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General considerations about studied bibliographical data

We conclude from the bibliographical data that the studies made on the endemic
species of Lepidoptera from Romania up to present time, using as methods optical
microscopy and scanning electron microscopy, didn’t clarify many of the aspects
regarding the structure and morphology of these species.

In the international scientific literature, the optical and electron microscopy technique has
been used both in describing unknown evolution stages, through their morphologic
description (egg, larva, pupa, adult); we also have the possibility of the comparative study
of some homologue and non homologue morphological structures that furnish
information that can be used in the traditional taxonomy; the morphological description
of some ultra structures which explain the behavior and biology of some species; the
SEM techniques can also be used in modern taxonomy studies through morphology
studies where several supra taxa are involved, and their purpose is to show the
morphological modifications produced along their evolution, creating cladograms on the
basis of these morphological differences, highlighting new clades.

At the molecular level the richest information was obtained using the DNA sequency
tehnique. The mitocondria genes are usually sequenced, but during the last years nuclear
genes are also sequenced. A good synthesis of the DNA methods used in systematic and
taxonomy is given by Hillis et al., 1996.

Other molecular markers used in the study of the population genetics are the DNA
microsatellites, they are used to study metapopulations and in the philogeographic
reconstruction of some populations. These are used because they have a high level of
polymorphism. All these methods considerably increased the knowledge about the

evolution and systematic of the insect populations. Lately the molecular methods divide



into 2 tendencies: DNA sequence used in taxonomy studies/molecular phylogeny and
evolution processes that will be shown by the apparition of a new markers system
(Assman et al.,2007). The result of a phylogeny molecular analysis is expressed by
constructing philogenetic trees. Their construction is made using philogenetic
computational methods, which assume a working algorithm, a method and a soft of
philogenetic interpretation. The purpose is the construction of the philogenetic trees
which represent an evolution hypothesis of some genus, species or other taxa.

None of the studies made until now used the technique of scanning electron
microscopy and the aspects of molecular biology (molecular phylogeny) at the same time

in describing endemic Lepidoptera species from Romania.



6. Objectives

On the basis of our studies and considerations regarding our reseach subject up to
present, we established the accomplishment of the following objectives within the

doctoral thesis:

e morphology studies on Dahlica rakosyi Weidlich 2005,(Psychidae), using

techniques of optical microscopy and electron microscopy

¢ morphology studies at Pseudophilotes bavius hungarica Dioszeghy 1913,

(Lycaenidae), using techniques of optical microscopy and electron microscopy

¢ morphology studies on the ultra structure of the Pseudophilotes bavius hungarica
Dioszeghy 1913, (Lycaenidae) wing scale, compared to other Lepidoptera species

that have structural colors.

e genetic polymorphism study within 19 populations of Erebia sudetica radnaensis

Rebel 1915, (Nymphalidae), from Europe, using the allozymes technique.

e molecular validation of the subspecies Erebia epiphron transylvanica Rebel 1918,
(Nymphalidae), Euphydryas (Hypodryas) maturna opulenta Rakosy & Varga
2009, (Nymphalidae), and their own phyletic position.

e the evaluation of the phylogenetic relations between the subspecies sequenced by

us and the genus of the Nimphalinae and Satyrinae subfamilies.



General discussions

The morphology studies on Dahlica rakosyi Weidlich, 2005 (Psychidae) and
Pseudophilotes bavius hungarica Dioszeghy, 1913 ( Lycaenidae ) using optical
microscopy and electron microscopy techniques.

The knowledge regarding the endemic taxa morphology Dahlica rakosyi previous to
this study is resumed to a short description of the adult, without any references to the pre-
imago stages. The description of the new taxa was based upon the taxa criteria used
within this group, that is the morphology of the androconial male and female wing scale.
The objective of our study was adding new data to the previous description, by adding a
large amount of information both about the adult and especially about the pre-imago
stages that had been unknown till the present time. As a scientific new data we show and

describe for the first time the female of this species (figs. 1, 2).

Fig. 1. - Dahlica rakosyi Weidlich 2005, (Psychidae), female.
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Fig. 2. - Dahlica rakosyi Weidlich 2005, (Psychidae). Female. Lateral view.

Besides the several morphological new data, our study represents a new model, much
more precise and accurate in approaching the taxa descriptions in the future. The data
referring to the endemic taxa Dahlica rakosyi are a little more detailed in the scientific
literature, but they only talk about descriptions made with the naked eye or using the
stereo microscope. By using the scanning electron microscopy technique we came to
show various unknown structures until now, they exist especially at the egg, pupa and

larval wormbag (figs. 3, 4, 5, 6)

1880 68888 48 Z5 SEI

Fig. 3. — Dahlica rakosyi Weidlich 2005, (Psychidae). The egg.
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Fig. 5. - Dahlica rakosyi Weidlich 2005, (Psychidae). Male pupa.



1 min

Fig. 6. - Dahlica rakosyi Weidlich 2005, (Psychidae). Larval wormbag covered with
vegetal and solis particles.
We don’t know the role and functionality of the shown structures Pseudophilotes bavius

hungarica (fig. 7).

Fig. 7. - Pseudophilotes bavius hungarica Dioszeghy 1913, (Lycaenidae) — Pupa —

detail sensilla.
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Morphology study of the ultra structure of the Pseudophilotes bavius hungarica
Dioszeghy 1913, (Lycaenidae) wing scale, compared to other Lepidoptera species

that have structural colors.

The methods we used are representative for this analysis (Goldstein J, 2003), we
made the scanning in line, in dots, small areas on the ridges lamella and crossribs,
the relative concentration in chemical elements passed through a scanning line through
wing scale and also the presence and absence analysis
of a chemical element with a known dispersion energy. The analyzed species are Apatura
ilia, Autographa bractea, Pseudophilotes bavius (figs. 8, 9, 10, 11, 12). The comparison
results in the study of the structural colors at butterflies using the EDX analysis, have
shown the followings: the chemical elements are much better represented in the area
between the crossribs and in a smaller amount in the ridge lamella. There are quality
differences between the two studied areas, that is, at the crossribs the most important
chemical elements are C and O and in very small amounts Na, Cu, Zn. In the area

between the crossribs there is a higher concentration of Na, Cu, Zn.

Fig. 8. — Pseudophilotes bavius, structural colours wing scale, general aspects.

-11 -
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Fig. 10. — Lycaena helle, structural colours wing scale, general aspects.
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Fig. 11. — Autographa bractea, structural colours wing scale, general aspects.

Fig. 12. — Procris (Adscita) statices, structural colours wing scale, general aspects.

-13 -



Genetic polymorphism study on 19 populations of Erebia sudetica radnaensis Rebel
1915, (Nymphalidae) from Europe ,using the allozymes technique

From the 19 populations and the 20 studied allozymes loci, we identified four
different groups. The used out group (E. sudetica) became an in group on the link
between the two western (E. melampus) and eastern (E. momos) branches of the E.
sudetica — melampus complex. Between the western and eastern branches we identified a

distinct branch of a possible new species, E. radnaensis.

Erebia momos
A-Trauneralm

A-Zwiselstein

A-Obertauern
A-Sajatmahder

0.05
Mei (1972)

Erebia sudetica

F-Puy  cH
Mary  Grindel-
J Id

RO-Rodna

F-Grand Serre

CH-Klausenpass Erebia radnaensis

F-Wallée des Glaciers

CZ-5ud5

CH-Simplonpass  CH-Fontresina

Erebia melampus

Fig. 13 — Neighbour-joining phenogram based on Nei’s genetic distances (Nei 1972) of
the 19 populations of Erebia melampus/sudetica representing at least 10 individuals.
Bootstrap values over 50% are given at the nodes (only for the phenogram based on
genetic distances). Abbreviations: car country signs.

DNA sequence and the construction of the phylogenetic trees
-the phylogenetic trees show the inter relational degree between different species on the

basis of a molecular marker ( in our case a fragment from COI). The molecular markers

-14 -



represent portions from the genom, usually very small portions compared to the whole
genom of the organism, which are chosen as being representative for much larger
portions of the DNA, or even for the entire organism (depending on the purpose of the
analysis). In conclusion our sequences are a substitute of the species they represent and
they are called OTUs-operational taxonomic units. The philogenetic hypothesis says that
2 sequences have a common ancestor ( a closer or a further one). In the trees construction
we actually calculate the common ancestors of the different sequences that form a tree.
The common ancestors are inferred by calculation and are represented by internal nodes.
The more similar 2 sequences are , they have a closer common ancestor, they are more
related to each other, their divergent moment is very recent, and in the tree they will be
the first ones that group 2 by 2 and they converge to the first internal node (which
represents their most recent common ancestor). Ultimately the common ancestors of
several sequences will group to a more internal node, which represents the common

ancestor of all the sequences from its tree, and so on.

-if we evaluate the taxonomy through phylogeny, it’s of great importance the covering
percentage of the taxonomy groups over the phylogenetic ones, that is into what amount
they correspond to the different branches of our tree. For the tree of the two genus taken
into study Euphydryas maturna opulenta and Erebia epiphron transylvanica (figs. 14,

15), the subspecies group together as it was to be expected.

-15 -



a7 Euphydryas matuma opulenta
84 { Euphydryas maturna AF 186866 1
ki L Fuphydryas intermedia AF136962.1
a7 Euphydryas iduna AF186961.1
E— Euphydryas gillettii AF187771.2
s ] — Euphydryas gillettii AF 1869561
ag Euphydryas aurnia AF187746.2
{ Euphydryas aurinia AF186934.1
a8 Euphydryas desfontainii AY090226 1
{ Euphydryas desfontainii AF186946.1

] p— Euphydryas editha AF187765.2
- Euphydryas editha AF186551 1

] p— Euphydryas phaston AF187797 2
S Euphydryas phaeton AF186979.1
Euphydryas anicia AF186926.1
Euphydryas colon AF1868942.1
Euphydryas chalcedona AF187752 2

e—al
37 Euphydryas chalcedona AF186939.1

Pseudonympha magus GQ357217 1

34

&0

1

Fig. 14. - Pnhylogenetic tree of Euphydryas species, builted by using maximum
parsimony on CO | subunit |, showing interrelations between Euphydryas maturna
opulenta species (original sequence) with other representative species of genra.. The

intern tree nodes indicate the bootstrap values for 1000 replicates.
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Erehia epipsodea FJB088331
Erebia epipsodea FJB085835.1
Erehia epipsodea FJ308541 1
Erehia epipsodea FJB05540.1
Erehia oeme AY346227 1
Erehia ligea AY346224 1
Erebia euryale AY346221 1
Erebia pandrose AY346226.1

Erebia epiphron transylvanica

Erebia epiphron AY 346225 1

Erebia epiphron DQ338778 1

Erebia triaria AY 350465 1

Erebia triaria AY960321.1

Erehia triaria AY960316.1

Erebhia triaria AY960312 1

E. triaria pargapondalense AY 3504741
E. triaria pargapondalense AY 3504731
E. triaria pargapondalense AY 3504761
Erehia cassioides AY346222 1

Erehia gorge AY 3462258 1

Erehia meolans AY 350455 1

Erebia meolans AY 346223 1

Erehia palarica AY 350465 1

Erehia palarica AY450014.1

Erehia palarica AY346220 1

Erebia palarica AY350466.1

Pseudonympha magus GQ357217 1

Fig. 15. — Phylogenetic tree of Erebia species, builted by using maximum parsimony on

CO | subunit |, showing interrelations between Erebia epiphron transylvanica species

(original sequence) with other representative species of genra.. The intern tree nodes

indicate the bootstrap values for 1000 replicates.
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Populations of different species diverge from the genetic point of view when there is a

physical barrier (insular populations, mountain arches) or an apparent one (isolation by

distance-for instance populations on different continents) in the genetic flux. No matter

the nature of the barrier, the genetic diverging rate between populations is the balance

resulting between the genetic drift that promotes the genetic diverging and flux which

tends to homogenize the genetic variability.
-for the tree of the subfamilies Nymphalinae
and Satyrinae, it perfectly shows the 2
subfamilies that are split into 2 distinct
branches (fig. 16).

-the bootstrap test must also be taken into
analysis. The further we go
from our sequences to the out group species,
the smaller the bootstrap values are, the
algorithm is less sure of the common inferred

ancestor.

Fig. nr. 16 —Nymphalinae and Satyrinae

subfamilies consesus tree, builted by using

maximum parsimony on CO | subunit I,
showing interrelations between Erebia
epiphron transylvanica and Euphydryas

maturna opulenta species species (original
sequences) with other representative species
of genra.. The intern tree nodes indicate the

bootstrap values for 1000 replicates.
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8. Conclusions

1. Using the scanning electron microscopy technique we succeeded showing several
morphologic structures that allow the description and the exact individualization of
Lepidoptera species and subspecies both at an adult and at the pre-imago stages. We

don’t know the role and the functionality of some of the shown structures.

2. In order to know the intrinsic mechanism of the structural colors apparition we
have shown several types of wing scales having differenced nanostructure, through
which iridescent colors are produced. We analyzed the shown nanostructures using
EDX technique through quantitative and quality measurements. There are quality
differences between the two sites of interest, that is, at the lamella ridges the
important chemical elements are C and O and in very small amounts Na, Cu, Zn. The
following chemical elements: Na, Cu, Zn are in a larger amount in the area between

the cross ribs.

3. From the 19 populations and the 20 studied allozymes loci, we identified four
different groups. The used out group (E. sudetica) became an in group on the link
between the two western (E. melampus) and eastern (E. momos) branches of the E.
sudetica — melampus complex. Between the western and eastern branches we

identified a distinct branch of a possible new species, E. radnaensis.

4. \We made the molecular validation of the subspecies Erebia epiphron
transylvanica  (Nymphalidae), Euphydryas (Hypodryas) maturna opulenta

(Nymphalidae), and their own phyletic position.

5. We established the exact position of the following taxa: Erebia epiphron
transylvanica (Nymphalidae) and Euphydryas (Hypodryas) maturna opulenta
(Nymphalidae) and we have shown the phylogenetic relationships within the

subfamilies Nimphalinae and Satyrinae.
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