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Abstract: Understanding sexual dimorphism is very important in studies of insect evolution.

2 https://orcid.org/0000-0002-8739-0122 Though sexual dimorphism has been the subject of numerous entomological studies there has no
- https://orcid.org/0000-0001-6585-1824 examined sexual dimorphism related to Dorcadion anatolicum Pic, 1900 which is endemic to
Turkey. In this study, using geometric morphometrics, we analyzed the sexual size and shape

dimorphism of pronotum of Dorcadion anatolicum Pic, 1900. Samples of the Dorcadion

anatolicum were collected from Konya Province, Turkey (Tagkent District, Avsar Town,

Feslekan Plateau, 36°51°9” N, 32°30’44” E) on March-April 2018. Sexes of samples were

. distinguished by the shape and size of the fore tarsus and confirm by using gonads. A total of 69
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Asli DOGAN SARIKAY A specimens (32 females and 37 males) were used in this study. The independent samples t-test
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e ) sexes by discriminant function analysis. Our results of geometric morphometrics revealed that
DX aslidgn@gmail.com

the size and shape of the pronotum can be effectively used in morphological discrimination of the
Sexes.
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Dorcadion anatolicum Pic, 1900 (Cerambycidae: Coleoptera) Pronotumunda
Eseysel Morfometrik Varyasyon

Oz: Eseysel dimorfizmi anlamak bocek evrimi caligmalarinda oldukga onemlidir. Eseysel
dimorfizm galigsmalari birgok entomolojik ¢caligmaya konu olmasina ragmen, Tiirkiye’ye endemik
bir tiir olan Dorcadion anatolicum Pic, 1900 ile ilgili bu konuda bir ¢aliyma bulunmamaktadir.
Bu ¢aligmada, geometrik morfometri kullanarak Dorcadion anatolicum Pic, 1900 pronotumunun
eseysel boyut ve sekil dimorfizmi analiz edilmistir. Dorcadion anatolicum 6rnekleri Mart-Nisan
2018'de Konya ilinden (Taskent flgesi, Avsar Kasabas1, Feslekan Yaylas1, 36°51°9” N, 32°30°44”
D) toplanmistir. Orneklerin eseyleri 6n tarsusun sekli ve boyutuna gore ayirt edildi ve gonadlar
kullanilarak dogrulandi. Bu ¢alismada toplam 69 6rnek (32 disi ve 37 erkek) kullamlmustir.

*Sorumlu yazar:

Asli DOGAN SARIKAYA Bagimsiz 6rneklem t-testi, erkeklerin centroid size ortalamasinin pronotum igin disilerden 6nemli
Kirsehir Ahi Evran Universitesi, Fen olciide farkli oldugunu gosterdi (t= 7.129, df = 67, p = 0.000). Ayirt edici fonksiyon analiz ile
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sekilde kullanilabilecegini ortaya koydu.

Anahtar kelimeler: Coleoptera, Dorcadion anatolicum, eseysel dimorfizm, geometrik
morfometri, pronotum.
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INTRODUCTION

Differences between sexes in morphological
characters are the fact in many animal taxa; the most visible
one is body size (Gannon & Racz, 2006). Nearly all animal
species are sexually size dimorphic (Andersson, 1994,
Fairbairn, 2013). The aspect of the sexual difference
(whether males or females are larger) is different among
groups (Koehl, 1996; Wainwright, 1994). Males generally
being larger than females in mammals and birds whereas
in insects females tend to be larger than males, which gives
them adaptive advantages such as greater fecundity and
better parental care (Andersson, 1994; Forrest, 1987;
Moller & Zamora-Mufioz, 1997). In the last few years, the
revolution of geometric morphometrics has encouraged for
researcher the way to analyze the phenotype particularly
for morphologically (Eldred et al., 2016; Pretorius &
Scholtz, 2001; Sukhodolskaya & Saveliev, 2017; Young,
2015). This technique has been especially helpful to
quantify the differences in both size and shape between
sexes of a Coleoptera species as display in many studies
(Benitez, 2013; Benitez et al., 2013; Lemic et al., 2014;
Lemic et al., 2016; Mikac et al., 2016; Nair et al., 2019;
Vesovic et al., 2019).

For especially Arthropoda (or insects), Turkey is
an important biogeographical area with its geographical
location, climatic zones, various topography, and
remarkable biodiversity. Turkey is also crucial land for
Dorcadionini that has a Palaearctic (North Africa and
Western Europe to China) chorotype (Danilevsky, 2019).
Recently, the Dorcadionini fauna of Turkey was reviewed,
and a list of 278 species-group taxa was given by in
Ozdikmen (2016). Dorcadion anatolicum Pic, 1900
(Coleoptera: Cerambycidae) is endemic to Central and
Southeastern Anatolian Regions of Turkey (Ozdikmen,
2010).

The morphological variations of Dorcadion are
useful for systematic and evolutionary studies both
interspecies and intraspecies (Dascdlu & Fusu, 2012;
Dogan Sarikaya et al., 2019). Although there is a noticeable
dimorphism in total size between the sexes in species of the
Dorcadion, there is almost no study on how much this
difference reflects on the shape variation. Also, there are
no known studies on the description of sexual dimorphism
on Dorcadion anatolicum using geometric morphometrics.
The main purpose of this study was to apply geometric
morphometrics to describe sexual dimorphism in the
pronotum of Dorcadion anatolicum Pic, 1900 (Coleoptera:
Cerambycidae).

MATERIAL AND METHOD

Samples of the Dorcadion anatolicum were
collected from Konya Province, Turkey (Taskent District,
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Avsar Town, Feslekan Plateau, 36°51°9” N, 32°30°44” E)
on March-April 2018.

Sexes of samples were distinguished by the shape
and size of the fore tarsus and confirm by using gonads. A
total of 69 specimens (32 females and 37 males) were used
in this study. A single image was taken by a camera
attached to Leica EZ4HD microscope for each specimen of
pronotum. Landmark-based morphometric methods were
chosen as they are the most effective technique in learning
about the shape information of an organism and eligibility
to use powerful statistical methods for testing differences
in shape. In this study, 10 landmarks on the pronotum were
digitized on photographs using tpsDig 2.17 (Rohlf, 2013).
The position of landmarks is given in Figure 1.

% 1mm,_

Figure 1. Selected landmarks on Dorcadion anatolicum male,
representing the dorsal side of the pronotum: 1) Anterior margin
left edge; 2) middle of anterior margin; 3) anterior margin right
edge; 4) right spine apex; 5) right protuberance posterior limit; 6)
posterior right edge; 7) middle of posterior margin; 8) posterior
margin left edge; 9) left protuberance posterior limit; and 10) left
spine apex.

Statistical Analysis: To compare pronotum size
between sexes, the centroid size (CS) (square root of the
sum of the square distances between each landmark and the
centroid) (Bookstein, 1986) was computed. The
independent samples t-test was performed using the IBM
SPSS 25. A generalized procrustes analysis (GPA) has
been developed to superimposition of landmark
configurations and to eliminate the effects of translation,
rotation and scale (Rohlf, 1999). The software package
MorphoJ (Klingenberg, 2011) was used to perform the
GPA, principle component analysis (PCA) and finally
discriminant function analysis (DFA) with leave-one-out
cross validation.

RESULTS AND DISCUSSION

The independent samples t-test showed that the
CS mean of males is significantly different from that of the
females, for pronotum. (t= 7.129, df = 67, p = 0.000).
Figure 2 shows box-plot of CS for pronotum. Further,
distributions of females appear to be more variable with
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respect to CS than males. Females are larger than males for
pronotum
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Figure 2. Box-plot of centroid size for pronotum for both sexes.

PCA of all individuals explained 66.6% of shape
variation within samples by the first two principle
components (PC) extracted from the variance-covariance
matrix (PC1 explains 54.2% and PC2, 12.4%). A total of
up to seven axes were required to cover more than 90% of
the shape variation. In the PCA plots, individuals of the two
sexes were clearly distinct in two cluster by PC1 (Figure
3).

Principal Component 2
L
.

Principal Component 1

Figure 3. Shape differences between sexes, female (red) and male
(blue).

DFA was performed using the procrustes
coordinates to determine the degree of morphological
separation between sexes. The DFA found significant
differences between means in procrustes distances (P <
0.0001) for the two sexes. Leave-one-out cross validation
of DFA conducted on the procrustes coordinates of
pronotum evidenced that 96.9% of female group and
97.3% of male group were correctly classified (Figure 4).

Also, the results of DFA show that all the
landmarks with the greatest variation indicating that
females have a wider and shorter pronotum than males.
This is also related to elongated and sharpened from both
anterior and posterior parts of the pronotum shape in male
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(Figure 4). Although there are many studies significant
differences in pronotum shape in Coleoptera (Eldred et al.,
2016; Li et al., 2016; Ober & Connolly, 2015; Pizzo et al.,
2006), geometric morphometrics was applied here for
sexual dimorphism to Dorcadion for the first time. Our
study found significant sexual dimorphism on pronotum in
female and male of Dorcadion anatolicum.

AH_’ [LLL]

Female Male

Figure 4. Leave-one-out cross validation scores of shape
variables of pronotum. Wire-frame graphs were shown for female
and male respectively at the top of left and right of each figure.
The extreme changes of shape in positive and negative direction
was shown by the violet lines and mean shape of pronotum was
shown by blue lines. The scale for figure is (-20 to 20).

CONCLUSION

As a result, sexual dimorphism was highly
significant in the present study. The fact that the pronotum
shows such a high degree of sexual difference emphasizes
the importance of intra specific shape variation. Extending
this preliminary study with different body parts (head,
elytra etc.) and different locality samples will give us to
understand of the process in which sexual dimorphism is
affected.
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