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Assessment of The Exploitation Status and Potential of The
Main Fish Stocks in Tunisian Reservoirs

ABSTRACT

Assessing the status and potential of fish stocks in Tunisian reservoirs is essential for
the sustainable management of inland fisheries, which play a vital role in rural
development and food security. This study aims to estimate biomass and evaluate the
exploitation status of six key species: common carp (Cyprinus carpio), thin-lipped grey
mullet (Chelon ramada), barbel (Luciobarbus callensis), pikeperch (Sander lucioperca),
rudd (Scardinius erythrophthalmus), and roach (Rutilus rubilio), across eight major
Tunisian reservoirs: Bir Mcherga, Sidi Saad, Siliana, Kasseb, Sidi Barrak, Sidi Salem,
Mellegue, and Lahjar.Standardized scientific gillnet sampling was conducted between
2013 and 2016. Population parameters (Lo, K, to, and natural mortality, M) were
estimated using FISAT II software. Stock status was assessed through a yield-per-
recruit (Y/R) model implemented in VIT software.The results indicate a general pattern
of under-exploitation across most fish stocks, suggesting considerable potential for
increased sustainable yields. However, notable variability was observed among
species and reservoirs. Common carp were found to be near optimally exploited in
Sidi Saad (E = 0.48), but under-exploited in Bir Mcherga (E = 0.30). Thin-lipped grey
mullet exhibited very low exploitation levels (E = 0.09), indicating that stocking efforts
are not being fully utilized. Despite relatively high fishing mortality (F exceeding 60%
of total mortality) in species such as barbel and pikeperch, yield-per-recruit analysis
still classified these stocks as under-exploited due to their high biological
productivity.In conclusion, Tunisian reservoirs possess significant underutilized
fisheries potential. The findings highlight the need for site- and species-specific
management strategies, including a controlled increase in fishing effort for under-
exploited stocks, in order to maximize sustainable yields while ensuring long-term

resource conservation.

KEYWORDS: Stock assessment, yield per recruit, inland fisheries, reservoir

management, Tunisia

INTRODUCTION

Located in a climatic transition zone between Mediterranean and Saharan
influences, Tunisia is characterized by marked rainfall irregularity and increasing
structural aridity toward the south (Soudoud, 2006; Snoussi et al., 2002).
Historically, these water constraints have driven policies aimed at mobilizing
surface water resources through the construction of retention infrastructures (Losse
et al.,, 1992; Louati et al., 1998).
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As results, Tunisia has developed a substantial network of hydraulic infrastructures, including 29 large dams,
more than 200 hill dams, and over 1,000 hill lakes, with a total storage capacity exceeding 2.9 billion m?
(Soudoud, 2006; Louati et al., 1998; DGBGTH, 2021). Although initially designed for drinking water supply,
irrigation, and industrial use, these reservoirs also function as artificial aquatic ecosystems with significant

potential for inland aquaculture development (Losse et al., 1992; Mili et al., 2021).

In addition, Tunisian reservoirs are subject to multiple environmental pressures, including fluctuations in
water quality, temperature, and nutrient loading, all of which can significantly influence fish health and stock
productivity (Talas et al., 2014; El Babli et al., 2010; Malik et al., 2020; Carter, 2025; Mustafa et al., 2025).

Fisheries exploitation in Tunisian reservoirs is relatively recent, becoming organized in the late 1980s,
particularly through the Tunisian-German cooperation project initiated at Sidi Salem Reservoir (Losse et al.,
1992; Kraiem, 1998). In the context of stagnating marine catches, which remain around 100,000 tonnes per year
(DGPA, 2023), inland fisheries have emerged as a strategic alternative for diversifying national fish production
and enhancing food security.

Beyond their quantitative contribution, inland fisheries play a crucial socio-economic role in rural areas. They
support the stability of local populations by generating employment opportunities and providing stable
income sources for fishing communities (Mili et al., 2015), thereby contributing to integrated territorial and

water resource development (Losse et al., 1992; Louati et al., 1998; Mtimet, 2010; Hajlaoui et al., 2022).

Fish populations in Tunisian reservoirs result primarily from stocking programs and repeated species
introductions (Losse et al., 1992; Mili et al., 2015). These populations include both native species, such as barbel
(Luciobarbus callensis), mullet (Mugil cephalus), and thin-lipped grey mullet (Chelon ramada), and non-
native species introduced to enhance fisheries. The latter include common carp (Cyprinus carpio), pikeperch
(Sander lucioperca), roach (Rutilus rutilus), and rudd (Scardinius erythrophthalmus) (Mili et al., 2015; Laouar,
2019).

The productivity of these ecosystems depends heavily on annual stocking programs managed by the
Technical Aquaculture Centre (CTA), particularly for species that are unable to complete their reproductive

cycle in freshwater reservoirs, such as mullets and Chinese carp (Mili et al., 2021).

However, despite an initial period of growth, the sector is currently facing sustainability challenges. Official
statistics indicate a significant decline in catches, decreasing from 998 tonnes in 2013 to 693 tonnes in 2023
(DGPA, 2023). Although the economic value has slightly increased, this downward trend raises concerns

regarding stock health and fishing pressure (Mili et al., 2022).

Sustainable management of inland fisheries requires robust scientific assessments of fish populations (Bruslé
& Quignard, 2001; Cadima, 2002; King, 2007). These assessments rely on the analysis of key population

parameters such as biomass, exploitation rates, and size structure (Pauly, 1984; Sparre & Venema, 1998).

Nevertheless, studies focusing on quantitative stock assessment in Tunisian reservoirs remain limited and
fragmented, often restricted to descriptive analyses (Djemali et al., 2009; Mili et al., 2021). To accurately
diagnose exploitation status and develop adaptive management strategies, it is essential to apply analytical

stock assessment models tailored to local conditions (Poulet et al., 2012; Ricker, 1975; King, 2007).
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The present study aims to address this gap by conducting an integrated assessment (Cadima, 2002) of biomass
and exploitation status for key freshwater fish species—namely pikeperch, carp, mullet, barbel, roach, and

rudd-across a representative set of Tunisian reservoirs (Siliana, Bir Mcherga, Sidi Saad, Lahjar, Kasseb, Sidi
Barrak, and Sidi Salem).

The methodology combines standardized scientific sampling using multi-mesh gillnets, in accordance with
the CEN (2015) standard, to analyze population structure (Rousseau et al., 1985), alongside the use of
commercial catch data to estimate fishing mortality (Nelson, 1994; Guillard, 1991; Hewitt et al., 2007). Cohort
analysis models (e.g., Powell-Wetherall) and length-weight relationships are applied to estimate growth
parameters, mortality rates, and exploitation levels (Gulland, 1983; Pauly, 1980; Hewitt et al., 2007). The results
of this study are expected to provide a solid scientific basis for developing management strategies aimed at
optimizing fishery yields while ensuring long-term sustainability.

Methods and Materials
Study Area and Sampling Periods

The study was conducted in eight Tunisian reservoirs that are representative of the country’s main artificial
lakes and account for a significant proportion of national inland fishery production: Lahjar, Bir Mcherga, Sidi
Salem, Sidi Barrak, Kasseb, Siliana, Sidi Saad, and Mellegue (Figure 1) (Soudoud, 2006).

Sampling surveys were carried out over a three-year period (2013-2016), during both spring and autumn

seasons at each site, in order to capture seasonal variability in fish communities (Rousseau et al., 1985; Poulet
et al., 2012; Laouar, 2019).
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Figure 1: Geographical map of the main dam reservoirs in Tunisia, highlighting the eight study sites.
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Ichthyological sampling

Fish community assessment was conducted using multi-mesh gillnets, a standardized passive sampling
method widely applied for the quantitative assessment of freshwater fish communities (CEN, 2015; Appelberg
et al., 1995). This approach was adapted from protocols developed in Scandinavia and subsequently applied
to lentic ecosystems in North Africa (Rousseau et al., 1985; Guillard, 1991; Djemali et al., 2009; Mili et al., 2016).

Two types of gillnets were employed:

¢ Benthic gillnets: Measuring 20 m in length and 1.5 m in height, composed of eight contiguous panels
with stretched mesh sizes of 18, 24, 28, 35, 40, 55, 70, and 80 mm.

e Pelagic gillnets: Deployed within the water column to target pelagic species, with a height of 6 m and
identical mesh size ranges (Mili et al., 2016).

All reservoirs were sampled following a standardized protocol. During each sampling event, both benthic
and pelagic multi-mesh gillnets were used. Nets were set at dusk and retrieved at dawn, corresponding to
approximately 12 hours of soaking time, in order to capture the nycthemeral activity peaks of fish species.

This ensured consistency in sampling effort in terms of gear type, soaking duration, and seasonal coverage.

The nets were deployed using a stratified design to effectively sample different habitats and depth zones

within each reservoir.
Catch processing

For each captured individual, the following parameters were recorded: Species identification, Total length
(Lt), measured to the nearest millimetre, Total weight (W), measured to the nearest 0.1 g, Sex, Gonadal

maturity stage. Species identification was carried out using the taxonomic keys of Kraiem (1998).
Population parameter analysis

Length-frequency data constituted the basis for population dynamics analyses. These analyses were
performed using FISAT II (FAO-ICLARM Stock Assessment Tools), version 1.2.2 (Gayanilo et al., 2005; FAO,
2005).

Growth
Individual growth was modelled using the von Bertalanffy (1938) growth equation:
Lt =TLeo [1 - eCKt-t)]

where: Lt is the length at age t; L is the theoretical asymptotic length. K is the growth coefficient (year™). To

is the theoretical age at zero length.

Initial estimates of LeoL_ \inftyLe and KKK were obtained using the Wetherall plot method, and subsequently
refined using the ELEFAN I algorithm integrated within FISAT II (FAQ, 2005).
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Length-weight relationship

The relationship between length (L in cm) and weight (W in g) was established for each species and site using
the equation (Nelson, 1994): W = aLP

The coefficients a (condition factor) and b (allometric growth exponent) were estimated using linear regression

on logarithmically transformed data (log W =log a + b log L).
Mortality

Total mortality (Z) was estimated using the linearised catch curve method (Pauly, 1984), based on length
frequencies converted to relative ages (Hewitt et al., 2007). Natural mortality (M) was estimated using two

complementary approaches for greater robustness:

The empirical equation of Pauly (1980): log1o(M) = -0.0066 — 0.279 logio(Lee) + 0.6543 log10(K) + 0.4634 log1o(T),

where T is the mean annual water temperature (°C).

The formula of Then et al. (2015) is as follows: M =4.899 tmax0.916; where tmax is the maximum observed age for

the species. This is a recent method that is considered to be more reliable.

When multiple estimates of natural mortality were available (e.g., from Pauly 1980 and Taylor 1959), the final
M value used in stock assessment was taken as the arithmetic mean of the two estimates, as recommended for

data-limited assessments to reduce method-specific bias.
Finally, fishing mortality (F) was derived by difference: F = Z - M (Hewitt et al., 2007).
Stock assessment

The exploitation status of the stocks was assessed using the yield per recruit analytical model (Beverton &
Holt, 1957), implemented via the VIT software (version 1.1, IEO-CSIC) (Lleonart & Salat, 1992; Cadima, 2002).

This model is particularly suited to situations with limited data.

The following parameters were used as inputs: growth parameters (L, K, to), natural mortality (M), mean
length at first capture (Lc), and mean length at recruitment (Lr) (Nelson, 1994; Hewitt et al., 2007). The model
allows the calculation of Yield per recruit (Y/R), biomass per recruit (B/R), and exploitation rate (E = F/Z).

Stock status was interpreted by comparing the current exploitation rate (E) to conventional reference points.

e E <0.5: under-exploitation
e E=0.5: optimal exploitation (corresponding to Emax, Maximum Sustainable Yield (MSY)).
e E>0.5: over-exploitation

Data analysis

Statistical analyses and restructuring of length-frequency distributions were performed using FISAT II (FAQ,
2005) and R software (version 4.0.2). Results are presented as mean + standard deviation.
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Results

I. Population dynamics and stock assessment of common carp (C. carpio) in Sidi Saad and Bir Mcherga

reservoirs
Growth and Mortality Parameters

The key biological parameters used for the stock assessment of C. carpio in Sidi Saad and Bir Mcherga
reservoirs are presented in Table 1. The results indicate similar growth patterns between the two populations,
with an estimated asymptotic length (LeoL_\inftyLec) of 60.05 cm. The growth coefficient (K=0.157K =
0.157K=0.157 year™) and the theoretical age at zero length (t0=-0.920t_0 = -0.920t0=-0.920) suggest a moderate
growth rate, which is typical for this species in freshwater reservoir environments. Natural mortality (M) was
estimated using two empirical models. Taylor's method (1959) produced a consistent estimate of 0.17 year™
for both reservoirs. In contrast, Pauly’s model (1980), which incorporates environmental temperature, yielded
slightly higher values of 0.36 year™ for Sidi Saad and 0.34 year! for Bir Mcherga. The final values retained for
analysis were the averages of these estimates: 0.26 year™ for Sidi Saad and 0.25 year™! for Bir Mcherga (Table
1). The differences between estimation methods highlight the influence of environmental variability on

mortality rates and emphasize the importance of using multiple approaches for more reliable assessment.

Table 1: Biological parameters of C. carpio in Sidi Saad and Bir Mcherga reservoirs.

Parameter Value
Loo (cm) 102.2
K (year™) 0.23

to -0.055
a 0.0106
b 2.937
M (Taylor, 1959) 0.231
M (Pauly, 1980) 0.391
M (Average) 0.31

*(M = natural mortality).
Stock structure and dynamics

Analysis of the Cyprinus carpio population in Sidi Saad Reservoir in 2015 estimated the stock size at 7,806
individuals, with a total biomass of 238.99 tonnes. The critical length and age corresponding to the maximum
cohort biomass were estimated at 30 cm and 3.47 years, respectively. In the absence of fishing pressure, these

values would increase to 37 cm and 5.15 years, indicating the impact of exploitation on population structure.

Stock dynamics are primarily driven by individual growth, which accounts for 90.33% of biomass gains, while
recruitment contributes only 9.67%. Biomass losses are almost equally distributed between natural mortality
(M =51.51%) and fishing mortality (F =48.49%), reflecting substantial fishing pressure on the stock. The annual
biomass renewal rate (turnover) is estimated at 51.34%. Spawning stock biomass (SSB), a key indicator of

reproductive capacity, is relatively high at 208.78 tonnes.
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In contrast, the carp stock in Bir Mcherga Reservoir is considerably smaller, with an estimated population of
1,118 individuals and a mean biomass of 42.08 tonnes. The critical length and age (32 cm and 3.90 years,
respectively) are slightly higher than those observed in Sidi Saad. However, the corresponding values for an
unfished (virgin) stock remain identical (37 cm and 5.15 years), suggesting similar biological growth potential

but differing exploitation regimes.

As in Sidi Saad, biomass gains in Bir Mcherga are predominantly driven by growth (91.84%), with recruitment
playing a minor role. However, the mortality structure differs markedly, as natural mortality dominates
(70.01%) compared to a lower contribution from fishing mortality (29.99%). The biomass renewal rate is also
lower, at 43.82%. Spawning stock biomass (SSB) is estimated at 38.64 tonnes, indicating a reduced

reproductive capacity relative to Sidi Saad.
3. Exploitation status assessment

Analysis of yield per recruit (Y/R) using the Beverton and Holt (1957) model, implemented in VIT software,
provides a robust framework for assessing stock exploitation status.In Sidi Saad Reservoir, the current yield
per recruit (Y/R =109.36) lies on the ascending portion of the yield curve. When combined with an exploitation
rate (E = F/Z) of 0.48, this indicates that the stock is approaching optimal exploitation (E = 0.5), which
corresponds to the Maximum Sustainable Yield (MSY). However, as this threshold has not yet been reached,
the results suggest that a moderate increase in fishing effort could enhance yields without immediately

compromising stock sustainability.

In Bir Mcherga Reservoir, the yield per recruit (Y/R =113.94) also falls within the ascending phase of the yield
curve, while the exploitation rate is notably lower (E = 0.30). This clearly indicates a state of under-exploitation.
Furthermore, the biomass per recruit (B/R) is substantially higher in Bir Mcherga (614.66) compared to Sidi
Saad (439.27), confirming that a significant portion of the stock’s productive potential remains underutilized.
The analysis of spawning stock biomass per recruit (SSB/R) relative to total biomass per recruit (B/R) reveals
distinct dynamics between the two reservoirs (Table 2). These differences likely reflect variations in population
structure, as well as differences in fishing pressure and selectivity, particularly with respect to the size classes
being targeted.

Table 2: Key indicators of C. carpio stock status in Sidi Saad and Bir Mcherga reservoirs.

Indicator Sidi Saad Bir Mcherga
Population size (individuals) | 7,806 1,118

Mean biomass - B (t) 238.99 42.08

Spawning biomass - SSB (t) | 208.78 38.64

Fishing mortality (F) 0.27 0.23

Natural mortality (M) 0.26 0.25

Exploitation rate (E = F/Z) 0.48 0.30

Yield per recruit - Y/R 109.36 113.94

Diagnosis Optimal exploitation | Under-exploitation
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A comparison between the two reservoirs highlights clear differences in the structure and exploitation

patterns of Cyprinus carpio stocks.

The substantially higher biomass per recruit (B/R) observed in Bir Mcherga suggests more favorable
environmental conditions, potentially linked to higher trophic productivity or lower fishing pressure. This
under-exploited status indicates a capacity to increase fishing effort; however, it also raises important
questions regarding potential limiting factors, such as recruitment variability, habitat constraints, or

management inefficiencies that may be restricting optimal stock utilization.

In contrast, the stock in Sidi Saad, although characterized by a significantly larger total biomass, exhibits a
lower biomass per recruit, reflecting a higher level of exploitation. With an exploitation rate approaching the
optimal threshold, this stock appears to be managed at or near optimal levels. This suggests that current

fisheries management practices at this site are relatively effective in balancing exploitation and sustainability.

Nevertheless, the relatively high contribution of fishing mortality (48.49%) warrants careful monitoring. Any
further increase in fishing pressure could shift the stock toward over-exploitation. Therefore, maintaining
current effort levels, combined with continuous monitoring and adaptive management, is essential to prevent

stock depletion and ensure long-term sustainability.

II. Population dynamics and stock assessment of thin-lipped grey mullet (C. ramada) in Sidi Saad and

Siliana reservoirs
Growth and Mortality Parameters

The biological parameters of C. ramada are presented in Table 3. Growth is identical in both reservoirs, with
an asymptotic length (L) of 39.7 cm and a growth coefficient (K) of 0.164 year™, indicating a similar growth
pattern for this species in both ecosystems.

However, the length-weight relationships differ notably, particularly concerning the parameter a (0.0169 in
Sidi Saad and 0.0053 in Siliana), which suggests that there are differences in body condition and morphology
that are potentially related to variations in the availability of food sources between the two sites. Natural
mortality (M) was estimated using both Taylor's (1959) and Pauly's (1980) methods. Pauly's method, which
incorporates temperature, yields higher and more variable values, likely reflecting its better suitability to local
environmental conditions. The average values obtained were 0.28 year™ for Sidi Saad and 0.29 year™ for
Siliana (Table 3).
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Table 3: Biological parameters of C. ramada in Sidi Saad and Siliana reservoirs.

Parameter Sidi Saad | Siliana
Loo (cm) 39.7 39.7
K (year™) 0.164 0.164
to -1.513 -1.513
A 0.0169 0.0053
B 2.777 3.189
M (Taylor, 1959) | 0.179 0.179
M (Pauly, 1980) | 0.390 0.400
M (Average) 0.28 0.29

*(M = natural mortality).
Stock structure and dynamics

The Chelon ramada population in Sidi Saad Reservoir is estimated at 118,997 individuals, corresponding to a
substantial mean biomass of 199.03 tonnes. The population dynamics are almost entirely driven by individual
growth, which accounts for 99.5% of biomass gains. This pattern is consistent with the species’ biological
characteristics, as it does not reproduce in freshwater environments and is therefore fully dependent on

stocking operations for population maintenance.

Mortality is predominantly natural (91.22%), while fishing mortality remains low (F = 8.78%), indicating
minimal exploitation pressure. The annual biomass renewal rate (30.7%) is entirely reliant on stocking, further

emphasizing the artificial regulation of this population.

In Siliana Reservoir, the mullet population is considerably larger, with an estimated 585,646 individuals and
a mean biomass of 469.96 tonnes. Similar to Sidi Saad, stock dynamics are primarily driven by growth (71.82%
of biomass gains), while mortality is largely natural (90.75%). Although fishing pressure remains low (9.25%),
it is slightly higher than that observed in Sidi Saad.

The biomass renewal rate in Siliana (31.96%) is comparable to that in Sidi Saad, reflecting a similar
management strategy based on continuous stocking. Overall, these findings confirm that C. ramada
populations in both reservoirs are highly dependent on artificial stocking rather than natural recruitment

processes.
Exploitation Status Assessment

Yield-per-recruit (Y/R) analysis indicates a pronounced state of under-exploitation for Chelon ramada in both

reservoirs (Table 4).

In Sidi Saad Reservoir, the current yield per recruit is relatively low (Y/R = 6.27), while the corresponding
biomass per recruit remains substantial (B/R =232.39). This combination reflects a lightly exploited stock with

considerable scope for increasing fishing effort without immediately compromising sustainability.

In Siliana Reservoir, a similar pattern is observed, but with significantly higher production potential. The

current yield per recruit (Y/R = 17.53) exceeds that of Sidi Saad and remains on the ascending portion of the
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yield curve, indicating that the stock has not yet reached its optimal exploitation level. Moreover, the
exceptionally high biomass per recruit (B/R = 592.62) highlights a largely untapped capacity for sustainable
yield enhancement (Table 4).

In both reservoirs, spawning stock biomass per recruit (SSB/R) is markedly lower than total biomass per
recruit (B/R). This pattern is consistent with the biological characteristics of the species, which does not
reproduce within freshwater reservoirs. As a result, recruitment is entirely dependent on artificial stocking

and remains independent of local spawning biomass.

Table 4: Key indicators of the C. ramada stock status in Sidi Saad and Siliana reservoirs.

Indicator Sidi Saad Siliana

Population size (individuals) | 118,997 585,646

Mean biomass - B (t) 199.03 469.96

Fishing mortality (F) 0.09 0.10

Natural mortality (M) 0.28 0.29

Exploitation rate (E = F/Z) 0.09 0.10

Yield per recruit - Y/R 6.27 17.53

Biomass per recruit - B/R 232.39 592.62

Diagnosis Under-exploitation Under-exploitation (high potential)

Comparing the two reservoirs highlights the success of stocking operations, particularly in Siliana, where the
stock biomass is substantial. Similar growth parameters suggest favourable and comparable environmental
conditions for Mugil cephalus (or the target mullet species) in both reservoirs. However, C. ramada stocks
remain under-exploited. Fishing mortality accounts for only 9% of total mortality, indicating that the majority
of produced biomass is not being harvested. This represents a loss of zootechnical resources (fingerlings) and

a missed economic opportunity.

The extremely high biomass per recruit in Siliana indicates that this reservoir provides optimal trophic
conditions for the species. A rational and controlled increase in fishing effort, specifically targeting mullet,
would allow the exploitation rate (E) to approach 0.5 (Emax), thereby increasing yields without compromising
stock sustainability. A site-specific management strategy based on these quantitative assessments is therefore

essential to optimise the socio-economic contribution of this fishery.
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II1. Population dynamics and stock assessment of barbel (L. callensis) in Sidi Barrak, Kasseb and Bir
Mcherga reservoirs

Growth and Mortality Parameters

The biological parameters of L. callensis are presented in Table 5. Sidi Barrak and Kasseb reservoirs exhibit
identical growth parameters (L = 68.25 cm; K = 0.076 year™), indicating comparable environmental
conditions for growth at these two sites. Bir Mcherga reservoir shows slightly different values (Leo=71.01 cm;

K =0.077 year™), indicating distinct growth potential.

Table 5: Biological parameters of L. callensis in Sidi Barrak, Kasseb and Bir Mcherga reservoirs.

Parameter Sidi Barrak | Kasseb | Bir Mcherga
Loo (cm) 68.25 68.25 71.01

K (year™) 0.076 0.076 0.077

to 1.858 1.858 2.075

A 0.0227 0.0227 | 0.0196

B 2.984 2984 | 2.816

M (Taylor, 1959) | 0.073 0.073 0.073

M (Pauly, 1980) | 0.21 0.21 0.224

M (Average) 0.14 0.14 0.15

*(M = natural mortality).

The natural mortality (M) estimated according to Pauly (1980) is higher than that estimated by Taylor (1959),
which reflects the influence of temperature on this parameter. The average values used in the analyses were

0.14 per year for Sidi Barrak and Kasseb, and 0.15 per year for Bir Mcherga (Table 5).
2. Stock Structure and Dynamics

The barbel population in Sidi Barrak is estimated at 177,452 individuals, with an average biomass of 51.29
tonnes. It is a slow-growing population (K = 0.076 year™) with a high longevity, as reflected by an average age
at capture of 10.55 years. Stock dynamics are primarily driven by growth (58.75% of gains) rather than
recruitment. Fishing mortality (57.76%) slightly exceeds natural mortality (42.24%), indicating considerable

fishing pressure on this stock.

In Kasseb, the population is larger in number (191,360 individuals) but exhibits a much lower biomass (14.99
tonnes), suggesting a population structure dominated by younger age classes. Unlike Sidi Barrak, biomass
dynamics are mainly driven by recruitment (59.63%). Fishing pressure is particularly intense, with fishing
mortality accounting for 70.09% of total mortality.

Bir Mcherga hosts the largest barbel population (848,683 individuals) and shows an intermediate biomass of
21.01 tonnes. As in Sidi Barrak, biomass gains are predominantly driven by growth (82.62%). Fishing pressure

remains high, with fishing mortality representing 66.3% of total mortality.

Exploitation status assessment
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Yield per recruit (Y/R) analysis reveals contrasting situations among the three reservoirs (Table 6). Sidi
Barrak shows the highest yield per recruit (Y/R =530.27), yet the stock remains under-exploited despite
relatively high fishing pressure. The exceptionally high biomass per recruit (B/R =2,769.49) indicates a

robust stock with strong production potential.

Kasseb presents an intermediate situation, with an under-exploited stock and a more moderate biomass per
recruit (B/R = 547.75). In contrast, Bir Mcherga exhibits the lowest yield (Y/R = 81.78) and biomass per recruit
(B/R =277.12), indicating a low level of exploitation but also reduced stock productivity compared with the

other reservoirs.

Table 6: Key indicators of L. callensis stock status in Sidi Barrak, Kasseb and Bir Mcherga reservoirs.

Indicator Sidi Barrak Kasseb Bir Mcherga
Population size 177,452 191,360 848,683

Mean biomass - B (t) 51.29 14.99 21.01

Fishing mortality (F) 0.19 0.33 0.29

Natural mortality (M) 0.14 0.14 0.15

Exploitation rate (E =F/Z) | 0.58 0.70 0.66

Yield per recruit - Y/R 530.27 179.69 81.78

Biomass per recruit - B/R 2769.49 547.75 277.12

Diagnosis Under-exploitation | Under-exploitation | Under-exploitation

Comparing the three reservoirs reveals considerable variation in the structure and dynamics of L. callensis
populations. The Sidi Barrak stock stands out due to its high biomass per recruit, suggesting that

environmental conditions are favourable for the growth of this species.

While all stocks are classified as under-exploited based on the yield per recruit criterion, the relatively high
exploitation rates in Kasseb and Bir Mcherga (E > 0.6) approach the conventional threshold for
overexploitation (E = 0.5). This apparent contradiction can be explained by the methodology of yield per
recruit analysis, which assesses potential yield relative to a theoretical optimum, whereas the exploitation rate
reflects current fishing pressure (Table 6). The high proportion of fishing mortality in Kasseb (70.09%) and Bir
Mcherga (66.3%) warrants particular attention. Although the stocks are currently under-exploited in terms of
production potential, such levels of fishing pressure could threaten long-term sustainability, especially for a

slow-growing species such as barbel.
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IV. Population dynamics and stock assessment of pikeperch (S. lucioperca) in Siliana reservoir
Growth and mortality parameters

The biological parameters of S. lucioperca in Siliana reservoir are presented in Table 7. Analysis reveals
growth characteristics typical of the species, including a high asymptotic length (L) of 102.2 cm and a
moderate growth coefficient (K) of 0.23 year™, indicating significant potential for individual growth. The

length-weight relationship shows values consistent with those reported in the literature for this species.

Table 7: Biological parameters of S. lucioperca in Siliana reservoir.

Parameter Value
Loo (cm) 102.2
K (year™) 0.23

to -0.055
a 0.0106
b 2.937

M (Taylor, 1959) | 0.231

M (Pauly, 1980) | 0.391

M (Average) 0.31

*(M = natural mortality).

Natural mortality (M) was estimated using the same methods. As has been observed for other species, the
value obtained using Pauly's method, which incorporates temperature, is higher (0.391 year' compared to

0.231 year). The average value of 0.31 year™ was used for subsequent analyses (Table 7).
Stock Structure and Dynamics

The pikeperch stock in Siliana Reservoir is estimated at 1,630 individuals, with an average biomass of 21.53
tonnes. The population is characterised by a young structure, with a mean length of 25.86 cm and a mean age
of 1.27 years. The critical length and age corresponding to maximum cohort biomass are estimated at 44 cm

and 2.39 years, respectively.

Stock dynamics are predominantly driven by individual growth (98.22% of biomass gains), while recruitment
contributes only marginally (1.78%). Losses are mainly attributable to fishing mortality (60.66%), which
substantially exceeds natural mortality (39.34%). The annual biomass renewal rate (turnover) is particularly
high at 79.08%, indicating strong productivity. Spawning stock biomass (SSB), which is essential for

recruitment, is estimated at 14.22 tonnes.
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Exploitation Status Assessment

Yield per recruit (Y/R) analysis using the Beverton and Holt (1957) model indicates that the pikeperch stock
is currently under-exploited. The present yield per recruit (Y/R = 162.47) lies within the ascending phase of
the production curve, suggesting that a controlled increase in fishing effort could move the stock closer to its
maximum sustainable yield (MSY) (Table 8).

However, the exploitation rate (E = F/Z = 0.61) exceeds the conventional threshold of 0.5, which is typically
associated with optimal exploitation. This apparent inconsistency with an under-exploitation diagnosis can
be explained by the high productivity of the species and the substantial renewal rate of the stock (79.08%),
which allows it to sustain relatively high fishing pressure while still retaining unexploited production

potential.

The analysis of biomass per recruit (B/R = 338.70) and spawning biomass per recruit (SSB/R = 223.77) shows
that spawning biomass represents a substantial proportion of total biomass, although it remains lower than

total biomass (Table 8), reflecting the predominantly young structure of the population.

Table 8: Key indicators of S. lucioperca stock status in Siliana reservoir.

Indicator Value

Population size (individuals) | 1,630

Mean biomass - B (t) 21.53

Spawning biomass - SSB (t) 14.22

Fishing mortality (F) 0.48

Natural mortality (M) 0.31

Exploitation rate (E = F/Z) 0.61

Yield per recruit - Y/R 162.47

Biomass per recruit - B/R 338.70

Renewal rate 79.08%

Diagnosis Under-exploitation

Pikeperch is a species of high commercial value in Tunisian reservoirs. The results indicate that the Siliana
Reservoir stock is highly productive and retains significant under-exploited production potential. However,
the relatively high proportion of fishing mortality (60.66%) and the elevated exploitation rate (E = 0.61) may
initially suggest a risk of overexploitation. Nevertheless, its position on the yield-per-recruit curve and its

high renewal rate (79.08%) indicate considerable resilience (Table 8).

This resilience can be attributed to the species’ biological characteristics, including rapid growth and early
maturation, which enable it to withstand relatively high levels of exploitation. The young population

structure (mean age of 1.27 years) further supports this interpretation.

V. Population dynamics and stock assessment of rudd (S. erythrophthalmus) in Sidi Salem and Siliana

reservoirs
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Growth and Mortality Parameters

The biological parameters of S. erythrophthalmus, based on the work of Djemali (2005) and Mili et al. (2017),
are presented in Table 9. The species exhibits relatively rapid growth (K = 0.379 year) and has a moderate
asymptotic length (Leo = 31.51 cm). The length-weight relationship indicates slightly positive allometric
growth.

Table 9: Biological parameters of S. erythrophthalmus according to Djemali (2005) and Mili et al. (2017).

Parameter Value
Lo (cm) 31.51
K (year™) 0.379
to 0.377
a 0.0107
b 3.068

M (Roff, 1984) | 0.25

M (Taylor, 1959) | 0.36
M (Average) 0.30

*(M = natural mortality).

Natural mortality (M) was estimated using the methods of Roff (1984) and Taylor (1959), yielding values of
0.25 and 0.36 year?, respectively. The average value of 0.30 year~! was used for the analyses.

Stock structure and dynamics

The rudd population in Sidi Salem is estimated at 20,039 individuals, corresponding to a substantial biomass
of 101.49 tonnes. Individual growth is the primary driver of stock dynamics (98.37% of gains), while
recruitment contributes only marginally (1.63%). Fishing mortality (62.17%) significantly exceeds natural
mortality (37.83%), indicating considerable fishing pressure. The annual renewal rate is high (79.31%),
reflecting strong productivity.

In Siliana, the rudd population is much larger in number (1,608,516 individuals) but exhibits lower biomass
(24.74 tonnes), suggesting a population structure dominated by juvenile individuals. As in Sidi Salem, growth
is the main contributor to biomass gains (97.62%). Mortality is more balanced between natural causes (53.34%)
and fishing (46.66%). The renewal rate remains relatively high at 56.24%.

Exploitation Status Assessment

Yield per recruit (Y/R) analysis indicates under-exploitation in both reservoirs (Table 10). In Sidi Salem, the
current yield per recruit (Y/R = 28.68) lies within the ascending phase of the production curve, indicating
untapped production potential despite considerable fishing pressure. In Siliana, a similar pattern is observed,

with a higher yield per recruit (Y/R = 51.20), which also remains within the ascending phase.

Biomass per recruit (B/R) is higher in Siliana (B/R = 195.13) than in Sidi Salem (B/R = 58.16), suggesting more

favourable conditions for biomass accumulation in the former reservoir.

Table 10: Key indicators of S. erythrophthalmus stock status in Sidi Salem and Siliana reservoirs.
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Indicator Sidi Salem Siliana

Population size (individuals) | 20,039 1,608,516

Mean biomass - B (t) 101.49 24.74

Fishing mortality (F) 0.49 0.27

Natural mortality (M) 0.30 0.30

Exploitation rate (E = F/Z) 0.62 0.47

Yield per recruit - Y/R 28.68 51.20

Biomass per recruit - B/R 58.16 195.13

Diagnosis Under-exploitation | Under-exploitation

A comparison of the two reservoirs reveals contrasting population dynamics of rudd. The Sidi Salem stock,
although smaller in number, exhibits higher total biomass due to the presence of larger individuals. In
contrast, Siliana supports a very large population composed mainly of juveniles, resulting in lower total
biomass (Table 10).

Despite the relatively high exploitation rate in Sidi Salem (E = 0.62), the diagnosis of under-exploitation in
both sites can be explained by the high productivity of this species, as evidenced by elevated renewal rates
(79.31% and 56.24%). This rapid renewal capacity enables rudd populations to withstand substantial fishing

pressure while maintaining significant unexploited production potential.

VI. Population dynamics and stock assessment of roach (R. rubilio) in Sidi Salem, Mellegue and Lahjar

reservoirs
Growth and Mortality Parameters

The biological parameters of R. rubilio used for stock assessment, as derived from the work of Djemali
(2005) and Mili et al. (2017), are presented in Table 11. The species exhibits rapid growth (K =0.383 year)
and has a moderate asymptotic length (Lo = 32.24 cm). The length-weight relationship indicates marked

positive allometric growth.

Natural mortality (M) was estimated using the methods of Roff (1984) and Taylor (1959), yielding values of

0.25 and 0.38 year™!, respectively. The average value of 0.31 year™ was used for the analyses.
Stock structure and dynamics

The roach population in Sidi Salem is large in number (10,321,598 individuals), with an average biomass of
147.53 tonnes. Individual growth is the dominant driver of stock dynamics (92.71% of gains). Mortality is
relatively balanced between natural causes (47.75%) and fishing (52.25%). The annual renewal rate is high

(64.92%), indicating strong productivity.

Table 11: Biological parameters of R. rubilio according to Djemali (2005) and Mili et al. (2017).

Parameter Value

Loo (cm) 32.24
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K (year™) 0.383
to 0.088
a 0.0066
b 3.1878

M (Roff, 1984) 0.25
M (Taylor, 1959) | 0.38
M (Average) 0.31

*(M = natural mortality).

In Mellegue, the roach population is smaller (28,900 individuals) but exhibits a substantial biomass (5.65
tonnes), suggesting the presence of larger individuals. Growth is the primary contributor to biomass gains
(88.45%). Mortality is nearly balanced between natural causes (50.76%) and fishing (49.24%). The renewal rate
is 61.07%.

The sampled population in Lahjar is smaller (7,857 individuals), with a biomass of 1.87 tonnes. The relative
contribution of recruitment is higher (38.12%) compared with the other sites. Fishing mortality slightly
exceeds natural mortality, at 54.72% and 45.28%, respectively. The renewal rate is the highest among the three

reservoirs, at 68.46%.
Exploitation Status Assessment

Yield per recruit (Y/R) analysis reveals a state of under-exploitation in all reservoirs (Table 12). In Sidi Salem,
the current yield per recruit (Y/R = 52.07) lies within the ascending phase of production. In Mellegue, a slightly
higher yield per recruit is observed (Y/R = 58.77), which also remains in the ascending phase. In Lahjar, the
highest yield per recruit is recorded (Y/R = 79.25), and it likewise falls within the ascending phase of the

production curve.

Table 12: Key indicators of the R. rubilio stock status in Sidi Salem, Mellegue and Lahjar reservoirs.

Indicator Sidi Salem Mellegue Lahjar

Population size (individuals) | 10,321,598 28,900 7,857

Mean biomass - B (t) 147.53 5.65 1.87

Fishing mortality (F) 0.34 0.30 0.38

Natural mortality (M) 0.31 0.31 0.31

Exploitation rate (E = F/Z) 0.52 0.49 0.55

Yield per recruit - Y/R 52.07 58.77 79.25

Biomass per recruit - B/R 153.51 195.43 211.56

Diagnosis Under-exploitation | Under-exploitation | Under-exploitation
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A comparison of the three reservoirs reveals contrasting population structures for roach. Sidi Salem supports
a very large population with substantial biomass, whereas Mellegue and Lahjar contain much smaller

populations composed of larger individuals (Table 12).

Despite relatively high exploitation rates (E = 0.49-0.55), the diagnosis of under-exploitation at all three sites
can be explained by the high productivity of this species, as evidenced by elevated renewal rates (61.07-
68.46%). This rapid renewal capacity enables roach populations to withstand considerable fishing pressure

while maintaining significant untapped production potential.
Discussion

This study represents the most comprehensive assessment to date of the status of the main fish stocks in
Tunisian reservoirs. It covers six key species across eight dam reservoirs. The results reveal a complex situation
in which widespread under-exploitation coexists with specific management challenges, highlighting the need

for a differentiated and adaptive management approach.

The methodological framework, based on standardised protocols (CEN, 2015) and combining complementary
assessment techniques such as cohort analysis and production modelling, constitutes a significant
improvement over previous studies. The consistency of the results with those of Djemali (2005), Laouar (2019),
Mili et al. (2016), and Mili et al. (2021) supports the robustness of the estimates and provides updated reference

data for Tunisian inland fisheries.

The use of multiple natural mortality estimation methods (Pauly, 1980; Taylor, 1959; Roff, 1984) helps reduce
the uncertainty associated with individual approaches. The resulting values (0.25-0.31 year) are consistent
with both the international literature (Mehner et al., 2005; Boisneau & Mennesson-Boisneau, 2001; Lammens,
2001; Lorenzoni et al., 2002) and studies specific to the Tunisian context (Toujani, 1998; Kraiem, 1994; Djemali,
2005; Mili et al., 2022; Mili et al., 2023).

The observed interspecific and inter-site variability highlights the importance of abiotic and biotic factors in
structuring fish communities. As reported by Djemali et al. (2010), Guillard (1991), and Ben Rejeb-Jenhani et
al. (2019), reservoir morphometry, trophic productivity, and hydrological connectivity play key roles in
determining carrying capacity and stock productivity.

For native species such as barbel, population structure reflects watershed characteristics and connectivity with
tributary streams. These findings corroborate the observations of Kraiem (1994) and Mili et al. (2015) regarding

the importance of river inputs in sustaining native cyprinid populations.

In contrast, for introduced species such as common carp and pikeperch, successful establishment depends on
the degree of match between ecological requirements and reservoir conditions (M'Hetli, 2001; Laouar, 2019).
The strong performance of pikeperch in Siliana confirms previous findings (Toujani, 1998; M'Hetli, 2001;

Laouar et al., 2016) regarding the species” high potential in large Tunisian reservoirs.

The under-exploitation of these high-value commercial species represents a significant economic opportunity;
however, a cautious and controlled management approach is required (Lammens, 2001). As recommended by
Mili et al. (2015), Laouar (2019), and Mili et al. (2021), the development of their exploitation should be
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accompanied by strengthened monitoring systems, including regular assessment of population structure and

exploitation rates.

The contrast between successful stocking operations (Mili et al., 2013; Romdhane et al., 2019) and the current
under-exploitation of stocks highlights a gap between production efforts and resource utilisation. As
emphasised by Mili et al. (2023), improved coordination between the Technical Aquaculture Centre (CTA) and

professional fishers is essential to optimise the return on investment.

The under-exploited potential of forage species such as rudd and roach, traditionally considered secondary,
offers promising opportunities for diversifying fisheries. Their high productivity (Mili et al., 2017) makes them
suitable candidates for sustainable exploitation, provided that appropriate management measures are
implemented (Poulet et al., 2012; King, 2007).

Overall, the results support the adoption of an ecosystem approach to fisheries (EAF) for the management of
Tunisian reservoirs. This approach should include: (i) differentiated management plans adapted to each
reservoir’s specific characteristics (morphometry, productivity, and fish community), as recommended by
Chargui et al. (2021) and Poulet et al. (2012); (ii) optimisation of fishing effort based on stock-specific reference
indicators (Chargui et al., 2021); (iii) economic valorisation of catches through diversification of exploited
species and development of adapted marketing chains (Losse et al., 1992; Mtimet, 2010; Hajlaoui et al., 2022);
and (iv) integration of conservation objectives, particularly for native species such as barbel, whose

populations may be affected by fisheries development (King, 2007).

Despite these advances, several limitations should be acknowledged. The absence of long-term time series
limits the analysis of interannual stock variability (Poulet et al., 2012). In addition, trophic interactions between

species require further investigation (Cadima, 2002).

Future research should focus on the development of long-term monitoring programmes, the study of
interspecific competition and predation, detailed economic evaluation of management scenarios, and the

assessment of climate change impacts on reservoir productivity.

This study demonstrates that Tunisian reservoirs possess significant fishery potential that remains under-
exploited. Realising this potential requires a refined, site-specific management strategy based on the ecological

and biological characteristics of each system and stock.

The main recommendations are:

. gradual and controlled increase in fishing effort on under-exploited stocks;

. establishment of a permanent monitoring system for key stock indicators;

. development of value chains for all exploitable species;

. training of fishers in selective and sustainable fishing practices;

. integration of local and scientific knowledge into decision-making processes.

Implementing these recommendations would contribute significantly to the socio-economic development of

rural areas while ensuring the long-term sustainability of inland fisheries resources in Tunisia.
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