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Abstract

This study aimed to describe and quantify meristic characters, measure morphometric traits, and conduct molecular characterization of|
Malapterurus spp. collected from two locations: Kosti (White Nile) and Khashm EI Girba (Atbara River). A total of 13 specimens were obtained from
each site. Meristic and morphometric data were analyzed using descriptive statistics, regression analysis, and correlation matrices. Molecular anal-
ysis was performed using DNA barcoding of the mitochondrial Cytochrome Oxidase I gene to infer phylogenetic relationships between specimens
from both locations and to compare them with reference sequences from GenBank. Meristic counts did not show significant differences between the
two populations (p=0.05). However, morphometric analyses revealed statistically significant differences (p< 0.05-0.001) in several morphological
traits. While meristic traits and PCR amplicon patterns were largely similar, variations in morphology and Cytochrome Oxidase I sequences suggest|
that the Khashm El Girba population may represent a subspecies of M. electricus or a cryptic species within the genus Malapterurus. Further compre-
hensive studies across the Nile River system, including its tributaries and reservoir lakes, are recommended to determine whether these populations

represent a distinct subspecies of M. electricus, a new species, or previously unrecognized cryptic diversity within Malapterurus.
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Introduction

Fish represent a vital source of nutrition for humans and hold
substantial economic value as both a commodity and a source
of income. Beyond their dietary importance, fish also provide
various products such as pharmaceutical compounds, oils, and
leather [1]. Additionally, fish play significant roles in cultural
practices, including rituals, festivals, ceremonies, and ethno-
medicinal traditions, and are even used in black magic in some
African societies [2]. Among the 31 families of catfishes (Order:
Siluriformes), only the family Malapteruridae is known to possess
an electric organ [3]. These specialized organs generate electric
discharges used primarily for defense and territorial behavior,
with the intensity of the discharge often varying depending on
whether the intruder is a conspecific or not [4].

The species Malapterurus electricus is widely distributed
across Africa, particularly within the Sudanian ichthyofaunal
province [5]. This species can reach a standard length of up to

122cm and a body weight of approximately 20kg. Morphologically,
it is characterized by a grayish-brown dorsum and flanks, with
the ventral surfaces being off-white to cream-colored [6]. The
electric organ of M. electricus is capable of producing intermittent
discharges ranging from 300 to 400volts, with discharge
amplitude increasing proportionally with body size [4].

Sagua [7] described Malapterurus minjiriya as a new species
from Lake Kainji, Nigeria. This species is generally large and
greyish in appearance, while M. electricus exhibits a pale yellowish
coloration when freshly caught. Morphologically, M. minjiriya
has a wide head, mouth, and snout in contrast to M. microstoma,
which possesses a narrower mouth and snout. M. minjiriya has
been molecularly characterized by Oladipo et al. [8] from Nigerian
inland water bodies and is reported to be widely distributed
throughout the Niger River and Volta River systems [7]. It has
also been recorded in the White Nile tributaries in Ethiopia and
the Omo River [9], and was more recently documented from
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floodplain rivers in Alitash National Park, Ethiopia [10]. These
distribution patterns place both M. electricus and M. minjiriya
within the Sudanian ichthyofaunal province.

A comprehensive taxonomic revision of the family
Malapteruridae was conducted by Norris [11], who described
14 new species and reorganized the family into two genera:
Malapterurus, comprising 16 species divided into “broad-
mouth” and “small-mouth” groups based on oral morphology,
and Paradoxoglanis, comprising three species. Norris noted that
taxonomic challenges were encountered during examination of
preserved specimens, particularly due to post-mortem shrinkage
and deformation caused by the high fleshiness of these fishes.

The use of meristic counts, morphometric measurements, and
molecular genetic tools has become essential in modern taxonomic
studies, providing more reliable species identification compared
to traditional morphological indices [12]. The advancement of
DNA barcoding has further facilitated species identification and
phylogenetic comparisons through reference databases such as
GenBank and the Barcode of Life Database [13]. Recent genomic
studies, such as the complete mitochondrial genome sequencing of
M. electricus by Li & Jiang [14], have enhanced our understanding
of phylogenetic relationships within Siluriformes, using analyses
of 13 protein-coding genes across 43 species.

The present study aims to identify Malapterurus species
collected from Kosti and Khashm El Girba employing meristic

counts and morphometric measurements; and DNA barcoding
of the cytochrome oxidase 1 (COI) gene region to construct
phylogenetic relationships and compare the sequences with
existing data in the GenBank database.

Material and Methods

A total of 26 Malapterurus specimens were collected,
comprising 13 individuals from Kosti (White Nile) and 13 from
Khashm El Girba (Atbara River). From each specimen, tissue
samples approximately 0.5cm? in size were excised from the dorsal
fin and the first gill arch using sterilized, autoclaved instruments
to avoid contamination. Each tissue sample was placed in an
individual sterile tube and preserved in 100% molecular-grade
ethanol for subsequent DNA analysis.

Whole fish specimens were stored on ice immediately after
collection to maintain tissue integrity and were transported to
the Department of Zoology, University of Khartoum. Upon arrival,
specimens were subjected to meristic counts, morphometric
measurements, and molecular procedures.

Meristic counts and morphometric measurements

From each identified specimen three meristic counts and
15 morphometric measurements (Figure 1 & 2, Table 1) were
recorded from the left side of each fish specimen using a measuring
board, a tape and a vernier caliper as appropriate.

Table 1: Morphometric measurement and meristic counts of Malapterurus sp.

Trait Code Description
Meristic Counts
Anal fin ray AFR Number of anal in the caudal fin.
Caudal fin rays CFR Number of rays in the caudal fin.
Pelvic fin rays PVFR Number of rays in the pelvic fin.
Morphometric Measurements
Total length TL From the tip of the upper jaw to the end of the caudal fin
Standard length SL From the tip of the upper jaw to the tail base.
Head length HL From the rostral tip of upper jaw to operculum.
Snout length SNL From the upper tip to the fleshy anterior edge of the orbit.
Lower jaw length LJL From the snout tip and posterior edge of maxilla.
Eye diameter ED The greatest bony diameter of the orbit.
Anal fin length AF From base of first anal spine to base of last anal ray.
Pre-anal length PAL From the upper tip to the origin of the anal fin.
Pre-pectoral length PPL From the upper tip to the origin of the pectoral fin.
Pre-pelvic length PPeL From of the upper tip to the origin of the pelvic fin.
Caudal fin length CFL From its insertion to its outermost free end.
Pectoral fin length PFL From base to tip of the pectoral fin.
Mouth height MH Vertical length of the mouth when completely open.
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Figure 1: Malapterurus electricus.
~
Figure 2: Malapterurus from Khashm El Girba (AdF=adipose fin, LL= lateral line).
DNA extraction using potassium acetate (KAc): slight modifications. Approximately 100uL of extraction buffer—

composed of 1% sodium dodecyl sulfate (SDS), 50mM Tris-HCI,
25mM NaCl, and 25mM EDTA, adjusted to pH 8.0—was added
to each tissue sample in a 1.5mL microcentrifuge tube. If the pH

Genomic DNA was extracted from preserved tissue samples
following the protocol described by Ghossein et al. [15], with

How to cite this article: Esraa YA Abdelrasoul, El Sadig A Hagar, Mai A Masri, Zuheir N Mahmoud. Meristic, Morphological and Molecular Characteristics
“ of Malapterurus electricus (Gmelin, 1789) from the White Nile and a Cryptic Malapterurus sp., from Atbara River, Sudan. Int J Environ Sci Nat Res. 2025;
36(2): 556433. DOI: 10.19080/IJESNR.2025.36.556433


http://dx.doi.org/10.19080/IJESNR.2025.36.556433

International Journal of Environmental Sciences & Natural Resources

exceeded 8.0, dilute HCI was added; if lower, NaOH was used to
adjust the pH. The tissue was homogenized gently using a sterile
glass rod.

Samples were incubated at 68°C for 15 minutes in a water bath.
Following this, 100uL of 0.099M potassium acetate (KAc) was
added to each tube, which were then placed on ice for 45 minutes
and gently inverted periodically to ensure uniform distribution.
The samples were centrifuged at 14,000rpm for 10 minutes to
pellet cellular debris and protein precipitates. The supernatant
was transferred to a new tube, and this centrifugation step was
repeated twice for thorough purification.

DNA was precipitated by adding 600uL of absolute ethanol and
incubating the samples at -20°C for at least 2 hours or overnight.
After precipitation, tubes were centrifuged at 14,000rpm for 15
minutes, and the supernatant was discarded. The DNA pellet
was washed with 100pL of 70% ethanol and centrifuged again
at 14,000rpm for 10 minutes. This washing step was repeated,
followed by a final wash with absolute ethanol. Tubes were
inverted on sterile tissue paper and air-dried for approximately
2 hours. DNA purity and concentration were assessed using a
NanoDrop spectrophotometer (Model: DN1000).

Polymerase chain reaction (PCR)

Amplification of the mitochondrial cytochrome c oxidase
subunit I (COI) barcode region was performed using a cocktail of
four oligonucleotide primers:

F2_t1: 5'-TGT AAA ACG GCC AGT CAA ACC ACA AAG ACATTG
GCA C-3'

FishF2_t1: 5'-TGT AAA ACG GCC AGT CGA CTA ATC ATA AAG
ATA TCG GCA C-3'

FishR2_t1: 5'-CAG GAA ACA GCT ATG ACA CTT CAG GGT GAC
CGA AGA ATC AGA C-3’

FR1d_t1: 5'-CAG GAA ACA GCT ATG ACA CCT CAG GGT GTC
CGA ATA AYC ARA A-3’

PCR reactions were prepared using a commercial PCR premix
(Vivantis) in a final volume of 25uL, containing 10pmol of each
primer, 2uL of extracted DNA (270-450ng/uL), and 14uL of
nuclease-free distilled water.

The PCR thermal cycling protocol was as follows:

Initial denaturation at 94°C for 1 minute, 35 cycles of:
Denaturation at 94°C for 15 seconds, Annealing at 54°C for 25
seconds, Extension at 72°C for 1 minute, Final extension at 72°C
for 5 minutes and Hold at 4°C.

Optimal results were obtained by adjusting the cycling
conditions to 30 cycles and lowering the annealing temperature
to 49°C. Reactions were performed using a Bioneer thermal cycler.

Amplification success was verified by electrophoresis on a
2% agarose gel in 1x TBE buffer. Gels were stained with ethidium
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bromide, and bands were visualized under UV light. A 100bp DNA
ladder (Vivantis) was used as a molecular size marker.

Sequencing and sequence analysis

PCR products were purified and commercially sequenced bi-
directionally at BGI (China). Raw sequence data were assembled,
visually inspected, and edited using MEGA version 6.06. Multiple
sequence alignment was performed using the MUSCLE algorithm
integrated within MEGA.

Statistical and phylogenetic analysis

Morphometric and meristic data were analyzed using
Microsoft Excel (Version 10.0). Student’s t-tests were conducted
to compare the mean values of traits between the two collection
sites. Regression analyses were performed to assess correlations
among morphometric traits.

Phylogenetic analysis of COI sequences was conducted
using MEGA X and GenAlEx 6.5 software. A phylogenetic tree
was constructed to visualize genetic relationships among the
Malapterurus specimens and to compare them with reference
sequences from GenBank.

Results
Morphological characterization

The collected specimens of Malapterurus spp. exhibit a fleshy,
elongated, and nearly cylindrical body characteristic of members
of the family Malapteruridae. The body surface is soft and devoid
of scales or spines, presenting a smooth integument.

The coloration pattern is generally pale brown to gray,
irregularly marked with distinct dark or black blotches distributed
along the bod back.

The head is relatively broad and slightly depressed anteriorly.
Eyes are small, circular, and laterally positioned, reflecting
adaptation to turbid or low-light habitats. The lips are thick and
fleshy, surrounding a wide terminal mouth. Two short maxillary
barbels are present on the upper jaw, while four longer mandibular
barbels arise from the lower jaw margins.

The pectoral and anal fins are rounded, each supported by 6-8
soft fin rays, and are inserted approximately midway between the
snout tip and the caudal base. The anal fin is long and bears 10-12
soft rays. The adipose fin is located posteriorly and dorsally just
before the caudal fin.

The caudal fin is rounded and with 16-19 rays, giving the
posterior end a blunt appearance.

The lateral line originates above the base of the pectoral fin and
extends continuously to the middle of the caudal peduncle.

However, variations in pigmentation intensity and fin ray
counts noted between the two populations, were illustrated in
Figure 3 and summarized in Table 2.
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Table 2: Morphological differences between Malapterurus sp. from Kosti and Khashm El Girba.

Trait Kosti Khashm El Girba
Lateral line Irregular, not straight. Nearly straight.
Head shape Pointed. Rounded.
Pigmentation is distributed almost uniformly over both dorsal | Larger spots concentrated near the
Body pigments and ventral surfaces. mid-ventral line.
Adipose fin
attachment Continuous with and attached to the body. Detached from the body.
Caudal fin
shape Truncate and fan like. Rounded.
Caudal fin
colouration Predominantly black with a pale, creamy margin. Uniformly pale grey.
Smooth, cylindrical (torpedo-like)
Body shape Non-cylindrical, with a distinct dorsal hump. shape.

Figure 3: Posterior part of Malapterurus from Kosti (left) and from Khashm El Girba (right).

Overall, the diagnostic traits confirm that all examined
individuals belong to the genus Malapterurus, sharing typical
morphological adaptations of electric catfishes.

The comparative morphological assessment of Malapterurus
specimens from Kosti and Khashm El Girba (Figure 3, Table 2)
reveals several consistent external distinctions suggestive of
ecological or population-level differentiation. The lateral line in
Kosti individuals is irregular and slightly undulating, whereas in
Khashm El Girba specimens it remains nearly straight, indicating
possible variation in the mechanosensory system associated with
local hydrodynamic or substrate conditions. Head morphology
also differs, being pointed in Kosti fish and rounded in those from
Khashm El Girba.

36(2): 556433. DOI: 10.19080/IJESNR.2025.36.556433

The adipose fin is continuous with the body in Kosti individuals
but distinctly separated in specimens from Khashm El Girba. This
difference may hold taxonomic relevance or reflect adaptation
to differing swimming efficiencies. The caudal fin of Kosti fish
is truncate and fan-shaped, suited for brief periods of rapid
movement, while that of Khashm El Girba specimens is rounded,
enhancing maneuverability in different water currents. Coloration
of the caudal fin further distinguishes the two populations: Kosti
individuals display a predominantly black fin with a pale margin,
whereas those from Khashm El Girba exhibit a uniform pale grey
coloration, potentially linked to visual signaling.

Body shape varies markedly between populations. Kosti
fish possess a non-cylindrical form with a distinct dorsal hump,
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while Khashm El Girba specimens are more cylindrical and
streamlined, possibly reflecting adaptation to faster or deeper
waters. Pigmentation patterns also differ: Kosti specimens exhibit
broader interspaces between irregular blotches, with dense
melanophore concentration toward the posterior region, whereas
Khashm El Girba individuals show narrower interspaces and more
continuous pigmentation along the mid-ventral line. The anal fin
in Kosti fish is rounded, contrasting with the longer, tapering form
in Khashm El Girba individuals.

These differences probably resulted from environmental
factors and need more study to interpret their taxonomic
importance.

Descriptive statistics

The results in Table 3 show meristic count comparisons
between Malapterurus electricus and M. minjiriya from Kosti and
Khashm El Girba. The mode was used as a descriptive measure,
and t-tests were applied to compare the traits. For AFR, PVFR, CFR,
the calculated t-values (0.8435, 1.5751, and 1.1010) are lower
than the tabulated t-value (2.101) at the significance level a=0.05.
Corresponding p-values (0.4084, 0.1302, 0.3300) all exceed 0.05,
indicating that there are no statistically significant differences
between the two populations for these meristic traits (Table 3).

Table 3: Mode and t-test of meristic counts of Malapterurus sp. from Kosti and Khashm El Girba.

M. electricus M. minjiriya
Trait t-cal. t-tab. p-value
Mode Range Mode Range
AFR 10 10-12 10-12 10-12 0.8435 2.101 0.4084
PVFR 6 6-8 6 6-6 1.5751 2.101 0.1302
CFR 17 16-17 18 17-19 1.101 2.101 0.33

A comparative analysis of morphometric traits between
Malapterurus specimens collected from Kosti and Khashm El
Girba (Table 4) revealed that the majority of traits did not differ
significantly between the two populations (p>0.05). This indicates

a high degree of morphological similarity, suggesting that these
populations may belong to the same species or exhibit only minor
geographical variation.

Table 4: Descriptive statistics of the morphometric measurements of Malapterurus sp. from Kosti and Khashm EI Girba (measurements in cm,

weight in g).
Kosti Khashm El Girba
Trait t-calc. t-tab. p-value
Mean +SD Range Mean +SD Range

BW 323.85+121.97 180-540 317.5+125.17 150-160 0.029 2.101 0.978
TL 27.2%3.23 22.2-33 28.21+3.03 22.5-33.8 0.787 2.101 0.442
SL 23.21+2.47 19.5- 28 23.96+2.64 19.42-8.8 0.866 2.101 0.398

PVFL 2.21+0.27 1.8-2.5 2.08+0.23 1.8-2.5 0.622 2.101 0.532
PFL 2.35%£0.33 1.8-3.1 2.47+0.31 2-3 1.032 2.101 0.327
PAL 17.43+2.60 14.4-23.5 18.35+1.94 15-21 2.921 2.101 0.017

PPCL 5.38+0.58 4.7-6.7 4.92+0.79 3.8-6.4 1.317 2.101 0.22

PPVL 14.29+1.62 11.8-16.1 14.45+1.39 12.3-16.5 1.049 2.101 0.321

LAFB 3.45+0.47 2.9-4.4 3.14+0.55 2-3.7 1.258 2.101 0.24
MH 1.1+0.47 0.5-1.8 1.85+0.47 1.3-25 9.026 2.101 0.001
UJL 1.81+0.75 0.9-3.5 1.63+0.28 1.3-2.1 0.868 2.101 0.408
LJL 1.88+0.65 1.1-3.2 1.45+0.18 1.1-1.7 1.396 2.101 0.196
LCP 3.58+0.51 2.8-4.5 3.26+0.60 2.3-4.2 1.184 2.101 0.267
SNL 2.88+0.56 1.7-3.7 2.63+0.32 2.2-3.2 1.056 2.101 0.318
ED 0.62+0.12 0.4-0.8 0.53+0.08 0.4-0.7 2.372 2.101 0.042
DCP 3.34+0.50 2.5-4.4 3.08+1.11 1.2-5.2 0.699 2.101 0.502

Specifically, traits such as body weight (BW), total length (TL),
standard length (SL), pelvic fin length (PVFL), pectoral fin length
(PFL), prepectoral length (PPCL), prepelvic length (PPVL), length
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of adipose fin base (LAFB), upper jaw length (UJL), lower jaw
length (LJL), length of caudal peduncle (LCP), snout length (SNL),
and depth of caudal peduncle (DCP) all showed no statistically
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significant differences (p>0.05). The calculated t-values for these
traits remained below the critical value (t-tab. =2.101), reinforcing
the absence of significant morphological divergence. However,
three traits exhibited statistically significant differences between
the populations:

a)  Preanal Length (PAL): Individuals from Khashm El Girba
had significantly longer preanal lengths (p=0.017), suggesting a
potential variation in body proportion.

b) Maximum Head Height (MH): A highly significant
difference was observed in head height (p = 0.001), with
Khashm El Girba specimens showing greater values. This trait
may reflect ecological or functional adaptations specific to local
environmental conditions.

c¢) Eye Diameter (ED): Also differed significantly (p=0.042),

with larger values in the Kosti population. This may relate to
sensory adaptations.

These significant differences in MH, PAL, and ED could
represent localized adaptations, intraspecific variation, or the
presence of cryptic diversity. Nonetheless, as the majority of
morphometric traits remain statistically indistinguishable, the
overall morphological divergence between the two populations
appears limited.

Linear regression analyses (Table 5) were conducted to
examine the relationships between various morphometric
traits (dependent variables) and standard length (independent
variable) in Malapterurus spp. populations from Kosti and
Khashm El Girba. The results show a high degree of linearity in
several traits, although the strength and significance of these
relationships varied between traits and populations.

Table 5: Regression between standard length and the other morphometric measurements (cm) of Malapterurus sp. collected from Kosti and

Khashm El Girba.

Kosti Khashm El Girba
Trait cm
Regression Equation r-calc. p-value Regression Equation r-calc. p-value
TL Y=1.256X-1.777 0.992 0.0001 Y=1.130 X + 0.951 0.985 0.0001
PVFL Y =0.064X + 0.680 0.63 0.05 Y=0.074X+0.303 0.852 0.002
PFL Y =0.070X+0.719 0.569 0.086 Y=0.083X+0.477 0.71 0.021
PAL Y =0.650X + 1.80 0.939 0.0001 Y =0.683X+1.994 0.929 0.0001
PPCL Y =0.158X+1.66 0.895 0.0005 Y=0.461X+3.306 0.803 0.005
PPVL Y =0.475X + 3.168 0.755 0.011 Y =0.465X +3.306 0.885 0.0007
LAFB Y =0.163X-0.305 0.863 0.001 Y=0.138X-0.172 0.659 0.038
MH Y =0.085X - 0.968 0.598 0.324 Y=0.074 X+ 0.069 0.42 0.227
UJL Y=0.123X-1.315 0.738 0.015 Y=-0.041X+2.61 0.394 0.26
LJL Y =0.114X- 0.972 0.856 0.009 Y=0.045X+0.371 0.668 0.035
LCP Y =0.187X - 0.696 0.856 0.002 Y=0.188X-1.252 0.833 0.003
SNL Y =0.105X + 0.443 0.475 0.199 Y=0.110X-0.005 0.914 0.0002
ED Y =0.035X-0.183 0.757 0.011 Y =0.009 X +0.293 0.101 0.371
DCP Y =0.163X - 0.454 0.836 0.003 Y=0.251X-2.949 0.356 0.067

Strong correlations (r>0.85, p<0.01)

Both populations exhibited strong and statistically significant
correlations between standard length and several key traits:

a) Total Length (TL): Exhibited extremely strong positive
correlationsinboth Kosti (r=0.992) and Khashm El Girba (r=0.985),
with highly significant p-values (p=0.0001). This indicates a
consistent and predictable relationship between standard and
total body length, which is expected in morphometric scaling.

b)  Preanal Length (PAL), Prepectoral Length (PPCL), Lower
Caudal Peduncle Length (LCP), and Eye Diameter (ED) (in Kosti)
also showed strong and significant correlations, confirming these
traits scale proportionally with body size in both populations.

36(2): 556433. DOI: 10.19080/IJESNR.2025.36.556433

c) Snout Length (SNL): Showed a very strong correlation
in the Khashm El Girba population (r = 0.914, p=0.0002), but
was weaker and non-significant in Kosti (r =0.475, p=0.199),
indicating potential regional variation in how snout length scales
with body size.

Moderate correlations (r=0.6-0.85)

Traits such as: Prepelvic Length (PPVL), Length of Adipose Fin
Base (LAFB) and Lower Jaw Length (LJL), demonstrated moderate
(r=0.6-0.85) but significant (p-0.0007, p-0.038 and p=0.035.
respectively) correlations in both populations. The regression
coefficients suggest these traits increase with standard length,
albeit with more variability than the primary body dimensions.
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Maximum Head Height (MH) and Upper Jaw Length (UJL) in
both populations showed low correlation coefficients (r<0.75),
with non-significant p-values, particularly in Khashm El Girba,
where the relationships were negligible (p>0.2).

Weak or non-significant correlations

Several traits exhibited weak or non-significant relationships
with standard length: The eye Diameter (ED) in Khashm El Girba
showed a very weak and non-significant correlation (r=0.101,
p=0.371), contrasting with a moderate and significant correlation
in the Kosti population (r=0.757, p=0.011). This could suggest
environmental or genetic factors influencing eye development
in the two locations. Depth of Caudal Peduncle (DCP) in Khashm

El Girba also showed a non-significant correlation (p =0.067),
whereas in Kosti the relationship was statistically significant
(r=0.836, p= 0.003).

Molecular identification of the electric catfish

specimens

Two specimens from Kosti and four from Khashm El Girba
were selected for analysis based on the quality and purity of
their extracted DNA. PCR amplification of the mitochondrial CO1
gene produced amplicons of approximately 700 base pairs. The
fragment sizes were confirmed using gel electrophoresis with a
100bp DNA ladder as a molecular size marker (Figure 4).
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Figure 4: Agarose gel electrophoresis. Lanes 1-4 (Malapterurus minjiriya), lanes 5-6 (Malapterurus electricus).

Sequence analysis

A total of ten CO1 gene sequences were obtained, five from
each location. However, six sequences were excluded due to
low quality and poor read reliability. The remaining four high-
quality sequences were subjected to BLAST analysis against the
NCBI GenBank database, revealing a 97% identity match with

556433. DOI: 10.19080/IJESNR.2025.36.556433

Malapterurus electricus. These sequences were subsequently
used to construct a phylogenetic tree using the Geneious Prime
software (Figure 5). The figure revealed a multiple sequence
alignment (MSA) of mitochondrial or nuclear DNA sequences
from different species or populations within Malapterurus spp.
The sequences showed:
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KT Malsgrerurus microstoma \Congs ~ GACATAGCATTCCCCCGAATAAATAATATAAGCTTCACTTCTTCCCCCCTCTTTTCTACTACTTC
Malapterurus mingriyal Nigeria ACATAGCATTCCCCCCAATAAACAACATAACCTTCACTTCTTCCCCCCTCATTCCTACTACTTC
Malapterunss sp. Kosti ATATAGCAATCCCCCGAATAAATAACATAAGCTTCAACTTTTCCCCCTTCCTTTATACTGCTTC
Malsgrerunss sp. Khashen El-Girba 1 ATATAGCATTCCCCCCAATAAATAACATAACCTTCACTTCTTCCCCCTTCCTTTCTACTGETTC
Malagpterunss sp. Khashm El-Girba 2 ATATAGCATTCCCCCGAATAAATAACATAAGCTTCACTTCTTCCCCCTTCCTTTCTACTGETTC
Malapterurus sp. khashm El-Girba 3 ATATAGCATTCCCCCGAATAAATAACATAAGCTTCACTTCTTCCCCCTTCCTTTCTACTGCTTC
HM Malapterurus monsembesns \Can.. CACATAGCATTTCCCCCAATAAATAATATAACCTTCACTTCTTCCCCCTTCCTTCCTATTACTTC
LC Malsgprerurus electricus Egypt ATATAGCATTCCCCCGAATAAATAACATAACGCTTCACTTCTTCCCCCTTCCTTTCTACTGETTC
KT Malapterunuss microstoma \Conge~ CTTGCTTCCTCAGGAGTAGAAGCAGGAGCAGGTACTGGATGAACAGTTTATCCACCCCTGGCT
Malapterurys minjiriya\ Migeria CTTGCTTCCTCCGGACGTAGAAGCA CAGGTACTOOATCAACAGTTTATCCACCCCTAGCC
Malsgeerunss sp. Kosti CTTGCTTCCTCAGGAGTAGAAGCAGGAGCAGCCACTGCATCAACAGTCTACCCACCCCTGGLC
Malspaerunas sp. Khashm ERGirba 1 CTTGCTTCCTCAGGAGTAGAAGCACGAGCAGECACTGGATCAACAGTCTACCCACCCCTRGET
Malspterunas sp. Khashen E-Girka 2 CTTGCTTCCTCAGGAGTAGAAGCAGGAGCAGGCALT TCAACAGTCTACCCACCCCTGRLT
Malspoerunas sp. Khashen ERGirba 3 CTTGCTTCCTCAGGAGTAGAAGCACGAGCAGCCACTGGATCAACAGTCTACCCACCCCTGGET
HM Malagterurus mensembeens \Can. CTTGCTTCCTCCOOAGTAGAAGCA CAGGTACCGGTTGAACAGTTTATCCGCCCCTAGEC
LT Malspterunss ehectriows \Egyee CTTGCTTCCTCAGGAGTAGAAGCAGGAGCAGGCACTGGATGAACAGTCTACCCACCCCTGREE
" s i ” ” " "
KT Malapteranss microssoma Wongn AACCTAGCACATGCAGGAGCCTCTGTAGACCTTACCATTTTCTCACTGCATCTAGCCGGAGTA
Malaprerurys minjiriya! Nigeria AACCTAGCACATGCAGGAGCCTCTGTAGACCTTACTATTTTTTCACTACATCTAGCTGOAGTA
Mslspeerunss 5p. Kosti ARCCTAGCACATGCAGCAGCCTCTGTAGTCCTTACCATTTTCTCACTACATCTAGET TA
Malapterunss 5p. Khashen El-Girba 1 AACCTAGCACATGCAGGAGCCTCTGTAGACCTTACCATTTTCTCACTACATCTAGCT TA
Malspteruns sp. Khaskm E-Girba 1 AACCTAGCACATGCAGGAGCCTCTGTAGACCTTACCATTTTCTCACTACATCTAGCT TA
sp. Khashe ElGirba 3 AACCTAGCACATGCAGGAGCCTCTGTAGACCTTACCATTTTCTCACTACATCTAGET TA
HM Malapterurus monsembeens | Can. GAAACCTAGCACATGCAGGAGCCTCTGTAGACCTCACCATTTTCTCACTACATCTGGCCGGAGTA
LC Maabaptenuns ebectrious (Egypt GGAACCTAGCACATGCAGGAGCCTCTGTAGACCTTACCATTTTCTCACTACATCTAGET TA
KTMalapterunss microstomalenge A T C T A CC A TATECATECTETTLCT
Malapeerurus mingriya Nigena ATCTA CT A TATCATCTATTCT
Malapterurus sp. Kost ATETAGLT TATCATCTATTCLCI
Malapterurus sp. Mhashm ElGiba ! A T C T A C T TATCATCTATTCT
Malsprerurus sp. WhashmEMGiia A T C T A el | TATCATCTATTCOT
Malapterurus sp. hashmEMGiiad A T C T A Ll T AT EATCTATTCT
HM Malapterurus moesembesnsifan. A T C T 0 B ¢ A ] KB ENTL L EREEC T
L{h'.alayerun.ndmrims'im{ ATCTA [ | TATECATCTATTET
Figure 5: Alignment of nucleotide sequences of specimens used for construction of phylogenetic tree.

a)

The alignment includes individuals from various

f)

Many positions (e.g., 144-148, 160-168) are identical

geographic locations: Sudan (e.g., Kosti and Khashm El-Girba),
Congo, Nigeria, and Egypt.

b)  The taxa represented include Malapterurus microstoma,
M. minjiriya, M. monsembeensis, and undescribed Malapterurus
spp., indicating a possible phylogenetic or biogeographic trait.

‘)

conserved across taxa (many repeated ‘C’ and ‘T’ residues),

Most of the bases from position ~30 to ~70 are

indicating a functionally important or evolutionarily constrained
region. Positions like 2, 3, 6, 7, 14, and 22 show single nucleotide
polymorphisms (SNPs), suggesting these could be phylogenetically
informative or diagnostic sites. These variations can help infer
relationships among taxa and identify possible cryptic species.

d)
3) implies they may represent a single lineage or closely related
population.

e) The Congo and Egypt samples showed similarities but
are distinguishable from each other and the Sudanese specimens,

High similarity among the Khashm El-Girba samples (1-

suggesting possible speciation or geographic structuring.
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across all sequences, indicating evolutionary conservation. These
are likely corresponded to functionally important regions (e.g.,
protein-coding genes or structurally conserved RNA regions).

g) Positions such as 133, 137, 151, 174, 181, 188, and 198
showed single nucleotide polymorphisms (SNPs). For example,
position 137: (M. microstoma (Congo): T; M. minjiriya (Nigeria):
C and Malapterurus sp. Kosti and Khashm El-Girba: C) suggestsed
possible divergence between M. microstoma and other lineages.

h)  Malapterurus monsembeensis from Congo and M.
electircus from Egypt are similar to each other but distinct from

the Sudanese samples.

i)  Malapterurus microstoma (Congo)
differences, especially in variable sites, indicating potential
genetic isolation and deeper divergence.

j)

among taxa supports the hypothesis of reproductive isolation and

shows notable

The presence of multiple fixed nucleotide differences

speciation. For example, Position 188: Congo sample (G), while
others showed C, G, or T, suggesting lineage-specific mutations.
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k) Differences between Malapterurus species/populations  long-term isolation in distinct freshwater systems.
from West Africa (Nigeria), Central Africa (Congo), Northeast

. . The maximum likelihood or neighbor-joining tree, Figure 6,
Africa (Sudan, Egypt), and unknown (monsembeensis) reflect the . . . ) .
] ) showed the evolutionary relationships among different species or
phylogeographic structure of the genus. These patterns likely . o )
populations within Malapterurus spp. based on genetic sequence

reflect historical river system separations, vicariance events, or dat
ata.

——— Halapenmss sp (Rhashem EF0rDa 3

— Malaplenunss sp Whashm E-Grba 2

lialapierunes sp. (dhashm El-Grba 1

Malaplenunes sp | Kosh

o

= LCAETIZ3 1 210-417 Malaptensus alscinous MEgypl

MECEEER08 1 160-355 Malaplensus slecinous

LGHES512 1:1-533 Malaplerunus sp

———— WTESE0 1. 200-425 Malaplerunss mingrmya' Higena

HIERIE5E 1 221425 Malaphensrus met rosioms

— HEE0ENG 1 217422 Malaplensus midnseirbens (Canedy

PGS 1 k-4 0 (s ghrnolinodas

Figure 6: Maximum likelihood phylogenetic relationship of Malapterurus species from different location, set by control specimen
from GenBank.

The tree is rooted with Garra gymnothorax (MN255000.1:265-  evolutionary divergence of the ingroup (Malapterurus sp.).
470) as an outgroup, which provides a reference point for the
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Bootstrap values are shown on the nodes, representing the
statistical support for each clade. Values close to 100 indicate high
confidence in that branch’s validity.

The Malapterurus sequences formed two main clades (Figure
6):

Clade A (upper part) including individuals from Khashm El-
Girba (1, 2, 3) and Kosti (all Sudan).

These group are close to sequences identified as M. electricus
from Egypt (LC487123.1) and another M. electricus sequence
(MK335906.1), suggesting these samples may represent the same
species. The low bootstrap support at certain nodes (e.g., 20, 27)
may indicate genetic similarity.

Clade B (lower part) including sequences from Nigeria
(MT890460.1: M. minjiriya and M. microstoma: HM880256.1);
M. monsembeens from Canada (HM880255.1) which is likely a
database location rather than native origin and a MG824612.1:
Malapterurus sp.This clade shows strong bootstrap support (86—
100), indicating well-supported differentiation among these taxa.

The tree shows clear genetic divergence within Malapterurus,
supporting the existence of multiple distinct species. The Sudanese
populations (Khashm El-Girba and Kosti) appear closely related
to M. electricus, but possibly form a distinct subclade, suggesting
they may represent regional variants or subspecies.

Malapterurus minjiriya, M. microstoma, and M. monsembeens
form a highly supported and genetically distinct clade, indicating
strong species boundaries.

Discussion

In general, Kosti specimens showed more consistently strong
and significant linear relationships across a broader range of
traits. Khashm El Girba specimens, while also showing several
strong correlations, exhibited more variability and weaker
associations in traits related to cranial morphology (e.g., MH, UJL,
ED). Maximum Head Height (MH) and Upper Jaw Length (UJL) in
both populations showed low correlation coefficients (r<0.75),
with non-significant p-values, particularly in Khashm El Girba,
where the relationships were negligible (p>0.2). This indicates
that these head-related traits may not scale consistently with
body size, possibly reflecting ecological or behavioral adaptations
rather than simple allometric growth.

The observed differences in regression slopes and intercepts
for traits such as total length (TL) and preanal length (PAL)
may indicate delicate regional variations in growth trajectories
between the Kosti and Khashm El Girba populations. These
variations could be attributed to environmental influences—
such as differences in habitat structure, food availability, or water
parameters—as well as potential genetic divergence between the
populations. Such factors can affect allometric growth patterns,
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leading to population-specific morphological scaling relationships.
Overall, the Malapterurus specimens from Kosti exhibited more
consistent and statistically significant linear relationships across
a wider range of morphometric traits when compared to those
from Khashm El Girba. In contrast, although the Khashm El Girba
population demonstrated some strong correlations, greater
variability was observed, particularly in traits associated with
cranial morphology—such as Maximum Head Height (MH), Upper
Jaw Length (UJL), and Eye Diameter (ED). Specifically, both MH
and UJL exhibited low correlation coefficients (r < 0.75) in both
populations, with non-significant p-values, especially in the
Khashm El Girba group (p > 0.2). These weak correlations suggest
that cranial traits may not scale predictably with overall body
size, potentially reflecting ecological or behavioral differentiation
rather than simple allometric growth.

Variability in cranial proportions is often linked to ecological
specializations, such as differences in prey type, feeding
strategies, or habitat use [16,17]. In electric catfish, where feeding
and electroreception are closely tied to cranial morphology, such
variations may indicate localized adaptations or developmental
plasticity in response to environmental conditions [18]. The
reduced consistency of head-related traits in the Khashm EI Girba
specimens may thus reflect population-level divergence shaped
by ecological pressures or differing selective regimes.

Furthermore, the observed differences in regression slopes
and intercepts for key body traits such as Total Length (TL) and
Pre-Anal Length (PAL) between the two populations suggest
distinct growth trajectories. These differences may be indicative
of regional variation in developmental patterns, possibly driven by
environmental heterogeneity. Factors such as habitat complexity,
prey availability, hydrological dynamics, and water chemistry
have been widely recognized as drivers of phenotypic plasticity
and morphological differentiation in freshwater fishes [19-21].

The divergence in allometric scaling patterns may reflect
underlying genetic differentiation between the two populations.
Geographic isolation and limited gene flow can lead to
microevolutionary changes, which in turn affect the ontogenetic
routes of morphological traits. In this context, the morphological
discrepancies between the Kosti and Khashm El Girba populations
may not only be environmentally induced but may also signify
incipient speciation or cryptic diversity, particularly in light of the
weak molecular divergence observed in COI-based analyses.

The interaction between geneticand environmental influences
on morphometric variation has been widely acknowledged
in ichthyological research, particularly in studies addressing
population structure and species delimitation [22]. Therefore,
the current findings stress the importance of integrating both
morphometric and molecular approaches to better understand
the evolutionary and ecological processes shaping diversity
within the Malapterurus genus.
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Molecular analyses of Malapterurus spp., through
mitochondrial markers such as COI, enable the alignment of
conserved and variable genetic regions, providing a foundation
for phylogenetic inference. Methods such as Maximum Likelihood
and Bayesian Inference utilize these alignments to reconstruct
evolutionary relationships, estimate genetic distances, and infer
divergence times amongtaxa [23]. These phylogenetic frameworks
are essential for resolving species boundaries, especially in groups
with cryptic diversity or overlapping morphological traits, as has
been suggested in Malapterurus [8,18].

Species delimitation based on molecular evidence has led
to several taxonomic revisions within the genus, highlighting
the need for integrative approaches combining morphology and
genetics [22]. Such efforts are critical for accurately characterizing
biodiversity and ensuring proper classification, especially in
understudied freshwater taxa.

Furthermore, identifying distinct evolutionary lineages
within Malapterurus has direct implications for conservation
biology. Recognizing cryptic or geographically restricted species
can inform conservation priorities and strategies, particularly in
light of habitat degradation and hydrological alterations affecting
African river system.

Molecular phylogenetics also supports biogeographic
studies by elucidating historical dispersal and isolation patterns.
For instance, phylogeographic analyses can help trace lineage
diversification and migration routes across major African basins
such as the Nile, Niger, and Congo systems, offering insights into

the continent’s freshwater evolutionary history [24,25].

Norris [11] classified the family Malapteruridae into two
genera: Malapterurus and Paradoxoglanis, and further subdivided
Malapterurus into 16 species, based on mouth morphology into
broad- and small-mouthed species.

lyiola et al. [26] reported an enigmatic Malapterurus species
(GenBank accession: MG824612) from north-central Nigeria.
Subsequently, Oladipo et al. [8] identified this specimen as M.
minjiriya using cytochrome c oxidase I (COI) barcoding. While
the morphological characteristics of the Malapterurus specimens
from Khashm El Girba closely resemble those described by
lyiola et al. [26] and Oladipo et al. [8], molecular analyses in the
present study, based on COI sequencing, contradict Oladipo et
al. [8], taxonomic placement. Instead, our genetic data suggest
that the Khashm El Girba specimens are more closely related to
M. electricus, potentially representing a subspecies or a cryptic
lineage within M. electricus.

One plausible explanation for the existence of cryptic species is
proposed by Bickford etal. [22], who argued that organisms relying
on non-visual modalities for communication and reproduction
(e.g., sound, vibration, pheromones, or electric signals) are more
likely to harbor cryptic diversity. This hypothesis is supported by
studies on African weakly electric fish of the family Mormyridae
[27], where cryptic speciation has been well documented.
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Jirsova et al. [28], employing mitochondrial markers (COI,
Cytb), investigated cryptic diversity in African squeaker catfish
and found that multiple morphotypes and intermediates were
conspecific, despite inconclusive nuclear data. They introduced
the notion of “species-like” entities to describe taxa lacking
consistent morphological differentiation. Similarly, the present
study provides molecular evidence supporting the conspecificity
of Malapterurus specimens exhibiting morphological variation,
suggesting the potential presence of cryptic subspecies, consistent
with the findings of Jirsova et al. [28].

Conclusion

Structuring and species-level divergence within Malapterurus.
Sudanese Malapterurus may require taxonomic re-evaluation, as
they may not be genetically identical to known M. electricus from
Egypt. Additional sampling and morphological comparisons are
needed to clarify species boundaries, especially for unnamed
“Malapterurus sp.” entries. This phylogenetic analysis is consistent
with species diversification driven by geography and possibly
ecological specialization.

The tree supports molecular identification as a reliable
method for distinguishing among Malapterurus species.

Ethics

Ethics approval and consent to participate, human and animal
rights, consent for publication, availability of data and materials
are not applicable.
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