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The processus ventralis and its applicability in the
determination of the males of the genus Eupithecia
CURTIS, 1825 (Lepidoptera, Geometridae)
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Abstract

The processus ventralis situated on the ventral margin of the valvae is applicable as an
auxiliary criterion in determining some species of the genus Eupithecia. According to its
shape, two groups of the genus are recognized, one lacking any ventral processus, the
other one with a well-marked, distinctive processus (29,41 %). The discrepancy in this
character facilitates the determinative process in the latter group. The valvae are attached
to the diaphragma in two points, viz. by a dorso-caudal articulatio costalis with the costa
and by a ventro-cranial articulatio lingularis with the juxta. Both articulations are
represented by flexibile material. An anatomical terminology is proposed.

Key words: Lepidoptera, Geometridae, Eupithecia, European species, Taxonomy, Male
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Zusammenfassung

Der Processus ventralis, der sich am ventralen Rand der Valven befindet, kann als
Hilfskriterium bei der Determination einiger Eupithecia-Arten dienen. Nach seiner
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Ausgestaltung konnen zwei Gruppen in der Gattung unterschieden werden, eine ohne
jeden Anhang und eine mit einem ausgepragten, deutlich unterscheidbaren Processus
(29,41 %). Die Unterschiede in diesem Merkmal erleichtern die Determination in der
letzteren Gruppe. Die Valven sind an zwei Stellen am Diaphragma befestigt und zwar
mit Hilfe einer Articulatio costalis dorso-caudal an der Costa and mit einer Articulatio
lingularis ventro-cranial an der Juxta. Beide Gelenke bestehen aus einer Zone flexiblen
Materiales.

Introduction

The valvae are the most caudal, largest, movable parts of the male genitalia of
Lepidoptera. Their function is to clasp and hold the female abdomen in the course of
copulation (Nuss & SPEIDEL, 2005, STOKOLNIKOV, 1967). They are the heftiest paired
part of the genitalia. In idle state, they enclose laterally the genitalia proper. The
expression ,,valva“ originates from the first half of the 19th century (BURMEISTER, 1832,
EYER, 1924). A number of synonyms have appeared since, treated synoptically by
several authors (DIAKONOFF, 1954, SIBATANI et al., 1954). At present, the terminus
»valva“ (pl. valvae) is relevant for all groups of Lepidoptera. Due to the morphological
variability, it is very difficult to specify reliable features generally valid for all
Lepidoptera (SIBATANI, 1972). In the genus Eupithecia, the anatomy of the valvae is
relatively simple. Generally, various parts of the valvae, above all, the margins, are
highly differentiated individually (ITAMIES & TABELL, 1997). The most noticeable
variability within Eupithecia is manifested in the area of the processus ventralis, which is
dealt with in the present contribution.

Methods

All studied 85 species of the genus Eupithecia are identical with the material used in the
previous study (KuBiN & PROCHAZKA, 2012). Also the lists of localities, collectors of
species used and deposition of preparations included there relate also to the present
contribution.

After preparing separated abdomens in a hot 5 % solution of NaOH, all scales were
removed with a brush and the genitalia were mechanically dislodged. Valvae in dorsal
position, were spread horizontally (using two fine brushes) on a slide in 70 % ethanol.
After reversing the genitalia in dorsal position, its tegumen, uncus, rectum, and vinculum
were removed mechanically in order to obtain better visibility of the attachment of
valvae to the diaphragm. It proved effective to perform this operation on electrophoretic
strips (fa. Oxoid) moistened with water, which reduced sliding of the specimen on the
glas. Fixation under cover slips in 70 % ethanol ran for 60 to 120 min. After a short
exposition in absolute ethanol preparations were enclosed in Euparal. They were
photographed with a digital camera, using objective magnification 4x or 10x. After the
conventional preparation process, documentation was performed with the scanning
electron microscope TESLA BS 300 (Kusin, 2003). For work with this device,
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preparations were drained through a rising series of aceton in a CO, atmosphere, then
plated with gold. They were photographed on the FOMA 100 ASA film (Kusin, 2003).

Results

The inner walls of the valves are covered with dense hairs which have dentate surface
seen in higher magnification (Fig. 2). In some species, a protrusion may be seen, the
processus ventralis (Figs. 1), morphologically so prominent that it can serve as an
additional criterion for determination (for example figs. 34, 44). It is depicted in
taxonomically oriented papers (WEeIGT, 1987, 1988, 1990, 1991, 1993, MIRONOV, 2003,
BoLTE, 1990, PETERSEN, 1910). The dorsal margin of the valvae is bordered by a
sclerotized band usually referred to as costa valvae (Figs. 1, 5) supporting their firmness
(SIBATANI, 1972, DIAKONOFF, 1954, POVOLNY, 1956, CHol, 1997, FANGER & NAUMANN,
1998, HAUSMANN, 1994). The ventro-cranial margin of each valva, reaching from the
processus ventralis to the articulatio lingularis is called sacculus (Fig. 5), its
sclerotization varies. The valvae are movably attached to the lateral margin of the
diaphragma in two points (Fig. 5). The attachment is realized dorso-caudally by an
articulatio costalis (Figs. 4, 6), ventro-cranially, the valvae are connected with the
diaphragma (resp. juxta) through a prominence formed by a little tongue called
articulatio lingularis (Figs. 4, 8, 9, FANGER & NAUMANN, 1998).

Articulatio costalis

The costa divides into two prominences in cranio-proximal direction (Fig. 6, NUss &
SPEIDEL, 2005), the cranial one merges into the coniunctio intercostalis which connects
the costal margins of both valvae transversally (Fig. 4). The valvae are not connected
with the diaphragma by a typical anatomical joint, the latter being replaced with flexible
material. The name proposed for this formation is iunctura flexibilis (SCHRODER, 1900).
Its base is fixed to the transtilla and its apex to the costa close to its bifurcation (Figs. 6,
7). Its character corresponds with the arhroidal membranes (HELPBURN, 1985,
WIGGLESWORTH, 1956). It represents a sort of a rigid chitin wall in which the
mesocuticular layer is conically modified in such a way that beween its cones, similar
conical forms of the endocuticular layer, are inserted (graph 1. according to SHARPLIN,
1963).
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This material offers sufficient flexibility. Similarly modified layers may be found in other parts of
the body (e.g. in the attachments of wings or legs, where movability, firmness and flexibility is
demanded) (SHARPLIN, 1963, GORB, 2001). The mobility of the valves during copulation is
relatively small, which is reflected in the quality of the material described. In the picture acquired
in the scanning electron microscope, the iunctura flexibilis appears as a smooth surface of
exocuticular layer (Fig. 2), as opposed to the pictures from the optical microscope where a mosaic
inner structure of the iunctura flexibilis is visible (Fig. 7, SHARPLIN 1963).
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Avrticulatio lingularis

It is a tongue-like protuberance of the margin of the valvae which connects the juxta with
the proximal end the valva (Figs. 8, 9, OKAGAKI and al., 1955, BEIRNE, 1942). Its
connection to the juxta is realized by flexibile material (Fig. 9, SHARPLIN, 1963),
similarly to the articulatio costalis, the only diference is in the fact that this material does
not form an anatomicaly defined structure but is spread individually between juxta and
lingula valvae.
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The studied 85 species of the genus Eupithecia were classified into two groups according
to the morphological formation of the processus ventralis.

Group 1: Processus ventralis totally absent. This is the larger group, including 60 species
(60 species = 70,59 % for example Figs. 10, 11).

Group 2: Processus ventralis significant as regards its form, species specific and thus
determinatively exploitable (25 species =29,41 % for example 12 - 48).

Species Group Figs.
E. abbreviata STEPHENS, 1831 2 12

E. centaureata (DENIS & SCHIFFERMULLER, 1775) 2 14

E. denotata (HUBNER, 1813) 2 15

E. distinctaria HERRICH-SCHAFFER, 1848 2 16, 18
E. egenaria HERRICH-SCHAFFER, 1848 2 17,19
E. ericeata (RAMBUR, 1833) 2 32

E. exiguata (HUBNER, 1813) 2 20

E. extraversaria HERRICH-SCHAFFER, 1852 2 21

E. extremata (FABRICIUS, 1787) 2 22

E. gelidata MOSCHLER, 1860 2 24,26
E. gueneata MILLIERE, 1862 2 23

E. innotata (HUFNAGEL, 1767) 2 25, 27
E. insigniata (HUBNER, 1790) 2 33

E. lanceata (HUBNER, 1825) 2 34

E. lariciata (FREYER, 1841) 2 36, 38
E. nanata (HUBNER, 1813) 2 28, 30
E. ochridata SCHUTZE & PINKER, 1968 2 29,31
E. orana (DIETzE, 1910) 2 13

E. oxycedrata (RAMBUR, 1833) 2 37,39
E. pusillata (DENIS & SCHIFFERMULLER, 1775) 2 35

E. quercetica ProuT, 1938 2 40, 42
E. scopariata (RAMBUR, 1833) 2 44, 46
E. silenata ASSMANN, 1848 2 41,43
E. tantillaria BoisbuvAL, 1840 2 48

E. tripunctaria HERRICH-SCHAFFER, 1852 2 45, 47
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Discussion

The species determination according to the morphology of the processus ventralis is
limited by the fact that a large number of species of the genus Eupithecia simply lack any
processus ventralis. Only in 29,41 % of the species of this genus (Group 2), a processus
ventralis is present and morphologically characteristic. However, it represents an
important character in this group which can be used for easy determination. The shape is
so typical that not even the high variability can cast doubt upon the reliability of the
results (see E. distinctaria, Figs. 16, 18). This variability refers mostly to the size of the
prominence. The frequent variability between the right and left sides of same individual
is interesting (see for example E. egenaria, Figs. 49, 50). Nevertheless, the processus
preserves its typical appearance. The preparation of the valvae is so simple that even the
less experienced workers are not exposed to any substantial problems. No anatomical
deformations are caused after the transfer of the valvae into enclosing medium (Euparal
or a similar chemical), even after long deposition.

The attachment of the valvae to the diaphragma may be of some anatomical interest.
Each valva is connected with the diaphragma in two points. From the anatomical
standpoint, neither represents a typical joint due to the relatively limited movability in
the course of the copulation. The joints are replaced by flexibile material (SHARPLIN,
1963, GORB, 2001, FANGER & NAUMANN, 1998), which is absolutely sufficient for the
movements demanded. Similar connections may be found in other parts of the body, e.g.
wings, limbs, intersegmental membranes, etc. (Gors, 2001). A histological analysis of
these connections would require a separate treatise. The present contribution deals only
with the genus Eupithecia, but a substantial diversity may be expected in the different
groups of Lepidoptera. The connection of the valvae with the diaphragma is described
using a Latin terminology (DIAKONOFF, 1954). The names of individual anatomical parts
still have working character, and so may be regarded as proposals.
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WESTHEIDE, W., RIEDER, G. (Hrsg.): Spezielle Zoologie. Teil 1: Einzeller und
Wirbellose Tiere. - Springer-Verlag, Berlin-Heidelberg 2013. 3. Aufl., 892 S.

Mit der allgemeinen Zunahme an wissenschaftlichen Publikationen ist es mittlerweile
notwendig geworden, auch (klassische) Lehrbiicher in immer kiirzeren Zeitperioden neu
aufzulegen. Die “Spezielle Zoologie” der Einzeller und Wirbelloser Tiere liegt nun
bereits in der 3. Auflage vor und hat sich als DAS deutschsprachige Standardwerk der
systematischen Zoologie etabliert. Eine verdanderte phylogenetisch-systematische
Gliederung des Systems der Tiere lasst sich heute vielfach auf molekularbiologische
Analysen zuriickfiihren. Aber auch neue Erkenntnisse im morphologischen Bereich
ergeben ein immer konkreteres Bild naturlicher Verwandtschaftsverhaltnisse der
Organismen unserer Erde. Im Bereich der eukaryotischen Einzeller hat die molekulare
Systematisierung  wieder zahlreiche Umstellungen erforderlich gemacht. Die
Grolgliederung der Metazoa gewinnt Uiber die Molekularbiologie an Verlasslichkeit.

BegrlRenswert ist die langst tberféllige Auflésung der “Articulata”, die Auftrennung der
Protostomia in Spiralia (Lophotrochozoa) und Ecdysozoa, die Herausnahme der
Acoelomorpha aus den Plathelminthes und ihre Zusammenfiihrung mit Xenoturbella als
Xenocoelomorpha. Die Kapitel Gber Mollusca, Panarthropoda und Insecta wurden
weitgehend neu gestaltet, Abbildungen sind ausgetauscht, verbessert oder ergdnzt
worden.

Die “Spezielle Zoologie” bleibt spannend und man kann sich schon auf die 4. Auflage
freuen.
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