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1. INTRODUCTION

The family Geometridae has been recognized as a natural unit long before the
origin of taxonomy as a science. The ‘looping’ or ‘earth-measuring’” movement
of geometrid larvae, which results from the incomplete set of the abdominal
prolegs (Minet & Scoble, 1999), had already been mentioned by Linnaeus
(1758). Since that time, systematics as a discipline has undergone immense
development and research on Geometridaec has not been an exception: more
than 21 000 species are known today (Scoble, 1999; Hausmann, 2001), making
Geometridae the second largest family of Lepidoptera after Noctuidae (Hepp-
ner, 1998; Kitching & Rawlins, 1999). During the two and a half centuries that
have passed since the publication of the tenth edition of Linnaeus’s Systema
Naturae (1758), many naturalists and professional researchers have tried to
create a ‘natural’ system of Geometridae that reflects the true evolutionary
relationships between the taxa. Therefore it is not surprising that discussion
about ‘natural’ and ‘unnatural’ groupings of taxa are frequent in earlier litera-
ture (e. g. Meyrick, 1892; Prout, 1912-16). The sources of information used to
improve the system, however, have been different during the history of
geometridology. In the 18" and 19" century, researchers mostly relied on wing
pattern and shape, which, however, may exhibit significant plasticity, resulting
in similar external appearance of taxa that do not share common evolutionary
history. Therefore, older literature often contains mysterious misplacements of
taxa that seem incomprehensible in the light of modern knowledge (for just one
example, see the composition of the genus Aspilates Treitschke, 1827 in
Duponchel, 1830).

In the late 19™ and early 20" century, studies on wing venation and genitalia
became common in lepidopterology which resulted also in groundbreaking
studies in geometrids by Meyrick (1982), Petersen (1904) and Pierce (1914).
The use of this completely new evidence led to a more stable system of Geo-
metridae, as most of the subfamilies recognized in the early 20" century are still
considered valid having similar species composition (for comparison, see Prout,
1912-16; Miiller, 1996; Holloway, 1997).

The traditional, morphologically established system of Geometridae cur-
rently comprises nine valid subfamilies: Ennominae, Larentiinae, Sterrhinae,
Geometrinae, Desmobathrinae, Oenochrominae, Archiearinae, Orthostixinae
and Alsophilinae (Holloway, 1997; Hausmann 2001). Quite surprisingly,
though respective analytical methods have been available for more than half a
century (Moritz & Hillis, 1996), no studies have been published that address the
phylogenetic relationships between the subfamilies of Geometridae on the basis
of morpho-cladistic analysis. Even the most recent comprehensive handbooks
(e. g. Holloway, 1997; Minet & Scoble, 1999; Hausmann, 2001) still consider
the monophyly of several subfamilies questionable and phylogenetic relation-
ships between them tentative.

Recent advances in molecular systematics (e. g. Abraham et al., 2001;
Young 2006; Yamamoto & Sota 2007; Wahlberg et al., 2010), have repeatedly



shown that at least the four largest subfamilies, Larentiinae, Ennominae,
Sterrhinae and Geometridae are monophyletic entities. On the other hand, all
these works indicate that the traditionally recognised small Palaearctic sub-
family Alsophilinae is in fact an apomorphic subdivision of the subfamily
Ennominae. Moreover, Young (2006) has shown that the Tasmanian Archiea-
rinae do not group together with the Palaearctic archiearins, but cluster within
Ennominae. However, the phylogenetic relationships between subfamilies also
conflict between the aforementioned molecular phylogenetic studies (for details,
see below).

At a narrower, within-subfamily scale, the global situation is far more comp-
licated. On the one hand, numerous excellent morphology-based revisions are
available that address systematic problems from global point of view in selected
tribes (e. g. Choi, 1997; Scoble & Kriiger, 2002; Pitkin et al., 2007) or deal with
some taxonomic groups thoroughly within one biogeographic region (e. g.
Pitkin, 1996, 2002; Choi, 2002, 2004). On the other hand, most of the tribes and
genera are still awaiting critical taxonomic examination. The revision by
Sihvonen & Kaila (2004) is the only study to date that has addressed taxonomic
problems at the subfamily level by sampling material from all biogeographic
regions. Moreover, there still are no molecular phylogenetic studies that have
comprised all or even reasonable proportion of traditionally recognized tribes or
genera from one or several large subfamilies.

On a species-group level, the situation differs remarkably between the geo-
graphic regions. Species composition is reasonably well known in some parts of
the world, especially in the western Palaearctic: new species are only rarely
described from that region (but see Hausmann, 2004; Huemer & Hausmann,
2009). On the other hand, regions with the most diverse fauna still seem to be
quite poorly studied and new thoroughly conducted revisions regularly lead to
the discovery of a number of new taxa (e. g. Holloway, 1993, 1996, 1997,
Hausmann, 2003; Pitkin, 2005). Intrageneric phylogenetic relationships in Geo-
metridae are also largely unknown, though at least one relatively comprehensive
treatment (Canfield ef al., 2008) is available. As a conclusion, it is evident that
there still are numerous problems awaiting examination in systematics of
Geometridae, ranging from species-group to family-group level.

In the present thesis, I will concentrate on several systematic problems in the
subfamily Sterrhinae. Article I was conducted to solve ambiguous status of the
two European Timandra Duponchel, 1829 species, while the articles II and III
focus on the systematic placement and intrageneric phylogeny of the genus
Lythria Hiibner, 1823, respectively. In addition to these already published
studies, this thesis also reports original results contributing to the knowledge of
phylogenetic relationships in the subfamily Sterrhinae as a whole. A detailed
overview of the questions addressed is given in the next chapter.



2. OVERVIEW OF THE PROBLEMS
2.1. The Timandra griseatal T. comae question

The European ‘blood-vein’ loopers have traditionally been regarded as one
species. Nevertheless, there has been a lot of confusion regarding the generic
placement and correct spelling of the name of this species. Several names have
been used by different authors, but the following three combinations have been
used most often: Calothysanis amata (Linnaeus, 1758) (e. g. Meyrick, 1892;
Prout, 1934-39), Calothysanis amataria (Linnaeus, 1761) (e. g. Nordstrom,
1943; Kaisila, 1954) and Timandra amata (Linnaeus, 1758) (e. g. Staudinger &
Rebel, 1901; Prout, 1912—16). Due to extensive variation in the appearance of
the ‘blood-veins’, a number of intraspecific taxa have been described: Prout
(1912-16) listed altogether eight varieties within what he regarded as Timand-
ra amata. A few decades later, he (Prout, 1934-39) listed three further varieties
of Calothysanis amata, noting that griseata Petersen, 1902 and comae Schmidt,
1931 may rather be designated the rank of a subspecies of amata and a separate
species, respectively. In this work (Prout, 1934-39) he also treated the eastern
Palaearctic comptaria Walker, earlier (Prout, 1912—16) thought to be a form of
amata, as a separate species: Calothysanis comptaria (Walker, 1861).

Subsequently, Nordstrom (1943) tried to resolve the confusion stemming
from the inconsistent usage of names amata Linnaeus, 1758 and amataria
Linnaeus, 1761. He revealed that Phalaena amata Linnaeus, 1758 was in fact a
junior synonym of Phalaena punctaria Linnaeus, 1758, and that the name
amataria was a subsequent emendation of amata. However, the moths Linnaeus
had at hand when describing amataria were not the same species he earlier had
believed to be amata. The name amataria was nevertheless to be considered as
a junior synonym of amata. Therefore, the European ‘blood-vein’ appeared to
be without a valid name. Nordstrom (1943) also found that all older species-
group names previously used for the same species were unavailable due to
various reasons and that the oldest available name for this taxon was griseata
Petersen, 1902, originally described as an Estonian subspecies of amata.
Though Nordstrom (1943) was well aware that the Code for Zoological Nomen-
clature would recommend abandoning amataria, he still preferred to keep this
old name and used a combination Calothysanis amataria (L.) 1761 (griseata
Peters. 1902). He also found that there were some morphological differences
between the individuals of C. amataria from northern and southern Europe and
described the southern specimens as C. amataria brykaria Nordstrom, 1943,
regarding the northern taxon as the nominate subspecies.

A few decades later, Fletcher (1979) pointed out that the Nordstrém’s way of
retaining the name amataria for the European ‘blood-vein’ was incorrect. He
nevertheless agreed with Nordstrom (1943) that the oldest available name for
this species was griseata. In the same monograph, Fletcher (1979) noted that
the type-species of the genus Calothysanis Hiibner, 1823 was Geometra
imitaria Hibner, 1799, which in fact belongs to the genus Scopula Schrank,
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1802. The name Calothysanis is therefore a junior synonym of Scopula and thus
unavailable for the genus comprising the ‘blood-veins’. The oldest available
name for this genus appears to be Timandra, which has been most frequently
used in recent publications (e. g. Inoue et al., 1982; Miiller, 1996; De Prins,
1998; Redondo & Gaston, 1999; Hausmann, 2004), though few authors such as
Koch (1984) and Viidalepp & Remm (1996) have still used Calothysanis.

Recently, Kaila & Albrecht (1994) showed that morphological differences
between the northern and southern subspecies of Timandra griseata Petersen,
1902 are sufficient to regard them as separate species. As they found that the
taxa comae Schmidt, 1931 and brykaria Nordstrom, 1943 are conspecific, they
used the older name comae for the southern species. In addition, they also
emended the name from comae to comai (for details, see Kaila & Albrecht,
1994 and Kullberg et al., 2002), resulting in the combination Timandra comai
Schmidt, 1931. According to the study by Kaila & Albrecht (1994), the diffe-
rences between 7. griseata and T. comai are the following: ground colour of the
wings is whitish in T. griseata, yellowish in T. comai, grey suffusion is dense,
almost covering the ground colour in 7. griseata and less conspicuous in
T. comai. The wingspan of T. griseata appeared to be on average larger than
that of T. comai, the ciliae of wings are hardly reddish in 7. griseata but bright
pink in 7. comai (Kaila & Albrecht, 1994; Kaila et al., 1999). Forewing discal
spot is weak in 7. griseata but usually distinct in 7. comai. The male genitalia
of T. griseata and T. comai appeared to be indistinguishable (Kaila & Albrecht,
1994) but the position of the appendix bursae in females was found to be
different in 7. griseata and T. comai. In addition to the morphological diffe-
rences, both the distribution and phenology of 7. griseata and T. comai were
also found to be different (for details, see Kaila & Albrecht, 1994, 1995).

As T. griseata and T. comai appeared to be extremely closely related and
literally indistinguishable in some cases, the lepidopterist community in Europe
quite sceptically welcomed the treatment by Kaila & Albrecht (1994, 1995); for
details, see Hausmann (1997). A few years later, Sihvonen (2001) examined
this question by everting vesicae of males — a technique that had not been used
by Kaila & Albrecht (1994). He found that there are undoubtedly some loosely
species-specific differences between the shape and angle of the lateral
diverticulum of the everted vesicae of T. griseata and T. comai (Sihvonen,
2001). Moreover, these differences appeared to be anatomically compatible
with the differences in female genitalia reported by Kaila & Albrecht (1994).
Therefore, Sihvonen (2001) found that it is justified to treat 7. griseata and
T. comai as separate species.

In his major monograph covering all European sterrhines, Hausmann (2004)
treated 7. griseata and T. comae [he found the emendation from comae to comai
by Kaila & Albrecht (1994) to be unjustified] as separate species. However, he
also noted that the validity of species rank of 7. comae was still controversial
though some tentative evidence from mtDNA-based analyses (Miller et al.,
2001, Trusch et al., 2002) seemed to support the species rank of 7. griseata and
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T. comae (Hausmann, 2004). Therefore, some further investigation was neces-
sary to solve the ‘Timandra griseata/ T. comae question’.

As the morphological treatments by both Kaila & Albrecht (1994) and
Sihvonen (2001) had been conducted thoroughly, no significant progress was
expected from further morphological examination. Instead, new evidence either
favouring or rejecting the concept of two closely related species was expected
from a molecular phylogenetic study, as mtDNA sequences had repeatedly
proven useful in solving systematic questions concerning closely related taxa
(e. g. Sperling et al., 1999; Kruse & Sperling, 2001; Wiens & Penkrot, 2002).
Article I in the present dissertation is an original phylogeny-based attempt to
clarify the status of 7. griseata and T. comae, analysing genetic variation at two
mitochondrial protein-coding genes.

2.2. The systematic position of Lythriini

Although the genus Lythria has been well known to lepidopterists, its placement
in Geometridae has puzzled taxonomists for about a century. This small group
comprises few diurnal species that are similar to the extent that no attempts
have been made to split this genus. Moreover, as the external appearance of
Lythria species is so strikingly different from all other geometrid taxa, this
genus has consistently been treated as an entity of its own with no close
relatives (e. g. Staudinger & Rebel, 1901; Prout, 1912—16, 1934-39; Miiller,
1996; Viidalepp, 1996). This point of view has even more been emphasized
since Herbulot (1962), who raised a monobasic tribe Lythriini for the genus
Lythria. The only remarkable exception of the treatment described above is the
approach by Leraut (1997) who united Lythriini and Cataclysmiini into one
tribe using the name Lythriini.

The situation becomes more complicated when the exact placement of the
genus Lythria in the family Geometridae is considered. Meyrick (1892), whose
work laid the basis of modern subdivision of Geometridae into subfamilies,
placed Lythria into family Hydriomenidae, which is now considered to be
equivalent to Larentiinae. All subsequent major treatments of Geometridae have
followed this treatment (e. g. Staudinger & Rebel, 1901; Spuler, 1903-10;
Prout, 1912—16; Herbulot, 1962; Miiller, 1996; Viidalepp, 1996; Scoble, 1999),
with the exception of Pierce (1914), who put Lythria into his Cosymbiinae,
which is currently considered to be equivalent to the ‘Timandrini lineage’ from
Sterrhinae (Sihvonen & Kaila, 2004). However, several authors have only
recently pointed to morphological characters that may link Lythria with some
sterrhine taxa: both Sihvonen & Kaila (2004) and Hausmann (2004) have noted
that close affinities can be found between Lythriini and Rhodometrini from
Sterrhinae. Thus, an intriguing problem has emerged as to whether Lythriini
cluster together with Larentiinae or Sterrhinae.

Recent molecular phylogenetic approaches have shown subfamilies Sterrhi-
nae and Larentiinae as clearly distinct monophyletic entities (Abraham et al.,

11



2001; Young, 2006; Yamamoto & Sota, 2007), though their exact placement
within the Geometridae has been resolved differently. Specifically, Abraham et
al. (2001) and Young (2006) proposed Larentiinae as a sister group to the rest
of Geometridae, while Yamamoto & Sota (2007) found that Larentiinac and
Sterrhinae are closely related groups in a separate monophyletic lineage which
is sister to other Geometrid subfamilies. Nevertheless, the taxon sampling on a
tribe level has been far from extensive and majority of the sterrhine and
larentiine tribes have not been included into these earlier studies.

Article II in the present dissertation is an original study addressed to solve
the ambiguities related to the systematic position of Lythriini. For that purpose,
two mitochondrial and three nuclear gene fragments were sequenced from
representatives of all Palaearctic sterrhine tribes, five larentiine tribes and three
Lythriini species. Moreover, several morphological characters earlier thought to
be synapomorphic for Sterrhinae and Larentiinae were critically assessed and
their systematic utility discussed.

2.3. The phylogeny of the genus Lythria and
the elaborated genital morphology of L. venustata

As discussed above, the genus Lythria is morphologically a distinct group
which has been recognised as such since its description in 1823. Until early
20th century, systematists disputed whether there are one or two widespread
species in Europe: e. g. Hofmann (1894), Staudinger & Rebel (1901) and Spuler
(1903-10) interpreted the whole complex as a single species, L. purpuraria
(Linnaeus, 1758), while others, e. g. Borkhausen (1794), Laspeyrés (1803) and
Duponchel (1830), treated this group as two closely related species currently
known as L. purpuraria and L. cruentaria (Hufnagel, 1767). This question was
finally solved by Prout (1912-16) and Zerny (1916) who found significant
differences between the male genitalia of L. purpuraria and L. cruentaria.

The second intrageneric problem in genus Lythria was the status of L. san-
guinaria (Duponchel, 1842). As this taxon externally clearly differs from both
L. purpuraria and L. cruentaria, it was treated as separate species in earlier
works (e. g. Hofmann, 1894; Staudinger & Rebel, 1901; Spuler, 1903-10).
However, both Prout (1912-16) and Zerny (1916) noted that the male genitalia
of L. sanguinaria were extremely similar to those of L. cruentaria and therefore
treated the former as a subspecies of the latter. This point of view was subse-
quently followed by several authors, including Herbulot (1962), Miiller (1996)
Leraut (1997) and Scoble (1999). Only recently, Viidalepp (in press) showed
that both male and female genitalia of L. sanguinaria and L. cruentaria exhibit
consistent, though small differences and therefore raised the former to the
species rank again. This point of view was implicitly supported by our earlier
study (II), as the genetic differences between L. sanguinaria and L. cruentaria
were found to be almost as substantial as those between L. cruentaria and
L. purpuraria. However, the aforementioned study (II) was still controversial
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with respect to the exact phylogenetic position of L. sanguinaria: instead of the
grouping (L. purpuraria (L. sanguinaria, L. cruentaria)) which was expected on
the basis of both external and genital morphology, an unexpected topology
(L. cruentaria (L. sanguinaria, L. purpuraria)) was recovered.

The third intrageneric question in Lythria is the phylogenetic placement of
L. plumularia (Freyer, 1831) and L. venustata Staudinger, 1882. Both Stau-
dinger (1882) and Prout (1912—16) regarded these species as possible sister taxa
due to their external similarity but the genital morphology of these species
remained unknown until very recently (Vasilenko, 2009). Moreover, as only the
holotype of L. venustata was known until 2006, it has been impossible to extract
DNA from this remarkably rare species, and constructing the complete mole-
cular phylogeny of the genus Lythria was therefore not feasible. Article III in
the present dissertation is an attempt to construct the complete molecular
phylogeny of the genus Lythria, covering all known species and using analysis
of one mitochondrial and two nuclear genes. In addition to the previous, we
were able to illustrate the L. venustata adults for the first time and elaborate the
male genital morphology of this species.

2.4. The phylogeny of the subfamily Sterrhinae

The subfamily Sterrhinae, which comprises more than 2800 described species
worldwide, is one of the four main subfamilies of Geometridae (Scoble, 1999;
Hausmann, 2004). According to the modern view, Sterrhinae has been divided
into eight tribes and more than a hundred genera (Holloway, 1997; Heppner,
2003; Sihvonen & Kaila, 2004; II). The phylogenetic relationships between the
subtaxa of Sterrhinae, however, are still largely unknown and, as repeatedly
emphasized, require further phylogenetic treatment (e. g. Hausmann, 2004;
Sihvonen & Kaila, 2004). In the following sections I will give a short overview
of the few most important studies that have had major influence on systematics
and phylogeny of Sterrhinae. In section 4.4 I will discuss the validity of these
earlier opinions in the light of the most recent data.

The foundation of the currently recognised system of Geometridae was laid
with the work of Meyrick (1892). Based on wing venation, he divided the
European fauna of geometrid moths into six families. One of these was Sterrhi-
dae, which is currently recognised as equivalent to Sterrhinae. Though Meyrick
(1892) briefly discussed the possible relationships between the genera in his
Sterrhidae [e.g. suggesting close relationships between Leucophthalmia Hiibner,
1823 (=Cyclophora Hiibner, 1822) and Calothysanis (=Timandra), as well as
between Leptomeris Hiibner, 1825 (=Scopula), Cinglis Guenée, 1858 and
Problepsis Lederer, 1853], his presumptions remained rather tentative.

Two decades later, Pierce (1914) treated the present-day Sterrhinae on the
basis of genital morphology as three different groups: Ptychopodinae (which is
referable as Sterrhini), Acidaliinae (equivalent to Scopulini) and Cosymbiinae
(which included genera from Rhodometrini, Timandrini, Cosymbiini, Lythriini
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and Parascotia Hiibner, 1825; the latter has subsequently been moved to
Noctuidae). Pierce (1914) considered the presence or absence of gnathos as the
key element in subdividing the family Geometridae into two groups, Gnathoi
and Agnathoi, and split Sterrhinae between these groups: Ptychopodinae was
placed into Gnathoi, but Acidaliinae and Cosymbiinae into Agnathoi. Thus, it is
obvious that Pierce (1914) did not regard Sterrhinae as a monophyletic entity.

Prout (1912-16) united the Sterrhinae again, using the name Acidaliinae. He
divided this subfamily into three groups: Cyllopoda-group (which is exclusively
Neotropic and therefore was not treated in detail in this monograph), Acidalia-
group [comprising Acidalia Bruand, 1846 (=Scopula) and several other genera,
most notably it included also Anisephyra Warren, 1896, Ptochophyle Warren,
1896 (=Chrysocraspeda Swinhoe, 1893) and Timandra] and Cosymbia-group
[which comprised only Cosymbia Hiibner, 1823 (=Cyclophora) and Cinglis]. In
addition to splitting Palaearctic fauna between Acidalia- and Cosymbia-groups,
he also briefly discussed the possible phylogenetic relationships between the
genera, relying mostly on the number of areoles in the forewings and on the
number of spurs on hindtibiae of the moths. However, in contrast to Pierce
(1914) and according to Meyrick (1892), Prout (1912-16) treated Rhodometra
Meyrick, 1892 as a member of Larentiinae.

In further treatments of African (Prout, 1929-35), Neotropical (Prout, 1935—
38) and Indoaustralian (Prout, 1920—41) geometrids, Prout mentioned few
further subtaxa of Sterrhinae: the Rhodostrophia-group comprising Rhodost-
rophia Hiibner, 1823 as the central taxon and a number of smaller genera he
believed to be closely associated with it (Prout, 1920—41); the ‘Calothysanis
(=Timandra)-stem’ with few genera associated with Calothysanis (Prout, 1920—
41); and the Asellodes-group comprising only the Neotropic Proutoscia Schaus,
1912 and Asellodes Guenée, 1858 (=Pseudasellodes Warren, 1904) (Prout,
1935-38). In all these monographs, Prout gave detailed morphological descrip-
tions of the genera and briefly discussed their possible phylogenetic relation-
ships. As an important reconsideration, Prout (1929-35) moved Rhodometra
back to Sterrhinae. In conflict with the modern understanding (Holloway, 1996,
1997; Sihvonen & Kaila, 2004), Prout (1929-35) treated the brightly coloured
diurnal Aletis Hiibner, 1820 and Cartaletis Warren, 1894 as oenochromine taxa,
though he was aware of similarities in genitalia of these genera and Sterrhinae.

In his supplement to the geometrid fauna of the Palaearctic region, Prout
(1934-39) mentioned that Sterrhinae were much less homogenous and harder to
delimit than had earlier been thought. On the one hand, he found that the
boundaries between the tribes were clear but on the other he noted that there are
several larentiine taxa (especially in the Asthena-group, which is referable as
Asthenini — see Xue & Scoble, 2002) that share some characters with sterrhines
and could therefore even be considered as a separate subfamily. The latter point
of view, however, has not been followed by subsequent authors. Prout (1934—
39) also noted that though there was no new system of Sterrhinae, the results of
an undergoing study by Sterneck (1941) had to be taken into account. Com-
pared to his first treatment of the Palaearctic fauna (Prout, 1912-16), however,
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he did introduce only very few changes: Cosymbia was placed close to
Calothysanis, Pylargosceles Prout, 1930 was moved close to Rhodostrophia
and Cinglis was transferred from Cosymbia-group to Scopula-group. In conclu-
sion, Prout (1934-39) proposed five tribes: Rhodostrophiicae (=Rhodostrophii-
ni), Cosymbiicae (=Cosymbiini), Cyllopodicac (=Cyllopodini), Scopulicae
(=Scopulini) and Sterrhicae (=Sterrhini) and also mentioned that in addition to
these there are some peculiar forms or intermediate links such as the enigmatic
Asellodes (=Pseudasellodes) and Rhodometra or sterrhine-like asthenins. This
classification was in slight conflict with that of Sterneck (1941), who did
separate Calothysanicae form Cosymbicae, but Prout (1934-39) found this
division poorly justified.

Sterneck (1941) laid a steady basis on the current tribal classification of
Sterrhinae. He divided the subfamily into three main lineages relying mostly on
characters of the male genitalia found in Palaearctic taxa. The most diverse of
those comprised Sterrhicae (=Sterrhini), Cosymbicae (=Cosymbiini) and
Calothysanicae (=Timandrini), while Scopulicae (=Scopulini) and Rhodostro-
phicae (=Rhodostrophiini) were kept separately as two other main lineages.
However, the exact phylogenetic relationships between the tribes were left
unresolved. Similar treatment (i. e. keeping Cosymbiini and Timandrini as
separate tribes), was used a few years later by Forbes (1948) in his treatment of
North American Geometridae.

Herbulot (1962) tried to solve the problems with closely related Rhodometra
and Casilda Agenjo, 1952, that did not fit easily with either Sterrhinae nor
Larentiinae, by placing them into a separate subfamily Rhodometrinae. Though
this treatment was initially followed by Viidalepp (1976), it was later
abandoned (Miiller, 1996; Viidalepp, 1996; Holloway, 1997). Herbulot’s (1962)
system of Sterrhinae, however, was identical to that of Sterneck (1941), as he
also regarded Cyclophorini (=Cosymbiini) and Calothysanini (=Timandrini) as
separate tribes and the order of tribes (Sterrhini, Cyclophorini, Calothysanini,
Scopulini, Rhodostrophiini).

In contrast to earlier authors, Hausmann (1993) treated Cyclophorini
(=Cosymbiini), Calothysanini (=Timandrini) and Rhodometrini as closely
related groups, not as placed to different ends of the system of Sterrhinae. He
found that Calothysanini should be placed between Cyclophorini and
Rhodometrini, as had already been suggested by Viidalepp (1976). Hausmann
(1993) also noted that Rhodostrophiini, which share few anatomical similarities
with Cyclophorini, Calothysanini and Rhodometrini, could be placed as
preceding those in the system of Sterrhinae.

Nakamura (1994), who studied the pupal morphology of Japanese sterrhines,
however, still treated Timandra and Cyclophora as members of the same tribe,
Cosymbiini, as had earlier been done [e. g. by Prout (1934-39)]. As he
described Cosymbiini as the only tribe that ‘strikingly differ from the others in
various characteristics’, Nakamura (1994) intelligibly treated this tribe as a
sister to the rest of Japanese Sterrhinae (i. e. Sterrhini, Scopulini and Rhodos-
trophiini). Considering the phylogenetic relationships between these three
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tribes, Nakamura (1994) found that Sterrhini was a sister to the Scopulini+Rho-
dostrophiini clade. Another recent study on the pupal morphology of Sterrhinae
(Patocka & Turcani, 1994) did not include the phylogenetic component within
it; their key to the identification of genera together with the accompanying
figures, however, indicates substantial morphological similarities between the
pupae of Timandra, Rhodometra and, most interestingly, Lythria. These
findings are consistent with the rearrangements of tribes earlier suggested by
Hausmann (1993) and even support the classification of Pierce (1914, see
above).

Holloway (1997) put the results of his revision of the Bornean geometrids
into a broader systematic context. He specified the diagnoses of the genera and
tribes found on Borneo and introduced several genus-group rearrangements to
Sterrhinae (e. g. regarding Anisodes Guenée, 1858 as a synonym of Cyclophora,
but keeping majority of Bornean species earlier treated as belonging to Anisodes
in separate genera Perixera Meyrick, 1886 and Mesotrophe Hampson, 1893). In
addition to the genus and species level revision, Holloway (1997) also gave the
tentative phylogeny of Geometridae, treating Sterrhinae and Larentiinae as
sister groups. The subfamily Sterrhinae was divided into two lineages, one of
which comprised Timandrini+Rhodometrini+Cosymbiini and the other Rhodos-
trophiini+Cyllopodini+Scopulini+Sterrhini. The exact phylogenetic relation-
ships between the tribes of the first lineage were left unresolved, while Sterrhini
was believed to be sister to the (Scopulini (Cyllopodini, Rhodostrophiini))
assemblage in the other lineage.

Holloway et al. (2001) stated that sterrhines are not strongly defined as a
whole, though their component tribes are — a finding consistent with Prout
(1934-39). Their subdivision of Sterrhinae into tribes and list of key features of
each tribe as well as proposed sister-group relationships between the tribes were
consistent with Holloway (1997).

Sihvonen & Kaila (2004) subsequently conducted a major morpho-cladistic
analysis revising the tribal classification of Sterrhinae in general and delimiting
the tribe Scopulini in particular. On the one hand, their analysis demonstrated
that the relatively few characters that were in earlier literature thought to be
critical in delimiting the tribes within Sterrhinae are not sufficient to resolve the
phylogeny of the subfamily on a global scale. On the other hand, an extensive
morphological examination of adults and preimaginal stages allowed Sihvonen
& Kaila (2004) to compile a data matrix comprising a total of 95 different
characters for 54 sterrhine taxa plus five outgroup species. Analysis of this
expanded matrix concluded with a well-resolved phylogenetic tree where all
previously defined tribes were supported by several characters. The tribal
relationships within the subfamily according to Sihvonen and Kaila (2004) are
the following: Sterrhinae is subdivided into two main lineages, informally
named as ‘Scopulini lineage’ and ‘Timandrini lineage’. The ‘Scopulini lineage’
comprises tribes Rhodostrophiini, Cyllopodini, Sterrhini and Scopulini and the
‘Timandrini lineage’ tribes Cosymbiini, Timandrini and Rhodometrini, respec-
tively. Though Sihvonen & Kaila (2004) repeatedly stressed the possible short-
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comings and disputable points of their analysis (e. g. taxon sampling strongly
biased towards Scopulini; uncertain position of genera Craspediopsis Warren,
1895, Trygodes Guenée, 1858, Semaeopus Herrich-Schiffer, 1855, Haemalea
Hiibner, 1823, Leptostales Moschler, 1890, Crypsityla Warren, 1900 and
Pseudasellodes; and, placement of the larentiine outgroup within the ‘Timand-
rini lineage’), their results can still be regarded as the most comprehensive
hypothesis concerning the phylogeny of the subfamily Sterrhinae.

In his treatment of the European fauna, Hausmann (2004) generally agreed
with the findings of Sihvonen & Kaila (2004), as he also supported dividing the
subfamily into ‘Scopulini lineage’ and ‘Timandrini lineage’. However, contra-
rily to Sihvonen & Kaila (2004), Hausmann (2004) treated Holarctias Prout,
1913 as a separate genus and downgraded the monotypic Apostates Warren,
1897 to a synonym of Rhodostrophia. Moreover, Hausmann (2004) did not
adopt the results of the exhaustive morpho-cladistic examination of the tribe
Scopulini (Sihvonen, 2005), already available when he was compiling his
monograph. In the aforementioned study, Sihvonen (2005) analysed more than
140 morphological and ecological characters from all known Scopulini genera,
covering the full geographic range and morphological variation of the tribe. As
a result of the phylogenetic analysis, he suggested broadening the concept of the
mega-diverse genus Scopula and downgrading the majority of the known
genera to synonyms of this. In addition to these revolutionary rearrangements,
Sihvonen (2005) showed that the tribe Scopulini is divided into two lineages,
comprising genera Isoplenodia Prout, 1932, Dithalama Meyrick, 1888, Zythos
Fletcher, 1979 and Somatina Guenée, 1858 on the one hand, and Lipomelia
Warren, 1893, Problepsis and Scopula on the other. He also specified the
concepts of these smaller genera and listed all known species of the tribe. To
date, none of the other sterrhine tribes have been studied as comprehensively
from the morpho-cladistic point of view as was Scopulini by Sihvonen (2005).

Even if molecular systematics has rapidly expanded during the last two
decades and molecular component has become a common element of systematic
research (Caterino et al., 2000; Mallet & Willmott, 2003; Viidalepp et al.,
2007), Geometridae in general and Sterrhinae in particular have remained
relatively little studied from this point of view. To the best of my knowledge,
only few molecular systematic studies are available that have included
Sterrhinae. The earliest of those, an article by Abraham et al. (2001) was
addressed as testing the credibility of existing morphological hypotheses over
the systematics of subfamilies of Geometridae. Though some of the results (e. g.
paraphyly of Ennominae in addition to the unexpected placement of
Archiearinae and Alsophilinae) by Abraham et al. (2001) contradicted the
earlier expectations of the systematics of Geometridae, they resolved their five-
species Sterrhinae sample as a well-supported monophyletic clade, which was
sister to all other geometrid subfamilies except Larentiinae. Few years later,
Young (2006) composed a major study to resolve the phylogenetic relationships
between the Tasmanian Ennominae on the basis of both molecular and
morphological data. Due to the exhaustive taxon sampling she was able to
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address questions of the phylogeny of Geometridae on a larger scale. One of her
several side results was a confirmation to the position Sterrhinae as sister to the
rest of Geometridae except Larentiinae (Young, 2006), which had earlier been
recovered by Abraham et al. (2001).

Though the phylogenetic position of Larentiinae and Sterrhinae was con-
cordant between Abraham et al. (2001) and Young (2006), it was soon
questioned. Yamamoto & Sota (2007) showed a contradicting phylogeny where
Larentiinae and Sterrhinae were resolved as a well-supported monophyletic
clade sister to the rest of Geometridae. Moreover, their taxon sampling was
considerably more extensive than that of Abraham et al. (2001) and Young
(2006), as they had sampled four sterrhine taxa from four tribes and 13
larentiine taxa from six tribes. The respective numbers were five sterrhines from
two tribes and five larentiines from three tribes in Abraham et al. (2001) and
two sterrhines from two tribes and five larentiines from five tribes in Young
(2006). Due to more exhaustive taxon sampling, the study by Yamamoto &
Sota (2007) was the first one that truly shed light on the molecular phylogeny of
Sterrhinae. The topology of their Sterrhinae clade agrees with Sihvonen & Kaila
(2004) when the presence of ‘Timandrini lineage’ and ‘Scopulini lineage’ is
considered but the subdivisions of the latter were in conflict with Sihvonen &
Kaila (2004). Specifically, in Yamamoto & Sota (2007), Pylargosceles
(Rhodostrophiini) tended to group together with Problepsis (Scopulini) while
Scopula (Scopulini) appeared as sister taxon to them, but a position of
Pylargosceles as sister to Problepsis+Scopula grouping was expected con-
sidering the classification by Prout (1920—41) and Sihvonen & Kaila (2004).

The first molecular phylogenetic study that examined the phylogenetic
relationships between most of the currently recognised sterrhine tribes was
article II. Though the focus of that study was to critically evaluate the syste-
matic position of the enigmatic tribe Lythriini, the taxon sampling strategy
simultaneously allowed testing the hypotheses of Sihvonen & Kaila (2004) in a
slightly broader sense. The division of Sterrhinae into the ‘Scopulini lineage’
and ‘Timandrini lineage’, suggested by Sihvonen & Kaila (2004), was con-
firmed in article II and the grouping of tribes within these lineages was also
found to be concordant with the results of Sihvonen & Kaila (2004).

The most recent advances in understanding the position of Geometridae and
its subgroupings in the phylogenetic tree of Lepidoptera can be found in the
articles by Regier er al. (2009) and Wahlberg et al. (2010). Both studies
resolved Sterrhinae and Larentiinae as closely related taxa, sisters to the rest of
Geometridae as had been shown by Yamamoto & Sota (2007), thus
contradicting the results by Abraham et al. (2001) and Young (2006), who had
revealed Larentiinae as a single monophyletic subfamily sister to the rest of
Geometridae, including Sterrhinae. However, in contrast to all earlier molecular
works, Regier et al. (2009) found Sterrhinae paraphyletic, but it must be pointed
out that the bootstrap support indices favouring this topology were below 50.
Therefore I conclude that the present knowledge allow us to treat Sterrhinae as a
monophyletic subfamily. The known phylogenetic relationships within sub-
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family Sterrhinae are, however, still to be considered as preliminary, requiring
further molecular treatment, as the taxon sampling at genus level has been far
from comprehensive in all available molecular phylogenetic studies (see also
Hausmann, 2004; Sihvonen & Kaila, 2004; II).

The section 4.4 of the current study is an attempt to improve the known
molecular phylogeny of the subfamily Sterrhinae. For that purpose, I con-
catenated molecular data that were used in articles II-III and as many
additional unpublished original molecular data from as different sterrhine taxa
as possible. In total, 43 sterrhine species belonging to 14 genera were studied by
using sequences of two mitochondrial and four nuclear gene fragments.
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3. MATERIAL AND METHODS
3.1. Material sampling and identification

Both dry pinned moths from several public and private collections and fresh
material were used for this study. The fresh moths were collected either by day-
time netting or by attracting them to artificial light at night. The abdomens of
fresh moths were stored in 96% ethanol at —20°C prior to the extraction of
genomic DNA. Thoraces with head, legs and wings were pinned and kept as
vouchers in the collection of Institute of Agricultural and Environmental Scien-
ces (IZBE).

The Timandra specimens for article I were identified according to the morp-
hological criteria given by Kaila & Albrecht (1994, 1995) and using the mate-
rial loaned for reference from Finnish Museum of Natural History (FMNH), as
well as expert advice from Dr. Lauri Kaila (FMNH). Material used in the
articles II and III was identified using handbooks by Hausmann (2004), Koch
(1984), Prout (1912-16, 1935-38), Viidalepp & Remm (1996) and collection of
IZBE for reference.

In addition to papers I-1II, a wider phylogenetic analysis of Sterrhinae was
performed on the basis of 43 sterrhine species belonging to 14 genera and seven
tribes together with two outgroup taxa from subfamily Larentiinae (Table 1).
This is essentially an extension of articles II and III (see also chapter 4.4). As
the geographic and taxonomic coverage for this study was wider than that of the
earlier publications, additional sources (Holloway, 1997; McGuffin, 1967;
Prout, 1920—41) were used for identification of moths.
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