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Abstract
1

The morphometric measurements of populations of Anthia sexmaculata in different regions
were studied in Egypt. A multivariate comparison of morphometric differences was undertaken
by eyepiece micrometer on three different ecogeographical areas in Egypt; Western Mediterranean Coastal Desert (WMCD) (North Coast, Fouka and Mersa Matruh), Western Desert (Siwa,
Bahariya and Dakhla Oases) and South Sinai (Saint Catherine and Taba Protected area and
Sharm El Sheikh wadis). Twenty-one morphometric traits were studied. Traits best corresponding to the distinction of populations was distinguished by cluster and discriminant analysis
(LDA). The first and second discriminant axes (Axis1 and Axis2) recorded 88.38% and 11.62%,
respectively, of the total variation in studied sample. Multiple discriminant analysis revealed
clear morphometric differences between West Mediterranean Costal Desert, Western Desert and
South Sinai populations. Traits connected with morphometric measurements are good characters
for differentiation between carabid beetles, South Sinai population of A. sexmaculatus have been
shown to differ morphologically from the other populations in Egypt.
Key Words: Egypt, Biogeography, Morphometrics, Linear Discriminant Analysis, Anthia
sexmaculata, Carabid beetle,

Introduction
Egypt occupies the northeastern part of the
Africa. It is roughly quadrangular, extending
about 1073 km from north to south and
about 1229 km from east to west. Thus, the
total area of Egypt is a little more than one
million square kilometers (1,019,600km2)
occupying nearly 3% of the total area of Africa (Abu Al-Izz, 1971). The position of
Egypt amongst the faunal regions of the
world is a rather anomalous one, since it
combines the characteristics of both Palaearctic and Afrotropical regions. It has generally been considered to belong to Palaearctic, but the Afrotropical element is much
greater than usually thought (Steyskal and El
Bialy, 1967). Egypt is a part of the Great
Desert Belt and it is characterized by warm
and almost rainless climate. Only the Coastal Strip, Gebel Elba and high mountains of
southern Sinai receive comparatively higher

rainfall. This is reflected on their floral and
faunal composition (Larsen, 1991). Egypt is
into 8 ecological zones; The Coastal Strip,
Lower Nile Valley and Delta, Upper Nile
Valley, El Faiyum Depression, Eastern Desert, Western Desert, Gebel Elba and Sinai
(El Hawagry and Gilbert, 2014).
Within insect species, the size of each organ, appendage or body regions bears a specific relationship to overall body size (Shingleton et al, 2007). Positive correlations have
been found between wings and body size,
fore-femur length and body size, and body
size and morphological traits associated with
feeding mandibles, head (Stern and Emlen,
1999). These correlations, head width or mandible length are related to an ability to consume larger food items (Pearson and Stemberger, 1980). Such a positive relationship
between feeding morphology and body size
differed among populations because of dis-
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tinct resource availability or foraging strategies (Bommarco, 1998), and the food intake
provided a major part of the resources used
for reproduction (Juliano 1986).
Family Carabidae, the ground beetles, contains more than 40,000 described species
classified into 86 tribes (Erwin, 1985). It is
the largest adephagan family and one of the
most speciose of beetle families. Suborder
Adephaga is a relatively large group of specialized beetles morphologically defined by
six abdominal ventrites, pygidial defense glands in adult and liquid-feeding mouthparts
in larvae (Lawrence and Britton, 1991).
Although early studies on the morphological adaptations of carabids tried to relate especific characters with habitats, only a few
adaptations to specific environments was detected as digging, tree-dwelling, or cave-dwelling species (Ribera et al, 1999). Morphological variability within group was associated with differences in habits, locomotion
and feeding mechanism (Evans, 1990).
The morphometric measurements are used
to clarify shape statistical analyses and to
resolve phylogenies (Klingenberg and Marugan-Lobon, 2013), used in taxonomical revision (Grobler et al, 2006) and in integrative
approach to systematics along with molecular data (Ober and Connolly, 2015).
An important question is which morphological traits should be analyzed? Redundancy
leads to results disturbance. Morphometric
measurements proved helpful in establishing
phylogeny, species not easy to distinguish
due to few or even no diagnostic traits (De
Bivort et al, 2010; Navia et al, 2015).

The present study aimed to elucidate potential sub-specific differences of the different
Egyptian populations of A. sexmaculata by
using the cluster and discriminant analysis
(LDA).
Materials and Methods
Study Area: Eleven localities of Egypt
were included during a period of spring and
summer months of year 2016 (Tab.1). Pitfall
traps were used to collect A. sexmaculata
populations of the studied localities. Each
trap consisted of a rounded plastic jar with
depth of 13cm and an upper opening of
5.7cm in diameter. Three different sites were
selected in each locality to represent as
much as possible of the local habitat heterogeneity. Twenty-five pitfall traps per each
site with ten meters intervals were placed
late afternoon at 16:00pm until the following
sunrise. Trapping was conducted for two to
three nights at each locality. The specimens
were killed by ethyl acetate, processed and
examined. Standard keys were adapted for
taxonomic identification (Lobl and Smetana,
2008). The specimens were deposited at AlAzhar University Zoological Collection
(AUZC), Faculty of Science, Al Azhar University. The geographical position and altitude of each site were recorded using a
Garmin eTrex 30 GPS.
The study area was classified into three
ecogeographical regions; Western Mediterranean Coastal Desert (North Coast, Fouka
and Mersa Matruh), Western Desert (Siwa,
Bahariya and Dakhla Oases) and South Sinai
(Saint Catherine and Taba Protected area
and Sharm El Sheikh wadis).

Table 1: Ecogeograplical regions, coordinates and collection of A. sexmaculata population samples
Co-ordinations
No
Locality
Date
Latitude
Longitude
1
Mersa Matruh, Matruh
31.30902 N
27.29444 E
5/2016
2
Fouka, Matruh
31.05086 N
27.56188 E
5/2016
3
Bagush, Matruh
31.10422 N
27.41474 E
4/2016
4
El Zayton, Siwa Oasis
29.15135 N
25.79346 E
4/2016
5
Siwa Oasis
29.18073 N
25.47638 E
4/2016
6
Bahariya Oasis
28.79477 N
28.34275 E
7/2016
7
Bahariya Oasis
28.24414 N
28.54131 E
7/2016
8
Mute, Dakhla
25.49454 N
28.97892 E
7/2016
9
Sharm El Sheikh, Sinai
27.82994 N
34.20170 E
4/2016
10 Saint Katherine, Sinai
27.84990 N
34.22448 E
4/2016
11 Taba Protectorate, Sinai
28.89613 N
34.92268 E
9/2016
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Measurements: A total of 62 specimens
were examined for morphometric analyses.
Each specimen was measured by eyepiece
micrometer; TL: total length, taken dorsally
from head anterior border to elytron posterior border. AL: antenna length, total length of
pedicel plus flagellum. HL: head length, taken dorsally from anterior border to posterior one after eyes. HW: maximum head width, taken dorsally. PL: maximum pronotum
length, taken dorsally from anterior to posterior border at scutellum. PW: maximum pronotum width, taken perpendicular to pronotum length. EL: elytron length, distance between scutellum anterior border to elytron
posterior border. EW: elytron maximum width. FF: forefemur length. FT: foretibia length. FTa foretarsus length. MF: mesofemur
length, MT mesotibia length, MTa mesotarsus length, MeF: metafemur length, MeT
metatibia length, MeTa metatarsus length.
Statistical Analysis: Discriminant analysis
(LDA) was done by using (Past3) software
program. Data was analyzed using statistical
package for social sciences (SPSS) computer
software package, version 20 for One-way
ANOVA (Levesque, 2007).
Results
A comparison of A. sexmaculata populations collected from three different ecogeographical regions (Tab. 2) based on 17 absolute morphometric characters and 4 ratios
was undertaken (Tab. 3).

The specimens of Sinai showed the highest
for 6 absolute values and two ratios and that
of Mediterranean Coastal Desert (WMCD)
recorded highest of three absolute values. As
to total lengths, Sinai specimens were 9.99±
0.11mm, total lengths of WMCD specimens
was 9.86±0.07mm, which was significant.
Highest mean lengths of the antenna, forefemur, metatibia, metatarsus and the values
of (pronotum and elytron) width and ratios
of pronotum width/pronotum length and elytron length/pronotum length were recorded
for Sinai population. Highest mean values of
forefemur length, mesofemur length and
metafemur length were recorded for WMCD
population (Tab. 3).
Discriminant Analysis (LDA): Discriminant analysis based on 21 variables showed
significant, intergroup variables was carried
out. The analysis generated two principle
components for all samples. The first and
second discriminant axes (Axis1 and Axis2)
recorded 88.38% and 11.62%, respectively,
of the total variation in samples (Tab. 4),
and actor loading values for each measurement was given (Tab. 5).
By comparing all morphological characters, cluster analysis showed that the three
sampled populations of A. sexmaculatus are
clustered in two discrete groups. First cluster
consisted of the populations of the Western
Desert and WMCD. Second cluster contained South Sinai population only.

Table 2: Ecogeograplical regions, specimens No. & Museum No. of A. sexmaculata collected during spring and summer 2016

Locality
Saint Katherine, Sinai
Sharm El Sheikh, Sinai
Taba Protectorate, Sinai
Bagush, Matruh
Mersa Matruh, Matruh
Fouka, Matruh
Bahariya Oasis
Mute, Dakhla
El Zayton, Siwa Oasis
Siwa Oasis

No. of specimens
7
4
3
11
2
6
7
2
3
10
7
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Museum number
IC01745 - IC01752
IC01753 - IC01756
IC01757 - IC01759
IC01760 - IC01770
IC01771 - IC01772
IC01773 - IC01778
IC01779 - IC01785
IC01786 - IC01787
IC01788 - IC01790
IC01791 - IC01800
IC01801 - IC01807

Table 3: Morphological measurements (mm) for A. sexmaculatus specimens from three Egyptian ecogeographical areas. m.
Character
TL
AL
HL
HW
PL
PW
EL
EW
FF
FT
Fta
MF
MT
Mta
MeF
MeT
MeTa
HW/HL
PW/PL
EW/EL
EL/PL

WMCD
46.14±0.09 (46.00-46.30)17
21.11±0.08 (21.00-21.20)17
11.18*±0.08 (11.10-11.30)17
9.16*±0.07 (9.10-9.30)17
10.09±0.08 (10.00-10.20)17
9.86*±0.07 (9.80-10.00)17
24.71±0.08 (24.60-24.80)17
14.78±0.08 (14.70-14.90)17
10.16±0.09 (10.00-10.30)17
7.82±0.07 (7.70-7.90)17
7.10±0.07 (7.00-7.20)17
12.22±0.07 (12.10-12.30)17
9.02±0.07 (8.90-9.10)17
10.18±0.08 (1.10-10.30)17
15.34*±0.05 (15.30-15.40)17
13.22*±0.08 (13.10-13.30)17
10.89±0.08 (10.80-11.00)17
0.82*±0.01 (0.81-0.84)17
0.98*±0.01 (0.96-0.99)17
0.60±0.00 (0.59-0.60)17
2.45±0.02 (2.42-2.48)17

Western Desert
46.12±0.12 (46.00-46.30)34
21.14±0.05 (21.10-21.20)34
11.06*±0.08 (11.00-11.20)34
9.24*±0.05 (9.20-9.30)34
10.14±0.08 (10.00-10.20)34
9.86*±0.05 (9.80-9.90)34
24.76±0.05 (24.70-24.90)34
14.76±0.08 (14.70-14.90)34
10.20±0.09 (10.10-10.30)34
7.86±0.05 (7.80-7.90)34
7.08±0.08 (7.00-7.20)34
12.20±0.06 (12.10-12.30)34
9.00±0.09 (8.90-9.10)34
10.16±0.08 (1.10-10.30)34
15.24*±0.05 (15.20-15.30)34
13.18*±0.04 (13.10-13.30)34
10.92±0.08 (10.80-11.00)34
0.84*±0.01 (0.83-0.85)34
0.97*±0.01 (0.96-0.98)34
0.60±0.00 (0.59-0.60)34
2.44±0.02 (2.42-2.48)34

Sinai
46.16±0.12 (46.00-46.30)12
21.16±0.05 (21.10-21.20)12
11.18*±0.09 (11.10-11.30)12
9.14*±0.05 (9.10-9.20)12
10.12±0.08 (10.00-10.20)12
9.99*±0.11 (9.90-10.20)12
24.76±0.05 (24.70-24.90)12
14.78±0.09 (14.70-14.90)12
10.27±0.09 (10.20-10.40)12
7.86±0.05 (7.80-7.90)12
7.09±0.08 (7.00-7.20)12
12.20±0.06 (12.10-12.30)12
9.02±0.08 (8.90-9.10)12
10.18±0.09 (1.10-10.30)12
15.33*±0.05 (15.30-15.40)12
13.27*±0.05 (13.20-13.30)12
10.93±0.08 (10.80-11.00)12
0.82*±0.01 (0.81-0.83)12
0.99*±0.01 (0.97-1.01)12
0.60±0.00 (0.59-0.60)12
2.45±0.02 (2.42-2.48)12

F value
.662
2.327
18.654
17.800
1.662
16.812
3.921
.838
4.933
2.529
.323
.716
.444
.838
27.654
11.312
1.087
39.324
12.790
.441
.644

Data shown as mean ± SD (range) number of specimens, (P<0.05 * = significant), TL: total length, AL: antenna length, HL:
head length, HW: head width, PL: pronotum length, PW: pronotum width, EL: elytron length, EW: elytron width, FF: forefemur length, FT: foretibia length, FTa: foretarsus length, MF: mesofemur length, MT: mesotibia length, MTa: mesotarsus
length, MeF: metafemur length, MeT: metatibia length, MeTa: metatarsus length, HW/HL: head width/head length, PW/PL:
pronotum width/pronotum length, EW/EL: elytron width/elytron length and El/PL: elytron length/pronotum length.
Table 4: Discriminant analysis based on 21 morphologic variables
Eigen value % explained
Axis1
18.898
88.38
Axis2
2.4969
11.62
Table 5: Factor loading values for each morphological character
Trait
Axis1
Axis 2
TL
0.00022581
0.0071749
AL
0.0036568
0.0014405
HL
0.002211
0.014684
HW
-0.0064744
-0.024083
PL
0.0011958
-0.0063013
PW
0.011725
0.0059638
EL
0.002045
-0.0095374
EW
0.002211
0.014684
FF
0.0037096
-0.0080363
FT
0.0029772
-0.006106
Fta
-0.00062299
0.0024134
MF
0.00038066
0.0027991
MT
-0.0010818
0.003706
Mta
0.002211
0.014684
MeF
0.0030597
0.026962
MeT
0.0035501
-0.009994
MeTa
0.0050076
0.0017879
HW/HL
-0.00085549
-0.0033452
PW/PL
0.001053
0.0012265
EW/EL
-0.00011771
0.00018463
EL/PL
-8.935E-05
0.00087663
.

Discussion
The importance of examining variation of
morphological traits was recently re-emphasised because these traits are (i) used extensively for taxonomy, (ii) partially under gen-

etic control, (iii) target of selection, and (iv)
reflect intraspecific clinal divergence (Garnier et al, 2005). Also, variation in morphology can exhibit clear patterns of differentiation that molecular markers may not detect
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(Nice and Shapiro 1999). When comparing
geographically separated populations by
means of a morphometric data set can exert
some influence on the observed differences
(Mamuris et al, 1998). The present study
attempted to minimize additional variances
through size standardization, data transformation by performing separate discriminant
analysis.
Extensive variation in morphometric variables were existed between the studied populations. In addition, within the Western Desert (Bahariya Oasis, Siwa Oasis and Dakhla
Oiasis) studied populations were observed to
be most similar. The West Mediterranean
Costal Desert (North Coast, Fouka and Mersa-Matruh) were also most similar, whilst
the South Sinai (Saint Catherine and Taba
Protected area and Sharm El Sheikh wadis)
populations were also most similar, but dissimilar with Western Desert and WMCD
populations. This is supported not only by
the cluster analysis but also by discriminant
analysis.
The variables of primary importance in
separating the South Sinai population was
related to the larger size of A. sexmaculatus
specimens when compared with other populations. However, the relatively high discriminant of the Western Deserts, West Mediterranean Costal Desert and South Sinai
populations variables, may represent subspeciation of A. sexmaculatus. These three
ecogeographical areas are separated from
each other by huge geographical barriers
which prevent transformation of the studied
species between them in addition to the limited home range of this species, these results
are agreement with (Hassan et al, 2017),
they studied the different ecogeographical
populations of beetle’s species in Egypt.
The Nile River and its narrow floodplain
and Suez Canal act as a barrier for desert
faunal dispersion separating the Western
Deserts and Sinai. In early geological time,
lakes and wetlands of the Ismuth of Suez
(which is now traversed by Suez Canal) expanded greatly and extensive marshland

conditions developed closing this gate to
Africa. The Gulf of Suez, with its shallow
profile, appears to have remained an exposed basin throughout most of the Pleistocene, and until about 14,000–15,000 years
ago, when sea levels rose above about 50 m,
linking Sinai Peninsula to the Eastern Desert
(Derricourt, 2005; Bailey et al, 2007). Derricourt (2005) suggested that during drier
periods of the Pleistocene, the Suez Gulf
was reduced and Sinai Peninsula was readily
accessible from the Eastern Desert with two
regions forming one, largely continuous arid
zone. This is may be the reason for similarity between South Sinai and Eastern, Western
Deserts A. sexmaculatus populations.
During drastic climate changes, many species and populations can survive only in areas with more stable climate, called refugia.
Throughout Quaternary, there were many
such places in Egypt and surrounding areas.
It is quite possible that processes of differentiation and speciation in genus Anthia were
heavily influenced by contractions and subsequent expansions of ranges of populations
due to climate change. For example, two
populations of one species may have been
isolated in two different refugia which may
lead to allopatric speciation. Isolation in
mountainous refugia can lead to patterns in
morphological diversity which are in many
aspects consistent with phylogeny (Ober and
Connolly, 2015). However, all distinguished
Anthia species have similar ecological niches, which may result in similar adaptations
to environment. That is why the possibility
that many aspects of morphology do not reflect phylogeny but simply adaptation to the
common environment, must be considered.
Spatial and temporal expansion and contraction of desert conditions in the Sahara appear to have acted as an important driver of
faunal diversification and speciation events.
Palaeoclimatic cycles continually adjusted
the boundaries between the desert, other environments and their associated biodiversity
(Dumont, 1982; Le Houerou, 1992; 1997;
Drake et al, 2011). Vicariance events asso-
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ciated with Saharan aridity episodes become
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many species and facilitating gene flow during favorable climatic conditions (Hassan et
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Conclusion
The traits connected with morphometric
measurements mentioned above proved to
be good characters to differentiate between
the carabid beetles.
South Sinai A. sexmaculatus population
showed different morphological characters
from the other populations in Egypt, as being the most distinct than one.
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Explanation of Figures
Fig. 1: Collection sites in different ecogeographical regions in Egypt
Fig. 2: A dendrogram showing similarity between three A. sexmaculatus populations of Western Mediterranean Coastal Desert
(WMCD), Western Desert and Sinai based on 17 morphological measurements and 4 ratios.
Fig. 3: Discriminant analysis of morphological measurements of three A. sexmaculatus populations.
According to discriminant analysis, Figure (3) showed that specimens from Western Desert populations (Bahariya Oasis and Siwa
Oasis) and Western Mediterranean Costal Desert Specimens are somewhat similar. South Sinai population appeared as a distinct
group different from all other populations. According to both the cluster and discriminant analysis statistical analysis showed that the
populations of A. sexmaculatus from South Sinai has a higher phenetic distance from other populations
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