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ABSTRACT

Spatio—temporal variation in Chlorophyll, Nutrients and Primary Productivity of some selected
sampling stations in Lagos lagoon were investigated using conventional method from November
2019 to July 2020, in order to compare the result with data from satellite image using MODIS Aqua.
Global Positioning Receiver was used to capture the geographic coordinates of the sampling
stations. Water sampling was carried out monthly using standard methods during wet and dry
seasons. The observed data were subjected to statistical analysis using Microsoft Excel and SPSS
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version 20. In wet season, the highest mean value for Chlorophyll a (1.15+0.02 pg/L) was recorded
in Ofin while the lowest values (0.06+0.01 pg/L) was observed in Okobaba. During the dry season,
the highest mean value (0.75+0.10 pg/L) was in Ofin while the lowest mean value (0.27+0.0.08
pg/L) was recorded in Ibeshe. The MODIS satellite variation in chlorophyll-a showed that the
highest value of highest recorded value (1.37+£0.00 ug/L) was in wet season (ljede) while the lowest
value (0.12+0.01 pg/L) was observed in dry season (Okobaba). The highest transparency value
(0.97+£0.01 mg/L) was recorded in dry season (Ofin) while the lowest value (0.35£0.25 mg/L) was
recorded in wet season (Oworonsoki). The highest mean value of Surface Sea temperature was
recorded in the dry season of Apapa (30.28+1.15°C) while the lowest mean value (26.41+1.15°C)
was observed in Okobaba in the wet season. The chlorophyll-a concentration analyzed using
standard method and MODIS satellite, in both dry and wet seasons in the sampled stations differ
greatly from one another in terms of the mean concentration. The primary productivity of Lagos
Lagoon was relatively low, with no significant spatial variations between sampling stations. The
results of sea surface temperature, transparency and chlorophyll ‘@’ estimation from the MODIS
revealed that the values were positively correlated with laboratory result with r’-value of 0.67, 0.80
and 0.77. This indicates that MODIS data and laboratory results generated for Lagos Lagoon were
positively related.

Keywords: Variation in chlorophyll-a; nutrients; primary productivity; Lagoon.

1. INTRODUCTION “There is a rapidly growing interest in the
application of satellite remote sensing technology
“Chlorophyll-a  (chl-a) is a universally in environmental management due to limitations
acknowledged indicator of phytoplankton of conventional method of monitoring water
abundance and trophic state due to its visible quality” [7]. “The reasons for such interest are
manifestation and for being part of the based on several advantages, such as: synoptic
eutrophication process” [1]. It is an essential Vview of the satellite images, which allows the
plant pigment and concentration of it could be user to retrieve information from large
used to reflect algal biomass and level of primary ~ geographic areas; acquisition of data from places
production. Hence, chlorophyll concentration can  that are otherwise difficult to access; temporal
be used to estimate the total quantity of plant resolution, which can provide a historical dataset
material or biomass [2]. The variation in allowing the users to retrieve information from
chlorophyll-a (chl-a) is of greater concern in the the past” [8]. Remote sensing technology has
evaluation of phytoplankton abundance and been increasingly used to facilitate the decision-
trophic state especially in the Lagoons. making process for environmental managers and
policy makers.
“Nutrients are important in the aquatic system for
primary production and they can be divided “Satellite data on chlorophyll concentrations and
majorly into the primary nutrients; nitrogen and  Sea Surface Temperature (SST) have been used
phosphorus (limiting nutrients) [3] and secondary  to delineate regions, or ecological provinces, in
nutrients which includes silicate and sulphate. the ocean with similar physical and biological
The presence of these nutrients in high amount  forcing” [5]. “These ecological provinces are not
leads to higher productivity in the aquatic system, fixed in time or space but vary seasonally and
distorting its balance and leading to inter-annually. These changes can affect the
Eutrophication”. recruitment, survival, condition, distribution
patterns and migration of fish stocks” [9,5].
“Primary productivity is the rate at which
atmospheric or aqueous carbon dioxide is “Remote sensing technique is an economical
converted by autotrophs (primary producers) to way to monitor water quality because it can be
organic material. Primary production via used to assess large area in a short time on a
photosynthesis is a key process within the repetitive basis. The traditional method of water
ecosystem, as the producers form the base of quality assessment using laboratory analysis has
the entire food web, both on land and in the been found to be very tedious and costly” [10].
aquatic environment” [4]. “Primary productivity is  “While it is easy to update water quality
strongly dependent upon light availability and the ~ parameters using remote sensing data, which
presence of nutrients” [5,6]. allows continuous monitoring of water quality” [8].
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“‘Numerous studies [11,12] have focused on
deriving chlorophyll-a concentration information
from remote sensing satellites in inland water
bodies”. Chlorophyll a concentration depends on
phytoplankton growth following nutrient inputs.
The magnitude and variability of oceanic primary
production are poorly known on a large
scale, largely because of the high spatial and
temporal variability of marine phytoplankton
concentrations. Hence, applications of satellites
are very vital tools in fisheries research and
management.

The aim of this study is to use remote sensing
technology to complement the conventional
method of determining Spatio-Temporal variation
of chlorophyll, nutrients and productivity in Lagos
lagoon, Nigeria. While the specific objectives are
to assess spatio-temporal variation of chlorophyll

characteristics and nutrient composition and
examine the distribution of primary productivity in
Lagos Lagoon.

2. METHODOLOGY
2.1 Study Area

Lagos Lagoon lies between 6°30'00" N -
6°40'00"N of the equator and 3°30'00" E -
3°55'00" E of the Greenwich meridian. The
lagoon has a length of about 13 km wide,
separated from the Atlantic Ocean by a long
sand spit of about 5km wide, with swampy
margins. Its surface area is approximately
6,354.7 km. The lagoon is relatively shallow and
is not plied by ocean-going ships but by
smaller barges and boats. The lagoon receives

in  Lagos Lagoon, determine chemical the discharge of Ogun and Osun Rivers [13].
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Fig. 1. Map of Lagos Lagoon
Source: Field survey, 2019
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2.2 Sources of Data Collection

Primary and Secondary data was used for this
study. Primary data was obtained from water
samples collected at the different sampling points
of the Lagoon. Secondary data was from the
Moderate Resolution Imagery Spectrometer
(MODIS) Aqua satellite. This satellite captures
data in thirty-six spectral bands with wavelength
range from 0.4 um to 14.4 ym spatial resolution
of between 250 m and 1 km. Two of the bands
have a spatial resolution of 250 m, five of the
bands have a spatial resolution of 500 m, while
the remaining two bands have a resolution of
29 m.

2.3 Sampling Technique

Lagos lagoon was spatially stratified into nine
sampling stations based on anthropogenic
activities as described by [14]. The water
samples were taken at a depth of 5 cm below the
water surface. Based on the rainfall pattern of the
study area, temporal stratification covered wet
and dry seasons following standard methods
described by [15]. Water samples were collected
monthly from each sampling station for six
months. The exact location of the sampling
stations was determined using GARMIN GPS
receiver.

2.4 Collection and Preservation of

Phytoplankton Samples

Plankton sample was collected on each occasion
with a 55 um mesh size standard plankton net
held against the current of the ebbing tide for
10mins. The net was then hauled in and the
sample was transferred to a 250 ml well labelled
plastic container with screw cap and preserved
with 4% un-buffered formalin, while 3 drops of
Lugol’s solution was added so as to allow the
organisms to settle and stored in the laboratory
prior to microscopic analysis in the laboratory.
Water quality parameters such as Dissolve
Oxygen, Water Temperature, Salinity,
Transparency etc and nutrients was analyzed
using standard methods of APHA [16].

2.5 Collection of Water Samples for

Primary Productivity Analysis

Water samples for phytoplankton primary
productivity was collected with water sampler
from the sampling points between the
hours of 9.00am and 12noon every month
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(November and  December 2019 and
January 2020 for dry season, while June,
July and August 2020 for wet season). The water
collected was poured into triplicate bottles (one
dark and two light bottles) The sample in one of
the light bottles was fixed immediately according
to Winkler's method wusing Manganese
Sulphate solution and Alkaline Potassium iodide
reagents to determine the initial level of dissolved
oxygen content [16], while the other light
and dark bottles were suspended in a vertical
position under water in the euphotic zone of the
sampling station for twenty-four hours. After
incubation time, the bottles were taken out and
fixed prior to Dissolved Oxygen determination in
the laboratory. The light and dark bottles method
[17] was used for measuring the primary
productivity  (Gross  Primary  Productivity,
Net Primary Productivity and Community
respiration).

2.6 MODIS Acquisition and Data Analysis

MODIS images was used to identify the
predominant spatial and temporal patterns in
chlorophyll a variability. Cloud free MODIS/Terra
levell data images (geo-located radiance and
brightness temperatures) was downloaded
from the websitehttp://modis.gsfc.nasa.gov.The
selected MODIS images covered the dates when
the water samples were collected.

The images were then calibrated for visible and
thermal bands and further calibrated for solar
and satellites angles in ILWIS. Two bands were
used in the analysis. By calibrating the visible
and thermal bands, the Digital Numbers was
then converted into radiance and reflectance.
Remotely sensed data is affected by atmospheric

effects  such as atmospheric  aerosol
scattering as well as non-target effects from the
earth's surfaced unto adjacent effects
[18,19].

3. RESULTS

The spatio-temporal variation of the chlorophyll-a
concentration across the Lagos lagoons was
analyzed for both dry and wet season as shown
in Figs. 2 and 3, the results give significant
impression of the applicability of satellite data in
the assessment of chlorophyll-a and productivity
across the lagoon. However, the results of
conventional method were also documented
below to compliment the result of the satellite
data.


http://modis.gsfc.nasa.gov/
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Table 2 shows the MODIS satellite variation in
Chlorophyll a concentration across the station.
The highest recorded value (1.37+0.00 pg/L) was
in wet season (ljede) while the lowest value
(0.12+0.01 pg/L) was observed in dry season
(Okobaba). The highest transparency value
(0.97£0.01 mg/L) was recorded in dry season

(Ofin) while the lowest value (0.35£0.25 mg/L)
was recorded in wet season (Oworonsoki). The
highest mean value of Surface Sea temperature
was recorded in the dry season of Apapa
(30.28+1.15°C) while the lowest mean value
(26.41+1.15°C) was observed in Okobaba in the
wet season.

Table 1. Longitudes and latitudes of the sampling stations

Station X Y
Apapa 3.4029 6.469
Okobaba 3.4018 6.4838
Makoko 3.4193 6.5197
Oworonsoki 3.4474 6.5741
Mid — Lagoon 3.4906 6.5065
Ibeshe 3.4619 6.5586
Ofin 3.4899 6.5276
Bayeku 3.5635 6.5258
ljiede 3.6298 6.5472
Source: Field Survey, 2019
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Fig. 2. Spatial variation of Phosphate, Nitrate and Productivity (dry season)
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Table 2. MODIS Satellite data of water parameters and Chlorophyll ‘a’ value (mean*SD) in
Lagos Lagoon

Stations Chlorophyll ‘a’ Transparency Surface Sea Temperature
Wet Dry Wet Dry Wet Dry
Apapa 0.18+0.00°  0.08+0.00% 0.43+0.12% 0.76+0.00% 29.26+1.15% 30.28+1.15°

Okobaba 0.17£0.05% 0.12+#0.01% 0.87+0.57% 0.83+0.01% 26.41+1.15% 27.45+0.47%

g@‘;‘igﬁsoki 0.17+0.01% 0.34+0.22° 0.38+0.05% 0.78+0.01% 27.41+1.00® 26.95+0.47°
Mid-Lagoon 0.13J_ro.oobb o.35¢o.2zz 0.35+0.25% 0.80+0.17° 28.17+0.58% 29.51+0.47°
beshe 0.0740.01° 0.67+0.01" 0.49+0.05° 0.65+0.01° 28.60+2.89° 28.39+0.47°
ofin 1.2040.00® 0.86+0.01° 0.57+0.10° 0.57+0.00° 27.35+1.52% 28.35+0.47°
Bayeku 1.35+0.00° 1.17+0.01° 0.43+0.12° 0.97+0.01° 28.34+0.58° 30.10+0.57°
jede 1.35¢0.00° 0.16+0.01° 0.58+0.02% 0.63+0.00% 30.26+2.30° 30.60+0.57°

1.37+0.00* 0.18+0.00* 0.73+0.57° 0.87+0.00* 30.26+2.89° 29.85+0.57°
Mean 0.66+0.01 0.43+0.05 0.54+0.25 0.76+0.02  28.45+1.56  28.72+0.58

*mean value with the same alphabet is not significantly different (p >0.05) across column*
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Fig. 3. Spatial variation of Phosphate, Nitrate and Productivity (Wet season)
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Table 3. Spatial distribution of Primary productivity in Lagos Lagoon (mean+SD) from
November, 2019- August 2020

Stations Gross primary Net primary productivity Community Respiration
productivity
Wet Dry Wet Dry Wet Dry
Apapa 4.10+1.15*  3.20+#1.20% 1.87+0.55% 2.77+0.32% 2.23+0.64° 0.90+0.56°
Okobaba 3.53+0.90% 3.00+0.10% 1.83+0.61% 2.30+0.26* 1.70+0.35% 0.70+0.26°
Makoko 3.40+1.12% 3.37+0.46% 2.00+0.44% 2.23+0.06* 1.40+0.69% 0.80+0.17°
Oworonsoki  4.37+0.83%  3.77+1.04% 2.03#0.61°% 2.23%0.21% 2.33+0.46°% 1.53+1.22°
Mid-Lagoon 3.17+0.92% 3.40+1.56% 1.83+0.47% 2.20+0.26% 1.33+0.46% 1.20+0.61%
Ibeshe 3.67+0.59% 3.23+1.04% 1.97+0.42% 2.23+0.21* 1.70+0.17% 1.00+0.87°
Ofin 3.30+1.12%  3.40+1.56% 1.77+0.67% 2.17+0.58*% 1.53+0.46% 1.23+0.99°
Bayeku 2.43+0.96% 3.27+0.60% 1.70+1.01%* 2.43+0.60* 0.73+0.06* 0.83+0.61°
ljede 2.70+0.66% 2.83+0.06% 2.07+1.04% 2.20+0.26% 0.63+0.40* 0.60+0.36°

Table 4 shows the seasonal variation in field
estimation of Chlorophyll ‘a’ concentration
analysed from water samples across each
station. In wet season, the highest mean value
(1.15+0.02 pg/L) was recorded in Ofin while the
lowest values (0.06+0.01 pg/L) was observed in
Okobaba. During the dry season, the highest
mean value (0.75+0.10 pg/L) was in Ofin while
the lowest mean value (0.27£0.0.08 pg/L) was
recorded in Ibeshe.

The Biological Oxygen Demand in water has a
range of 0.21+0.17- 8.80+13.17 mg/l in wet
season and 0.58+0.33 - 1.54+1.23 mg/l in dry
season. The highest Biological Oxygen Demand
in wet season was recorded in Ofin, while ljede
recorded the lowest value. The highest Biological
Oxygen Demand in dry season was recorded in
Oworonsoki, while ljede recorded the lowest
value. The Nitrate concentration in water has a
range of 0.13+0.06 - 0.37+0.25 mg/l in wet
season and 0.10+0.00 - 0.37+0.06 mg/l in dry
season. The highest Nitrate concentration in wet
season was recorded in Ofin, while Apapa
recorded the lowest value. The highest Nitrate
concentration in dry season was recorded in
Apapa and Mid-Lagoon, while ljede recorded the
lowest value. The Nitrate concentration in water
has a range of 0.13+£0.06 - 0.37+0.25 mg/l in wet
season and 0.10+0.00 - 0.37+0.06 mg/l in dry
season. The highest Nitrate concentration in wet
season was recorded in Ofin, while Apapa
recorded the lowest value. The highest Nitrate
concentration in dry season was recorded in
Apapa and Mid - Lagoon, while ljede recorded
the lowest value. The Phosphate concentration in
water has a range of 0.13+0.15 - 0.47+0.23 mg/I
in wet season and 0.10+0.00 - 0.23+0.06 mg/l in
dry  season. The highest Phosphate
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concentration in wet season was recorded in
Ofin, while Apapa and Mid-Lagoon recorded the
lowest value. The highest Phosphate
concentration in dry season was recorded in
Apapa, while Oworonsoki, Ofin and ljede
recorded the lowest value.

4. DISCUSSION

4.1 Relationship between Chlorophyll-A
Concentration and Nutrients

Chlorophyll-a is used as a biomarker in aquatic
ecosystems [20]. It could be used as a guide for
environmental protection and the mechanism of
a fishing area [21]. The abundance of
chlorophyll-a  indicates the process of
eutrophication that affects the dynamics of the
marine biogeochemical ecosystem and could
lead to many future events following the
reactions to the increasing influence of human
activity on the marine environment [22]. The
chlorophyll-a concentration in both dry and wet
seasons in the sampled stations differ greatly
from one another in terms of the mean
concentration. chlorophyll-a concentration in wet
season (0.66+0.01 pjg/L) and dry season
(0.43£0.05 pg/L) was in the range of 0.34 ug/L to
2.71 ug/L reported by [23] in the southeast of the
Black Sea. The relationship model between
nutrients and chlorophyll-a, with a correlation
coefficient (r) of 0.06 (nitrate), 0.35 (phosphorus)
and -0.32 (sulphate). These values imply that the
presence of chlorophyll-a is not determined
solely by the presence of nutrient but other factor
such as light and temperatur. However, the
contribution of this phosphorus plays a significant
role in  determining  the  chlorophyll-a
concentration.
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Table 4. Seasonal Laboratory estimation of Chlorophyll ‘a’ (meantSD) in Lagos Lagoon from
November, 2019- August 2020

Stations Season
Wet Dry

Apapa 0.12+0.02° 0.59+0.09°
Okobaba 0.06+0.01°% 0.28+0.03%
Makoko 0.26+0.21°% 0.53+0.25%
Oworonsoki 0.12+0.04° 0.43+0.08°
Mid-Lagoon 0.08+0.02° 0.40+0.10°
Ibeshe 1.05+0.022 0.27+0.082
Ofin 1.15+0.02% 0.75+0.102
Bayeku 1.06+0.02° 0.28+0.10°
liede 0.40%0.58° 0.35+0.10"
Mean 0.48 £0.11 0.43+0.10

*mean value with the same alphabet is not significantly different (p >0.05) across column*

Table 5. Chemical characteristic and Nutrient composition (meanzSD) of Lagos Lagoon from
November 2019 — August 2020

Stations Biological Oxygen Demand Nitrate Phosphate
Wet Dry Wet Dry Wet Dry

Apapa 2.01+0.70° 0.93+0.55% 0.13+0.06* 0.37+0.06% 0.13+0.15° 0.23+0.06°
Okobaba 1.40+0.40%  0.69+0.25% 0.23+0.06% 0.27+0.06% 0.27+0.12° 0.13+0.06°
Makoko 1.04+0.68%  0.76+0.19% 0.20+0.10* 0.17+0.06* 0.17+0.06° 0.13+0.06°
Oworonsoki 1.97+0.60%  1.54+1.23% 0.23+0.15% 0.30+0.26% 0.20+0.10° 0.10+0.00°
Mid-Lagoon 1.12+0.45%  1.19+0.62% 0.33+0.40% 0.37+0.06%* 0.130.15° 0.17+0.06°
Ibeshe 1.82+0.40%  1.01#0.90% 0.20+0.10* 0.33+0.25% 0.32+0.38° 0.13+0.06°
Ofin 8.80+13.17% 1.21+1.04% 0.37+0.25% 0.17+0.12% 0.47+0.23° 0.10+0.00°
Bayeku 0.34+0.30%  0.84+0.64% 0.20+0.17% 0.30+0.10* 0.23+0.12° 0.17+0.06°
ljiede 0.21+0.17%  0.58+0.33% 0.30+0.17° 0.10+0.00* 0.30+0.10% 0.10+0.00°

*mean value with the same alphabet is not significantly different (p >0.05) across column*

4.2 Primary Production of Lagos Lagoon

Primary production is the synthesis of organic
compounds from inorganic chemical compounds
through the process of photosynthesis which use
light as its source of energy [24].

The highest value of Net Primary Productivity
(NPP) occurs at the southern edge of the Lagoon
(2.961 - 3.642), while the lowest value occurs at
the western, eastern and northern edge of the
Lagoon with value range of 1.734 - 2.257. The
highest value in the south gradually reduces
northward in the model during the dry season.
While during the wet season, lowest variation of
NPP occurs at the western edge of the Lagoon
and progressively increases to the Mid lagoon
and suddenly drops to the lowest value again
around Ofin/lbeshe settlement area which
borders the lagoon only to increase again
gradually to the Eastern edge of the Lagoon.

In marine ecosystem, almost all photosynthesis
is performed by phytoplankton. Net primary
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production (NPP) is the rate of photosynthetic
carbon fixation without the fraction of carbon
used for cellular respiration and maintenance by
autotrophic planktonic microbes and benthic
plants. Factors that affect NPP include; light,
temperature and nutrients. In aquatic ecosystem,
plankton are responsible for approximately 50
petagrams of carbon per year of net primary
production, an amount equivalent to that on land
[25].

5. CONCLUSION

This study revealed that, the chlorophyll-a
concentration analysed using standard method
and MODIS satellite, in both dry and wet
seasons in the sampled stations differ greatly
from one another in terms of the mean
concentration. MODIS satellite gives un-bias
result, saves time, energy and cost effective. The
primary productivity of Lagos Lagoon was
relatively low, with no significant spatial
variations between sampling stations. The
productivity of Lagos lagoon was due to the
availability of some nutrients which is an
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indication that the Lagoon was healthy. However,
there is a need for periodic investigation on this
result as anthropogenic activities that are much
more pronounced around the Lagos Lagoon
introduces pollutants which may later alter the
present situation in terms of the chlorophyll a
concentration, nutrient and productivity of the
Lagoon.
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