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Tuna is one of the pelagic species whose landing on the Ivorian continental shelf is spectacular. 
However, given the threats facing this species, we have conducted this study in order to contribute 
to the safeguarding and sustainable management of this threatened fish species. The study is 
based on the analysis of oceanic parameters that determine the potential spawning areas of tunas 
in Ivory Coast. To do this, remote sensing data from MODIS, SMOS and ERA Interim sensors 
have been used to estimate the temperature, the sea surface salinity and the seawater turbulence. 
Tuna stock data from the Aquaculture and Fisheries Department of Côte d'Ivoire were used. 
The methodology used is a multi-criteria analysis based on the three oceanic parameters of sea 
surface turbulence, temperature and salinity, which allowed to highlight the potential spawning 
areas of tunas as a function of the seasons of the year. The results showed that the preferred 
periods for tuna spawning cover from December to June with areas of low turbulence, salinity 
between (34 and 35 psu) and temperatures above 26°C between latitudes 0° and 3°N.
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to Angola Figure 1. This coastline, located in West Africa, 
represents only a part of the Gulf of Guinea (GG) precisely 
in the Central West African Upwelling (CWAU) region. It 
is delimited by the Cape of Palms (border with Liberia) to 
the west, and the Cape of Three Points (in Ghana) to the 
east. The Ivorian coastline extends over 566 kilometers with 
a variable width of less than 5 kilometers on the crystalline 
and metamorphic basement in the western part to nearly 50 
kilometers in the east on the clayey sands and sandstones of 
the terminal continental [4].

Material and Methods
Data used

In this study, the Soil Moisture and Ocean Salinity (SMOS) 
sensor data from the European Space Agency and MODIS 
Aqua data from 2013 to 2018 were used. The SMOS sensor 
will be used to measure the sea surface salinity (SSM). The 
MODIS sensor will be used to measure the ocean color and 
therefore estimate the sea surface temperature while allowing 
to observe the cold water upwelling. The wind data (ERA 
Interim from 2013 to 2018) is a dataset that will be important 
to characterize the mixing index of the water column 
(turbulence). 

Data on fishing statistics from the Fisheries Department of the 
Ministry of Animal and Fisheries resources were also used.

Introduction
The oceans occupy two thirds of the earth's surface and support 
more than 200 million men and women. Like all oceans and 
gulfs, the Gulf of Guinea (GG) is an important source of animal 
protein (marine catch of more than 630,315 tons in recent 
decades and an immense biophysical resource (increased 
concentrations of chlorophyll pigments linked to upwelling 
[1]. Ivory Coast, a coastal country in the Gulf of Guinea, is 
the leading African producer of canned tuna and the second 
largest exporter of tuna to the European Union [2]. However, 
overfishing poses a threat to this fishery resource, which led 
Professor Jacques Datte of the Laboratory of Nutrition and 
Pharmacology at the University of Felix Houphouet-Boigny 
and Executive Secretary of the Administration Committee of 
the Franc Regim (CARF), to state in 2018 during a conference 
on solutions for the tuna sector in Ivory Coast that the problem 
is that in tuna fishing, it fishes, both juveniles and adult fish. 
This will consequently lead to a deficit of this resource [3]. It 
is in this perspective that this study was initiated in order to 
analyze the oceanic parameters that determine the potential 
spawning areas of the tuna. The main objective is therefore 
to map the potential spawning areas of tunas from oceanic 
variables in the Ivorian marine environment.

Location of the study area
The Ivorian coastline is part of the large marine ecosystem of 
the Gulf of Guinea (GG) current that runs from Guinea Bissau 
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Methodology
In the present study, the aim is to determine the potential 
spawning areas for tunas for a better management of this 
pelagic species. A multi-criteria analysis developed from 
three oceanic parameters (SST, SSS and turbulence) allows 
us to achieve this. Indeed, according to the favorable areas 
for spawning of bigeye tuna (Patudo) would be delimited by 
temperatures above 26°C in the Atlantic Ocean [5].

Wind intensity and turbulence are also important factors in 
the reproduction of pelagic species. If the turbulence is weak 
(low winds), the concentration of larvae is ensured but the 
enrichment in plankton does not occur, which leads to a high 
mortality of the larvae due to a lack of food; on the other 
hand, strong turbulence (strong winds) is able to promote this 
enrichment but in this case the larvae will be rapidly dispersed, 
also causing a high mortality [6]. Sea surface temperature and 
wind intensity are not the only parameters that condition the 
optimal areas for tuna spawning. For example showed that 
Skipjack tuna tend to spawn in desalinated surface waters, 
overcoming waters with maximum salinity. The present study 
will focus on the spawning areas and periods of the Tuna as 
the general modality of reproduction to be defined. In practice, 
three conditions have been defined in the elaboration of the 
maps of spawning areas [7].

For sea surface temperature: Favorable areas are defined by a 
SST>26°C. That is, relatively warm areas.

For sea surface salinity: Favorable areas for spawning have 
salinity between 34 and 35 psu [8].

Spawning-friendly areas where the mixing index of the water 
column is lower. The values of the selected variables were 
reclassified into three classes (low, medium, high) based on 
the defined ranges. The resulting maps of the reclassified 
variables will be merged to obtain the maps of potential Tuna 
spawning areas. Figure 2 summarizes the methodology for 
the determination of potential spawning areas according to 
these oceanic variables (SST, Salinity and Turbulence).

Results
Analysis of variables
Monthly averages of SST: In general, three trends can be 
observed in the evolution of sea surface temperature. From 
January to April and then from July to September, the Figure 
3 watch low SST values are observed at the coast, which 
increase towards the open sea. From May to June and from 
October to December: high SST values can be observed at 
the coast, which decrease as one moves towards the open sea; 
SST is low around 0°N and around -1°N of Latitude for all 
months. Indeed, the maximum values are found in the months 
of March to May and November to December with a peak of 
29.3°C in April. The lowest SST value is observed in August 
(25.4°C) pendant la great cold season.

Monthly average Turbulence (water column stability): The 
analysis of Figure 4 allows us to have a general knowledge 
of the stability of the Ivorian water column from 2013 to 
2018. For the months of January to March and August to 
September: we observe a high turbulence of about 58 to 71 
m³/s³ around Latitude 4°N. This turbulence decreases to 10 
m³/s³ at 1°N latitude before increasing progressively towards 
1°S latitude in the order of 24-47 m³/s³. From April to July and 
from November to December, turbulence generally increases 
from the coast to the open sea, from 10 to 58 m³/s³. There is 
an alternation of low and high turbulence values in the study 
area. The high values indicate the presence of peaty waters 
that negatively influence the recruitment of pelagic species.

Monthly average sea surface salinity
The analysis of seasonal variability shows a low salinity at 
the coast which increases towards the open sea. The period 
from December to March records is an average salinity 
from 34 to35 psu on the ivoriancoastline. From June 
onwards, more or less significant values of SSM are noted 
in Ivorian waters and offshore, with an average around  
36psu. The Great Cold Season shows a high salinity during 
the year in the study area Figure 5.

Figure 1. Location of the Ivorian coastline in relation to the Gulf of Guinea.
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Figure 2. Method for determining potential tuna spawning areas in Ivoirian Waters.

Figure 3. Monthly averages of SST.

Figure 4. Monthly averages of Turbulence.

Analysis of potential spawning areas 
The analysis of the synthesis of the reclassified variables 
allows the discrimination of areas with low, medium and 
high spawning potential for tunas according to each variable, 
according to the predefined intervals Figure 6. The high 
potentialities occupy the largest areas for all variables and 

are generally located between latitudes 1 and 4°N. The areas 
not favorable for tuna reproduction are located around 0° 
latitude for sea surface temperature and at the coast between 
longitudes 3 and 5°W for salinity. The area located between 
latitudes 3 and 5°N and longitudes 2 and 5°W are moderately 
favorable for spawning and scattered with small spots of low 
potentiality in relation to the turbulence of the sea.
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Figure 7 presents the potential spawning areas for tunas 
according to the seasonal variability of sea surface temperature, 
sea surface salinity and the water column stability index over 
the study period (2013 to 2018). In general, there is a decrease 
in the area of high spawning potential from January to October 
in Ivorian waters and offshore. The period from January to 
June as well as December month have the largest areas of high 
spawning potential. These areas are mainly located between 
latitudes 0 and 3°N. The smallest areas are observed during 
the great cold season and from October to November. This 
could be explained by the low SST values and the salinity 
which is around 36psu during this period. The Ivorian coast 

appears to be a not favorable area for reproduction during the 
period from January to April and July to September and also 
in November.

Discussion
According to the results, the favorable areas for tuna 
reproduction are located mainly from the coast to the 0° 
latitude in the period from January to March and also in 
the months of May and December. This follows from the 
observation of the relatively high surface areas of high 
potential during these periods. These results are in agreement 
with those of Travassos for whom the main spawning period 

Figure 5. Monthly averages of Sea Surface Salinity.

Figure 6. Summary of reclassified variables.

Figure 7. Potential spawning areas for Tuna over the period 2013 to 2018.
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for bigeye tuna (Patudo) in the Atlantic Ocean is the first 
quarter of the year during which the catches of tuna are also 
high [5]. The areas with high spawning potential shrink during 
the long cold season. Indeed, the sea surface temperatures are 
relatively low during this period. This corresponds to areas 
less favorable for spawning from the point of view of sea 
surface temperature are relatively low during this period. 
This corresponds to areas that are less favorable for spawning 
from a sea surface temperature perspective (SST<26°C). 
Consistent with this hypothesis, Travassos P believes that the 
most important role in the spatiotemporal distribution of tuna 
spawning activity is played by surface temperature. The areas 
of the ocean characterized by salinity between 34 and 35 psu 
correspond to the favorable areas for tuna spawning activities. 
In this study, the first quarter is the optimal period for tuna 
spawning. This is in line with our logic because the MST 
values of the ocean during this period are in the order of 34 to 
35 psu Donguy established a relationship between the position 
of the 35 psu isohaline and significant catches of Skipjack in 
the western Pacific [8]. Since tunas make periodic migrations 
to satisfy their vital needs (nutrition, reproduction, growth), 
they probably move to areas with high spawning potential to 
reproduce. Areas of low turbulence in the ocean are favorable 
for spawning.

These areas coincide with areas of high SST (SST > 26°C) and 
during the first quarter of the year between latitudes 0 and 3°N. 
These areas have high spawning potential according to the map 
of tuna spawning areas. These results are in agreement with 
the 7th Report of the review of the fisheries and aquaculture 
industry in the COMHAFAT area which designates the first 
quarter of the year as the main spawning period for tuna.

Conclusion
The main objective of this study conducted in Ivorian waters 
and offshore is to determine the periods and potential areas of 
tuna spawning over the period 2013 to 2018. To do this, we 
used some oceanic parameters obtained from satellite imagery. 
The satellite imagery provided a better understanding of the 
optimal conditions for tuna spawning. Thus, all the periods of 
the year present areas with high spawning potential at more 
or less different locations in the study area. The periods of the 

year during which the high spawning potential is distributed 
over almost all the Ivorian waters and the open sea are from 
January to June and also in December.

It should therefore be remembered that remote sensing and 
geographic information systems are important tools for the 
development of a sustainable fishing activity.
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