dominate Primary 
Production in the ocean [6].

Almost all oxygenic photosynthetic primary producers in the 

ocean are either cyanobacteria (Cyanophyta) or eukaryotic algae. 
The eukaryotic algae are a diverse polyphyletic group, including both 
unicellular and multi-cellular organisms. Phytoplankton, small floating 
life of the sea has little power of locomotion and simply drift where 
ocean current take it, are universally distributed in all adequately 
lighted bodies of water [7]. Phytoplankton are most important primary 
producers of the sea, their productivity, depends mostly on adequate 
supply of light and nutrients. However, phytoplanktons are non-evenly 
distributed both at space and time. The spatial and temporal abundance 
and composition is affected by biological, hydrographical and ecological 
processes [8]. Phytoplankton can be used as an indicator organism 
for the health of a particular body of water. The total fish biomass is 
a function of the available phytoplankton biomass and often areas, 
which are highly fisheries productive areas, are also high in Primary 
Production [9]. Whether one measures the rate at which photosynthesis 
occurs, or the rate at which the individual plant increases in mass, one is 
concerned with Primary Production [2].

There are some ecosystems that depend on primary production 
from other ecosystems. Many streams have few primary producers and 
are dependent on the leaves from surrounding forests as a source of food 
that supports the stream food chain. The oceans below the photic zone 
are a vast space, largely dependent on food from photosynthetic Primary 
Producers living in the sunlight waters above. In the marine environment 
climate and weather patterns affect the rate of photosynthesis, and 



Citation: Zewde AA, Zhang L, Ghebresilasse H, Mantay IM (2018) A Comparative Study on Pelagic Primary Productivity in the Coastal Areas of 
Eritrean Red Sea. J Marine Sci Res Dev 8: 247. doi: 10.4172/2155-9910.1000247

Page 2 of 8

Volume 8 • Issue 1 • 1000247
J Marine Sci Res Dev, an open access journal
ISSN: 2155-9910

Massawa coast. It only has power plant activities near to it. Vicinity 
of sewage discharge is also observed in this Station.

Station 2: Girar bay (15°40’N,39°28’E), a division from the major 
water system through which sea water flows to the Massawa salt 
processing plant (Salina Salt Factory) and is enclosed with low water 
circulation. 

Station 3: Gergusum beach (15°39’N, 39°28’E), it is characterized 
by open water, high wave action, recreational swimming area; it 
is sandy beach and turbid water due to wave action and human 
activities (Figure1 and Table 1).

Sampling technique

The surface Sea water was collected from the three Stations on 
Fortnight basis from February 2015 to April 2015. The light and 
dark bottles were filled with water taken from 2 m depth. To avoid 
intrusion of atmospheric oxygen, large turbulence was prevented by 
filling slowly and gently. This water contains planktonic organisms 
of the marine ecosystem. The light bottle represents areas which have 
photosynthesis and respiration activities, and the dark bottle represent 
areas with respiration only. The bottles are closed with stoppers to 
prevent any exchange of gas or organisms with the surrounding water, 
and then they are suspended at the particular depth.

Exposure and fixation

The bottles are suspended for two hours at the same depth from 
which the water was originally taken. Inside the bottles CO2 is being 
consumed, and O2 is being produced, and it was measured the change 
over time in either one of these gases. Before suspending the bottles, 
the initial O2 concentration was determined and expressed as mg 
of O2 per Liter of water (mg/L). Then, the final value had been 
measured in both the light and dark bottles after a timed 
duration of incubation. After the exposure time (2 hours) had been 
done and the bottles were taken out from the depth, and they were 
fixed using 2ml of manganese reagent and 2ml of alkaline iodide 
solution to avoid error. The determination was performed after one 
hour to cope with the general or normal Procedure, 3 or 2 hours later 
but not later than ten hours after fixation.

Titration

First 2 ml of 50% sulfuric acid was added to the sample in the 

therefore, the primary production in that area of the sea [1]. In 
the warm waters of the tropics, the seasons are less distinct and the 
weather is relatively constant throughout the year. This means that the 
thermocline is never broken up by winter storms and high winds. As 
a consequence there is a phytoplankton presence throughout the year, 
which is only limited by the abundance of nutrients. Light is variable 
on a number of spatial and temporal scales. Low latitudes receive more 
solar radiation than high latitudes and have less variation in solar 
radiation over the course of one year [10]. The angle of the sun above 
the horizon affects how much light is reflected off the surface of the 
ocean. Reflection of cloud cover also significantly reduces the input of 
solar radiation into the ocean. Conversely, Net Primary Productivity 
may be inhibited by too much light, which can lead to photo inhibition 
or conditions conducive to photo-respiration [11]. The only pigment 
common to all phytoplankton [12], chlorophyll a has been widely 
utilized to estimate Primary Productivity [12-17].

Chlorophyll fluorescence has been used as tool to determine 
the distribution of phytoplankton biomass in the ocean since the 
development of flow-through flourmeters [18,19]. Quantitative 
studies of phytoplankton biomass have been used by several authors as 
indicators of Primary Productivity. Winkler [20] devised a method of 
measuring the amount of oxygen dissolved in water by using dark and 
light bottles. Another approach was developed using radioactive carbon 
(C14) by Steeman Nielessen [21]. There are, however, few quantitative 
data concerning the Primary Production which ultimately sustains 
these fisheries [22]. Since chlorophyll a is essential for photosynthesis 
and is easily measured, numerous attempts have been made to relate 
its concentration to the rate of photosynthesis of phytoplankton 
populations [23].

The Red sea is bordered by Djibouti, Eritrea, Sudan, Egypt, Israel, 
Jordan, Saudi Arabia, and Yemen. It has surface area of 458,620 km2, of 
which 2.33% is protected and includes 3.8% of the world’s coral reefs 
(Sea around Us, 2007). It is characterized by dense, salty water formed 
by net evaporation with rates up to1.4-2.0 yr-1[24] and deep convention 
in the Northern sector resulting in the formation of a deep water mass 
flowing out in the Gulf of Aden underneath a layer of less saline inflowing 
water [25]. The phytoplankton, zooplankton and fish fauna bear more 
similarity to the Indian Ocean biota than to the Mediterranean Sea. 
Its complex reefs, together with extensive mangroves, sea grass and 
macro algae beds form highly productive habitats for unique species 
assemblages. Endemism is very high, especially among reef fishes 
and invertebrates, the latter including a number of dinoflagellates and 
euphaausiids [26,27].

Materials and Methods
Study Stations

The Red sea is unique. It is the only deep ocean that remains warm 
to great depths, yet its surface water remains pleasantly cool. While 
biologically part of the great indo-pacific region, it has its own character. 
Many of its species are endemic that is they are found nowhere else. 
During summer, air temperatures in the region typically exceed 40°C, 
warming Red sea surface waters to 30°C. Strong evaporation creates 
high surface salinity which ranges from 42% in the north to 37% in 
the south and 46% in the Arabian Gulf. The study Stations have been 
selected in three major areas in Massawa coast – Hirgigo Bay, Girar Bay, 
and Gergusum Beach based on their characteristic features.

Station1: Hirgigo bay (15°36’N, 39°28’E) (near the out let of the 
power plant). It is few hundred meters in the southern side of the 

Figure 1: Study Stations.
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Winkler’s bottle. Then the bottles were closed and shaken until 
the precipitate is dissolve. After that the sample was filled into an 
Erlenmeyer flask completely without any remaining precipitate. The 
end point was determined by using few drops of starch as a visual 
indicator solution, and it shows changes the color to blue. Then 
titration had been done with thiosulphate solution and at the end 
point of titration color was changed from blue to colorless. The volume 
of thiosulphate solution consumed in the titration was recorded in 
milliliter.

Calculation

The gross production (PG); Net production (PN) and respiration 
(R) was determined with in the following equation (Alemu and 
Gunther, 1990).

Oxygen in mlo2 L
-1 to mg o2 L-1

MlO2L
-1= B.T.112/ V-2

Where B= volume of thiosulfate used for titration
V= content of O2 sample in the sample in the bottle
T= factor of thiosulfate solution
T=10/A
Where: A is the volume of thiosulfate used thiosulfate standard
To change mlO2 to mgO2 L-1

MgO2L
-1=mlO2L

-1/ 0.7005
PN= (QL-Qc) a. b. c mg cm-3d-1/PQ
PG= (QL-Qb) a. b. c mg cm-3d-1/PQ
                                                         -3d-1/RQ 
R = (Qi-Qd) a. b. c mg cm
Where: PN= net primary production
PG= Gross primary production
R = Respiration
Qi= initial O2 content

QL=O2 content in the light bottles at the end of exposition time

Qd=Oxygen content in the dark bottles at the end of the exposition 
time

a = conversion factor from mg O2 to mg C (1mg O2=0.275 mgC)

b =conversion factor from 1L to 1m3(thus b=103Lm-3)

c =conversion factor to the time from the sun rise to sun set and

C=2d-1

PQ= photosynthetic quotient +O2/-CO2=1.25

RQ= Respiratory quotient = CO2/-O2=0.8

Data analysis

Chi-square test

Measurement of environmental parameters

Turbidity
Turbidity of water was determined using Secchi disk. The 

average depth at which the disk appears and disappears is measured 
using the following formula:

Transparency depth=depth of disappearance + depth of 
reappearance/2

Salinity
Salinity of the sea water was determined using Refractometer. 

Water sample was taken from the surface using pipet.
pH
Sample of sea water is brought from the desired depth and 

measured with a digital pH meter in laboratory.
Nutrients
Sample for nutrients analysis was taken from each Station at depth 

of 2m by water sampler bottle. Nutrient analysis was done for the three 
essential nutrients namely nitrogen in the form of nitrate, sulphur in 
the form Sulphide and ammonia using test kit (Sinous Test Kit).

Result
Gross primary production

The highest value of Gross Primary Production was recorded 
in Station 1 during February and lowest values were observed in 
Station two and three during March (Figure 2). Highest value of 

Equipment's Bottles Chemicals Reagents Accessories
Light and dark bottle Meyer bottle standard thiosulfate (S2O3) Mn(II) chloride Anchor

Line Volumetric flask Iodine ion (I-) to I2 Sodium iodide and sodium hydroxide Aluminum foil
Thermometer Beakers Starch Sulfuric acid Buoy
Refractometer Volumetric Mn(II) Glass eye dropper dispensers bottle for starch indicator

pH meter Erlenmeyer flask 10 mL reservoir-fill burette for thiosulfate titrations
Secchi disk Burette

Table 1: Materials.
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Figure 2: Gross Primary Production (mg l d-1).

Samples Station 1 Station 2 Station 3
February 1st half 1.0 0.2 0.1
February 2nd half 1.4 0.9 0.5

March 1st half 0.3 0 0
March 2nd half 0.3 0 0
April 1st  half 1.1 0.5 0.3

Average 0.82 0.32 0.18

Table 2: Gross Primary Production in mg/l.
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average Gross Primary Production was observed in Station 1 having 
0.82mg/l and medium and lowest value were recorded in Station 2 
and Station three having 0.32 mg/l and 0.18 mg/l respectively (Table 2).

Net primary production

No significant difference was observed in Net Primary Production 
among the three Stations during the study period. The highest and 
lowest value were recorded in station 1 and Station 2 respectively and 
the medium value was observed in station 2 having average value 0.1 
mg/. The average value of 0.15 mg/l and 0.08 mg/l were observed in 
Station 1 and Station 3 respectively (Figure 3 and Table 3).
Respiration

The highest value of respiration was observed in Station 1 with the 
average of 0.56 mg/l. No much difference was observed between Station 
2 and Station 3 having average value of 0.3 mg/l and 0.1 mg/l respectively 
(Figure 4 and Table 4). Generally the highest primary production was 
observed in Hirgigo bay and lowest value were recorded in Gergusum 
and medium value was observed in Grar bay during the study period. 
But the difference is not significant (Figure 5 and Table 5).

Environmental parameter

Temperature: There was not much variation in the water 
temperature at the three stations and ranged between minimum of 
26°C during March to a maximum of 30°C during April. The 
surface water temperature was greatly influenced by atmospheric 
temperature and other factors like cloudy and rainfall. No 
significant difference was observed (P>0.05) among the three 
stations. The highest temperature which recorded in April (30°C) 
is not much deviated from the lowest temperature recorded in 
March (26°C) (Table 6).

Salinity: It is fluctuated from season to season or from place to 

place mainly due to precipitation and temperature, depths of the water 
also have an effect to the variation of salinity between the stations. 
The salinity varied between 38%-40% and 39%-41% at stations I and 
II respectively and salinity ranges between 38%-40% in station 3. The 
difference in the salinity among the three stations were not statistically 
significant (P>0.05) (Table 7).

Samples Station 1 Station 2 Station 3
February 1st half 0.2 0.1 0.1
February 2nd half 0.2 0.2 0.1

March 1st half 0.1 0.1 -0.1
March 2nd half 0.1 -0.1 0.2
April 1st  half 0.2 0.2 0.1

Average  0.15 0.1 0.08

Table 3: Net Primary Productions (mg/l).
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Figure 3: Net Primary Production (mg l d-1).
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Figure 4: Respiration (mg l d-1).
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Figure 5: Comparisons of Primary Productions.

Samples Station 1 Station 2 Station 3
February 1st half 0.7 0.1 0.1
February 2nd half 0.8 0.7 0.4

March 1st half 0.2 0.1 0.1
March 2nd half 0.2 0 0.1
April 1st  half 0.9 0.3 0.1

Average  0.56 0.18 0.1

Table 4: Respirations (mg/l).

Period Hirgigo Bay Girar bay Gergusum
February 1st half 1.0 0.2 0.1

February (2nd half) 1.4 0.9 0.5
March (1st half) 0.3 0.01 0.01
March (2nd half) 0.3 0.01 0.01
April ( 1st half) 1.1 0.5 0.3

Mean 0.8 0.3 0.2
SD 0.5 0.3 0.2

Variance 0.2 0.1 0.04
T-value 0.04 no significant variance

Table 5: Primary Production in mg/l.
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Turbidity: During the study period from the results it has shown 
that station 2 and 3 were more turbid than station one, meaning the 
penetration of light was more in station 1. Station 3 is characterized 
with high wave action whereas stations 1 and 2 are characterized with 
calm water and muddy bottom having lowest value of 3.9 and 3.3 
respectively. The highest value was recorded in station 1 having 4.1 
(Table 8).

Nutrients: No significant difference in nutrients was observed 
among the three study Stations during the sampling periods. This 
presumably reflects the equal effect of environmental factors such as 

light, water motion, and biological parameters. The highest difference 
was observed in nitrate among the three stations valued from 0.0096 in 
Grar and 0.016 in Hirgigo (Figures 6-8 and Table 9).

Discussion
Primary productivity in marine environments represents the link 

between the physical (light, temperature and water dynamics), chemical 
(inorganic and organic nutrients) and biological (phytoplankton 
and higher trophic levels) components of the system [14]. Primary 
production at any one location will vary in space and time in response 
to factors limiting or stimulating photosynthesis and phytoplankton 
growth. Photosynthesis and growth in the sea are limited by nutrients, 
light or temperature. In the dynamic environment of a water 
column resources are patchy both in time and space. Consequently, 
phytoplankton may receive nutrients and light in pulses rather than a 
continuous supply. Generally, it is the interplay between nutrient and 
light availability that affects phytoplankton photosynthesis and primary 
production [28]. The upwelling of deep waters containing nitrate and 
phosphate produced from the remineralisation of organic matter is 
important in maintaining high primary productivity in many areas of 
the ocean. While temperate area are relatively more productive since 
there is sufficient mixing and availability of nutrients to the upper 
euphotic zone [29]. Conversely, thermal stratification and down welling 
will limit primary production in the subtropical gyres as the sunlight 
surface waters are largely isolated from nutrient rich waters below the 
thermocline [10].

        Samples Month Station 1 Station 2 Station 3
Session 1 February 1st half 27 27  27
Session 2 February 2nd half 28 29 29
Session 3 March 1st half 26 28 27
Session 4 March 2nd half 27 27 27
Session 5 April 1st half 28 30 28

Table 6: Temperature in ⁰C.

Samples Month Station 1 Station 2 Station 3
Session 1  February 1st half 38 40 38
Session 2  February 2nd half 40 40 40
Session 3 March 1st half 38 39 39
Session 4 March 2nd half 40 39 39
Session 5 April 1st half 40 41 40

Table 7: Salinity in %.

Samples Month Station 1 Station 2 Station 3
Session 1  February 1st half 4.1 3.3 3.7
Session 2  February 2nd half 4.0 3.6 3.9
Session 3 March 1st half 3.9 3.7 3.4
Session 4 March 2nd half 3.9 3.5 3.5
Session 5 April 1st half 4.1 4.0 3.6

Table 8: Light penetration depth in meter (m).

Stations  Nutrients (mg/l) in milligram per litter

Nitrate Sulphide Ammonia

Hirgigo 0.016 0.026 0.1
Grar 0.0096 0.05 0.1

Gergusum 0.012 0.044 0.1

Table 9: Nutrients (mg/l).
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Figure 6:  Sulphide contents.

0
0.002
0.004
0.006
0.008

0.01
0.012
0.014
0.016
0.018

station 1 station 2 station 3

N
itr

ite
 (m

g/
l)

Study Stations

Figure 7:  Nitrite contents. 

0

0.02

0.04

0.06

0.08

0.1

0.12

station 1 station 2 station 3

Am
m

on
ia

 (m
g/

l)

Study Stations

Figure 8: Ammonia contents.
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Photosynthesis and primary production is limited to a thin layer 
at the ocean surface and whether phytoplankton cells are mixed into 
the dark waters below will affect primary productivity. As the mixed 
layer of a water column increases the average photon flux density i.e. 
light to which the cells are exposed will decrease as the circulating cell 
will spend longer in darkness. Therefore the total gross productivity of 
the phytoplankton population will decrease. However, the respiration 
rate of the population will be relatively constant, whatever the depth of 
mixing. Net photosynthesis and the resulting net primary productivity 
will only occur in mixed water where the mixing is less than the critical 
depth [30,31].

Among the three stations maximum primary productivity was 
found in station 1 with maximum value of 1.4 mg/l and minimum value 
of 0.3 mg/l. The lowest Primary Productivity was observed in station 
3 with maximum value of 0.5 mg/l and minimum value of 0.01 mg/ 
and medium value was observed in Station 2 having maximum value 
of 0.9 mg/l and minimum of 0.01 mg/. Highest value of average Gross 
Primary Production was observed in station 1 having 0.82 mg/l and 
medium and lowest value were observe in station 2 and station 3. No 
significant difference was observed in Net Primary Production among 
the three Stations during the study period. The highest and lowest 
values were recorded in station 1 and Station 2 respectively and the 
medium value was observed in station 2.

The reason of high productivity in Station 1 is due to the highly 
abundant mangrove swamp which could possibly receive material 
inputs in nutrient form and since the station is highly confined it is calm 
there by an advantage of receiving enough light penetration. Mangrove 
swamps and coral reef have a great role in nutrient supply and nutrient 
cycling. Mangroves provide large quantity of organic matter to the 
adjacent coastal water in the form of detritus. The detritus serve as 
a nutrient source and is an extensive food web in which organism of 
commercial importance take part.

The highly productive and diverse microbial community living in 
tropical and sub-tropical mangrove ecosystem continuously transforms 
nutrient from dead mangrove vegetation into source of nitrogen, 
phosphate and other nutrient that can be used by the plant. Yet relatively 
high abundance of mangrove is present in Station 2, since it is found 
very proximate to the human settled area and salt factory, the deliberate 
supply of fine sediments, municipal effluent and fuel discharge from the 
naval base and its land locked nature also prohibited water circulation, 
making less productive station. Warm and highly stratified Upper 
Ocean, under the influence of peak insolation together with light winds, 
inhibits vertical mixing and upward transport of subsurface nutrients. 
Station 3 was characterized by high wave action with the effect of 
sediment digitation and recreational activity makes turbid the water. 
In our study atmospheric conditions, mainly irradiance, which varies 
considerably during winter owing to variability in the cloud cover, 
could be the main limiting factor of the winter primary production.

The elements nitrogen, phosphorus and sulphur are required in 
relatively large quantities to build a functioning phytoplankton cell. 
Other elements are required in trace amounts, such as many metals 
[32]. Due to their topography some Station like Hirgigo bay around 
mangrove swamp gets large amount of nutrients by tidal flushing 
and discharging of effluent. The nutrient concentration in the three 
Stations have not much difference, while the concentration of nitrite 
was found relatively higher in station 1, this is because nitrate rich 
water comes from deep ocean fixation which could contribute to the 
net primary production [33]. The Gulf of Aden water flowing in to the 
Red sea is enriched with nutrients and Particulate organic matter. The 
most intense inflow of nutrients is in summer, from July to September, 

through the Aden sub surface current, by which salts are imported into 
the lower part of euphotic zone of the Red Sea [34].

Substratum nature (sand, rocky, muddy) have significant influence 
in the productivity of pelagic ecosystem especially in terms of turbidity 
which reduce light penetration. There are also indirect factors such as 
grazing, Sedimentation, suspension, and mortality of phytoplankton in 
determining the effect of primary productivity.

The penetration of sun light in the water decreases with depth. The 
range of penetration is differing from Station to Station due to some 
factors; among the factors turbidity inhibits the penetration of light to 
the depth. Wave action and muddy bottom have a great contribution to 
make the water turbid. Station 3 is characterized with high wave action 
and growth of macro algae brings a balance to minimize the turbidity 
by trapping the sediment has a lowest value of 3.4. Station 1 and 2 are 
characterized with calm water and muddy bottom having lowest value 
of 3.9 and 3.3 respectively. The highest value was recorded in station 1 
having 4.1 [35-40].

High evaporation and low precipitation maintain the Red Sea as 
one of the most saline water masses of the world oceans, with mean 
surface salinity of 42.5 ppt and a mean temperature of 30°C during 
summer [41-47]. There was no much variation observed among the 
three stations and sampling dates in salinity. The salinity varied between 
38%- 40% and 39%-41% at stations I and II respectively and salinity 
ranges between 38%-40% in station 3. The difference in the salinity 
among the three stations were not statistically significant (P>0.05) [48-53].

Conclusion and Recommendation
Productivity of selected station around the coast of Massawa 

were measured using the Winkler bottle (oxygen) method which 
was first proposed in 1888 and the highest productivity was 
recorded in station one while the lowest in station 3 with medium 
value of station 2 [54-60]. Even though there is a slight difference in 
the value of primary production, but is not statistically significant. 
Difference in Primary productivity among these three stations. The 
value of primary production required from the three stations during 
the study time was termed as low productivity. This is primarily 
because, being a tropical basin where light is not usually a limiting 
factor, and the biological production is limited by the availability of 
nutrient. There is strong evidence that the production potential of the 
Red Sea is low [61-65]. It has been observed that over most of the 
basin, the development of a thermocline and halocline prevents the 
recycling of nutrient from deeper waters to the euphotic zone. With the 
little pelagic nutrient input and steady loss of the nutrients leads to low 
productivity of the red sea being this is the general nature of the red sea, 
some areas around mangrove swamps and coral reefs are productive 
relative to the areas of the region due to the entrance of new organic 
matter to adjacent coastal waters by tidal waters (currents) as well 
as efficient recycling of nutrient like the coral reefs. Since our sea is 
found in the nutrient poor region nutrient fixation is the possible 
solution to the deficiency of nutrient, so protection of mangrove 
and coral reefs enhance the primary production of the sea by fix 
certain important nutrients [66-70]. Prevention of coastal erosion 
and turbidity is also the basic function of corals and mangroves 
to be recommended for their future protection. During the study the 
sample locations of the three stations were conducted in specific areas 
and time throughout the sampling Period. But within each Station 
there are different and distinct habitats with probably different 
Productivity. In the future, well-equipped and funded projects should 
be conducted temporal and spatial studies to determine the average 
value of Productivity and chlorophyll estimation.
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