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Abstract The present study examined morphometric and meristic differentiation of three estuarine fishes from the Niger Delta,
Nigeria namely Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus quadrifilis collected from the estuaries of Benin,
Brass and Escravos. One sample of each species was taken from each estuary. The morphometric characters were examined in a total
of 1,215 specimens (405 per species) and meristic characters were examined in 60 specimens per species from the estuarine
populations. Species-specific allometric relationships were used to adjust the 11 morphometric measurements and these were
compared using Welch’s ANOVA and Games-Howell post hoc tests. Multivariate differentiation between species was assessed by
canonical discriminant analysis (CDA) and separate PCAwas used for each species. Kruskal-Wallis and Dunn's tests with Bonferroni
adjustment were used to compare the meristic characters. Allometric relationships were significant (p < 0.001) and R² values were
between 0.744 and 0.999. The differences among the species for all the adjusted morphometric characters were significant (p <
0.001). PCA uncovered a number of morphological patterns per species, and CDA clearly separated individuals in multivariate space.
There were significant differences in six meristic characters (p < 0.001). Information obtained from these findings is helpful for
comparative species characterisation and species identification.
Keywords Fish morphology; Allometry; Meristic variation; Principal component analysis; Discriminant analysis; Estuarine fishes;
Niger Delta

1 Introduction
Morphometric and meristic characters complement each other in helping to distinguish closely related fishes and
describe body form variation. Based on the populations of Anabas testudineus in various regions in Indonesia,
Damora et al. (2025) identified body depth and the shape of the caudal peduncle as the factors that most
significantly influenced the morphological differences between populations. They found that certain body
dimensions played different roles in the observed morphological separation. Likewise, Kumari et al. (2020)
concluded that species discrimination between congeneric sciaenids Otolithes cuvieri and O. ruber can be
achieved using morphometric and meristic characters, and only a few of these characters were enough to make the
discrimination. These findings provide a basis for comparing the morphometric and meristic characteristics of
Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus quadrifilis.

Size-related variation in body measurements must be controlled when comparing species. This is of special
interest in the present study as the three species were collected from estuarine environments in which individuals
could vary greatly in body size. Eriegha et al. (2024) for instance found significant differences in the standard
length, dorsal fin base and caudal peduncle length of Ethmalosa fimbriata caught in Qua Iboe, Escravos and
Lagos Lagoon. They found that morphometric measurements of fish vary between water bodies. Standard length
was therefore selected as the reference measurement, and species-specific allometric coefficients were used to
calculate size-adjusted morphometric values before comparing body form.

Morphological variation can also occur among populations inhabiting different estuarine environments. After
allometric modification of 14 morphometric characters, Asuquo and Ifon (2022) found two distinct morphological
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groups, which accounted for 85.6% of the total variance by principal component analysis in 612 specimens of
Pseudotolithus elongatus, collected from islands and mouth of estuary of Cross River. Discriminant analysis
correctly classified 66.0% of the specimens into island and estuary-mouth groups. Therefore, their results indicate
that size-adjusted morphometric characters might be used to determine structural differences among estuarine
populations without assuming that differences in body size provide direct evidence of population separation.

Morphological information is also available for the target species from Nigerian and other West African waters.
The morphometric measurements were supplemented with COI DNA barcoding and compared between L.
agennes from Escravos and Qua Iboe estuaries by Ewhuwhe Ezo et al. (2024). They observed that fish caught in
Qua Iboe were longer, on average, than those caught in Escravos, and DNA barcoding proved to be useful for
identifying them as the same species and revealed little genetic distance between the two populations. The present
study is relevant because measurable morphological differences were found among the estuarine populations even
among populations showing little genetic differentiation. In the present analysis, L. agennes is compared with P.
senegalensis and P. quadrifilis within the same framework of analysis.

Multivariate techniques are therefore important since species differentiation can involve multiple correlated body
dimensions instead of just one. This was shown by Asuquo and Ifon (2022) through principal component analysis
and discriminant analysis to differentiate the morphological groups of P. elongatus. In the present study, principal
component analysis (PCA) was employed to determine which characters were the most useful when calculating
the total morphological variation, and canonical discriminant analysis (CDA) was used to assess the separation
and classification of the three known species. This method enables the contribution of each individual character to
be analysed as well as an examination of the overall discriminatory capacity of each set of measurements.

Meristic characters can be used as an additional basis for species comparison as they are the countable anatomical
characters. Selected morphometric characters along with meristic characters proved to be adequate to separate the
two congeneric sciaenid fishes studied by Kumari et al. (2020). Ewhuwhe Ezo et al. (2024) also included meristic
observations in their study of Nigerian estuaries on the morphological characterisation of L. agennes. Hence, the
present study focused on dorsal and anal fin rays, lateral line scales, pectoral and caudal rays and gill rakers along
with the size-adjusted morphometric characters.

The aim of this study was to present quantitative evidence of morphometric and meristic differentiation of
Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus quadrifilis from the Niger Delta of Nigeria
sampled within the three estuaries of Benin, Brass and Escravos, with each species occurring in all the estuaries.
The objectives of the study were to: (1) establish species-specific allometric relationships for Lutjanus agennes,
Pseudotolithus senegalensis and Polydactylus quadrifilis; (2) quantify size-adjusted morphometric differences
among the three fish species; (3) identify the morphometric characters contributing most strongly to variation
within each species; (4) evaluate the ability of multivariate morphometric characters to discriminate among the
three species; and (5) determine the importance of meristic characters in distinguishing L. agennes, P.
senegalensis and P. quadrifilis sampled from the Benin, Brass and Escravos estuaries.

2 Materials and Methods
2.1 Study area
The study was conducted in the Benin, Brass and Escravos estuaries of the Niger Delta, Nigeria. The three
estuarine systems form part of the coastal environment of the Gulf of Guinea and support fish populations
exposed to fishing pressure and environmental change (da Costa et al., 2022; Mahe et al., 2024; Dolo et al., 2026).

2.2 Fish collection and species identification
Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus quadrifilis were studied. The morphometric
dataset comprised 1,215 specimens (405 per species). All three species were sampled in each of the three estuaries
(Benin, Brass, and Escravos). Meristic characters were examined in 60 specimens per species. Specimens were
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identified from external morphological characteristics before morphometric measurements and meristic counts
were taken.

2.3 Morphometric measurements
The following 12 morphometric characters were recorded: total length (TL), standard length (SL), body depth
(BD), head depth (HD), caudal fin length (CFL), head length (HL), pre-dorsal length (PDL), pre-anal length
(PAL), eye diameter (ED), pectoral fin length (PFL), dorsal fin length (DFL) and anal fin length (AFL). Standard
length was used as the reference measurement because it excludes variation associated with the caudal fin.

2.4 Allometric analysis and size adjustment
The relationship between each morphometric character and standard length was evaluated using the logarithmic
equation:

log Y = log a + b log SL

where Y represents the morphometric character, a is the intercept and b is the species-specific allometric
coefficient. The coefficient obtained for each character was then used to adjust individual measurements for
differences in body size. The resulting adjusted values were used for subsequent multivariate analyses.

The size adjustment followed the allometric transformation specified in the original methodology:

Madj = M
SLmean
SL

b

where Madj is the size-adjusted morphometric measurement, (M) is the observed measurement, (SL) is the
standard length of the individual fish, SLmean is the observed mean standard length of the corresponding species
used as the reference size, and (b) is the species-specific allometric coefficient obtained from the regression of the
log-transformed morphometric measurement against log-transformed standard length. Thus, the adjustment was
species-specific, with each species standardised to its own observed mean standard length rather than to a single
reference length applied across all three species.

The reference standard length was based on the observed mean SL of each species. For Lutjanus agennes, the
mean standard length was 28.8642 cm, with an observed range of 12.90-45.60 cm (n = 405). For Pseudotolithus
senegalensis, the mean standard length was 36.5891 cm, with an observed range of 26.00-48.50 cm (n = 405). For
Polydactylus quadrifilis, the mean standard length was 21.2689 cm, with an observed range of 11.00-68.00 cm (n
= 405). Therefore, the reference length was species-specific and was not a common standard length applied across
the three species.

The use of the observed species-specific mean standard length provided a common size basis within each species
while retaining the size distribution represented by the sampled specimens. The adjusted measurements were
consequently centred on the observed mean size of each species rather than on an arbitrarily selected body size.
This approach reduced the influence of allometric size differences while preserving the proportional
characteristics of the sampled fish.

The adequacy of the size adjustment was assessed by examining the relationship between each size-adjusted
morphometric variable and standard length. A negligible or non-significant residual relationship was interpreted as
evidence that the influence of overall body size had been adequately reduced. This assessment was performed
after transformation to determine whether systematic size-related variation remained in the adjusted morphometric
variables.

Total length (TL) was excluded from the PCA and CDA predictor set because SL was selected as the reference
measure of overall body size. Total length incorporates the caudal-fin region and is closely related to the same
general size dimension being controlled in the analysis. Its inclusion after standardisation could therefore provide
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limited additional information on body proportions and introduce redundancy among the morphometric variables.
The analysis consequently focused on morphometric characters representing body, head, and fin proportions
relative to SL.

The size standardisation itself did not require extrapolation to an arbitrarily selected body size outside the sampled
populations because the reference value for each species was its observed mean SL. The mean reference lengths
of 28.8642 cm for L. agennes, 36.5891 cm for P. senegalensis, and 21.2689 cm for P. quadrifilis were all located
within their respective observed size ranges. However, the three species did not have completely overlapping size
ranges. L. agennes ranged from 12.90 to 45.60 cm, P. senegalensis from 26.00 to 48.50 cm, and P. quadrifilis from
11.00 to 68.00 cm. Consequently, the size-adjusted values should be interpreted as comparisons of body
proportions after accounting for species-specific allometric scaling rather than as direct comparisons of fish
measured at an identical observed body size across the entire size range.

All regression coefficients used in the adjustment were estimated independently for each species from the 405
specimens available for that species. The resulting size-adjusted morphometric variables were subsequently used
for the comparative multivariate analyses.

2.5 Statistical analysis of adjusted morphometric characters
Morphometric and meristic differentiation between three fish species, Lutjanus agennes, Pseudotolithus
senegalensis and Polydactylus quadrifilis sampled from three estuaries of Niger Delta (Benin, Brass and Escravos)
were assessed by using a comparative cross-sectional sampling design. In each of the three estuaries all three
species were collected and so a representation of all species at the sample locations was obtained. A total of 405
specimens per species were used for morphometric measurements, and 60 specimens per species were used for
meristic characters.

Allometric relationships were first found for each species and then used to size adjust the measurements for
morphometric comparisons. Lastly, the species were compared with respect to the adjusted morphometric
variables using Welch’s ANOVA because the homogeneity-of-variance assumption was not satisfied.
Games-Howell between pair comparisons were conducted for significant overall differences. The within-species
variation was analysed by the principal components analysis for each species and the contribution of
morphometric characters in the within-species variation was evaluated. Canonical discriminant analysis (CDA)
was used to assess the multivariate ability to discriminate among the three species. The Kruskal-Wallis test was
used to compare the meristic characters among species and Dunn's post hoc test and Bonferroni corrections were
used when significant differences were found.

2.6 Principal component analysis
The adjusted morphometric characters were used for the principal component analysis. The suitability of the
dataset for PCA was assessed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of sphericity.
Components with eigenvalues greater than 1 were retained. To facilitate the interpretation of the loadings on the
components, varimax rotation and Kaiser normalisation were used. Component scores were calculated for each
species and used to visualise within-species morphometric variation.

2.7 Canonical discriminant analysis
The species was used as the grouping variable, and ten size-adjusted morphometric characters: pre-anal length
(PAL_ADJ), pre-dorsal length (PDL_ADJ), length of dorsal fin (DFL_ADJ), depth of the head (HD_ADJ), depth
of body (BD_ADJ), length of the head (HL_ADJ), length of the pectoral fin (PFL_ADJ), length of the anal fin
(AFL_ADJ), length of the caudal fin (CFL_ADJ) and diameter of the eye (ED_ADJ) were used as predictor
variables. Eigenvalues, canonical correlations and structure coefficients were used to evaluate the discriminatory
contribution of the canonical functions, group centroids were used to examine the relative positions of the three
species in the discriminant space and the discriminatory contribution of the canonical functions was evaluated
using structure coefficients.
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Prior to CDA each morphometric character was standardised separately for each species, using the
species-specific allometric coefficient, and the actual mean standard length of the entire data set for each species.
Size-adjusted measurements were used as predictors in the CDA. The classification performance was evaluated
using the original classification and leave-one-out (LOO) cross-validation was used to evaluate the classification
performance. Pre-standardised data sets were used to estimate allometric coefficients and species-specific
reference mean standard lengths for the species, prior to cross-validation, and these were not re-estimated during
each iteration of the LOO, making the LOO results an internal assessment of the consistency of the classifications
in the present data set, and not an independent estimate of the predictive performance for new specimens. The
100% classification rate reported does not therefore provide an independent estimate of the predictive
performance of the set for unknown specimens: the size adjustment parameters would have to be estimated
independently of the 100% classification rate.

2.8 Meristic analysis
A total of nine meristic characters were counted - dorsal spines, dorsal soft rays, anal spines, anal soft rays, scales
in the lateral line, pectoral rays, pelvic rays, caudal rays, and gill rakers. Dorsal and anal soft rays were counted
separately from the corresponding spines. A standard procedure was followed when counting gill rakers on the
first gill arch of all specimens. Pelvic rays were recorded as a separate meristic character.

Meristic characters were compared among Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus
quadrifilis using the Kruskal-Wallis H test. Significant overall differences were found and pairwise comparisons
were then made for the three possible species-pair comparisons, with Bonferroni-adjusted significance levels.
Characters with no within-species variation were described but not tested inferentially. Homogeneous groups were
identified for characters having a high pairwise difference, and the values sharing a letter were assumed not to be
significantly different while values with different letters were significantly different at p < 0.05.

3 Results
3.1 Species-specific allometric relationships
Allometric regressions showed strong relationships between standard length and the measured morphometric
characters in all three species. All regression models were statistically significant (p < 0.001).

Allometric coefficients for Lutjanus agennes ranged from 0.840 to 1.002, with R² values ranging from 0.853 to
0.998. For Pseudotolithus senegalensis, the coefficients ranged from 0.624 for eye diameter to 1.056 for pre-anal
length, with R² values ranging from 0.744 to 0.984. For Polydactylus quadrifilis, the coefficients ranged from
0.987 to 1.012, with R² values ranging from 0.968 to 0.999. The species-specific allometric coefficients, 95%
confidence intervals, and coefficients of determination for the measured morphometric characters are presented in
Table 1.
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Table 1 Species-specific allometric relationships between standard length (SL) and morphometric characters of the three estuarine fish species

Morphometric
character

L. agennes
(n = 405)

P. senegalensis
(n = 405)

P. quadrifilis
(n = 405)

Intercept (log a) b ± SE 95% CI for b R² Intercept (log a) b ± SE 95% CI for b R² Intercept (log a) b ± SE 95% CI for b R²
TL 0.098 0.997 ± 0.002 0.993-1.001 0.998 0.204 0.983 ± 0.006 0.970-0.995 0.984 0.182 0.998 ± 0.002 0.994-1.001 0.999
BD -1.113 0.999 ± 0.010 0.981-1.018 0.965 -1.220 0.948 ± 0.017 0.914-0.982 0.882 -1.236 0.987 ± 0.006 0.975-1.000 0.983
HD -1.645 1.000 ± 0.012 0.975-1.024 0.941 -0.859 0.748 ± 0.015 0.719-0.778 0.863 -1.881 1.004 ± 0.008 0.988-1.020 0.975
CFL -1.716 0.982 ± 0.011 0.960-1.005 0.948 -1.916 1.012 ± 0.017 0.978-1.046 0.895 -1.618 1.007 ± 0.008 0.992-1.022 0.977
HL -1.170 0.996 ± 0.009 0.979-1.013 0.970 -0.814 0.820 ± 0.014 0.792-0.848 0.889 -1.242 0.996 ± 0.006 0.985-1.007 0.988
PDL -1.032 0.995 ± 0.007 0.980-1.010 0.978 -0.717 0.935 ± 0.012 0.910-0.959 0.933 -0.983 0.996 ± 0.004 0.987-1.005 0.992
PAL -0.262 0.998 ± 0.004 0.989-1.007 0.992 -0.529 1.056 ± 0.011 1.034-1.077 0.959 -0.288 0.995 ± 0.003 0.989-1.001 0.997
ED -2.218 0.840 ± 0.017 0.806-0.874 0.853 -1.862 0.624 ± 0.018 0.588-0.660 0.744 -2.945 0.998 ± 0.009 0.981-1.016 0.968
PFL -1.052 0.981 ± 0.009 0.962-0.999 0.965 -1.136 0.988 ± 0.013 0.963-1.013 0.937 -1.267 1.004 ± 0.006 0.992-1.016 0.985
DFL -1.584 1.002 ± 0.013 0.977-1.028 0.939 -1.846 0.969 ± 0.017 0.935-1.002 0.888 -1.727 1.000 ± 0.008 0.986-1.015 0.978
AFL -1.451 0.986 ± 0.011 0.964-1.008 0.951 -1.695 0.935 ± 0.017 0.902-0.968 0.883 -1.765 1.012 ± 0.007 0.998-1.026 0.980

Note: Total length (TL), standard length (SL), body depth (BD), head depth (HD), caudal-fin length (CFL), head length (HL), pre-dorsal length (PDL), pre-anal length (PAL) and anal-fin length
(AFL) are measured from the tip of the bill to the tip of the tail, while the eye diameter (ED), pectoral-fin length (PFL), dorsal-fin length (DFL) and anal-fin length (AFL) are measured from the
tip of the bill to the tip of the fins. A log-log allometric relationship, log(Y) = log(a) + b log(SL), was estimated. Allometric slope values (b) are reported on the natural-log scale; SE = standard
error of the slope; CI = 95% confidence interval; R² = coefficient of determination. All regression relationships were significant at p < 0.001
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3.2 Species differences in adjusted morphometric characters
Following size adjustment, all eleven morphometric characters differed significantly among the three species (p <
0.001). The largest differences were observed for adjusted total length, pre-anal length, pre-dorsal length and
dorsal fin length. Games-Howell comparisons showed significant differences between every species pair for all
adjusted characters.

Pseudotolithus senegalensis recorded the highest adjusted values for TL, HD, CFL, PDL, PAL and DFL. Lutjanus
agennes recorded the highest adjusted values for BD, HL, ED, PFL and AFL, whereas P. quadrifilis recorded the
lowest mean values for all adjusted morphometric characters. The mean values and standard deviations of the
size-adjusted morphometric characters, together with the Welch's ANOVA results and pairwise comparisons, are
summarized in Table 2.

Table 2 Size-adjusted morphometric characters of the three fish species

Character L. agennes (n = 405) P. senegalensis (n = 405) P. quadrifilis (n = 405) Welch F (df1, df2) p
TL_ADJ 31.560 ± 0.280ᵃ 42.160 ± 0.662ᵇ 25.331 ± 0.342ᶜ 111,539.382 (2, 751.716) <0.001
BD_ADJ 9.466 ± 0.389ᵃ 8.960 ± 0.383ᵇ 5.952 ± 0.316ᶜ 12,467.795 (2, 800.102) <0.001
HD_ADJ 5.572 ± 0.300ᵃ 6.271 ± 0.230ᵇ 3.292 ± 0.216ᶜ 19,383.712 (2, 795.006) <0.001
CFL_ADJ 4.895 ± 0.241ᵃ 5.632 ± 0.242ᵇ 4.320 ± 0.270ᶜ 2,703.429 (2, 805.950) <0.001
HL_ADJ 8.855 ± 0.334ᵃ 8.486 ± 0.302ᵇ 6.072 ± 0.276ᶜ 10,778.802 (2, 803.322) <0.001
PDL_ADJ 10.109 ± 0.325ᵃ 14.129 ± 0.438ᵇ 7.863 ± 0.290ᶜ 28,958.298 (2, 788.950) <0.001
PAL_ADJ 22.046 ± 0.427ᵃ 26.355 ± 0.711ᵇ 15.704 ± 0.370ᶜ 47,283.821 (2, 769.332) <0.001
ED_ADJ 1.840 ± 0.140ᵃ 1.473 ± 0.066ᵇ 1.116 ± 0.083ᶜ 4,593.410 (2, 758.774) <0.001
PFL_ADJ 6.456 ± 0.308ᵃ 5.322 ± 0.223ᵇ 3.783 ± 0.222ᶜ 10,989.363 (2, 793.769) <0.001
DFL_ADJ 9.451 ± 0.379ᵃ 11.250 ± 0.356ᵇ 6.070 ± 0.312ᶜ 25,546.369 (2, 802.376) <0.001
AFL_ADJ 5.980 ± 0.328ᵃ 5.166 ± 0.218ᵇ 3.794 ± 0.235ᶜ 6,908.458 (2, 789.161) <0.001

Note: Values are presented as mean ± SD and are expressed in centimetres (cm). The sample size was n = 405 for each species. The
reference standard lengths were 28.8642 cm for L. agennes, 36.5891 cm for P. senegalensis, and 21.2689 cm for P. quadrifilis. Thus,
size adjustment was performed separately within each species using its observed mean standard length as the reference rather than a
single reference length across species. Welch's ANOVA was used to test differences among species; Welch F statistics are reported
with numerator and denominator degrees of freedom (df1, df2), respectively. Within each row, means with different superscript
letters (ᵃ, ᵇ, ᶜ) differ significantly according to the Games-Howell post hoc test (p < 0.05), whereas means sharing the same
superscript letter are not significantly different

3.3 Principal component analysis
The ten size-adjusted morphometric characteristics were analysed through principal component analysis (PCA)
for each species separately: Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus quadrifilis. Sampling
adequacy varied among species. The Kaiser-Meyer-Olkin (KMO) measure for L. agennes was 0.513 and Bartlett's
test of sphericity was significant, χ²(45) = 343.138, p < 0.001, indicating that the correlation matrix differed from
an identity matrix; however, the KMO value indicated marginal sampling adequacy. The eigenvalues of the five
components found were greater than 1 and accounted for 62.719% of the total variance. PC1 and PC2 explained
18.368% and 12.309% of the variance respectively. Following Varimax rotation, PC1 had high loadings with
HD_ADJ (0.914) and HL_ADJ (0.908); and PC2 had high loadings with PAL_ADJ (0.665) and AFL_ADJ
(0.602).

For P. senegalensis, the KMO value was 0.789 and Bartlett's test was significant, χ²(45) = 395.974, p < 0.001.
Two components with eigenvalues greater than 1 were retained, together explaining 37.033% of the total variance.
The eigenvalues of PC1 and PC2 were 2.595 and 1.108, respectively, and the percentages of the variance
accounted for were 25.955% and 11.078%, respectively. Following Varimax rotation, PC1 showed stronger
loadings for PFL_ADJ (0.632), CFL_ADJ (0.606), DFL_ADJ (0.600), and AFL_ADJ (0.492), whereas PC2 was
mainly associated with ED_ADJ (0.626), HD_ADJ (0.593), and PAL_ADJ (0.553).



International Journal of Aquaculture, 2026, Vol.16, No.5, 354-361
http://www.aquapublisher.com/index.php/ija

355

The KMO measure for P. quadrifilis was 0.638 and Bartlett's test of sphericity was significant, χ²(45) = 126.805, p
< 0.001. Four components with eigenvalues greater than 1 were retained, explaining 49.134% of the total variance.
The eigenvalues of the PC1 and PC2 were 1.745 and 1.092, respectively, with 17.453% and 10.918% of the
variance explained, respectively. Following Varimax rotation, PC1 had high loadings for HD_ADJ (0.697),
BD_ADJ (0.677) and HL_ADJ (0.649), while PC2 had high loadings for ED_ADJ (0.748), AFL_ADJ (0.606),
DFL_ADJ (0.586) and PAL_ADJ (0.503). The species-specific rotated component loadings and communalities
are summarized in Table 3. The corresponding species-specific PCA scatter plots are shown in Figure 1.

Table 3 Rotated principal component loadings and communalities of size-adjusted morphometric characteristics across the three fish
species

Morphometric
character

L. agennes
PC1

L. agennes
PC2

h²
P. senegalensis
PC1

P. senegalensis
PC2

h²
P. quadrifilis
PC1

P. quadrifilis
PC2

h²

BD — 0.430 0.540 — 0.497 0.312 0.677 — 0.547
HD 0.914 — 0.838 — 0.593 0.351 0.697 — 0.545
CFL — — 0.615 0.606 — 0.369 — — 0.536
HL 0.908 — 0.841 — 0.414 0.259 0.649 — 0.499
PDL — 0.420 0.386 0.309 0.509 0.355 0.520 0.316 0.381
PAL — 0.665 0.500 0.475 0.553 0.532 0.415 0.503 0.488
ED — — 0.672 — 0.626 0.440 — 0.748 0.581
PFL — — 0.502 0.632 — 0.400 — — 0.491
DFL — — 0.718 0.600 — 0.426 — 0.586 0.386
AFL — 0.602 0.660 0.492 — 0.259 — 0.606 0.460

Note: Values are Varimax rotated component loadings. Loadings ≥ |0.30| are reported; — indicates a loading < |0.30|. h² denotes
extraction communality. PCA was conducted separately for each species using the ten size-adjusted morphometric characteristics.
Only PC1 and PC2 are presented for each species; these species-specific axes do not constitute a common coordinate system

Figure 1 Species-specific PCA scatter plots based on size-adjusted morphometric characters of Lutjanus agennes, Pseudotolithus
senegalensis and Polydactylus quadrifilis

3.4 Canonical discriminant analysis
The group centroids were clearly separated. P. senegalensis had the highest Function 1 centroid (12.210), P.
quadrifilis had the lowest (-14.773), and L. agennes occupied an intermediate position (2.563). On Function 2, L.
agennes had the highest centroid (8.014).

The original discriminant classification correctly classified all 1,215 specimens (100%), with all individuals
assigned to their respective species. The LOO procedure also correctly classified all 1,215 specimens in the
pre-standardised dataset (100%). Because the allometric coefficients and species-specific reference mean standard
lengths were estimated from the complete species datasets before cross-validation and were not re-estimated
within each LOO iteration, the LOO classification rate should not be interpreted as a fully independent estimate of
predictive performance for new specimens. The structure coefficients of the canonical discriminant functions are
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presented in Table 4. The group centroids of the three fish species on the two canonical discriminant functions are
summarized in Table 5. The distribution of individual specimens in the canonical discriminant space is illustrated
in Figure 2.

Table 4 Structure coefficients of the canonical discriminant functions

Variable Function 1 Function 2
PAL_ADJ 0.746 -0.077
PDL_ADJ 0.617 -0.404
DFL_ADJ 0.549 0.012
HD_ADJ 0.449 0.118
BD_ADJ 0.336 0.352
HL_ADJ 0.321 0.327
PFL_ADJ 0.270 0.536
AFL_ADJ 0.226 0.399
CFL_ADJ 0.186 -0.086
ED_ADJ 0.164 0.395

Table 5 Canonical discriminant group centroids

Species Function 1 Function 2
Lutjanus agennes 2.563 8.014
Pseudotolithus senegalensis 12.210 -5.148
Polydactylus quadrifilis -14.773 -2.865

Figure 2 Canonical discriminant plot showing the distribution of the three fish species based on size-adjusted morphometric
characters

3.5 Meristic differentiation
Counts of dorsal soft rays, anal soft rays, lateral-line scales, pectoral rays, caudal rays, and gill rakers differed
significantly among species (Kruskal-Wallis test, p < 0.001). No within-species variation was found in
dorsal-spine, anal-spine, or pelvic-ray counts; these were therefore reported as constant within each species.
Dunn's post hoc procedure with Bonferroni adjustment was used for pairwise comparisons after significant
Kruskal-Wallis tests. The three possible pairwise comparisons among species were performed for each meristic
character using the Bonferroni correction. Values reported in Table 6 are presented as mean ± standard deviation
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(SD); the Kruskal-Wallis test was based on ranked observations rather than the means reported. Superscript letters
represent the adjusted pairwise comparisons: values sharing the same superscript letter were not significantly
different, whereas values with different letters were significantly different after Bonferroni adjustment. L. agennes
and P. quadrifilis did not differ significantly in pectoral-ray, caudal-ray, or gill-raker counts, as indicated by the
shared superscript letters.

Table 6 Meristic differentiation among the three species

Character L. agennes P. senegalensis P. quadrifilis H p
Dorsal spines 10.00 11.00 9.00 — —
Dorsal soft rays 13.45 ± 0.50ᵃ 30.27 ± 1.18ᵇ 12.58 ± 0.50ᶜ 146.914 <0.001
Anal spines 3.00 2.00 3.00 — —
Anal soft rays 8.00 ± 0.00ᵃ 7.00 ± 0.00ᵇ 11.45 ± 0.50ᶜ 173.628 <0.001
Lateral line scales 47.37 ± 7.22ᵃ 43.23 ± 2.74ᵇ 52.47 ± 2.73ᶜ 71.751 <0.001
Pectoral rays 15.90 ± 0.57ᵃ 16.97 ± 0.58ᵇ 15.98 ± 0.54ᵃ 80.218 <0.001
Pelvic rays 5.00 5.00 5.00 — —
Caudal rays 17.95 ± 0.59ᵃ 16.90 ± 0.48ᵇ 17.90 ± 0.54ᵃ 85.907 <0.001
Gill rakers 11.43 ± 0.91ᵃ 15.35 ± 1.34ᵇ 11.80 ± 1.12ᵃ 119.095 <0.001

Note: Meristic data are presented as mean ± standard deviation because median and interquartile range (IQR) were not recorded or
calculated during the original analysis. H = Kruskal-Wallis test statistic; p = significance level. Different superscript letters within a
row indicate significant pairwise differences following Dunn’s post hoc test with Bonferroni adjustment, whereas shared superscript
letters indicate no significant pairwise difference. The Bonferroni correction was applied to the three pairwise comparisons among
species for each character. Pelvic-ray counts refer to soft rays and exclude pelvic spines. n = 60 specimens per species.

4 Discussion
4.1 Allometric relationships and size-adjusted morphometric characters
The species-specific relationships in Table 1 show that the magnitude of scaling varied among morphometric
characters and species. The majority of characters had high coefficients of determination values meaning that
standard length accounted for a substantial proportion of the variation in the majority of characters. For P.
senegalensis, eye diameter had a relatively weak scaling whereas total length, pre-dorsal length, pre-anal length
and some fin measurements had a strong scaling with the standard length. The variation in the allometric
exponents suggests that the bodies of Lutjanus agennes, P. senegalensis and Polydactylus quadrifilis were not
similarly scaled. Famoofo and Abdul (2020) reported similar differences in morphometric relationships among 16
species of fish in the freshwater ecotype of Lekki lagoon. Kumari et al. (2020) also observed significant
morphometric and meristic differences between the congeneric sciaenids (O. cuvieri and O. ruber). Furthermore,
Mahe et al. (2024) found variations in growth pattern of Pseudotolithus species in the West African region. These
findings justify the use of species-specific coefficients in the present study, instead of using a common scaling
coefficient for all three species.

The differences in size-adjusted morphometric characters shown in Table 2 indicate that the observed variation
was not attributable to body size alone. The 11 adjusted morphometric characters were all found to be
significantly different among the three species, and the Games-Howell comparisons also revealed that all species
pairs were found to be significantly different. There was a higher adjusted value for several characters taken along
the length of the body and for the fins for Pseudotolithus senegalensis, whereas Polydactylus quadrifilis had a
lower value for most of the measured characters. This pattern is similar to those found by Kumari et al. (2020)
who were able to separate congeneric sciaenid species using morphometric characters. Morphological discreteness
was also observed between the estuarine croaker Pseudotolithus elongatus by Asuquo and Ifon (2022) which
showed that measurable body form can distinguish closely related estuarine fishes. Damora et al. (2025) also
found that geometric morphometric and meristic characters were able to show the body shape variation among
populations of Anabas testudineus. The present results thus suggest that species identity was still highly correlated
with body proportions even when the effects of standard length were taken into account.
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The peculiar status of Lutjanus agennes when the new morphometric comparisons were implemented is also
corroborated by the study of Ewhuwhe Ezo et al. (2024) which described the L. agennes of the Escravos and Qua
Iboe estuaries based on morphological characters and DNA barcoding. Their study illustrated the usefulness of
morphological characters in distinguishing and characterizing the African red snapper in Nigerian estuarine
environments. Eriegha et al. (2024) also noted that, when viewed from different estuaries along the Gulf of
Guinea, there were some morphological differences among samples of the Ethmalosa fimbriata, indicating the
potential of comparative morphometric evaluation for detecting spatial morphological variation in estuarine fishes.
The morphometric and meristic characters were also used to characterize Bagrus bayad from northeastern Nigeria
by Nyaku et al. (2026). The fact that there were significant differences after size adjustment in the present study
offers a quantitative basis for distinguishing L. agennes from P. senegalensis and P. quadrifilis.

4.2 Species differences in size-adjusted morphometric characters
The size-adjusted morphometric measurements gave good separation between Lutjanus agennes, Pseudotolithus
senegalensis and Polydactylus quadrifilis. Welch’s ANOVA procedure revealed significant differences for each
of the 11 adjusted morphometric characters (p < 0.001); Games-Howell procedure revealed that there was
significant difference among each species pair (Table 2). The magnitude of the differences was particularly
pronounced for adjusted total length, pre-anal length, pre-dorsal length and dorsal fin length. Among the adjusted
measurements, P. senegalensis scored the highest values for all measurements except body depth, head length, eye
diameter, pectoral fin length and anal fin length, which were higher in L. agennes. P. quadrifilis had the lowest
value for all the adjusted measurements (Table 2). These differences were apparent after the adjustment for
standard length, and, therefore, suggest differences in body proportions rather than variations due to size alone.

This is in line with previous morphometric evidence of estuarine fishes. It was reported by Eriegha et al. (2024)
that morphometric characteristics like standard length, dorsal fin base and caudal peduncle length varied
significantly between populations of E. fimbriata from Qua Iboe, Escravos and Lagos Lagoon, suggesting that
these characteristics can differ between populations of fish from different estuarine systems. Their finding focused
on geographic differences in body size, whereas the present analysis shows that body size could be statistically
accounted for and that there was still some differentiation between the three species. This distinction is important
as the significant differences in Table 2 cannot be explained by simply the difference in the overall size of
individuals. Rather, the uniform separation of all the adjusted characters suggests species-specific differences in
body configuration.

A similar discriminatory value of morphometric characters has been reported for closely related fishes. Kumari et
al. (2020) concluded that congeneric sciaenids Otolithes cuvieri and O. ruber could be distinguished by
morphometric and meristic characters; however, only a few characters are necessary for good separation. In the
present results, the same is true for three estuarine species of different taxonomic groups, with all 11 size-adjusted
morphometric variables giving significant differences between species. The significant pairwise differences
identified by the Games-Howell procedure provide more specific information about which species pairs differed
than the overall omnibus test alone.

The present findings are comparable with the report of morphological differentiation in the Cross River estuary
for P. elongatus. Asuquo and Ifon (2022) found that fish sampled from estuary islands and estuary mouth can be
divided into two main groups, based on the first two principal components, which explained 85.6% of the total
variation and correctly classified 66.0% of the specimens using the discriminant analysis. They found that
size-adjusted morphometric measurements were able to identify structural variations between estuarine groups. In
the present study, all adjusted morphometric characters differed significantly among species, and the post hoc
comparisons separated all species pairs (Table 2).

4.3 Principal component analysis
Species-specific principal component analyses described the major sources of within-species morphometric
variation. For L. agennes, five components with eigenvalues > 1 explained 62.719% of the variance; PC1 was
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mainly related to adjusted head depth and head length, whereas PC2 was mainly related to adjusted pre-anal
length and anal fin length. For P. senegalensis, two components explained 37.033% of the variance; pectoral fin
length, caudal fin length and dorsal fin length contributed most to PC1, whereas eye diameter, head depth and
pre-anal length contributed most to PC2. For P. quadrifilis, four components explained 49.134% of the variance;
head depth, body depth and head length had the strongest loadings on PC1, whereas eye diameter, anal fin length,
dorsal fin length and pre-anal length contributed most to PC2 (Table 3).

The species-specific PCA plots illustrate within-species morphometric variation (Figure 1). Because PCA was
conducted separately for each species, the three plots should be interpreted as separate descriptions of variation
rather than as a common ordination showing interspecific separation. The results are consistent with the use of
PCA to describe morphometric variation in estuarine fish populations reported by Asuquo and Ifon (2022).

Taken together, the univariate comparisons, species-specific PCA results and canonical discriminant analysis
show that the three species differ in body and fin proportions. The PCA results describe how the relative
contribution of these traits varies within each species, whereas the discriminant analysis provides the direct
multivariate comparison among species (Tables 2-5; Figures 1 and 2).

4.4 Canonical discriminant analysis
Canonical discriminant analysis provided an additional multivariate assessment of separation among the three
species. Table 4 shows that PAL_ADJ, PDL_ADJ, DFL_ADJ and HD_ADJ contributed most strongly to
Function 1, whereas PFL_ADJ, AFL_ADJ, ED_ADJ, BD_ADJ and HL_ADJ contributed more strongly to
Function 2. These variables therefore contributed to the observed interspecific discrimination.

The group centroids in Table 5 show clear separation among the three species. P. senegalensis had the most
positive centroid on Function 1, P. quadrifilis had the most negative centroid on Function 1, and L. agennes was
separated primarily on Function 2. This pattern is consistent with the canonical discriminant plot (Figure 2) and
indicates that the sampled species occupied distinct positions in the discriminant space. Similar applications of
multivariate morphometric measurements have been reported for fish groups by Ivanova et al. (2024) and
Gonzalez-Martinez et al. (2020).

The classification results support the discriminatory ability of the measured characters within the sampled dataset.
Both the original classification and leave-one-out classification on the pre-standardised dataset correctly classified
all sampled specimens. However, because the species-specific allometric coefficients and reference mean standard
lengths were estimated from the complete datasets before the LOO procedure, the 100% classification rate
represents classification consistency within the present pre-standardised dataset rather than independent predictive
performance for unknown specimens. These results indicate that the selected morphometric variables
distinguished the sampled individuals of the three species; however, the classification accuracy should be
interpreted within the context of the present samples and should not be generalised to all populations of the three
species.

4.5 Canonical discriminant plot
Figure 2 graphically presents the canonical discriminant scores of the three species. The groups showed minimal
overlap, consistent with the separation of the group centroids in Table 5. The plot provides a visual summary of
the multivariate differences among the sampled species.

4.6 Meristic differentiation
Meristic characters provided an additional basis for distinguishing the three species. Dorsal soft rays, anal soft
rays, lateral-line scales, pectoral rays, caudal rays and gill rakers differed significantly among species (Table 6).
These results complement the morphometric findings because meristic characters are countable anatomical traits.
Similar use of morphometric and meristic characters for fish discrimination has been reported for sciaenids and
other fish groups (Kumari et al., 2020; Scott et al., 2020; Nyaku et al., 2026).
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The meristic profile of L. agennes can also be considered alongside the characterisation reported by Ewhuwhe
Ezo et al. (2024), who combined morphological identification with DNA barcoding for specimens from the
Escravos and Qua Iboe estuaries. In the present study, L. agennes differed from the other two species in several
meristic characters. Together, these observations support the usefulness of comparative morphological characters
for describing Nigerian estuarine fishes.

5 Conclusion
This study provides quantitative evidence of the difference in morphometric and meristic characteristics of the
three species, Lutjanus agennes, Pseudotolithus senegalensis and Polydactylus quadrifilis sampled from the Benin,
Brass, and Escravos estuaries of the Niger Delta. Allometric analysis was done for each species to obtain the
appropriate size adjustment relationship, and then all 11 morphometric characters exhibited statistically significant
interspecific differences. The Games-Howell comparisons revealed significant differences between all three
species for all the adjusted morphometric characters with notable differences occurring in the pairwise
comparisons of all three species, thus the observed interspecific differences were expressed consistently in all the
body and fin proportions measured. L. agennes recorded higher adjusted values for body depth, head length, eye
diameter, pectoral-fin length, and anal-fin length, whereas P. senegalensis recorded higher values for total length,
head depth, caudal-fin length, pre-dorsal length, pre-anal length, and dorsal-fin length. P. quadrifilis generally
showed the lowest adjusted values.

The study also shows that the characters contributing to the variation were not identical in the three species.
Within-species variation was determined by PCA, which resulted in different combinations of characters being
important for each species, and by CDA, which demonstrated clear multivariate separation among the three
species based on combined size-adjusted morphometric characteristics. The pre-anal length and pre-dorsal length,
dorsal fin length and head depth were the most important for the first discriminant function, while pectoral fin
length, anal fin length, eye diameter, body depth and head length were more important for the second function.
Each of the original and LOO classification procedures resulted in a 100% correct classification in the present
pre-standardised data set, but this was in the context of correctly classifying data points from the same data set
rather than predicting which data points from an unknown data set they would classify correctly.

Species-level evidence also came from meristic data which showed significant interspecific differences in dorsal
soft rays, anal soft rays, lateral-line scales, pectoral rays, caudal rays, and gill rakers, with dorsal-spine, anal-spine,
and pelvic-ray counts constant within each species in the sampled specimens. The present study integrated
species-specific allometric adjustment, univariate morphometric comparison, species-specific PCA, multivariate
discrimination and meristic characters to describe the morphological variation in these three estuarine fishes.

Combined, these data provide a quantitative morphological baseline for L. agennes, P. senegalensis and P.
quadrifilis in the estuarine systems sampled in the Niger Delta and identify specific morphometric and meristic
characters that can be used for comparative species characterisation and identification. Because the analyses were
carried out using fish from the sampling sites described here, the results are applicable only to the sampled
populations and should not be extrapolated to other populations without broader geographic sampling and further
validation.
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