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Abstract

Aim: Landmark-based truss network system was applied to examine the morphometric and meristic differences among four different populaces of
Macrognathus aculeatus namely; Dhakuriabeel, Jashore (DBJ); Arial Kha River, Madaripur (AKRM); Nabaganga River, Jhenaidah (NRJ); Kopotakkha
River, Jashore (KRJ) in Bangladesh.
Methodology: Completely 80 samples of M. aculeatus were collected (20 individuals from each population) for this study. Six meristic characters, 6
morphometric characters and 15 truss-based morphometric characters were measured for one-way analysis of variance (ANOVA) and Tukey-HSD post
hoc test. Discriminant function analyses were also performed by using morphometric and truss-based morphometric characters to detect potential
characters responsible for population separation.
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Results: ANOVA results revealed significant differences among three meristic
characters, 6 morphometric and 10 truss-based morphometric characters. By
using both morphometric and truss dimensions, the first discriminant function
analysis (DFA) resulted for 46.3%, the second DF resulted for 36.6% and the
third DF resulted for 17.1% among-group variability. The populations were
clearly aggregated among four populations in the discriminant space.
Considering the morphometric and truss measurements, 100%, 94.4%,
91.7% and 84.2% of unique grouped cases were appropriately classified in
KRJ, AKRM, DBJ and NRJ, respectively. In Euclidian dendrogram, where first
cluster formed by AKRM and second cluster formed by two populations DBJ
and NRJ and finally KRJ formed another sub cluster with DBJ.

Interpretation: The baseline information derived from the present study
would be useful for appropriate conservation of M. aculeatus populations as well as for the researchers for further investigation.
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Introduction

Meristic counts: Six meristic characters viz. number of dorsal
spiny rays (DSR), number of dorsal soft fin rays (DFR), number of
caudal fin rays (CFR), number of anal fin rays (AFR), number of
pelvic fin rays (PELFR), and number of black dots on dorsal fins
(NOBD) of each individual was counted with needles and glass
lens.

Morphometric measurements: Firstly, the samples were gently
removed from icebox and washed under flowing tap water. The
samples were positioned on a flat paper as a background with an
identification code. Next, the fins and fin rays were erected to
mark the different landmarks on the fish body. After that, digital
image of each individual was collected by using a cyber shot
DSC-W730 digital camera (Sony, China) with a liner scale
marked in centimeter scale (Cadrin and Fridland, 1999). Finally,
all digital images were stored in computer systems and 7
morphometric parameters were measured from left to right
directions across the fish body with software platform tpsDig2
v2.1 (Rohlf, 2006) (Table 2).
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Phenotypic variability among fish populations (which is
caused by environmental and genetic-environmental
interactions) can be described through examining external
morphology (morphometric and meristic counts) across the fish
body (Kaneko, 2009). Various methods such as truss network
systems, conventional tags, parasites as ordinary biomarkers,
otolith chemistry and molecular techniques have been widely
used for resolving stock identiﬁcation. Among all the
aforementioned techniques, morphometric characters are one of
the most regularly used and cost-effective approaches. Thus,
morphometric and meristic characters are influential methods for
determining discreteness and interactions among fish
populations globally (Melvin et al., 1992; Pathak et al., 2013) and
these techniques have been extensively used in all aspects of
fisheries research (i.e. stock identification, stock delineation,
phenotypic variation, ecological and evolutionary studies)
(Barriga-Sosa et al., 2004; Pinheiro et al., 2005; Chaklader et al.,
2019; Hanif et al., 2019). Landmark-based truss networks are
some arbitrarily selected distances on a fish body that is used for
measuring of body shape of a single species (Swain and Foote,
1999). Nevertheless, truss network is a technique that can
provide supplementary taxonomic information to enhance
species identification (Strauss and Bond, 1990). Hence, truss
network systems can be considered as powerful tools for stock
identification as well as detecting morphological variations
among population of a species (Strauss and Bookstein, 1982).

immediately preserved in ice box. The samples were immediately
brought to the Laboratory of Fish Biology and Aquaculture,
Department of Fisheries and Marine Bioscience, Jashore
University of Science and Technology, Jashore, Bangladesh for
meristic counts and morphometric measures. The samples were
collected during September to November 2017.
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The peacock eel or spiny eel, Macrognathus aculeatus is
a specie of order Mastacembeli formes. It is widely distributed in
South East Asian countries (Saha, 2007), including Bangladesh.
This fish has gained much popularity due to its high economic
value as well as high nutritive value as a table fish. The feeding
habit of M. aculeatus is detritus and insect larvae feeder. It is an
occupant of muddy bottom of any types of freshwater sources.
According to IUCN-Bangladesh (2015), M. aculeatus is a near
threatened species. Though this fish species has high nutritious
value and high customer appeal but information regarding on the
biology of this species is scarce. Recent studies have reported
that this specie is facing a major bottleneck due to several
anthropogenic activities and climate change in Bangladesh
(Ahmed and Akhter, 2008). Keeping in view the above, the
present study was conducted to examine the external
phenotypes (morphological and meristic variations) of wild
populations of M. aculeatus inhabiting from South-Western
region in Bangladesh.
Materials and Methods
Sampling: A total of 80 individuals of M. aculeatus were collected
from four different freshwater sources viz., DBJ: Dhakuriabeel,
Jashore; AKRM: Arial khan River, Madaripur; NRJ: Nabaganga
River, Jhenidah and KRJ: Kopotakkha river, Jashore and

The morphometric characters of M. aculeatus studied are
as follows : Total length (TL) - Distance from the tip of the upper
jaw to the end point of caudal fin ray; Standard length (SL) Distance from the tip of the upper jaw to the end of the vertebral
column; Body depth (BD) - Maximum depth vertically measured
from the base of the middle dorsal fin ray; Upper jaw length (UJL) Straight line measurement between the snout tip and posterior
edge of maxilla; Lower jaw length (LJL) - Straight line
measurement between the snout tip and posterior edge of
mandible; Head depth (HD) - Vertical distance at the at the post
position of the operculum; Inter orbital (IO) - Distance between
dorsal side of both eyes.

The truss protocol was constructed by fixing 8 landmarks
and truss measurements were assembled by joining them to form
15 truss morphometric networks (Fig. 1). The withdrawal of truss
distances from digital images of specimens were extracted using
a software platform, tpsDig2v 2.1 (Rohlf, 2006).
Statistical analyses: Morphometric parameters are continuous
variables and, hence, these variables are suitable for multivariate
analyses. Prior to the analysis, the characters of physical sizes of
individual fish were excluded by standardizing the size according
to Elliot et al. (1995).
Madj= M (Ls/Lo)b
Where, M is the unique measurement; Madj is the size adjusted
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DBJ and NRJ populaces totally showed significant from the
AKRM and KRJ populaces and displayed intermediate between
the two populaces of DBJ and NRJ separately. Additionally, the
NRJ and KRJ populations were entirely distinguishable from the
DBJ and AKRM for AFR character.

In case of morphometric characters, SL (F = 7.015 and P
value = 0.00), BD (F = 6.561 and P value < 0.05), UJL (F = 23.683
and P value = 0.00), LJL (F = 5.163 and P value < 0.05), HD (F =
19.029 and P value= 0.000) and IO (F = 4.459 and P value < 0.05)
showed significant differences (Table 3). Moreover, 10 trussbased morphometric characters for instance, 1-2 (F = 4.692 and P
value < 0.000), 2-3 (F = 11.792 and P value < 0.000), 6-7 (F =
5.498 and P value < 0.05), 7-8 (F = 4.725 and P value < 0.05), 1-8
(F = 3.291 and P value < 0.05), 3-8 (F = 14.150 and P value =
0.000), 3-7 (F = 5.640 and P value < 0.05), 4-6 (F = 5.429 and P
value < 0.05), 4-8 (F = 6.357 and P value < 0.05) and 5-7 (F =
6.656 and P value = 0.00) showed highly significant differences,
whereas five truss-based morphometric charactersfor instance,
3-4 (F = 14.150 and P value > 0.05) , 4-5 (F = 14.150 and P value =
0.05), 5-6 (F = 14.150 and P value = 0.05), 2-8 (F = 14.150 and P
value = 0.05), 4-7 (F = 14.150 and P value = 0.05) didn't
demonstrate any significant differences among the four
populations (Table 3).
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measurement; Lo is the total length of fish and Ls is the overall
mean of total length for all fish from all samples. Parameter b: the
slope of regression of logM on logLo, using all fish individuals.
Meristic and morphometric variables were compared using oneway analysis of variance followed by Tuckey-HSD post hoc tests.
However, one-way analysis followed by Tukey-HSD post hoc
tests cannot confer population variations by using meristic and
morphometric characters. To detect the specific parameters
which are responsible to exhibit phenotypic divergences among
the four populations we analyzed univariate statistics. i.e.
discriminant function analysis (DFA). In this case of DFA analysis,
we used only morphometric parameters. DFA analysis mainly
focused on the point of likeness between the samples in general
investigation and the comparative rank of each dimension.
Population centroids with 5% significance ellipses resulted from
DFA analyses were used to envisage connections amongst the
individual of all groups. Population-wise classification results
were conducted with DFA. A dendrogram was drawn based on the
morphometric and truss distances of the population. All statistical
analyses were set up at 5% significant level by using SPSS 21
(SPSS, Chicago, IL, USA).
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Fig. 1 : Position of 8 anatomic landmarks and truss morphometrics (containing 15 truss characters) created from the left view of M. aculeatus. The
description of landmarks are as follows: 1: Forward tip of the lower snout, 2: Forward dorsal medial edge of the orbital socket, 3: Forehead (end of the
frontal bone), 4: Foundation of the soft dorsal fin, 5: Dorsal basis of the caudal fin, 6: Ventral source of the caudal fin, 7: Origin of anal fin and 8: Derivation
of pectoral fin.

Results and Discussion

On

The one-way ANOVA tests of six meristic characters
showed that three characters viz., DFR (F = 6.348 and P value <
0.05), CFR (F = 9.430 and P-value = 0.00) and AFR (3.433 and Pvalue < 0.00) found significant differences. Whereas, the
remaining three characters viz., DSR (F = 0.435 and P-value >
0.05), PELFR (F = 0.631 and P-value > 0.05) and NOBD (F =
0.824 and P-value > 0.05) didn't confer significant differences
among the four populations (Table 3). These phenomena may be
caused due to similar abiotic, biotic factors as well as similar ecohydrological parameters such as similar motions of water current
flow, duration of day degree temperature and water quality
parameters etc. In this regard, we didn't measure the abiotic,
biotic and other water quality parameters. The DBJ population
significantly differed from the AKRM, NRJ and KRJ populations
for instance of DFR character. In the feature of CFR character,

The NRJ and KRJ populations showed highly significant
difference than AKRM population, while DBJ population formed
intermediate between NRJ and KRJ populations. In case of BD
character, the NRJ population demonstrated significant disparity
than AKRM population whereas KRJ population demonstrated inbetween DBJ and NRJ populations as well as DBJ population
demonstrated intermediate between AKRM and KRJ
populations, respectively. Additionally, the HD, 2-3, 3-8, 4-8, 1-8
and 6-7 characters showed significant differences in NRJ and
KRJ populations than the DBJ and AKRM populations. Moreover,
the 5-7, 4-6, 3-7 and 7-8 characters ascertained significant
differences in DBJ, NRJ and KRJ populations than the AKRM
population. Similarly, the AKRM population exhibited highly
significant difference than the DBJ, NRJ and KRJ populations for
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The present study showed substantial distinction among
the four populations of M. aculeatus in Bangladesh in terms of
meristic and morphometric characters. Three meristic counts viz.,
DFR, CFR and AFR showed significant disparities among the six
meristic counts. These results are completely similar as
previously conducted in Macrognathuspancalus(Mahfuj et al.,
2019) for the characters of CFR and PELFR where they
analyzedKruskal-Walis test rather than ANOVA with Tukey-HSD
post hoc test. In a distinct study, substantial variances were also
found in DFR and AFR whereas insignificant results were created
in remaining meristic characters of Mesopotamian
Mastacembelus mastacembelus populations among three
locations of the Karakay pool, the Tohma creek and the Tigris

waterway (Çakmak and Alp, 2010). Moreover, researchers only
assessed meristic counts and they outlined merely descriptive
statistics of the Mastacemblidae family namely, (Sultana et al.,
2017) in Macrognathus aculeatus, (Plamoottil and Abraham,
2015) in Macrognathusalbus, (Mahmud et al., 2015) and (Narejo
et al., 2003) in Mastacembelus armatus. According to Waldman
(2005) meristic parameters are worthwhile for delineating stock
identification because they specify the initial development and
growth of an organism. However, these phenotypic disparities are
completely or partially depend on the genetics and environmental
conditions during their life histories (Swain et al., 2005). Abiotic
parameters for instance, fluctuations of temperature, salinity,
dissolved oxygen, nurturing density, radiation, and degree of day
light, geographical locations are the major cause of meristic
disparities (Hubbs, 1922; Vladykov, 1934; McHugh, 1954; Leary
et al., 1991; Lindsey, 1988; Kashefi et al., 2012).
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the truss-based characterof 1-2. Correspondingly, the DBJ,
AKRM and NRJ populations ascertained significant deviation
than the KRJ population for the character UJL. Moreover, the IO
and LJL characters showed significant differences in AKRM and
NRJ populations than the DBJ and KRJ populations, respectively.

Discriminant function analysis (DFA) formed three
discriminant tasks (DF1, DF2 and DF3) for both morphometric

Table 3 : Descriptive statistics of meristic and morphometric characters of M. aculeatus from freshwater sources in Bangladesh
NRJ

KRJ

F

P-value

18.62 ± 1.61
50.83 ± 4.42a
13.41 ± 2.14a
47.33 ± 4.50b
18.75 ± 2.66
3.54 ± 1.21

19.16 ± 1.94
46.77 ± 3.93b
11.50 ± 1.33bc
47.88 ± 3.78b
14.00 ± 2.19
3.94 ± 0.99

18.84 ± 1.25
46.31 ± 2.86b
10.94 ± 1.43c
50.47 ± 3.35a
13.89 ± 1.72
3.47 ± 1.07

19.10 ± 2.04
46.90 ± 4.21b
12.30 ± 1.21ab
50.45 ± 3.34a
13.70 ± 1.38
3.40 ± 1.27

0.435
6.348
9.430
3.433
0.631
0.824

0.728
0.001*
0.000*
0.021*
0.597
0.485

12.12 ± 1.32b
1.47 ± 0.21c
1.07 ± 0.22a
0.47 ± 0.10a
0.69 ± 0.007b
0.45 ± 0.06a
0.86 ± 0.20a
2.07 ± 0.27b
5.19 ± 0.82
3.28 ± 0.43
0.27 ± 0.04
3.62 ± 0.52b
5.36 ± 1.29b
2.11 ± 0.25b
1.49 ± 0.19
1.07 ± 0.21b
5.02 ± 0.64b
3.38 ± 0.44b
1.50 ± 0.24
5.83 ± 0.85b
3.53 ± 0.47b

13.68 ± 1.60a
1.72 ± 0.22a
1.11 ±0.032a
0.49 ± 0.04a
0.81 ± 0. 08a
0.42 ± 0.18a
0.79 ± 0.13b
2.51 ± 0.41a
5.57 ± 0.88
3.87 ± 0.88
0.33 ± 0.05
4.12 ± 0.71a
6.68 ± 1.11a
2.03 ± 0.25a
1.58 ± 0.16
1.46 ± 0.35a
5.73 ± 0.80a
4.04 ± 0.81a
1.82 ± 0.61
6.88 ± 0.98a
4.10 ± 0.77a

13.30 ± 0.63a
1.66 ± 0.10ab
0.77 ± 0.01b
0.39 ± 0.08b
0.76 ± 0.04a
0.34 ± 0.05b
0.74 ± 0.09b
2.65 ± 0.57a
5.11 ± 0.56
3.82 ± 0.88
0.49 ± 0.08
4.27 ± 0.44a
5.84 ± 1.13a
1.98 ± 0.26a
1.54 ± 0.18
1.49 ± 0.29a
4.18 ± 0.27b
4.18 ± 0.27a
1.67 ± 0.15
6.33 ± 0.48a
4.22 ± 0.27a

7.015
6.561
23.683
5.163
19.029
4.459
4.692
11.729
1.569
2.646
1.015
5.498
4.725
3.291
2.467
14.150
5.640
5.429
2.030
6.357
6.656

0.000*
0.001*
0.000*
0.003*
0.000*
0.001*
0.005*
0.000*
0.204
0.055
0.391
0.002*
0.004*
0.025*
0.068
0.000*
0.002*
0.002*
0.117
0.001*
0.000*

Morphometric characters
SL
12.82 ± 0.56ab
BD
1.55 ± 0.18bc
UJL
1.14 ± 0.20a
LJL
0.44 ± 0.08b
HD
0.66 ± 0.62b
IO
0.36 ± 0.06b
1-2
0.71 ± 0.10b
2-3
2.00 ± 0.38b
3-4
5.48 ± 0.78
4-5
3.93 ± 0.87
5-6
0.32 ± 0.54
6-7
3.92 ± 0.35b
7-8
6.04 ± 0.81a
1-8
1.83 ± 0.83b
2-8
1.42 ± 0.26
3-8
1.07 ± 0.21b
3-7
5.69 ± 0.64a
4-6
4.06 ± 0.87a
4-7
1.72 ± 0.42
4-8
6.24 ± 0.56b
5-7
3.99 ± 0.35a
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AKRM
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Meristic characters
DSR
DFR
CFR
AFR
PELFR
NOBD

DBJ

Values are presented as mean ± SD. Different small superscripts in each row differs the values of meristic, morphometric and truss distances; F: FStatistics in one-way analysis of variance (ANOVA). * P<0.05; DBJ: Dhakuriabeel, Jashore; AKRM: Arial khan River, Madaripur; NRJ: Nabaganga River,
Jhenidah and KRJ: Kopotakkha river, Jashore
¨ Journal of Environmental Biology, May 2021¨
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Table 4 : Pooled within group correlations between discriminant variables of M. aculeatus
DF1 (46.3%)

DF2 (36.6%)

DF3 (17.1%)

UJL
3-8
2-3
6-7
5-6
1-2
4-6
IO
1-8
5-7
4-5
HD
4-8
7-8
SL
3-7
BD
LJL
4-7
3-4
2-8

0.551*
-0.423*
-0.404*
-0.244*
-0.114*
0.038
-0.155
0.112
-0.046
-0.221
-0.051
-0.389
-0.121
-0.043
-0.206
0.065
-0.229
0.177
-0.034
0.073
-0.133

-0.013
0.020
0.050
-0.144
-0.049
0.299*
-0.257*
0.254*
0.250*
-0.230*
-0.196*
0.159
-0.085
-0.107
-0.126
-0.213
-0.067
0.155
-0.112
-0.062
0.113

0.426
0.329
0.215
0.156
-0.047
0.013
0.149
0.110
0.025
0.185
0.150
0.583*
0.461*
0.412*
0.383*
0.358*
0.357*
0.300*
0.237*
0.208*
0.169*
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Characters

underwritten to the second DF and the residual four dimensions
paid to the third DF (Table 4). Amongst the fifteen truss-based
morphometric dimensions four parameters (3-8, 2-3, 6-7 and 5-6)
dominantly paid to the first DF , five dimensions (1-2, 4-6 ,1-8 ,5-7
and 4-5) also paid to the second DF and the residual six
measurements (4-8, 7-8, 3-7,4-7, 3-4 and 2-8) paid to the third DF
(Table 4). In bi-plot orientation from DFA analysis showed a
vibrant overlying among the populations for both morphometric
and truss measurements in changing notches. This outcome
revealed clear aggregation amongst four populations (Fig. 2).

On
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and truss characters, where first DF contributed 46.3%, the
second DF contributed 36.6% and third DF contributed for 17.1%
among group variability and together they explained 100% of the
total among group variability (Table 4). Pooled within-group
correlations between discriminant variables and DFs exposed
that among six morphometric measurements, one-dimension
UJL dominantly paid to the first DF, similarly one dimension IO

Fig. 2 : Bi-Plot orientation of discriminant function scores using
morphometric measurements of M. aculeatus. 1. DBJ: Dhakuriabeel,
Jashore; 2. AKRM: Arial khan River, Madaripur; 3. NRJ: Nabaganga
River, Jhenidah and 4. KRJ: Kopotakkha river, Jashore.

Correct and cross-validation results were aggregately
obtained from DFA analysis. Correct classification test showed
that 92.5% of the individuals fit into respective four populations.
Among the four populations, percent fitness was observed in KRJ
followed by 94.4% in AKRM, 91.7% in DBJ and 84.2% in NRJ
population, respectively. Furthermore, the maximum
heterogeneities were observed in NRJ (84.2%) population with
DBJ (10.5%) and AKRM (5.3%) populations in their respective
ratios. Cross-validation results showed that 71.3% individuals
were categorized into their original populations. The average
contributions were categorized through ascending orders in the
following populations namely, DBJ (83.3%), KRJ (78.9%), NRJ
(68.4%) and AKRM (50%) respectively. From this classification
results it could be concluded that the populations were highly
intermingled in populations level through cross-validated analysis
whilst the individuals were separated individually in populations
level through original classification analysis.
Euclidian dendrogram was arranged based on the
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Table 5 : Classification outcomes of DFA obtained from morphometric characters of M. aculeatus.DBJ: Dhakuriabeel, Jashore; AKRM: Arial khan River,
Madaripur; NRJ: Nabaganga River, Jhenidah and KRJ: Kopotakkha river, Jashore
Predicted group membership

Cross-validated b (%)

DBJ
AKRM
NRJ
KRJ
DBJ
AKRM
NRJ
KRJ

AKRM

NRJ

KRJ

Total

22 (91.7%)
1 (5.6%)
2 (10.5%)
0
20 (83.3%)
4 (22.2%)
2 (10.5%)
2 (10.5%)

1 (4.2%)
17 (94.4%)
1 (5.3%)
0
1 (4.2%)
9 (50%)
2 (10.5%)
0

1 (4.2%)
0
16 (84.2%)
0
3 (12.5%)
3 (16.7%)
13 (68.4%)
2 (10.5%)

0
0
0
19 (100%)
0
2 (11.1%)
2 (10.5%)
15 (78.9%)

24 (100%)
18 (100%)
19 (100%)
19 (100%)
24
18
19
19

Co
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Original a (%)

DBJ

a 92.5% of unique grouped cases appropriately classified; b 71.3% of cross-validated grouped cases appropriately categorized.
0
1

Kapotakho River, Joshore (KRJ)

4

Nabaganga River, Jhenaidah (NRJ)

3

Arial Kha River, Madaripur (AKRM)

2

5

10

15

20

25
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Dhakuria Beel, Joshore (DBJ)

Fig. 3 : UPGMA dendrogram prepared by using morphometric (conventional and truss) characters of M. aculeatus. DBJ: Dhakuriabeel, Jashore; AKRM:
Arial khan River, Madaripur; NRJ: Nabaganga River, Jhenidah and KRJ: Kopotakkha river, Jashore.
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morphometric and truss measurements shown in four populaces.
Where, two clusters were mainly formed in the Euclidian
dendrogram, in which first cluster was formed by AKRM and
second cluster was formed by two populations namely DBJ and
NRJ and finally KRJ formed another subcluster with DBJ (Fig. 3).
Dendrogram clearly revealed that AKRM population showed a
clear separation and formed a distinct population due to its variant
morphometric characters, while NRJ and DBJ aggregately
formed a separate cluster due to similar morphometric characters
which is strongly supported by discriminant function analysis as
well as classification results (Fig 2). Additionally, the
morphometric similarity was clearly observed in KRJ and DBJ
populations when compared with other populations.
In the morphometric investigations, highly significant
morphological variations were found in four populations where
SL, BD, UJL, LJL, HD, IO, 1-2, 2-3, 6-7, 7-8, 1-8, 3-8, 3-7, 4-6, 4-8
and 5-7 characters showed significant deviations among the
populations. These univariate statistics differences completely
matched with the previous experiment conducted following same
procedure by Mahfujet al. (2019) for Macrognathus pancalus

collected from four South-western Bangadeshi fresh waters
namely, NRJ, AKRM, DBJ and BoluharpurBaor in Jhenaidah
district. Furthermore, three discriminant functions were created in
the present study, where 6-7, UJL, 2-3, 3-8 characters uniquely
contributed to DF1; 1-8, 1-2, 4-5 characters are commonly shared
in DF2; and finally HD, 4-8, 3-7 characters normally matched in
DF3 linked by Mahfujet al. (2019) for Macrognathus pancalus.
Arranging discriminant function DF1, DF2 and DF3 displayed a
clear accumulation amongst the individuals and the populations
for both morphometric and landmark dimensions. Four populaces
were clearly amalgamated from each other in the discriminant biplot space. It elucidated and demonstrated that first DF was more
useful than the second DF. Third DF was consequently less
explanatory in the explaining differences among the stock. This
information suggested that there was intermingling among the
populations. It disclosed that the discriminant exploration was
appropriate as useful technique for classifying populaces, strains,
and subspecies, which have close associations.

Morphometric alterations among populations are highly
predictable because of environmental variations changes from
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threatened spices. The standard data obtained from the present
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