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Abstract

Oreochromis niloticus is a key species supporting inland fisheries in tropical African reservoirs, including the
recently impounded Samandéni Reservoir in Burkina Faso. However, age-based information required for
reliable stock assessment remains limited for this reservoir. This study estimated age structure, growth
parameters, and population characteristics of O. niloticus using scale readings from 318 specimens collected
monthly between October 2021 and September 2022 at three sampling sites: Badoville (n = 114), Sadina (n =
100), and Dioufoulma (n = 104). Monthly sample sizes were relatively uniform, ranging from 25 to 28
individuals, ensuring consistent temporal coverage throughout the study period. Scale annuli were examined
and validated using marginal increment analysis. The population exhibited a unimodal length-frequency
distribution ranging from 10.0 to 32.0 cm (mean+SD: 20.38+0.17 cm). The sex ratio was significantly male-
biased (2.06:1, 2 = 38.04, p < 0.001). Length—weight relationships indicated isometric growth for the pooled
population (b = 2.96), negative allometry in males (b = 2.92), and isometric growth in females (b = 3.09).
Marginal increment analysis confirmed annual annulus formation, with minimum values occurring in February
during the dry season. The von Bertalanffy growth model showed rapid juvenile growth followed by a
progressive decline after maturation. Age classes ranged from 0+ to VI+, with dominance of intermediate age
groups (II+ to IV+), suggesting continuous recruitment and moderate exploitation pressure. These results
provide the first validated scale-based age and growth parameters for O. niloticus in the Samandéni Reservoir
and contribute essential baseline information for sustainable fisheries management.
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1 | INTRODUCTION Reservoir, located in the southwest, is among the largest
Reservoirs play a vital role in tropical inland fisheries, con- recently constructed reservoirs in the country and cur-
tributing significantly to food security, rural livelihoods, rently supports a rapidly developing fishery under in-
and economic development in many low-income coun- creasing pressure from exploitation. Among the fish spe-
tries (Youn et al. 2014). In Burkina Faso, the Samandéni cies present, Nile tilapia (Oreochromis niloticus Linnaeus,
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1758) is one of the dominant and most economically im-
portant species, contributing significantly to landings and
household income (Minoungou et al. 2020).

Oreochromis niloticus is widely distributed across Af-
rica and heavily exploited in many fisheries due to its rap-
id growth, high reproductive output, and strong environ-
mental tolerance (Munguti et al. 2022; Ali et al. 2025). In
Burkina Faso, reliable biological information on age,
growth, and population dynamics is essential for stock
assessment and sustainable fisheries management. Age is
a central parameter in fish population studies, forming
the basis for estimating growth, mortality, recruitment,
and production (Hoggarth 2006). Errors in age estimation
can therefore lead to biased assessments and inappropri-
ate management decisions.

Fish age can be determined using calcified structures
such as otoliths and scales (Campana 2001; Panfili et al.
2002; Abouelfadl et al. 2020). Although otoliths generally
provide the most accurate age estimates, scale analysis
remains widely applied in tropical and data-limited fisher-
ies because of its non-lethal nature, low cost, and opera-
tional simplicity (Abouelfadl et al. 2020). Scale-based age-
ing has been successfully applied to O. niloticus in several
African and tropical ecosystems, providing useful infor-
mation on growth dynamics and life-history traits
(Abouelfadl et al. 2020; Mishra and Dwivedi 2021).
Growth patterns in O. niloticus vary considerably among
populations and are influenced by environmental condi-
tions, reservoir productivity, hydrological regimes, and
fishing pressure (Ojuok et al. 2007).
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Despite the ecological and socio-economic im-
portance of O. niloticus in the Samandéni Reservoir, stud-
ies on age and growth based on scale analysis remain
limited. Most previous research in Burkina Faso has fo-
cused on length—weight relationships, reproduction, con-
dition factors, and exploitation parameters (Minoungou
et al. 2020; Da et al. 2024). Ouédraogo et al. (2025) esti-
mated growth and exploitation parameters using length-
frequency data, but such approaches do not rely on direct
age validation from calcified structures such as scales or
otoliths, which may reduce the precision of growth and
mortality estimates (Campana 2001a).

The present study aims to estimate the age struc-
ture and growth parameters of O. niloticus in the Saman-
déni Reservoir using scale readings, with particular em-
phasis on seasonal growth patterns and annulus for-
mation. The results are expected to provide baseline in-
formation to support sustainable fisheries management
and stock assessment in the reservoir.

2 | METHODOLOGY

2.1 Study area

The Samandéni Reservoir is located in the West Sudanian
savanna of Burkina Faso, within the Hauts-Bassins Region,
and was constructed along the Mouhoun River (Figure 1).
It lies between 11°19'-11°23'N and 4°34'-4°46°W. As the
third-largest reservoir in the country, it covers an area of
approximately 68,202 hectares.
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The region is characterized by a tropical savanna
climate, with mean annual temperatures ranging from
23.5°C to 31.3°C (Kabré et al. 2024). Rainfall follows a
marked seasonal pattern, with an average annual precipi-
tation of about 1,076 mm recorded between 2010 and
2020 (Kabré et al. 2024). The hydrological regime is de-
fined by a long dry season from October to May and a
shorter rainy season from June to September. Since Oc-
tober 2020, the reservoir has been designated as a Ram-
sar site (No. 2439).

2.2 Data collection

Oreochromis niloticus specimens were sampled monthly
from October 2021 to September 2022 at three sampling
sites: Dioufoulma, Badoville, and Sadina within the Sa-
mandéni Reservoir, resulting in 12 sampling events per
site. Fish were obtained from the commercial catches of
local artisanal fishermen using gill nets and trammel nets
with mesh sizes of 20, 30, 45, and 60 mm. These nets
were generally set between 4:00 and 5:00 p.m. and re-
trieved the following morning between 07:00 and 10:00
a.m., corresponding to a typical soak time of approxi-
mately 14-18 hours as practiced by local fishermen. Be-
cause specimens were obtained from commercial arti-
sanal fisheries, the number of nets and fishing operations
was not controlled by the authors. However, fish were
sampled monthly using the same sampling protocol
throughout the study period. Monthly sample sizes
ranged from 25 to 28 individuals, ensuring consistent
temporal coverage across the study period. A total of 318
O. niloticus specimens were collected, including 114 from
Badoville, 100 from Sadina, and 104 from Dioufoulma.
The entire sample was used for age and growth analyses.
Species identification was performed using the taxonomic
keys of Paugy et al. (2003). After collection, fish were pre-
served on ice and transported to the Fisheries and Wild-
life Research and Training Laboratory of Nazi BONI Uni-
versity for further processing.

2.3 Length frequency distribution, sex ratio, and biologi-
cal analyses

In the laboratory, all specimens were measured individu-
ally. Total length (TL) was recorded to the nearest milli-
meter using a calibrated ichthyometer, as the distance
from the anterior tip of the snout to the posterior edge of
the caudal fin. Total weight was measured to the nearest
0.1 g using an electronic balance.

Size structure was described using 1 cm class inter-
vals based on length—frequency distributions. Sex ratio
was calculated as the proportion of males to females and
tested against the expected 1:1 distribution using a chi-
square goodness-of-fit test (Sokal and Rohlf 1987).

The length—weight relationship was expressed using
the equation: W = axTL? (Ricker 1975), where W is the
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total weight (g) and TL the total length (cm). Analyses
were performed separately for males, females, and the
pooled data. Deviation of the slope from the isometric
value (b = 3) was tested using Student’s t-test with t value
t, = (b - 3) / SE, where SE is the standard error of b (Sokal
and Rohlf 1987). Growth was considered isometric when
b did not differ significantly from 3 and allometric when
significant deviations occurred (p < 0.05), classified as
negative (b < 3) or positive (b > 3) (Ricker 1975).

2.4 Age determination and marginal increment analysis
Six to eight scales were collected from each specimen
below the pectoral fin and above the lateral line on the
left side of the body, following Abecasis et al. (2008). Only
non-regenerated scales with clearly visible circuli were
selected for analysis. Scales were cleaned using a 5%
aqueous ammonia solution, rinsed with distilled water,
air-dried, and mounted between glass slides. Scales ob-
servations were performed under constant magnification
using a slide projector equipped with a micrometer scale
for calibration.

Age was determined independently by two experi-
enced readers without prior knowledge of fish size,
weight, or capture date. In the event of disagreement, a
third reading was conducted jointly by the two readers to
reach a consensus. Annuli were identified as opaque
bands characterized by closely spaced circuli, marking the
transition between fast and slow growth periods.

The marginal increment ratio (MIR) was calculated
as: MIR = (R - R,) / (R, — R,_1), where R is the total scale
radius, R, is the last completed annulus, and R,_; is the
previous one (Lessa et al. 2006; Millot et al. 2024). The
monthly sample sizes used for the marginal increment
ratio (MIR) analysis were as follows: October (n = 26),
November (n = 28), December (n = 26), January (n = 27),
February (n = 25), March (n = 26), April (n = 27), May (n =
27), June (n = 27), July (n = 25), August (n = 27), and Sep-
tember (n = 27). These relatively uniform sample sizes
ensured consistent temporal representation for the MIR
analysis. Measurements were obtained using Image)
software from the focus to each annulus edge. Monthly
MIR means were calculated and plotted to determine the
periodicity of annulus formation (Lessa et al. 2006).

2.5 Growth pattern
The von Bertalanffy growth function (VBGF) was fitted to
length-at-age data following von Bertalanffy (1938): L; =
L.[1 - exp(-K(t - to))], where L, is the length at age t, L. is
the asymptotic length, K is the growth coefficient, t is the
age, and t, is the theoretical age at zero length.
Parameters were estimated using non-linear fitting
based on mean length-at-age values. The growth perfor-
mance index (@’') was calculated following (Munro and
Pauly 1983): @' = log1o(K) + 2 x log1o(L).
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3 | RESULTS

3.1 Population structure, length—weight relationship,
and condition factor

A total of 318 specimens of O. niloticus were collected
from the Samandéni Reservoir, including 106 females
(33.33%) and 212 males (66.67%). Monthly sample sizes
showed limited variation, ranging from 25 to 28 individu-
als, indicating a relatively uniform sampling effort across
the study period (Table 1).

Total length (TL) ranged from 10.0 to 32.0 cm, with a
mean of 20.381+0.17 cm, while total weight ranged from
26.0 to 817.4 g, with a mean of 183.1416.30 g. Males
showed TL values from 10.0 to 30.0 cm and weights from
26.0 to 817.4 g, whereas females ranged from 10.0 to
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31.0 cm and from 31.0 to 816.9 g. Mean TL was
20.38+0.33 cm for females and 20.37+0.28 cm for males,
with no significant difference between sexes (t-test: t =
0.019, df = 252.523, p > 0.05). Similarly, total weight
showed no significant difference between females
(184.02+10.62 g) and males (182.65+7.84 g) (t-test: t =
0.103, df = 316, p > 0.05).

The length—frequency distribution was unimodal
(Figure 2), although the wide size range indicates the
presence of several size groups within the population.
The sex ratio was significantly male-biased (2.06:1), differ-
ing from the expected 1:1 ratio (y? = 38.04, p < 0.001).
This pattern was observed across all size classes.

TABLE 1 Monthly distribution of Oreochromis niloticus sampled from October 2021 to September 2022 in the Samandéni

Reservoir.
Sites 2021 2022 Total
Oct Nov  Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Badoville 9 11 9 10 8 9 11 10 9 8 10 10 114
Sadina 9 8 8 8 8 9 8 9 9 8 8 8 100
Dioufoulma 8 9 9 9 9 8 8 8 9 9 9 9 104
Total 26 28 26 27 25 26 27 27 27 25 27 27 318
60 - FIGURE 2 Length frequency of Oreo-
chromis niloticus from Samandéni Res-
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ervoir, Burkina Faso.
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The length—weight relationship for pooled data was
described by: W = 0.0216 x TL2-96%° The estimated expo-
nent (b = 2.9606+0.029) did not differ significantly from 3
(t-test: t = -1.35, df = 316, p > 0.05), indicating isometric
growth (Figure 3a). Sex-specific analysis showed con-
trasting patterns. Males followed the equation: W =
0.0247 x TL***7 with R? = 0.9686. The estimated b value (b
= 2.917) was significantly lower than 3 (t-test: t = -2.441,
df = 210, p < 0.05), indicating negative allometric growth
(Figure 3b). However, females followed the equation: W =
0.0146 x TL3-92 with R? = 0.9732. The allometric coeffi-
cient (b = 3.0912) did not differ significantly from the the-
oretical value of 3 (t-test: t = 1.59, df = 104, p > 0.05),
showing isometric growth (Figure 3c).
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3.2 Annulus formation, marginal increment, and age
structure of the population

A significant relationship between total length and scale
radius (r? = 0.806) was observed (Figure 4). Scale exami-
nation revealed distinct annuli suitable for age determi-
nation (Figure 5). Marginal increment analysis showed
seasonal variation, with minimum values recorded in Feb-
ruary (Figure 6).

Age structure analysis revealed seven age classes (0+
to VI+) (Table 2; Figure 7). Intermediate age groups (lI+ to
IV+) dominated, representing more than 63% of the sam-
pled population. Age class IV+ was the most abundant
(23.58%), followed by class Ill+ (22.01%). The youngest
(0+) and oldest (VI+) classes each represented 6.29% of
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the total sample. Sex-specific analysis showed a predomi- nance of males across all age classes.
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FIGURE 3 Length—weight relationship of Oreochromis niloticus, based on specimens collected from Samandéni Reservoir,
Burkina Faso; pooled samples (a), males (b), and females (c).
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3.3 Growth pattern
The von Bertalanffy growth model describing the growth
of O. niloticus was:
L, =30.08 x (1 - €7°-%5(t + 0.02)) (Table 2 and Figure
8). The growth performance index was @' = 2.61.

4 | DISCUSSION

4.1 Population structure and sex ratio

The unimodal length—frequency distribution observed in
this study suggests the dominance of a principal cohort
within the fishery. However, the broad size range indi-
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cates the presence of multiple age groups and reflects
continuous recruitment within the population.

The sex ratio was significantly skewed toward males.
Similar male dominance has been reported in several Af-
rican aquatic systems, including Lake Victoria in Kenya
(Njiru et al. 2006), Cross River in Nigeria (Offem et al.
2007), and Lake Hayq in Ethiopia (Tessema et al. 2019). In
contrast, more balanced or female-dominated popula-
tions have been described in other systems such as Wadi
Hanifah in Saudi Arabia (Mortuza and Al-Misned 2013)
and Tekeze Reservoir (Teame et al. 2018). These varia-
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tions are generally associated with behavioral and ecolog-
ical factors. Male tilapias are more territorial and active,
increasing their vulnerability to fishing gears, whereas
females often remain in sheltered habitats during incuba-
tion periods (Njiru et al. 2006; Otieno et al. 2014). Tem-
perature-dependent sex differentiation has also been
suggested in tilapia species, where elevated temperatures
during early development may influence sex determina-
tion pathways (Sissao et al. 2019; Fagbemi et al. 2023).

FIGURE 5 Representative scale of Oreochromis niloticus
showing three distinct annuli (green arrows). The photo-
graph was taken by the authors using a digital camera
during scale reading in the laboratory. The image was
processed and annotated using ImageJ software.
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FIGURE 6 Monthly variation of marginal increment ratio.

4.2 Length—weight relationship
The estimated length—weight relationship exponent for
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pooled samples indicated isometric growth. The estimat-
ed b-value falls within the expected biological range of
2.5-3.5 reported for most fish species (Froese 2006; Cos-
ta Novaes and Carvalho 2012), supporting the reliability
of the model.

Sex-specific analyses revealed negative allometric
growth in males and isometric growth in females, sug-
gesting differences in energy allocation between sexes
that may be associated with reproductive activity. Similar
variability in growth patterns has been reported in Burki-
na Faso and other African aquatic systems. Minoungou et
al. (2020) reported negative allometric growth before
reservoir exploitation, whereas Ouedraogo et al. (2021)
observed isometric growth in Mare aux Hippopotames.
Positive allometric growth was also reported in Lake Sha-
la, Ethiopia (Wagaw et al. 2022), while negative allometric
growth has been described in Nigerian water bodies
(Olagbemide and Owolabi 2023; Ubong et al. 2023). Such
variability is generally linked to environmental conditions,
including food availability, habitat productivity, reproduc-
tive investment, fishing pressure, turbidity, and popula-
tion density. The relatively productive conditions of the
Samandéni Reservoir, characterized by important phyto-
plankton development (Kabré et al. 2024), may contrib-
ute to favorable growth conditions.

80
T0
60
50 N
40 H Males

30 | m Females

Number of fish

20 | = % Pooled

10

0+ 1+ n+ H+ Iv+ V+ V+
Age groups

FIGURE 7 Age composition of Oreochromis niloticus from
Samandéni Reservoir based on scale readings.

4.3 Annulus formation and age structure

The strong relationship observed between fish length and
scale radius confirms proportional growth between scales
and somatic growth, supporting the use of scales for age
estimation. Similar relationships have been reported for
tilapia populations in other tropical systems (Gémez-
Marquez 1998; Abouelfadl et al. 2020).

The marginal increment analysis revealed a clear
seasonal growth pattern, with minimum values recorded
during the dry season. Reduced growth during unfavora-
ble environmental periods is commonly reported in tropi-
cal freshwater fishes and is often associated with reduced
food availability and environmental stress (Campana
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2001; Panfili et al. 2002).

The dominance of intermediate age classes suggests
a relatively stable population structure and continuous
recruitment. The low abundance of older individuals may

Age and growth of Oreochromis niloticus
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reflect natural mortality and fishing pressure. Similar age
structures have been reported for O. niloticus populations
in several African freshwater systems (Admassu and Cas-
selman 2000; Tesfaye et al. 2021).

TABLE 2 Mean = standard error of total body weight, total length, scale radius, and frequency (%) of Oreochromis nilot-

icus assigned to each age group based on scale readings.

Age Effective Frequency (%) Mean total weight (g) Mean total length (cm) Mean radius (cm)
0 20 6.29 34.51+5.92 10.75%0.25 0.295+0.002

1" 30 9.434 50.553+3.66 14.6710.241 0.368+0.021

I 56 17.61 100.472+3.32 17.289+0.147 0.463+0.008

n 70 22.012 173.24614.98 20.875+0.169 0.6310.013

v 75 23.584 261.66218.66 23.781+0.209 0.72+0.019

v 47 14.78 333.66%14.65 26.6+0.291 0.788+0.021

VIt 20 6.29 448.085+16.31 29.14+0.261 0.83%0.032

Species: Oreochromis niloticus (Lac de barrage de Samandeni )
Parameters: Loo=30.08 ; K=0.45 ;and to=-0.02

31 _

Length (cm)

FIGURE 8 Von Bertalanffy growth curve
fitted to observed mean length-at-age
data for Oreochromis niloticus in Saman-
déni Reservoir.

0.0 1 L |
0.0 1.6 33 4,
Age (years)

4.4 Growth pattern

The von Bertalanffy growth parameters estimated in this
study (L. = 30.08 cm, K = 0.45 year™, to =-0.02, @' = 2.61)
indicate relatively rapid growth during the early life stages
followed by a progressive reduction after sexual maturity,
which is characteristic of tilapia species (Booth and Mer-
ron 1996). These values are consistent with those previ-
ously reported for the same reservoir using length-
frequency analysis (L. = 33.6 cm, K = 0.44 year™)
(Ouédraogo et al. 2025). Rapid juvenile growth may rep-
resent an adaptive strategy to reduce predation risk
(Hecht 1980).

The asymptotic length estimated in this study was
higher than that reported by Minoungou et al. (2021) for
the same reservoir, but lower than the value reported by
Ouédraogo et al. (2025). Comparatively larger asymptotic
lengths have been reported in Lake Chamo and Lake Koka
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in Ethiopia (Tesfaye and Wolff 2015; Tesfaye et al. 2021),
as well as in Lake Toho in Benin (Montcho et al. 2015).
Differences in growth parameters between ecosystems
may reflect variations in productivity, environmental con-
ditions, fishing pressure, and sampling methods (Am-
ponsah et al. 2016; Panda et al. 2018).

4.6 Limitations of the study

Although the present study provides useful baseline in-
formation, some limitations should be considered when
interpreting the results. Scale-based age estimation, alt-
hough widely used in tropical fisheries, may be less pre-
cise than otolith-based methods, particularly for older age
classes where annuli may become less distinct. In addi-
tion, the study covered a one-year sampling period, which
may not fully capture inter-annual variability in growth
and recruitment patterns. Finally, potential gear selectivi-
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ty effects from gill and trammel nets may have influenced
the observed size and age structure of the population.

4.7 Management implications

The predominance of intermediate age classes and the
continuous recruitment pattern describe the population
structure observed during the study period. However,
because the study covered only one year, no conclusion
can be made regarding the long-term stability of the pop-
ulation. Nevertheless, increasing fishing activity could
progressively affect the stock if appropriate management
measures are not implemented.

The observed size at capture included individuals
smaller than the reported size at first maturity of O. nilot-
icus in the Samandéni Reservoir, reported 19.0 cm for
females and 21.79 cm for males (Ouédraogo et al. 2025).
Specifically, 34.90% of the sampled individuals measured
less than 19.0 cm TL. This suggests that a proportion of
the catch may be harvested before reaching sexual ma-
turity, which could reduce reproductive output and in-
crease the risk of recruitment overfishing if such fishing
pressure persists. To improve the sustainability of the
fishery, several management actions should be consid-
ered. Increasing the minimum mesh size of fishing nets
would allow individuals to reproduce before capture. Sea-
sonal fishing restrictions during the main breeding period,
likely associated with the rainy season, could also help
protect spawning fish and support recruitment. In addi-
tion, regular monitoring of stock status and fishing pres-
sure would be important for adapting management strat-
egies over time. Combined with awareness programs for
fishers and effective regulation enforcement, these
measures could contribute to maintaining fish productivi-
ty and strengthening food security for local communities
dependent on the reservoir fishery.

5 | CONCLUSIONS

This study shows that O. niloticus in the Samandéni Res-
ervoir is composed of several age cohorts, with rapid ear-
ly growth and limited sexual dimorphism, suggesting a
well-established population with continuous recruitment.
The male-biased sex ratio likely reflects behavioural dif-
ferences and differential vulnerability to fishing gears
between sexes.

The length—weight relationships indicate isometric
growth for the pooled population, although males exhib-
ited negative allometry, possibly related to reproductive
and energetic demands. Scale analysis confirmed annual
annulus formation, supporting the reliability of age esti-
mation. The age structure, dominated by intermediate
classes, indicates a relatively stable population under
moderate exploitation. Overall, these findings provide
baseline information for fisheries management and high-
light the importance of continued monitoring of growth,
age structure, and exploitation levels to support sustaina-
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ble management of the resource.
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