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Abstract. This study examined 332 specimens of Luciobarbus callensis collected in 2023 from three
hydrological stations in Algeria: Oued 1'Ham, Soubella Dam, and Oued M’Zi. As an abundant and
economically important species, L. callensis plays a key role in local artisanal fisheries. Sex ratios varied
among sites, with a strong male bias at Oued 'Ham, a moderate male bias at Soubella, and a nearly
balanced ratio at Oued M’Zi. Morphometric analyses revealed clear differences among sites and between
sexes. Females generally showed more positive growth patterns than males, especially at Oued I'Ham
and Soubella, whereas growth at Oued M'Zi was mostly isometric in both sexes. Length-weight
relationships also indicated better body condition in females at some sites, likely linked to reproductive
investment. Von Bertalanffy growth models further showed strong spatial and sexual variation. Females
reached larger asymptotic sizes, while males had higher growth constants, suggesting faster growth
toward smaller adult sizes. Overall, the results point to marked growth plasticity in L. callensis, shaped
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by both habitat conditions and sex-specific life-history strategies.
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Introduction

Freshwater ecosystems of the Maghreb region of
North  Africa

comprising approximately 52 species, of which

host a rich ichthyofauna
around twenty have been reported in Algeria
(Bacha & Amara 2007). Within this fauna, the
Cyprinidae family is particularly well
represented, characterized by its high species
diversity, abundance, and broad geographic
distribution extending across Africa, Europe,
and Asia (Szlachciak & Strakowski 2010,
Mimeche et al. 2013).

Luciobarbus callensis, commonly known as the
Algerian barbel, is one of the most emblematic
cyprinid species in the Maghreb. This endemic
North African species occurs in numerous river

systems across Tunisia, Algeria, and Morocco,

where it plays a key ecological role within
freshwater fish assemblages (Chaouachi & Ben
Hassine 1998, Djemali 2005). In addition to its
the holds

considerable socio-economic value, serving as an

ecological importance, species
accessible, locally harvested source of animal
protein for rural communities, particularly in
inland regions far from the coast (Mimeche et al.
2013).

Morphometric studies are an essential tool in
reveal intra- and

fish ecology, as they

interpopulation ~ variation shaped by
environmental conditions, genetic factors, and
2006). The

assessment of traits such as body length, weight,

adaptive  responses  (Froese

and height provides critical information on

individual growth patterns, physiological

condition, and  potential = morphological



56

adaptations to habitat characteristics (Safran
1992, Moutopoulos & Stergiou 2002). In addition,
understanding the demographic structure of fish
populations, particularly age-class composition,
size distribution, sex ratios, and growth rates, is
fundamental for interpreting population
dynamics and evaluating how communities
respond to local ecological constraints (Quist et
al. 2012).

In this context, the present study aims to
examine the morphobiological variations of L.
callensis across three hydrological stations: Oued
I'Ham and Soubella dam (M’Sila), and Oued
M’Zi (Laghouat). The objective is to characterize
this endemic species through the quantification
of several morphometric parameters, including
total length (TL), standard length (SL), and fork
length (FL), body height (BH), caudal peduncle
height (CPH), as well as the relationships among
these measurements. Furthermore, population
dynamics such as sex ratio and length-weight
relationships were analyzed, complemented by
Von Bertalanffy’s model to provide a
comprehensive interpretation of biological and
ecological data. Overall, these analyses aim to
improve understanding of growth patterns,
body condition, and morphological variation of
L. callensis across sites, and to infer potential
adaptive responses of the species to differing

environmental conditions.

Material and methods

Study site
This study was conducted in two regions of

Algeria to compare L. callensis populations under
contrasting environmental conditions. The first
region, M’Sila (northeastern Algeria), included
two sampling stations: Oued 'Ham and the
Soubella dam. The fish specimens examined
from these two stations belong to the same
sampling cohort collected during the monthly
field campaigns from January to December 2023,
as previously described by Babaci et al. (2024).
The second region, Laghouat (south-central
Algeria), included the Oued M'Zi station, which
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provided an independent comparative
population sample during the same period.
Conducting research on fisheries, particularly
in the context of aquaculture and inland fish
resources in two departments of an arid North
holds

significance. These areas are characterized by

African region, strong  scientific
climatic constraints, hydrological variability,
and increasing pressure on freshwater resources,
making them relevant models for studying fish
adaptation and population structure.

A comparative approach across the two
departments provides additional value by
offering a broader regional perspective on the
ecological responses, constraints, and potential
for sustainable management of L. callensis. This
contributes to wider discussions on food

security, water resource management, and
sustainable development in environmentally
fragile regions.

Oued I'Ham: The Oued I'Ham watershed is
located in the northwestern part of the Hodna
Basin, entirely covering this geographical area. It
lies between 35°15" and 36°15' N latitude and
3°00" and 4°15’ E longitude. This river is a critical
water resource for the region, particularly
supporting local agriculture (Figure 1).

Soubella dam: The Soubella watershed,
situated approximately 100 km south of the
Mediterranean Sea on the edge of southern
Algeria’s semi-arid zone, covers an area of 177
km?, between 4°80" and 5°30" E longitude and
35°20" and 35°75' N latitude. The Soubella
reservoir serves multiple key functions,
including irrigation of arable land, provision of
drinking water, and flood prevention (Terzout-
Yettou & Medjber 2020) (Figure 1).

Oued M'Zi: The Oued M’Zi watershed,
located in the Laghouat province, extends from
east to west and encompasses two distinct
geological zones: the steep reliefs of the central
Saharan Atlas, particularly the Djebel Amour
massif, to the north, and the extensive plains of
the Saharan platform to the south. Its geographic
boundaries are between 1°56' and 3°1' E
longitude and 33°24’ and 34°16" N latitude

(Figure 1).
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Figure 1. Geographical location of the study sites (ArcGis 10.8).

Fish sampling

From January to December 2023, monthly fish
sampling was conducted across the three study
sites (Table 1). At Soubella Dam (35°42'38" N,
5°08'53" E), specimens were captured using a
trammel net with a 20 mm mesh, specifically
adapted to local conditions. The net, equipped
with surface floats and bottom weights, ensured
stability and efficient capture, even in areas with
strong currents. In Oued I'Ham (35°38'43" N,
4°16'02" E) and Oued M'Zi (33°54'05" N, 2°28"23"
E), fish were collected at multiple locations along
each  watercourse—from  upstream  to
downstream —using electric fishing equipment
powered by a gasoline engine. Immediately after
capture, specimens were placed in coolers to

preserve sample integrity during transport to the

laboratory (Figure 2).

Morphometric measurements were taken
using an ichthyometer (precision 1 mm) and a
Vernier caliper (precision 0.01 mm), while body
mass was measured with an electronic balance
(MH-885) accurate to 0.01 g. The sex of each
individual was determined by direct visual
inspection of the gonads, considering their
morphology and coloration (Mimeche 2014).
The sex ratio: The sex ratio represents the relative
proportion of males to females within a
population (Lamrini 1983) and is an important
parameter in ecological demography (Ramade
2003). It is calculated using the following
formula:

Sex ratio (SR) = (Number of males (M)/ Number
of females (F)) X 100 (1)

Table 1. Monthly fish sampling at the three study sites during 2023.

J] FM A M J J A S O N D
Oued 'Ham 10 9 8 9 8 10 8 10 12 9 12 12
SoubellaDam 10 10 8 7 7 9 8 9 9 10 10 10
Oued M'zi 8 8 8 8 10 9 9 8 10 10 10 10
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Figure 2. The species Luciobarbus callensis.

Length-length relationship

For the morphometric analysis of L. callensis, a
total of seven variables were measured,
including lengths—total length (TL), standard
length (SL), fork length (FL), body height (BH),
and caudal peduncle height (CPH), expressed in
centimeters—and masses—total mass (M) and
eviscerated mass (m), expressed in grams.

To evaluate the relative linear growth of the
population, these morphometric parameters
were analyzed according to the criteria
established by Trabelsi & Kartas (1989) (Figure

3).

FL

TL

the different
morphometric parameters of the fish L. callensis.

Figure 3. Presentation of

Total length (TL): measured from the tip of
the snout to the end of the caudal fin, ensuring
both lobes are aligned with the body axis.

Fork length (FL): measured from the tip of the
snout to the point where the two caudal lobes
meet.

Standard length (SL): measured from the tip
of the snout to the base of the caudal fin.

Body height (BH): measured as the maximum
vertical distance from the base of the dorsal fin
to the ventral body margin.

Caudal peduncle height (CPH): measured as
the minimum vertical distance between the
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dorsal and ventral sides of the caudal peduncle.
data

calculating  mean

Morphometric were statistically

analyzed by values,
establishing linear regression equations to
evaluate correlation coefficients, and examining
allometric growth patterns and sexual
dimorphism using the Student’s t-test (Mayrat

1970).

Length-weight relationship

The relationship between length and weight,
after logarithmic transformation, was calculated
for the entire sample and separately for males
and females (Froese 2006). These relationships
were expressed using linear regressions, as
shown in Equations (2) and (3):

Log TW=a+b Log TL 2
Log EW=a+b Log FL 3)
Where:

TW = total weight,

EW = eviscerated weight,
TL = total length,

FL = fork length,

a = intercept,

b = regression slope.

The parameters a and b were estimated using

least squares regression, along with the

and the
deviation of the regression slope b from 3, which

coefficient of determination (r2),

represents isometric growth, was also assessed
(Le Cren 1951). The statistical significance of the
differences between these relationships was
assessed  using covariance

(ANCOVA).

analysis  of

Growth modeling

Absolute linear growth was described using the
mathematical framework proposed by von
Bertalanffy (1938), which is particularly suitable
for representing individual increases in both
length and weight. The growth of length over
time is generally expressed as:
Lt = Loo (1 — ek(e-0)) 4)
Where:
Lt is the length at time t,
Leo is the maximum or asymptotic length,
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K is the growth coefficient reflecting the
rate at which the fish attains its maximum
size

t0is the theoretical age at which length and
weight would be zero.

The growth performance index (@) was
calculated following the empirical formula of
Munro and Pauly (1983):

@’ =Log K+2 Log L~ )

Von Bertalanffy’s model can also describe the

growth of weight, given by:

We= W (1 - gkt0)b (6)
where Wtis the total weight (g) at time t, W is
the asymptotic weight corresponding to the
asymptotic length (L-), and b is the allometric
coefficient derived from the length-weight
relationship.

The significance level of the test was p < 0.05.
The statistical analyses were performed using
the XLSTAT
2016.02.27444.

software version

package,

Results

Sex ratio

The sex ratio of L. callensis showed notable
variation among the three sampling sites (Figure
4). At Oued I'Ham, 117 individuals were
examined, consisting of 92 males (78.63%) and 25
females (21.37%). This corresponds to a male-
biased sex ratio of 3.68:1, representing the most
pronounced male dominance observed across all
sites. At the Soubella dam, the sex ratio was
1.38:1, with 62 males (57.94%) and 45 females
(42.06%) among the 107 specimens collected,
indicating a moderate predominance of males. In
contrast, Oued M’Zi exhibited the most balanced
population structure, with 59 males (54.63%) and
49 females (45.37%) out of 108 individuals,
yielding a sex ratio of 1.20:1.

Length-length relationships

The allometric relationships of L. callensis from
Oued I'Ham (Table 2, Table 3) reveal slight but
the
Regarding standard length (SL), both males and

noticeable differences between sexes.
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females exhibited positive allometric growth;
however, females showed a stronger majorant
allometry (b = 1.069) than males (b = 1.037),
whose growth remains very close to isometry.
Fork length (FL) displayed nearly identical
growth coefficients in both sexes, indicating that
this parameter increases proportionally with
total length. In contrast, body height (BH)
showed negative allometric growth—more
pronounced in females—suggesting a tendency
toward body elongation during ontogeny.
Finally, the caudal peduncle height (CPH)
showed positive allometry in females, while
males exhibited a nearly isometric relationship,
likely reflecting sexual variation in caudal
peduncle morphology.

Lobn

Oued I'ham Oued M’z

Percentage %
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o © o o O

T V-
=)

=3

=]

o

=)

Soubella dam
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Figure 4. Percentage of sexes of Luciobarbus callensis
in different stations: Oued 1’'Ham, Soubella Dam,
and Oued M’zi.

At the Soubella dam (Table 4, Table 5),
morphometric relationships revealed clearer
exhibited
positive allometric growth in standard length

sexual dimorphism. Both sexes
(SL), though the effect was more pronounced in
females, indicating a differentiated development
of the anterior body segments. In terms of fork
length (FL), both sexes displayed slopes very
close to 1, indicating isometric growth. A marked
contrast appeared in body height (BH): males
showed negative allometry, reflecting a
tendency toward body elongation, whereas
females displayed positive allometry, indicating
enhanced vertical growth. Furthermore, both
sexes displayed positive allometry in caudal
peduncle height (CPH), with the increase being

more pronounced in males.



60

S. Babaci et al.

Table 2. Morphometric measurements between total length (TL) and standard lengths (SL), fork length (FL),
body height (BH), and caudal peduncle heights (HPC) in male Luciobarbus callensis at Oued 1'ham.

Allometric equations ?ﬁi)nigg MI(I;:;aX I\(/ifna;ligz) Ml(r;;x;ax R2 t (+.-) p
Log (CPH) = 0.982*Log (TL)-1.023 92 13.91+2.68  7.8-26.3 126+0.25  0.66-2.368 0.884 25.487 <0.0001
Log (BH) =0.910*Log (TL)-0.594 92 13.91+2.68 7.8-26.3  2.79+0.54 1.507-5436 0.847 21.899  <0.0001
Log (FL)=1.013*Log (TL)-0.053 92 13.91+2.68  7.8-26.3  12.77+2.49 7-24.4 0.995 143.770 <0.0001
Log (SL) =1.037*Log (TL)-0.119 92 13.91+2.68 7.8-26.3  11.68+2.33 6.4-22.4 0.994 134.585 <0.0001

Table 3. Morphometric measurements between total length (TL) and standard lengths (SL), fork length (FL),
body height (BH), and caudal peduncle heights (HPC) in female Luciobarbus callensis at Oued I'ham.

Allometric equations N 1(\3:)11 i(s);) Mi(r;:;ax ?ﬁi?)ni(sYE) Mi(r;:;ax R2 t(+.-) 4
Log (CPH) =1.047*Log (TL)-1.103 25 17.35¢3.79 12.6-26.2  157+0.35 1.017-2.334 0.933 18.945 <0.0001
Log (BH) = 0.868*Log (TL)-0.532 25 17.35#3.79 12.6-26.2  3.49+0.66  2.507-4.852 0.906 14.124 <0.0001
Log (FL)=1.018*Log (TL)-0.059 25 17.35+3.79 12.6-26.2 15.96+3.57  11.5-24.6  0.994 67.483 <0.0001
Log (SL) =1.069*Log (TL) -0.158 25 17.35+3.79 12.6-26.2 14.70+3.47  10.3-225 0986 35.311 <0.0001

Table 4. Morphometric measurements between total length (TL) and standard lengths (SL), fork length (FL),
body height (BH), and caudal peduncle heights (HPC) in male Luciobarbus callensis in the Soubella dam.

Allometric equations N I(\gre;ni(s)g Mi(r;rr:;ax 1(\1[:;1 i(SYE? Mi(r;lrlr;ax R2 t(+.-) 4
Log (CPH) =1.021*Log (TL)-1.078 62 12.74+3.20 7.1-27.5  1.12+#0.30  0.64-2.308 0901 21.003 <0.0001
Log (BH) = 0.854*Log (TL)-0.535 62 12.74+3.20 7.1-27.5  2.56+0.58 1.644-5.129 0.887 23213 <0.0001
Log (FL)=1.021*Log (TL)-0.060 ~ 62 12.74+320 7.1-27.5  11.70+3.00 6.4-25.4 0.996 145.054 <0.0001
Log (SL) =1.041*Log (TL)-0.123 62 12.74+3.20 7.1-275 13.45+3.74 5.8-23.3 0.994 112.021 <0.0001

Table 5. Morphometric measurements between total length (TL) and standard lengths (SL), fork length (FL),
body height (BH), and caudal peduncle heights (HPC) in female Luciobarbus callensis at the Soubella dam.

Mean (X)

Min-max

Mean (Y) Min-max

Allometric equations N (cm) +SE (cm) (cm) +SE (cm) R2 t(+.-) p
Log (CPH) =1.007*Log (TL)-1.063 45  14.46+4.69 9-34.7 1274044  0.85-3.254 0959  39.933 <0.0001
Log (BH) =1.017*Log (TL)-0.709 45  14.46+4.69 9-34.7 297+#1.06  1.959-7.75 0.936 29.974 <0.0001
Log (FL) =1.016*Log (TL)-0.056 ~ 45  14.46+4.69 9-34.7 13.25+4.36 8.1-322 0995 129.800 <0.0001
Log (SL) =1.096*Log (TL)-0.187 45  14.46+4.69 9-34.7 12.24+4.63 73-30 0970 25150 <0.0001

The morphometric relationships at Oued
M’Zi (Tables 6 and 7) indicated a general trend
toward near-isometric growth, with moderate
variation between the sexes. Males exhibited
quasi-isometric growth in standard length (SL),
while females showed slightly positive
allometry. For fork length (FL), both sexes
displayed slopes near 1, although the value for

males (b = 0.98) suggested a minor tendency

toward negative allometry.

Conversely, body height (BH) exhibited
negative allometric growth in both sexes, with
the effect more pronounced in males, suggesting
a more elongated body shape.

Finally, caudal peduncle height (CPH) also
showed moderate negative allometry in both
sexes, with only minor differences between
males and females.
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Table 6. Morphometric measurements between total length (TL) and standard lengths (SL), fork length (FL),
body height (BH), and caudal peduncle heights (HPC) in male Luciobarbus callensis at Oued M 'zi.

Allometric equations N Mean(X) Min-max Mean (Y) Min-max R2 t(+.-) [4
(cm) +SE (cm) (cm) +SE (cm)

Log (CPH) =0.946*Log (TL)-1.015 59 11.43+1.71 7.9-14.7 0.97+0.15 0.713-1.296 0.870 19.280 <0.0001
Log (BH) =0.909*Log (TL)-0.612 59 11.43+1.71 7.9-14.7 2.24+0.35 1.569-2.875 0.744 12.683 <0.0001
Log (FL) = 0.980*Log (TL)-0.018 59 11.43+1.71 7.9-14.7 13.45+3.04 7-24.6 0992 82.392 <0.0001
Log (SL)=1.012*Log (TL)-0.095 59 11.43+1.71 7.9-147  9.45+1.44 6.5-12.5 0.990 75.519 <0.0001

Table 7. Morphometric measurements between total length (TL) and standard lengths (SL), fork length (FL),
body height (BH), and caudal peduncle heights (HPC) in female Luciobarbus callensis at Oued M'zi.

Allometric equations N 1(\3:)11 i(s);) Mi(ll—mn;ax szzj)niglg) Mi(r;;:;ax R2 t(+.-) 4
Log (CPH) =0.962*Log (TL)-1.035 49 12.66+2.16  9.4-19.9 1.06£0.19  0.807-1.804 0.902 21.853 <0.0001
Log (BH) =0.930*Log (TL) -0.627 49 12.66+2.16  9.4-199  2.50+0.42  1.754-3.902 0.881 20.977 <0.0001
Log (FL)=1.010*Log (TL)-0.050 49 12.66+2.16 9.4-19.9  10.44+1.98 8.6-17.8 0.993 81.544 <0.0001
Log (SL) =1.022*Log (TL) -0.107 49 12.66+2.16  9.4-19.9  10.46+1.81 7.7-16.2 0993 88.468 <0.0001

Length—weight relationships

The analysis of allometric coefficients b in L.
callensis at Oued I'Ham (Table 8) reveals clear
differences between males and females. For the
relationship between eviscerated weight and
fork length, males exhibit a coefficient of b =
2.846, whereas females show b = 3.086. Similarly,
the relationship between total length and total
weight yields b = 2.837 in males and b = 3.204 in
females. These values indicate that males exhibit
negative allometric growth (b <3), meaning they
become more elongated as they grow, while
females exhibit positive allometric growth (b >
3), reflecting a proportionally greater increase in
body mass with increasing length.

The analysis of the allometric coefficient b for
L. callensis at the Soubella dam (Table 8) reveals
a clear distinction between the sexes. For the
relationship between eviscerated weight and
fork length, males exhibit a coefficient of b =
2.905, whereas females show b = 3.106. Similarly,
for the relationship between total length and
total weight, males display b = 2.906, while
females reach b = 3.131. These values indicate
that males exhibit negative allometric growth (b
< 3), reflecting a proportionally greater increase
in length relative to weight, whereas females
exhibit positive allometric growth (b > 3),

indicating a disproportionate increase in mass
with size.

At Oued M'Zi, the analysis of the allometric
coefficient b for L. callensis (Table 8) shows no
variation between the sexes. For the relationship
between fork length and eviscerated weight,
both males and females exhibit an identical
coefficient of b = 2.890. The same value is
obtained for the relationship between total
length and total weight, where b =2.890 is again
shared by both sexes. These identical coefficients
indicate that both males and females display
negative allometric growth (b < 3), reflecting a
tendency toward a more elongated body shape

as size increases.

Absolute linear growth

The asymptotic lengths (Le0) estimated for the L.
callensis population at Oued I'ham show clear
sexual differentiation, with females reaching a
larger asymptotic size (42.34 cm) than males
(22.68 cm). In both sexes, the estimated Leo values
exceed the maximum observed lengths recorded
in the samples. In contrast, the growth constant
(K) is higher in males (0.37 yr™) than in females
(0.16 yr?), indicating that males grow more
rapidly but toward a smaller final size. This
pattern is further supported by the growth
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performance index (®'), which is higher in
2.82) than in males (@' = 2.28),
reflecting females' superior growth potential and

females (P’ =

larger ultimate size (Table 8).
At the Soubella the
asymptotic sizes were markedly higher than at

dam, estimated
other sites, particularly in females, which
reached the largest Lo across all study sites
(92.98 cm), compared to 41.13 cm in males.
However, males exhibited a higher growth
constant (0.15 yr?) than females (0.06 yr). The
(@) further
highlights this sexual disparity, with values of

growth performance index

S. Babaci et al.

3.50 for females and 2.79 for males, reflecting the

pronounced contribution  of  females'
exceptionally large asymptotic size to overall
growth performance (Table 9).

In Oued M’zi, both sexes showed relatively
small asymptotic sizes, with females attaining a
slightly higher Leo (18.82 cm) compared to males
(16.58 cm). Consistent with the pattern observed
at the other sites, males exhibited faster growth
with a growth constant (K) of (0.52 yr?)
compared to females (0.49 yr™). The growth
performance index (®') remained low for both

sexes (2.11 for females, 2.00 for males) (Table 9).

Table 8. Allometric length—-weight relationships of Luciobarbus callensis at Oued 1"'Ham, Soubella

Dam, and Oued M’zi.

Sites Sex Allometric equations N a b 2 p
Males Log (EW)=2,846* Log (FL)-1,752 92 0,0177 2,846 0,956 <0,0001
Females Log (EW)=3,086* Log (FL)-2,019 25 0,00957 3,086 0,948 <0,0001
Oued I'ham
Males Log (TW)=2,837*Log (TL)-1,772 92 0,0168 2,837 0,962 <0,0001
Females Log (TW)=23,204* Log (TL) -2,187 25 0,00652 3,204 0,928 <0,0001
Males Log (EW)=2,905* Log (FL)-1,828 62 0,0149 2905 0,967 <0,0001
Females Log (EW)=3,106* Log (FL) 2,056 45 0,00877 3,106 0,986 <0,0001
Soubella dam
Males Log (TW)=2,906 * Log (TL) -1,856 62 0,0139 2,906 0,972 <0,0001
Females Log (TW)=3,131*Log (TL)-2,106 45 0,00782 3,131 0,978 <0,0001
Males Log (EW)=2,890 * Log (FL)-1,864 59 0,0137 2,890 0,910 <0,0001
Females Log (EW)=2,847*Log (FL)-1,805 49 0,0156 2,847 0,949 <0,0001
Oued m’zi
Males Log (TW)=2,882*Log (TL)-1,890 59 0,0129 2,882 0,926 <0,0001
Females Log (TW)=2,903*Log (TL)-1,895 49 0,0127 2903 0,972 <0,0001

Table 9. Parameters of the Von Bertalanffy linear growth equation of Luciobarbus

callensis.
Sites Sex Equations k (cm/yr) Lee (cm)  to(yr) O]
Males L1=22,68 (1-e037 (+0)) 0,37 22,68 -0 2,28
Oued 'ham
Females L1=42,34 (1-e06(+0) 0,16 42,34 -0 2,82
Males  Lt=41,13 (1-e015t0) 0,15 41,13 -0 2,79
Soubella dam
Females  L1=92,98 (1-e-0.06 (+0) 0,06 92,98 -0 3,50
Males  L1=16,58 (1-e052(t0) 0,52 16,58 -0 2,00
Oued m’'zi
Females L1=18,82 (1-e04 (+0) 0,49 18,82 -0 2,11

Absolute weight growth

The results showed clear numerical differences
in weight-based growth parameters across sites
and between sexes (Table 10).

At Oued I'Ham, males

displayed an

asymptotic weight (Weo) of 1072.88 g, with a
growth coefficient of (K) 0.02 yr?, and an
inflection parameter (to) of 1.09, whereas females
reached 1746.003 g, with higher values for both
the growth coefficient 0.03 yr and the inflection
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parameter 1.83.

At the Soubella dam, males showed an
asymptotic weight of 4582.73 g, with a growth
coefficient of 0.008 yr™', and an inflection value of
1.7, while females exhibited much higher
asymptotic values, reaching 16174.66 g, with a
growth coefficient of 0.005 yr~!, and an inflection
parameter of 2.09.

In Oued M’zi, the values were generally
lower, with males reaching 323.84 g and females
783.91 g, while growth coefficients were 0.03 yr
for males and 0.02 yr' for females, with
respective inflection parameters of 0.82 and 1.02.
Together, these values highlight clear variation
among sites and between sexes.

Table 10. Parameters of the Von Bertalanffy weight
growth equation of Luciobarbus callensis.

Sites Sex Equations
Males  Wr=1072,88(1-e-0021,09))284
Oued '’ham
Females =~ Wrt=1746,003(1-e0.03(t183))32
Males W1=4582.73 (1-e0.008 (t+1,7))291
Soubella dam
Females Wr=16174,66 (1-e-0005 (+2.09)3,13
Males W1=323,84 (1-e-0.08 (+0,82))288
Oued m’zi
Females  W1=783,91 (1002 (#+100)29
Discussion
Sex ratio

Our results can be effectively compared with
previous studies conducted on L. callensis across
different regions in Algeria. Morsi et al. (2015),
working in the El-Harrach River (Algiers),
examined 834 mature individuals, of which 477
were males (57.20%) and 357 were females
(42.80%), revealing a clearly male-biased sex
ratio (1:0.74). Similarly, Mimeche et al. (2013)
reported male-biased populations in their
surveys conducted in several rivers of the
Constantine region, including the Oued
Boumerzoug system.

In contrast, Berrouk et al. (2020) investigated
the population structure at the Beni-Haroun
Dam (Mila) and recorded 257 individuals,

consisting of 165 females (64.20%) and 92 males
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(35.80%), resulting in a female-biased sex ratio
(1:1.79). When compared to these studies, our
results also show predominantly male-biased
populations, particularly at Oued 'Ham, where
the strongest male dominance was observed.
The variability between regions highlights
the potential influence of local environmental
habitat
reproductive dynamics on sex ratio patterns in L.

conditions, characteristics, and
callensis across Algeria.

Length-length relationships

Sexual disparities in growth strategy and
morphology are clearly underscored by the
allometric relationships observed in Oued
I’'Ham. While males generally maintain isometric
or weakly allometric proportions, females
exhibit more pronounced positive allometry in
standard length (SL) and caudal peduncle height
(CPH). This divergence suggests a potential
reproductive advantage, as larger body size
combined with enhanced caudal propulsion
likely supports the specific physiological and
locomotor demands of females.

At the Soubella

differences in body height (BH) between sexes

dam, the pronounced

indicate potential ecological or behavioral
differentiation. Females with deeper bodies may
be better adapted to benthic habitats, while
elongated males may be more suited to vigorous
swimming. In contrast, the near-isometric
growth patterns observed at Oued M'Zi suggest
a more stable and uniform environment, where
both

strategies. The negative allometry in BH and

sexes adopt similar morphometric
CPH may reflect adaptation to sustained
swimming in this river system.

According to Mimeche et al. (2015), the
morphometric patterns observed at the El-K’sob
reservoir show similarities with our results,
though some differences are noted. Their study
revealed that females display isometric growth
while males exhibit negative allometry with
respect to standard length (SL). In contrast, fork
length (FL) follows an isometric growth pattern
in both sexes. Regarding body height (BH), the

authors reported isometric growth in females,
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whereas males were characterized by negative
allometry.

Length—weight relationships

The differences observed between Oued I'Ham
and Soubella dam suggest that females prioritize
weight gain, likely reflecting the energetic
demands of reproduction, while males prioritize
length growth. In contrast, the absence of sexual
variation at Oued M'Zi indicates that both sexes
favor body elongation overweight accumulation,
adopting a similar growth strategy.

These patterns are consistent with general
reproductive strategies in fish, where females
invest more in somatic growth to enhance
fecundity, whereas males may prioritize length
growth to reach sexual maturity earlier or to
maximize mating opportunities (Estlander et al.
2016, Van Dorst et al. 2023).

Comparable findings have been reported by
Berrouk et al. (2020) at the Beni-Haroun Dam,
where low allometric coefficients (b = 2.237 in
males and b =2.370 in females) reflected negative
allometry, similar to our observations at Oued
M’Zi (b = 2.890). These similarities suggest that
both locations are influenced by ecological
constraints, including seasonal water
fluctuations and limited trophic resources,
which are likely to shape the growth strategies of
L. callensis populations.

Similar trends have been reported by
Mimeche et al. (2013) and Mimeche (2014) in the
K'sob reservoir, where fluctuating hydrological
conditions and limited trophic resources
resulted in low allometric coefficients (b < 2.53),
indicative of negative allometry.

By contrast, in more stable environments
such as Oued El-Harrach and Beni Haroun dam
in Algeria, and in Allal El Fassi reservoir
(Morocco), both males and females exhibit
isometric or even positive allometry, suggesting
that favorable ecological conditions enable
balanced or enhanced weight gain in both sexes
(Bouhbouh 2002, Morsi et al. 2015, Mouaissia et
al. 2017, Ould Rouis et al. 2020).

These findings underline the importance of

local physicochemical and trophic factors in

S. Babaci et al.

shaping growth strategies. For instance, research
have demonstrated that barbel populations in
intermittent streams may demand larger energy
stores, leading to improved body condition as an
adaptation to environmental instability (Ahnich
et al. 2024).

Absolute linear growth

The growth of L. callensis across all studied sites
consistently shows sexual dimorphism, with
females attaining larger asymptotic lengths (Leo)
than males, while males generally display higher
growth constants (K). Comparisons with Ouldjet
Mellegue Dam (Allalgua et al. 2025), where Leo
reached 62.10 cm in females and 51.05 cm in
males, confirm this trend. Our results from Oued
I’'Ham, Soubella, and Oued M'Zi align with these
observations, although site-specific conditions,
particularly at Soubella (females reaching 92.98
cm), produce considerable variation.

Additional comparisons across North Africa
and the Mediterranean, including Tunisia
(Gharbi & Ktari 1979), Majorca (Renones et al.
1995), and Algeria (Kherraz et al. 2014), show
similar growth patterns in Mullus surmuletus. In
these studies, females consistently attain higher
Leo values (21.82-31.90 cm) than males, while K
values vary depending on local ecological
conditions, reflecting differences in habitat
quality, resource availability, and population
density. Moreover, the growth performance
index (@') reported in these studies (2.28-3.73)
corresponds closely with our results (2.00-3.50),
highlighting the consistency of growth trends
across the species’ distribution.

Overall, these comparisons highlight the dual
influence of intrinsic sexual dimorphism and
environmental factors on v of L. callensis.
Females grow larger but more slowly, whereas
males grow faster but attain smaller maximum
sizes, a pattern consistently observed across
Algerian and Mediterranean populations. Such
the
considering both sex and local ecological context

insights  underscore importance  of

in the management and conservation of this

commercially and ecologically important

species.
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Absolute weight growth

A comparison of the Von Bertalanffy weight
studied
populations and those reported by Allalgua et al.

growth parameters among our
(2025) highlights clear differences in growth
dynamics of L. callensis. In our study, males
reached asymptotic weights of 1072.88 g in Oued
I'Ham, 4582.73 g in Soubella dam, and 323.84 g
in Oued M’zi, while females reached 1746.00 g,
16174.66 g, and 78391 g, respectively. In
(2025)

intermediate asymptotic weights of 1322.95 g for

contrast, Allalgua et al reported
males and 2065.98 g for females, accompanied
with substantially higher growth coefficients (k
= 0.57 yr! for males and 1.41 yr! for females)
than most of our sites, except for Oued M’zi
where k values were similar (0.02-0.03 yr).
These comparisons that the
population studied by Allalgua et al. (2025)

exhibits faster growth toward intermediate

indicate

weights, whereas the Soubella dam population
reached extremely high asymptotic weights but
with very slow growth rates (K = 0.008-0.005
yr!), and Oued M'Zi displayed both low
asymptotic weights and slow growth. Despite
these differences, the allometric exponent (b)
remained relatively consistent across all
populations, suggesting a proportional scaling of
weight with size.

Overall, this the

influence of environmental conditions, resource

analysis underscores
availability, and local habitat quality on growth
patterns. Populations under more favorable
conditions, as in Allalgua et al. (2025), exhibit
faster growth, whereas our populations
demonstrate pronounced site-specific variation

in growth dynamics.
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