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 Abstract The present study aims to estimate the age and the growth of 
Brachydeuterus auritus, off Togo waters, in order to stock assessment. The 
otoliths were extracted from commercial landings by Togolese marine fisheries 
and analyzed in the Spanish Institute of Oceanography laboratories in Tenerife. 
The results showed that Total Length of the fish (TL) is linked to the otoliths 
weight (OW): TL = 5.171*ln (Ow) + 28.805 (R2=0.9227).  
The mean length by age-class from the Age-Length key for the age-classes 1 to 4 
were 10.6, 13.2, 15.1 and 16.8 cm, respectively.  Length and age data were fitted 
to von Bertalanffy equation, and the growth parameters estimated were                           
L∞ = 23.15 cm; K= 0.225 year-1 and t0 = -1.722 year.  
The current results, comparable globally to those obtained, in Gulf of Guinea, 
such as in Togo waters with the marking and recapture method. Therefore, these 
results could be useful for the stock assessment of this species off Togo waters. 

   

MOTS CLES 
Brachydeuterus auritus, 
âge, croissance, eaux 
marines togolaises. 

 Résumé La présente étude a pour objectif l’estimation de l’âge et la croissance 
de Brachydeuterus auritus (Val, 1832) des eaux togolaises en vue de l’évaluation 
du stock de l’espèce. Les échantillons d’otolithes ont été collectés à partir des 
individus débarqués par les pêcheries artisanales maritimes togolaises et analysés 
dans les laboratoires de l’Institut Espagnol de l’Océanographie à Santa Cruz de 
Tenerife. Les données de taille et de l'âge ont été ajustées à l'équation de Von 
Bertalanffy avec le logiciel GraphPad Prism v.4.03 à partir de la longueur totale du 
poisson (LT).  
Les résultats obtenus montrent que la longueur totale (LT) est liée au poids de 
l’otolithe par la relation LT = 5,171*ln (poids de l’otolithe) + 28,805 (R2=0.9227) et 
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qu’il a été déterminé 4 classes d’âges différentes.  
Les tailles moyennes par classe d’âge obtenues à travers la clé Taille-Âge sur les 
classes d’âge 1 à  4 ont été de 10,6; 13,2; 15,1 et 16,8 cm et les paramètres de 
croissance sont pour L∞ de 23,15 cm ; K de 0,225 an-1 et t0 de -1,722 an.                         
Les présents résultats, comparables globalement à ceux obtenus, dans le golfe de 
Guinée notamment au Togo, par la méthode de marquage et recapture.                       
Aussi peuvent-ils être utilisés pour l’évaluation de l’état de stock de l’espèce dans 
les eaux togolaises. 

1. Introduction  

The subject approached here relates to the determination 
by otolithometry, of the age and the growth parameters 
of Brachydeuterus auritus (Val, [60]). The situation of 
fisheries resources exploited in the world, particularly in 
the Gulf of Guinea, is currently worrying. In order to be 
ensured about the exploitation status of the fish 
populations in the region and in each of its countries, it is 
necessary to conduct stock assessments using different 
scientific methods or techniques giving different 
outcomes which can be compared [39]. Most methods, 
including the use of hard parts (otoliths, scales, etc.), are 
poorly applied in the Gulf of Guinea region [1], [11], [20], 
[26], [31], [56], because of the very low thermal 
amplitude comparing to temperate countries [15]. In 
order to know about the exploitation status of B. auritus, 
one of the main species most caught in Togolese waters, 
for the sustainable management, its stock should be 
evaluated [29], [30], [38]. This activity is very rarely 
conducted and singularly in the waters of this country, 
because of the lack of information on the age and growth 
patterns of the species exploited, the present study 
proposes to determine these parameters using the 
otoliths by studying the Sagitta otoliths [9]. Specifically, it 
is a question of: (i) the collection and the "reading" 
otoliths of B. auritus; (ii) the determination of age and (iii) 

the estimation of growth from the ages obtained. 

2. Material and méthod 

Otoliths of B. auritus were collected at the fishing port of 
Lomé (Togo) by random sampling from June to September 
2016 on landings of artisanal marine fisheries (purse 
seines, gillnets and bottom gillnets).  

This fishing harbor is the main landings site of marine 
catches and more than 80% of catches are in landed 
annually [57], [58].  

The marine artisanal segment is only one which is more 
active, specially in this period corresponding to upwelling 
season, landing more than 99% of Togolese marine 
catches region [57], [58] and operate in coastal zone 
where adults and juveniles are living usually region [59].  

Table 1 shows the characteristics of the samples. The size 
of the sample (334 otoliths) collected is more than the 
minimum (150 otoliths) requested for this the reading 
([30].  

Tab. 1 :  Periodicity, number and range of sample sizes 
LT: total length (cm) of Brachydeuterus auritus 
individuals cached in Togolese waters in 2016 

Month Nº individuals Size class                                 

(LT, cm) 

June 21 8,1 - 16,5 

July 26 8,4 - 15,3 

August 135 8,2 - 17,0 

September 152 8,6 - 21,3 

Total 334 (185 ♂, 149 ♀) 8,1 - 21,3 

Source: Results of this study 

After extraction, the otoliths were washed, dried and 
stored in labeled tubes. A electronic scale branded “© 
Mettler Toledo AG204”, accuracy 0.0001g was used for 
weighing.  

For otoliths recording photography, images were 
obtained using an integrated microscope system brand 
Nikon AZ 100 connected to a computer via a Nikon digital 
image capture card. Digital Sight DS-U2 with Niss 
Elements F © software at a resolution of 2560x1920 
pixels (Cf. Photo 1). 

Photo 1: Photographic equipment of the Spanish 
Oceanographic Institute (IEO) Laboratories, used for 
reading of otoliths samples collected in Togolese waters 
Source: Results of this study (Photo taken during this study) 
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Regarding reading (interpretation of age), the otoliths 
were placed whole in black plates, immersed in distilled 
water and were observed through a binocular microscope 
Nikon SMZ-10 (full magnification 10X) under the light 
exterior provided by an illuminator placed laterally. 

For the interpretation of growth structures, the criteria 
used are those described by [30] and presented below: 

- It was considered normal birth date, January 1
st

 for 
species distributed in the northern hemisphere ([38]); 

- For the formation of an annual cycle: it is considered 
that an annual ring composed of 2 seasonal rings (an 
opaque - of rapid growth - which forms during the most 
favorable season for example the summer, and a hyaline - 
of slow growth - which forms in the most unfavorable 
time, for example in winter). Therefore, an annual ring 
corresponds to an opaque ring followed by a hyaline ring ; 

- The width of the otoliths rings gradually decreases as the 
growth of the individual is more intense in the first years 
of his life; which is reflected in the relative width of the 
opaque and hyaline band. The opaque band of the first 
rings is considerably larger than the hyaline band, and 
then gradually decreases and the two become similar 
[44], [52], [53], [55]. 

- Regarding the nature of the border, the distribution of 
the age of a fish depends not only on the number of rings, 
but also on the nature of the edge of the otoliths in 
relation to the date of capture and the birth date adopted 
[12]. 

In addition, it takes into account existence and 
interpretation of several false rings (or pseudo-rings), 
particularly present in the first annulus. These pseudo-
rings are formed in otoliths following changes in fish 
metabolism and break the normal pattern of growth 
marks. They may be due to internal factors (diseases, 
reproduction, diet, etc.) and external factors (time, 
temperature changes, etc.) [22], [30], [41], [42], [43], [44], 
[51], [52]. 

On the basis of the above criteria, the age class was 
assigned to each individual for future analysis. 

For reading, a degree of reliability between 4 (maximum) 
and 1 (minimum) was assigned to each otoliths during its 
analysis.  

Due to the lack of samples collected monthly during the 
study period, it was impossible to determine the 
periodicity of formation of a band or ring area. However, 
since most of the scientific community agrees that 
annulus formation occurs annually [9], [25], it is possible 
to consider that the rings of the otoliths of this species in 
Togolese waters are formed each year. 

Obtaining pairs of values for size classes and age classes 
made it possible to develop the Size-Age Key for all 
analyzed individuals (males and females). Then average 
size and standard error for each age class as calculate. 

The data obtained from the readings were adjusted to the 
von Bertalanffy model according to two different 
approaches: 

- Adjustment of the obtained size-age class value pairs, 
which we call "direct reading" of the values; 

- Adjustment of the mid-age-class value pairs   obtained 
from the Key Age-Age, which we call "average size". 

It is used to estimate growth parameters, the GraphPad 
Prism software v.4.03 from the total fish length (LT) 
according to its age (t) [50]: Lt = L∞ (1-e

(-k (t-t
0

))
) 

L∞ is the maximum theoretical (or asymptotic) size that 

an individual of the species would reach if he was alive 
indefinitely;  K is the growth coefficient and represents 
the speed at which the curve approaches the asymptote, 
and t0 is the theoretical age at which the fish size would 
be zero.  

The von Bertalanffy growth parameters are used in order 
to compare our results to those found by other authors.  

3. Results and discussion 
 

3.1. Brief presentation of Brachydeuterus auritus ([60]) 

3.1.1. Taxonomic characteristics of Brachydeuterus 

auritus 

Brachydeuterus auritus, belonging to the Haemulidae 
family with 11 genders, occupies zoological classification 
for the position presented in table 2.  
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 Tab. 2: Classification of Brachydeuterus auritus  

 Source: ([60]) 

 

3.1.2. Morphology of Brachydeuterus auritus 

According to [59], Brachydeuterus auritus is characterized 
by an elongated and compressed body with a height of 
2.6 to 3 times the standard length. The eyes are big; the 
mouth is large and protractile; the muzzle is smaller than 
the diameter of the eye. The dorsal fin has 12 spines of 
moderate form and 11 to 13 soft rays; the third, and 
sometimes the fourth, is longer than the others. The anal 
fin has 3 spines with 9 to 10 soft rays.  

The caudal fin is deeply indented. The lateral line has 48 
to 52 scales with 4 or 5 rows below. The back is olive-
colored, the sides and belly are silver-white. There is a 
dark spot on the upper edge of the operculum and on the 
base of the dorsal fin there are sometimes small dark 
spots (Cf. Photo 2). 

 
Photo 2: de Brachydeuterus auritus ([60]) 
Source: Photo taken during this study  

 
3.1.3. Area of distribution, habitats and reproduction 

B. auritus is one of the species whose biology is poorly 
studied. Relatively large work on the species in Côte 
d'Ivoire, Ghana, Nigeria, Togo and Congo has addressed 
the species distribution ([7] and [53]). B. auritus is a semi-
pelagic and eurybenthic species. It has a tropical and 
subtropical distribution, and occurs along the coasts of 
Mauritania to Angola in coastal waters 10 to 100 m deep 
[49]; and in Togo, on soft beds from 0 to 100 m depth [8], 
[14], [32].  

 

 

 

According to [13] and [48], B. auritus is abundant in 
Ghana from 55 to 90 m depth. [34] estimates that the 
species evolves in schools and is on both sides of the 
thermocline; young people meeting only in the coastal 
fringe; adults are found further offshore, but are 
approaching the coast probably during the nesting 
season. 

Brachydeuterus auritus polyphagia is limited to 
microscopic zooplankton, shrimp, juvenile fish, 
cephalopods, benthic crustaceans and, if necessary, 
polychaetes [5]. Planktonic crustaceans are constituted of 
majority of the diet, mainly large copepods that are 
numerous in the vicinity of the deep seabed. B. auritus 
feeds off the bottom during the day and, if necessary, in 
mid-water layers at night. 

The author indicates that feeding would be important in 
the cold season when zooplanktons are very abundant. 
The diet would have seasonal variations between the long 
cold season and warm seasons; the small cold season 
does not have a diet distinctly different from the hot 
seasons. If planktonic crustaceans are scarce (in summer) 
the species varies its diet. [1] and [33] seem to confirm [6] 
and points out that in the case of small crustaceans, 
polychaetes and fishes, the species has a preference for 
the two latest.  
The works of [7] are the only conducted on the biology of 
B. auritus in Togolese waters and interests include 
growth. These works are the one conducted on the 
biology of B. auritus in Togolese waters and deals, among 
other things, on growth. In these works, data on the size 
at first sexual maturity are available. But in Ghana, these 
sizes are 14.8 cm for the male and 15.1 cm for the female 
[3]; in Côte d’Ivoire they are 13.8 cm and 14.5 cm (TL) [5] 
then 12.25 and 11.96 cm (FL) respectively [56]; in Congo, 
they are 12 cm (LF) for the female [21] and in Senegal for 
14.4 and 14.8 cm [49] for male and female respectively.  
 
The nutrition regime of B. auritus shows that this species 
is opportunist and this can influence it growth in zone 
where it lives.  

Kingdom Animal Super class Gnat- 
hostom 

Class Ray- 
finned fishes 

Family Haemu-lidae 

Sub- 
kingdom 

Meta- 
zoan 

Super 
class 

Fish Super 
order 

Teleos-teans Genus Brachydeuterus 

Sub- 
phylum 

Verte- 
brate 

Class Osteic- 
hthyes 

Order Perci- 
forms 

Species auritus 
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3.2. Relationship between total length of individual 

and its otoliths weights 

 

The equation of relationship between the total length of 
individuals and the weight of their respective otoliths is 
presented in Figure 1. The coefficient of determination R² 
very close to 1 (R

2
 = 0.9227) shows a strong positive 

correlation between the two parameters and indicates 
that the otoliths weight increases with the fish size; which 
allows their use in studies of the predator-prey system 
[28], [36].  
 

 
Fig. 1: Individuals total length relation and otoliths 
weight of Brachydeuterus auritus samples collected in 
Togolese waters 
Source: Results of this study 
 

Figure 1 also shows that the weight of otoliths increases 
rapidly at the beginning with individual size, slows down 
after, then reaches the asymptote at a certain size; this 
seems to reveal the growth that should be observed at 
the level of the height-age relationship of individuals (Fig. 
5). Figure 2 shows the allometric relationship between the 
length of individuals and the weight of otoliths of B. 
auritus. The value of the parameter b of the relation is 
less than 3, even if mathematically the difference is not 
significant (W, p> 0.05). 
 

 
Fig; 2: Allometric relationship between length of 
individuals and weight of B. auritus otoliths samples 
collected in Togolese waters 
Source: Results of this study 

Allometry relatively minor seems showing that the growth 
of fish length is faster than the weight of the otoliths. This 
situation in the growth of calcified parts seemed to be a 
fairly general case for teleosts [40], [46]. 
 
 
3.3. Estimation of age by reading otoliths 

 

A total of 334 otoliths were read. In general, It can note 
on (Cf. Fig. 3) that: 
 
- Otoliths have a well-defined nucleus, sometimes 
surrounded by very marked pseudo-rings that make up 
the first ring. In some cases, the nucleus presents itself 
with a small raised formation, in the form of a dome; 
 
- There are no otoliths area exclusively reserved for ring 
identification; it depends on their number and how they 
present themselves; 
 
- Otoliths have good visibility with regard to the 
identification of the first 3 rings (opaque and hyaline). In 
most cases, pseudo-rings do not facilitate the 
interpretation of their reading, but their presence does 
not prevent the use of otoliths for age determination; 
 
- From the 3

rd
 ring, there is a decalcification in the otoliths 

and the rings become less obvious; 
 
- It was not possible to analyze the monthly evolution of 
the last otoliths ring because our samples are not 
collected during the whole one or two years. However, it 
was found that the percentage of hyaline edges of 
otoliths sampled from June to September 2016 increased 
steadily to 100% translucent in September. 
 
During the interpretation of the age, 12% otoliths were 
rejected due to the presence of pseudo-rings and / or 
broken; and 293 individuals were taken into account for 
the analysis (very reliable 25% and less reliable 75%). The 
age classes shown in Figure 5 ranged from 1 to 4 years. 
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Tab. 3: Size-Age Key (cm / yr), in %, of Brachydeuterus 
auritus of Togo. SE: standard error 

 Source: Results of this study 
 
 

 
Fig. 3: Photos of Otoliths of Brachydeuterus auritus 
sample collected in Togolese waters 
Source: Results of this study 

TL: Total length. M: male. F: female A: Age Class 1 (9.8 cm 
TL, F), B: Age Class 2 (11.2 cm TL, F), C: Age Class 3 (14.1 
cm TL, M), D: Age Class 4 (17.8 cm TL, F), E: Otoliths with 
false rings (11.5 cm TL), F: Otoliths with a calcified form in 
the nucleus 

The age class 2 was the most represented (44%) in the 
sample followed by those of 1 and 3 (26%).  

The age class 4 is represented at 4% in the sample studied 
(Cf. Fig. 4). 

 
Fig. 4: Percentage plot of age classes of Brachydeuterus 
auritus samples from Togo waters 
Source: Results of this study 
 
 

3.4. Key Size-Age 

 

The Size-Age Key of the total number of individuals 
analyzed (males and females) is presented in Table 3. The 
sizes are between 8.2 and 21.3 cm with the dominant size 
class 14 cm in the sample. Different size classes exist from 
age group 1 and overlap across several age groups; this 
could be explained by a high variability in the individual 
growth rates of the species in the same area. The 
individual class age 1 are 75 and covering range size from 
08 to 13 cm. There are 75 individuals of class age 1 
covering size classes ranging from 8 to 12 cm; 130 
individuals belong to class age 2 covering range class size 
from 9 to 17 cm; while the 76 individuals of class age 3 
covering size class 12 to 20 cm and 12 in age class 4 are in 
the 13 to 21 cm size classes. 
The average size of the individuals was estimated at 10.6 
cm; 13.2 cm; 15.1 cm and 16.8 cm for age groups 1, 2, 3 
and 4 respectively. From these values, it indicates that 
during their life, individuals have the size that grows 
faster the first years; then as a result, the growth rate 
decreases. 
Our results are compared with those of [4] obtained in 
Ghanaian waters close to those of Togo; one of the few 
results of growth work on the species in the waters of the 
western central Gulf of Guinea (Ghana and Togo). 
 Indeed, the average sizes obtained from the 4 age classes 
are generally found within the age class limits obtained by 
[4] with the length frequencies applied to the Modal 
Progression Analysis models (average length), from FiSat II 
Length Prediction, and von Bertalanffy Growth Equation 
(average length).  

Age class 
Size (LT cm) 

1 2 3 4 

8 100    

9 93 7   

10 68 32   

11 37 63   

12 32 63 5  

13  64 33 3 

14  47 51 2 

15  37 52 11 

16  35 59 6 

17  17 67 16 

18   50 50 

19    100 

20   100  

21    100 

N 75 130 76 12 

Average size (cm) 10,6 13,2 15,1 16,8 

SE 0,80 0,68 0,94 2,63 
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Also, the values of the age classes 1 to 4 obtained using 
these three models are respectively between 7.83 and 
12.01 cm; 11.79 and 17.74 cm; 15.68 and 21.52 cm; 18.56 
and 23.19 cm; and for age class 5; the average length is 
22.41cm obtained using the von Bertalanffy equation 
alone. The growth parameters thus obtained by the size 
frequency being L∞ equal to 23.1 cm; K equal 0.73 yr-

1
 

and t0 equal to 0 yr, it is obvious that at age 4, the 
difference between the average length we found and that 
of [2] seemed more visible; even if it is not 
mathematically significant (W, p = 0.5); because growth 
seems to be faster.  
 
The difference between our results and those of [4] may 
be due to the influence of the environment or the 
methods used. However, considering the theory of [2] and 
the conclusions of [7], [8], [19], [23], [24] and [47] that the 
coastal marine ecosystem of the countries from Liberia to 
Nigeria would be the same, the environmental influence 
hypothesis could be ruled out in favor of the method used 
for the determination of age and growth parameters. 
 
3.5. Determination of growth according to the von 

Bertalanffy model 

Table 4 presents the growth parameters estimated from 
age-size-pair pairs, and the average age-class size from 
the von Bertalanffy Age-Aged Key.  
 
The results obtained from the Key Age-Age showed a very 
high coefficient of determination, probably because of the 
characteristics of the method itself (4 values having been 
determined previously). 
 
Tab. 4: Growth parameters estimated according to von 
Bertalanffy model and from the direct otoliths readings 
and the mean size of the Key Age-Age 
 

 Method N L∞ 
(cm) 

K (years-
1) 

t0 
(years) 

R² 

Total 
(♂ + 
♀) 

Value 
pairs 

293 23.31 0.221 -1.704 0.59 

Average 
size key 

293 
(4) 

23.15 0.225 -1.722 0.99 

Source: Results of this study 

N: number of individuals; L∞: theoretical maximum size; 
K: growth rate; t0: age at which length would be zero 

The size growth curve is shown in Fig. 5. 

 

 
Fig. 5: Graph of estimated growth curve for B. Auritus       
(♂ + ♀) of Togo waters with direct reading 
Source: Results of this study 
 
 

The present study allowed us to determine the age of B. 
auritus by otolithometry with Sagitta otoliths. It could 
contribute to the revival of the debates according to 
which the age determination of tropical species, 
particularly those of the Gulf of Guinea by reading 
otoliths, would be very problematic [1], [11], [20], [26], 
[31], [35], [39], [56].  
 
It is true that the reading of the otoliths rings of the 334 
individuals of B. auritus led us to confront the false rings 
or the poor clarity of the opaque and hyaline rings and to 
reject the otoliths of 41 individuals representing 12% of 
the sample submitted to the examination.  
 
But, our results are similar to those obtained by the few 
studies carried out in the Gulf of Guinea using length 
frequency and recapture tagging methods (Cf. Tab. 5).  
 
Indeed, our results are comparable to those of [45] and 
[56] concerning L∞. They are more comparable to those 
of [7] and [8] at the level of L∞ and K obtained in Togo 
waters and those of [21] concerning L∞, K and to which 
were obtained in Congo waters (p> 0. 05).  
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Tab. 5: Brachydeuterus auritus growth parameters off Togo waters and other areas of the Gulf of Guinea 

Source: [59] 

 

 

 

 

 

 

 

MR: recapture marking. FT: Frequency of sizes. M: Male. F: Female. T: Total (♂ + ♀) 

However, our outcomes concerning the same growth 
parameters are very less similar to those of [4] and [5]. 
The difference, especially about K, can be explained by 
the fact that the samples of the works of [4] were 
collected from both artisanal and industrial fisheries and 
[5] and [40] collected from industrial fisheries (seiners and 
trawlers). Also, the food availability in the working area of 
[4] and [5] seemed more important than in Togolese 
waters [14].  

In addition, the consequences of fishing pressure could 
explain the differences observed at K level in the sub-
region. Also, it is accepted that Togo shares the same B. 
auritus stocks with Benin, Côte d'Ivoire and Ghana ([7], 
[20], [26]). However, the level of fishing pressure on the 
stocks is not the same. In fact the industrial fishing 
activities are less in Togolese marine waters than those of 
the other three countries. The only 24 m long fishing 
vessel operating since 1998 does not target B. auritus.  

According to [4], [16] and [29], the level of fishing 
pressure affects the size and especially the fish longevity 
which decreases creating many kind of disruption. This 
situation led to the K increasing in order to the species 
adaptation to the disruption of their growth and 
reproductive capacity in the ecosystem. 

4. Conclusion 

The present study allowed us to determine the age of B. 
auritus by otolithometry with Sagitta otoliths, a first in 
Togolese waters. It has shown that the individuals in the 
sample have an age ranging from 1 to 4 years (sizes 
between 8.1 and 21.3 cm, total length).  

The results led to obtaining the Key Age-Size for the two 
sexes (♂ + ♀) and to estimate the growth parameters 
through pairs of values as well as the average sizes from 
the Key (Cf. Tab. 6). 

Tab. 6: Size key obtained from the reading of 
Brachydeuterus auritus otoliths collected in Togolese 
waters en 2016 

 
Method N 

L∞ 

(cm) 
K (yrs

-1
) 

t0 

(yrs) 
R

2
 

Tota

l (♂+♀) 

Values 

pair 

293 23,31 0,221 -

1,70

4 

0,59 

Average 

size key 

293 

(4) 

23,15 0,225 -

1,72

2 

0,99 

Source: Results of this study 

These results, in both cases, are similar to those of other 
authors like [7] and [8] and are acceptable. However, they 
can not be taken, in any case as objective references; but, 
as hypotheses that must be verified by other studies. 
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