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Abstract: 	 This study provides the first site-specific documentation and the first detailed morphometric and reproduc-
tive baseline for Luciobarbus biscarensis amguidensis, a poorly known and range-restricted Saharan cyp-
rinid, from the permanent rock pools (gueltates) of the Ramsar site Gueltates Afilal in the Hoggar region 
(central Algerian Sahara), a crucial aquatic refugium in the hyper-arid Sahara. A total of 50 individuals 
were sampled in October 2023 and September 2024 to analyze their morphometric and reproductive traits. 
Females were larger than males (TL = 27.0 ± 10.0 cm vs. 19.7 ± 10.0 cm). Length–weight relationships 
showed positive allometric growth in females (b = 3.04) and negative allometric growth in males (b = 
2.70).  The sex ratio was male-biased (1.38:1.0), with notable variation across size classes. Reproductive 
analysis revealed a notably higher gonadosomatic index in females (26.4 ± 6.8%) compared to males 
(9.8 ± 1.2%), and mean absolute fecundity was 420 ± 240.5 eggs. Overall, the observed sex-specific 
growth patterns and reproductive investment highlight the persistence of this isolated population within a 
Ramsar-listed Saharan freshwater refugium.

Key words: Luciobarbus biscarensis amguidensis; Saharan aquatic refugia; Ramsar site; morphometry; reproductive 
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Introduction
The ichthyofaunal province of the Maghreb (Rob-
erts 1975; Lévêque 1997) encompasses North Af-

rican drainages along the Mediterranean coast and 
is characterized by relatively low freshwater fish 
diversity and a stronger affinity with European than 
sub-Saharan African taxa. It includes families with 
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predominantly tropical distributions (e.g., Cichli-
dae, Clariidae) as well as lineages of Holarctic ori-
gin (e.g., Salmonidae, Cobitidae) (Doadrio 1994). 
Major historical events, including the Messinian 
salinity crisis (~5 Ma), contributed to shaping the 
region’s freshwater biogeography. Doadrio (1994) 
distinguished three broad biogeographical zones in 
North Africa: an Atlantic zone in the northwest, a 
Mediterranean zone, and an eastern “tropical” zone 
that includes Saharan artesian systems. The Medi-
terranean zone includes cyprinid lineages such as 
Pseudophoxinus and Barbus s.s., which are largely 
absent from the rest of Africa (Howes 1987). 

Despite this recognized biogeographic signifi-
cance, the inland ichthyofauna of North Africa—
and Algeria in particular—remains incompletely 
documented. Much of the foundational literature 
is dated (e.g., Cuvier & Valenciennes 1842; Cau-
vet 1915), and relatively few recent works have 
addressed Algeria’s inland fish diversity since Pel-
legrin’s monograph (1921). Notable contributions 
include surveys of the Hoggar and Tassili hydro-
systems (Zouakh et al. 2004) and taxonomic and 
systematic studies on North African cyprinids, par-
ticularly Luciobarbus lineages (Bouhadad 1993; 
Doadrio 1994; Doadrio et al. 1998). More recent 
research has focused on northeastern Algerian wa-
ter bodies (Bacha & Amara 2007), introduced spe-
cies (Kara 2012), and population- and life-history 
approaches for Luciobarbus, including age and 
growth and reproductive biology in rivers and res-
ervoirs (Mimeche et al. 2013; Morsi et al. 2015; 
Mouaissia et al. 2017; Mimeche & Oliva-Paterna 
2018).

Early taxonomic treatments recognized sub-
stantial diversity of North African barbels (Pellegrin 
1921, 1939). In Algeria, Bouhadad (1993) reported 
five nominal species under the nomenclature used at 
the time (Barbus callensis, B. setivimensis, B. anti-
norii, B. biscarensis, and B. figuigensis) and distin-
guished northern riverine taxa from Saharan taxa. 
Subsequent systematic revisions supported the cur-
rent use of Luciobarbus for many circum-Mediterra-
nean and North African lineages (Kottelat & Freyhof 
2007; Gante 2011), and genetic studies highlighted 
additional differentiation within Algerian barbels 
(Doadrio et al. 1998), with more recent molecular 
work describing additional endemic Algerian Lucio-
barbus species (Brahimi et al. 2017, 2018).

In the Sahara, freshwater habitats are scarce and 
often restricted to gueltas and artesian springs, which 
function as critical refugia for relict and endemic 
freshwater taxa under increasing climatic pressure 
(Davis et al. 2013). Gueltates Afilal is a complex of 

permanent rock pools in the Hoggar Mountains des-
ignated as a Ramsar wetland of international impor-
tance, and such mountain rock pools are recognized 
as local biodiversity hotspots with disproportionate 
conservation value despite their small area (Vale 
et al. 2015). These ecosystems act as evolutionary 
refugia, preserving lineages that would otherwise be 
extirpated from the Sahara and thereby contributing 
to regional species persistence and ecosystem resil-
ience (Davis et al. 2013; Vale et al. 2015).

In Algeria, despite recent attempts to update 
the inventory of freshwater fishes (Bacha & Amara 
2007; Kara 2012; Mimeche et al. 2013; Guezi & 
Kara 2015; Morsi et al. 2015; Brahimi et al. 2017, 
2018; Guezi et al. 2017; Mouaissia et al. 2017; Mi-
meche & Oliva-Paterna 2018; Rabie et al. 2021), 
biological information on endemic cyprinids per-
sisting in Saharan aquatic refugia remains scarce. 
The main objective of this study is therefore to doc-
ument, for the first time, the occurrence of Lucio-
barbus biscarensis amguidensis in the Ramsar site 
Gueltates Afilal and to provide new information on 
its biology through analyses of morphometric vari-
ation and reproductive traits. Although this Saharan 
endemic has no direct commercial value due to its 
highly restricted distribution, it represents an im-
portant component of Algeria’s freshwater biodi-
versity and is of practical relevance for the manage-
ment of inland waters. The baseline data generated 
here are directly relevant for conservation planning 
and long-term monitoring of climate- and human-
driven impacts on fragile desert wetlands.

Materials and Methods
2.1. Study area
Gueltates Afilal, located approximately 65 km 
northeast of Tamanrasset, constitute a unique Saha-
ran aquatic ecosystem. These permanent rock pools 
are mainly supplied by Oued I-n-Dàladj, a seasonal 
watercourse originating south of Mount Tizouyag. 
Oued I-n-Dàladj is ~18.35 km long, and within 
the study reach it follows a straight, narrow chan-
nel typical of Saharan wadis (Ozenda 1983) (Fig. 
1). The study area is located at 23°08′58″ N and 
5°46′02″ E, at an average altitude of ~2100 m a.s.l., 
where high elevation contributes to distinctive local 
environmental conditions (Cohen G. N. & Monod 
J. (1957). The Gueltates Afilal wetland covers ap-
proximately 20,900 ha. It is designated as a Ramsar 
Wetland of International Importance (Ramsar Site 
Information Sheet, 2001), underscoring its role as 
a permanent aquatic refugium in the central Sahara 
that supports diverse flora and fauna, including rel-
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ict and endemic taxa. Accordingly, these gueltas 
represent local biodiversity hotspots of high con-
servation value under increasing pressures from cli-
mate change and desertification.

2.2. Physicochemical parameters
Water temperature (°C), pH, and salinity were meas-
ured in situ at Gueltates Afilal during each sampling 
visit using a portable multiparameter meter, follow-
ing standard field protocols for water-quality as-
sessment (Gobeze et al. 2023). Measurements were 
taken near the surface at a fixed sampling point to 
ensure consistency among visits.

2.3. Data collection and analysis
We examined 50 specimens of L. biscarensis am-
guidensis from Gueltates Afilal in the Hoggar re-
gion between October 2023 and September 2024 
(Fig.2). The fishing gear used was a beach seine 
with a mesh size of 4 mm. The meristic and metric 
characters were examined by reference to previous 
similar work on standard fish measurements (Si-
mon et al. 2010). The following twenty-two metric 
characters were measured: total length (TL), stand-
ard length (SL), cephalic length (CL), dorsal length 

(DL) pectoral length (PL), pelvic length (PvL), anal 
length (AL), pre-dorsal length (PdL), pre-pectoral 
length (PpL), pre-pelvic length (PpvL), pre-anal 
length (PaL), body height (BH), height of the cau-
dal peduncle (HcP), body thickness (BT), length of 
the upper left barb (LUlb), length of the lower left 
barb (LLlb), length of the upper right barb (LUrb), 
length of the lower right barb (LLrb), length of the 
upper maxilla (Lum), diameter of the orbit (DO), 
inter-orbital space (IOs), and inter-nasal space 
(Ins), are all measured to the nearest centimeter us-
ing a caliper. 

These measurements were analysed using 
reduced major axis regression following Teissier 
(1948) in order to assess the individual’s total length 
TL (cm) and cephalic length CL (cm). The total 
weight WT (g) was measured using a scale. In ad-
dition, seven numerical characters were taken into 
consideration: number of scales on the lateral line 
(NSLl), number of hard and soft rays in the dorsal 
fin (NRDh) (NRDs), number of rays in the pectoral 
fin (NRp), number of rays in the ventral (NRv) and 
anal fin (NRa), and finally, the number of vertebrae 
(Nvr). The distinction between mature and immatu-
re males and females is based on the shape of their 
genital papilla. A power regression was employed to 
represent the allometric relationships between leng-
ths and weights for each sex, using to the following 
relationship:

W = aTLb,

where TL signifies the total length in cm, b re-
presents the growth exponent or the length-length 
and length-weight factor, and a is the intercept con-
stant. The values of variables (a) and (b) were ob-
tained by using a linearized version of the previo-
us expression. This involved taking the logarithm 
(base 10) of both sides of the equation and esti-
mating the log values of (a) and (b) through linear 
regression analysis, specifically using the ordinary 
least squares method. Student’s t-test was applied to 
accept (or reject) the isometric growth hypothesis 
(Pauly1984).

Sex ratio (SR) was calculated as the male-to-
-female ratio (M:F) for the whole sample and within 
total-length (TL) size classes; individuals were gro-
uped into 2-cm length intervals and SR for each class 
was computed as: SR = number of males / number 
of females (Zar 2010).

The gonado-somatic index (GSI) is defined ac-
cording to the following formula:

GSI = ((gonad weight in g) ⁄ (total body weight 
in g) × 100.

Fig. 1. Sampling site at GueltatesAfilal, Hoggar, Algerian 
Sahara.
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Absolute fecundity was assessed by counting 
the total number of mature eggs observed in the ova-
ries of each female.

2.4. Statistical analysis
All statistical analyses were performed in R version 
4.1.2. Allometric relationships between morphome-
tric traits and body size were assessed using log–log 
linear regressions of each trait against total length 
(TL) or cephalic length (CL). The resulting slope (b) 
was interpreted as isometry (b = 1), positive allo-
metry (b > 1), or negative allometry (b < 1). PCA 
was applied separately on CL- and TL-related traits 
to explore morphological variation. Sexual dimor-
phism was tested using Student’s t-tests comparing 
males and females (α = 0.05). Length–weight re-
lationships were analysed by sex, and the Gonad-
osomatic Index (GSI) was calculated and compared 
between sexes. Correlation analysis was used to 
examine the relationship between egg number, total 
weight, and total length. Boxplots and scatterplots 
were used to visualize GSI variations across sex and 
body weight, following Rabie (2025). 

Results
3.1. Environmental physicochemical parameters
The water temperature at our sampling site (Guel-
tates Afilal) varies between the relatively cold pe-
riod (November-February: 11.5 ± 2.14°C) and the 
warm period (March-October: 24.2 ± 5°C), result-
ing in an annual average of 20.1 ± 5.5°C. The pH 
value (8.2) and salinity (0.97 g/l) indicate a moder-
ately alkaline, freshwater environment.

 3.2. Meristic characters
Meristic counts showed limited variation between 
sexes. The number of hard dorsal-fin rays (NRDh) 
was similar in females (7.90 ± 0.30) and males (7.72 
± 0.45). Likewise, the number of pectoral-fin rays 
(NRp) was comparable between sexes (females: 
19.66 ± 0.85; males: 19.79 ± 0.55) (Table 1). Over-

all, the meristic formula of L. biscarensis amguiden-
sis from Gueltates Afilal (both sexes combined) can 
be expressed as D: 7–8, A: 6–7, V: 9–10, P: 18–21, 
SLl: 46–48, Vr: 33–35.

3.3. Metric characters
Morphometric traits were strongly and significantly 
associated with body size, with all measurements 
showing significant correlations with total length 
(TL) or cephalic length (CL) (all r ≥ 0.50, all p < 
0.001). Log–log regressions revealed contrasted al-
lometric patterns depending on the reference metric 
(Fig. 3): CL-based analyses were dominated by pos-
itive allometry among most cranial traits, whereas 
TL-based analyses showed predominantly negative 
allometry across most body traits, with only a few 
measurements displaying positive or near-isometric 
scaling.
3.3.1. Cephalic Traits (CL-related)
Relative to cephalic length (CL), most cranial traits 
exhibited positive allometry, indicating dispropor-
tionate enlargement of several head structures with 
increasing head size (Fig. 3a). The only exception 
was upper maxilla length (LUM), which showed 
negative allometry (b < 1). The strongest positive 
allometry was observed for barbel lengths (LUrb, 
LUlb, LLrb and LLlb), as well as DO, IOS and INS, 
suggesting accelerated growth of sensory and feed-
ing-related structures relative to CL (Fig. 3a).

PCA of CL-related traits showed that PC1 ex-
plained 64.3% of the variance and was mainly as-
sociated with positive loadings of barbel-length 
variables (LUrb, LUlb, LLrb and LLlb), reflecting 
coordinated variation among these cranial measure-
ments (Fig. 4a). PC2 (14.6%) was characterized by a 
strong positive loading of LUM, largely opposed to 
traits loading in the opposite direction (notably DO 
and IOS), indicating that variation in LUM repre-
sents a secondary axis of cranial differentiation rela-
tive to the other head traits (Fig. 4a).

3.3.2. Body Morphometrics (TL-related)
Relative to total length (TL), most body traits ex-
hibited negative allometry (b < 1) (Fig. 3b). Positive 
allometry was restricted to pre-dorsal length (PDL) 
and body height (BH), whereas pectoral fin length 
(PL) and pre-pectoral length (PPL) were close to 
isometry (b = 1) (Fig. 3b).

PCA of TL-related traits indicated that PC1 
accounted for 71.1% of the variance and was pri-
marily associated with a positive loading of PDL, 
while several traits loaded in the opposite direction 
(including PL, PPVL, PPL and PAL), capturing the 
dominant gradient of body-shape variation among 

Fig. 2. Luciobarbus biscarensis amguidensis  (Cyprini-
dae) specimen collected from GueltatesAfilal, Algerian 
Sahara.
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Table 1. Meristic characteristics of Luciobarbus biscarensis amguidensis (Cyprinidae) from GueltatesAfilal (Hoggar 
region, Algerian Sahara).

Meristic characters
Females (n = 21) Males (n = 29)

min max mean ± SD min max mean ± SD
Number of (NRDh) 7 8 7,90± 0,30 7 8 7,72± 0,45
Number of (NRDs) 1 1 1± 0 1 1 1± 0
Number of (NRp) 18 21 19,66± 0,85 18 20 19,79± 0,55
Number of (NRv) 9 10 9,90± 0,30 9 10 9,90± 0,30
Number of (NRa) 6 7 6,90± 0,30 6 7 6,90± 0,30
Number of (NSLl) 46 48 47,85± 0,47 46 48 47,55± 0,45
Number of (Nvr) 33 35 34,52± 0,67 33 35 34,52± 0,67

Fig. 3. Allometric growth patterns of morphometric traits in L. biscarensis amguidensis from GueltatesAfilal, Algerian 
Sahara, relative to (a) cephalic length (CL) and (b) total length (TL). Traits are color-coded by growth type: isometry 
(red), majorant (green), and minorant (blue).

Fig. 4. Principal Component Analysis (PCA) loadings plot for morphometric traits of L. biscarensis amguidensis from 
Gueltates Afilal, Algerian Sahara: (a) traits relative to cephalic length (CL), and (b) traits relative to total length (TL).
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TL-related measurements (Fig. 4b). PC2 explained 
11.3% of the variance and reflected additional con-
trasts among traits, with SL, PVL, DL and AL tend-
ing to load positively, whereas PAL and BT loaded 
negatively, highlighting secondary variation related 
to posterior-body dimensions and body thickness 
(Fig. 4b).

3.3.3. Sexual Dimorphism 
Sexual dimorphism was formally evaluated using 
Student’s t-tests comparing male and female PCA 
scores. For CL-related traits, males and females 
overlapped broadly in the ordination space (Fig. 
5a), and no significant differences were detect-
ed between sexes for PC1 (p = 0.066) or PC2 (p 
= 0.407). Similarly, for TL-related traits, the two 
sexes showed substantial overlap (Fig. 5b), with no 
significant differences for PC1 (p = 0.885) or PC2 
(p = 0.967). Overall, these results indicate minimal 
sexual dimorphism in multivariate morphology 
within this population, and PCA is presented here 
as a complementary visualization of the overlap be-
tween sexes.

3.3.4. Overall Growth Patterns
These findings demonstrate a clear dichotomy in 
growth patterns: cranial traits exhibit positive allom-
etry, whereas most postcranial traits show negative 
allometry, except for PDL and BH. PCA analyses fur-
ther support these observations, highlighting integrat-
ed cranial growth and relatively conserved postcra-
nial proportions, with minimal sexual dimorphism.

3.4. Length-Weight Relationship
Length–weight relationships were fitted separately 
for females and males using log–log regressions 
(Fig. 6). Females showed a higher allometric coef-
ficient (b = 3.04) than males (b = 2.70). Sex-related 
differences in length–weight scaling were formally 
tested using ANCOVA on log-transformed data 
(log(TW) ~ log(TL) × Sex). The interaction term 
was not significant (F = 2.17, p = 0.148), indicat-
ing no statistically supported difference in slope be-
tween sexes. Nevertheless, females showed larger 
size and higher body mass than males (Table 2), 
reaching a maximum TL of 27.0 cm and TW of 167 
g, whereas males reached 19.7 cm and 71 g; mean 

Fig. 5. Principal Component Analysis (PCA) scores plot for morphometric traits of L. biscarensis amguidensis from 
Gueltates Afilal, Algerian Sahara: (a) traits relative to cephalic length (CL), and (b) traits relative to total length (TL). 
Sexes are color-coded (M = red, F = blue).
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TL and TW were also higher in females (16.48 cm; 
50.89 g) than in males (13.23 cm; 22.49 g).

3.5. Reproductive Parameters
The sex ratio of L. biscarensis amguidensis from 
Gueltates Afilal was slightly male-biased (1.38:1.0) 
but not statistically significant (χ² = 1.38, p = 0.98). 
Males predominated in smaller size classes (10–18 
cm), whereas females became increasingly domi-
nant in larger size classes (≥22 cm), as shown in the 
length-frequency distribution (Fig.7).

Gonadosomatic index (GSI) analysis revealed 
pronounced sexual dimorphism. Females exhib-
ited markedly higher GSI values (mean ± SD: 26.4 
± 6.8%, range: 10–40%) than males (9.8 ± 1.2%, 
range: 8–12%) (Fig. 8). This difference was statisti-
cally supported (Mann–Whitney U test: U = 512, 
p < 0.001), indicating greater reproductive invest-
ment in females. GSI showed a negative relation-
ship with body weight in both sexes (Fig. 9), with 
significant negative correlations in females (Spear-
man’s ρ = −0.896, p < 0.001) and males (Spear-
man’s ρ = −0.747, p < 0.001), suggesting a decline 
in relative reproductive investment with increasing 
body size.

Absolute fecundity ranged from 92 to 890 
eggs (mean ± SD: 420 ± 240.5), showing strong 
positive correlations with total length (r = 0.98) and 

Table 2. Summary statistics (minimum–maximum and mean ± SD) of total length (TL, cm) and total weight 
(TW, g) for Luciobarbus biscarensis amguidensis from Gueltates Afilal.

Group n TL (cm) min–max (mean ± SD) TW (g) min–max (mean ± SD)
Females 21 10.0–27.0 (16.48 ± 5.44) 5.0–167.0 (50.89 ± 52.04)
Males 29 10.0–19.7 (13.23 ± 2.06) 8.5–71.0 (22.49 ± 12.70)
Total 50 10.0–27.0 (14.59 ± 4.14) 5.0–167.0 (34.42 ± 37.39)

Fig. 6. Length-weight relationship (log-log scale) for L. 
biscarensis amguidensis from Gueltates Afila, Algerian 
Sahara, by sex: females (F, red) and males (M, blue).

Fig. 7. Sex ratio (%) of L. biscarensis amguidensis across 
size classes (cm) from Gueltates  Afilal, Algerian Sahara.

Fig. 8. Gonadosomatic index (GSI, %) of L. biscarensis 
amguidensis from Gueltates Afilal, Algerian Sahara, by sex 
(M = males, F = females).

Fig. 9. Relationship between gonadosomatic index (GSI, 
%) and body weight (BW) in L. biscarensis amguiden-
sis from Gueltates Afilal, Algerian Sahara, by sex (M = 
males, F = females).
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total body weight (r = 0.95), indicating that larger 
females produce disproportionately more eggs.

Discussion
The present study identified key morphometric 
and reproductive traits of the indigenous fish spe-
cies L. biscarensis amguidensis (Cyprinidae) from 
Gueltates Afilal in the Hoggar region of the Alge-
rian Sahara. The largest total length recorded in this 
study (27 cm) was smaller than previous reports for 
L. biscarensis amguidensis in North Africa (32 cm; 
Le Berre 1989) and Tunisia (30 cm; Kraiem 1994). 
Importantly, a related Algerian barbel from a cli-
matically harsh, semi-arid region (Biskra) reached 
substantially larger sizes: Luciobarbus callensis at-
tained a maximum total length of 40.2 cm in the Ga-
zelle Fountain Dam (Mimeche 2008), whereas much 
larger sizes have also been reported from northern 
impoundments such as Hamiz Dam (51 cm; Rouis 
et al. 2012).

Reduced body size in fish populations can have 
important consequences for population dynamics 
and individual fitness. In the Saharan population of 
L. biscarensis amguidensis from Gueltates Afilal, 
the relatively small maximum size observed (27 
cm) likely reflects energetic constraints imposed by 
this refugial habitat, where limited food availability 
and thermal stress may favor earlier maturation at 
smaller sizes. Such life-history trade-offs can influ-
ence demographic structure and overall fitness, par-
ticularly in resource-limited environments (Bazin 
et al. 2023). Similar patterns have been reported in 
other desert fishes. For example, the Amargosa pup-
fish exhibited marked reductions in body size and 
associated morphological shifts in response to an-
thropogenic warming, supporting the view that ris-
ing temperatures and related ecological changes can 
promote smaller body sizes and altered life-history 
traits (Lema et al. 2019).

Regression analyses of morphometric param-
eters relative to total length indicated that several 
traits (SL, PDL, PPVL, PAL) exhibited near-iso-
metric growth, suggesting that the overall body 
proportions of Barbus species remain largely con-
stant throughout their life cycle (Hunt & Jones 
1975). Meristic characteristics observed in the 
present study were consistent with earlier reports 
from North African populations of L. biscarensis 
amguidensis (Le Berre 1989), reinforcing the reli-
ability of morphometric traits for intraspecific com-
parisons. Morphometric variation in Barbus can be 
influenced by genotype, water quality, feeding hab-
its, interspecific interactions, environmental condi-

tions, and habitat type (Verep et al. 2006, Peres-
Neto &Magnan 2004). Such plasticity highlights 
the potential adaptive responses of this species to 
environmental variability(Hinder & Jonsson 1993, 
Osuka & Mlewa 2012).

The length-weight relationship revealed sexu-
al differences in growth patterns. Females showed 
positive allometric growth (b = 3.04), while males 
displayed near-isometric or slightly negative al-
lometry (b = 2.70), consistent with observations in 
related species such as L. callensis (Penczak & Mo-
linski1984, Mouaissia 2018, Mimeche et al. 2013, 
Allalgua et al. 2025). Differences in the allomet-
ric coefficient (b) may reflect variations in feeding 
availability, physiological status, and gonadal devel-
opment (Wotton 1995, Zdanowski et al. 2001).

The sex ratio of L. biscarensis amguidensis 
(1.38 M:1.0 F) was slightly male-biased but not sta-
tistically significant (χ² = 1.38, p = 0.98), similar to 
theoretical expectations (1:1) and previous studies 
in Algerian populations of L. biscarensis amguiden-
sis (Rouis et al. 2012, Aberkane et al. 2018). Males 
predominated in smaller size classes, whereas fe-
males became more frequent in larger size classes, 
reflecting growth- and maturation-related sex distri-
bution, as previously reported in other Luciobarbus 
species.

Gonadosomatic index (GSI) values indicated 
pronounced sexual differences in reproductive in-
vestment. Females devoted a substantially larger 
proportion of body resources to gonad development 
(26.4 ± 6.8%) than males (9.8 ± 1.2%), consistent 
with the sex-related differences observed in so-
matic growth patterns. Comparable female-biased 
reproductive investment has been reported in other 
North African barbels, including Luciobarbus cal-
lensis from northern Algerian systems (Rouis et al. 
2012; Morsi et al. 2015). In females, GSI tended to 
decline with increasing body weight, suggesting re-
duced relative allocation to reproduction in larger 
individuals, whereas males maintained consistently 
lower values. Absolute fecundity ranged from 92 to 
890 eggs (420 ± 240.5) and increased strongly with 
both total length (r = 0.98) and body weight (r = 
0.95), indicating that larger females contribute dis-
proportionately to population reproductive output, a 
pattern also commonly observed in cyprinids and re-
gional Luciobarbus populations (Rouis et al. 2012; 
Morsi et al. 2015).

In semi-arid and seasonally variable aquatic 
systems—particularly Saharan gueltas—many fish 
species exhibit short, highly synchronized spawning 
periods that coincide with brief hydrological pulses 
following rainfall. In L. biscarensis amguidensis 
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from Gueltates Afilal, the main reproductive win-
dow occurs between March and May, corresponding 
to the post-rain hydrological pulse typical of Saha-
ran refugia. This timing likely tracks the period of 
greatest water depth and productivity, which may 
enhance larval survival and reflects adaptation to 
strongly seasonal environments (Chellappa et al. 
2009; Tyler et al. 2021).

Conclusion
This study provides the first site-specific docu-
mentation and the first detailed morphometric and 
reproductive baseline for Luciobarbus biscarensis 
amguidensis from the permanent rock pools (guel-
tates) of the Ramsar-listed Gueltates Afilal in the 
Hoggar region (central Algerian Sahara). The popu-
lation showed clear allometric patterns in both cra-
nial and body traits, pronounced sex differences in 
reproductive investment (GSI), and a strong posi-
tive relationship between female size and fecundity. 
Although slope differences in length–weight scaling 
between sexes were not statistically supported, fe-
males tended to attain higher body mass and reached 
larger maximum sizes than males. Overall, these 
data establish a much-needed biological reference 
for an isolated Saharan population and emphasize 
the conservation importance of gueltates as fragile 
freshwater refugia facing increasing climatic and lo-
cal pressures.
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