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Abstract

Molecular phylogenetic and traditional morphometric methods were applied to examine six Pal-
aearctic taxa of the taxonomically difficult tachinid fly genus Dinera Robineau-Desvoidy
(Diptera: Tachinidae), with particular reference to D. carinifrons (Fallén) and D. fuscata Zhang
and Shima. Results of a phylogenetic analysis based on the mitochondrial markers 12S and 16S
rDNA and multivariate statistical analyses of 19 morphometric characters were used to delimit
both species. A lectotype was designated for D. carinifrons to stabilize the nomenclature in the
group. Dinera carinifrons has a transpalaearctic distribution and is present in Central Europe, es-
pecially in high altitudes of the Alps. It differs from the similar and closely related D. fuscata in
that it has a slightly larger body size, a dense greyish microtrichosity on the body, and different
head proportions. Dinera fuscata, as delimited here, is widespread in the Palaearctic region, in-
cluding Europe. Slight differences in both molecular and morphometric characters were found
between western (Europe and Iran) and eastern (China and Japan) populations of D. fuscata,
which are interpreted as an intraspecific variation. Differential diagnosis between D. carinifrons
and D. fuscata is provided in the form of a revised portion of the determination key to the Palae-
arctic Dinera by Zhang and Shima (2006).
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Introduction

The Tachinidae are generally regarded as a
relatively recently radiating group of parasi-
toids that may be one of the largest and
ecologically most important families of Dip-
tera in the world (Stireman et al. 2006; Pape
and Thompson 2013). The taxonomy of the
Tachinidae is complicated, and even in well-
studied areas such as Central Europe there are
open questions necessitating revisions of
doubtful taxa that may eventually result in the
description of new species or in new synony-
mies being established (Tschorsnig and
Herting 1994).

The tachinid genus Dinera Robineau-
Desvoidy (Diptera: Tachinidae) is a repre-
sentative of the subfamily Dexiinae, tribe
Dexiini (Herting 1984). Based on morpholog-
ical characters, it is closely related to Billaea,
and differences between these two groups are
not sharp (Zhang and Shima 2006). Zhang and
Fu (2012) treated Dinera as differing from
Billaea in that it has a narrow vertex in males,
its fronto-orbital plate is bare or sparsely cov-
ered with minute setulae, its fore-tarsi are
distinctly longer than head height, and its an-
terodorsal setae are irregular in length on the
hind tibia. Twenty-eight presently known spe-
cies treated in Dinera are mostly restricted to
the Old World. The genus is apparently miss-
ing in the Neotropical and Australasian
Regions (O’Hara 2012). Seven species of
Dinera are known from the Afrotropical Re-
gion (Crosskey 1980), 11 from the Oriental
Region (Crosskey 1976; Zhang and Shima
2006; Zhang and Fu 2012), 1 is of Holarctic
distribution (O’Hara and Wood 2004) and 10
species are currently known from the Palae-
arctic Region (Zhang and Shima 2006;
Cerretti 2010; Zhang and Fu 2012). The biol-
ogy of most Dinera spp. is still unknown, but
at least a few species from Europe and North
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America were reared as solitary parasitoids
from beetle larvae dwelling in soil, dung, or
rotten wood (Herting 1960; Arnaud 1978;
Belshaw 1993).

The taxonomy of some Dinera species still
needs to be clarified. One of the most prob-
lematic ones is D. carinifrons (Fallén). Ziegler
and Lange (2001, 2007) pointed out that in the
European Alps, two taxa, tentatively identified
as D. carinifrons but probably corresponding
to two different species, can be distinguished.
Recently, D. fuscata Zhang and Shima was
described from China and Japan (Zhang and
Shima 2006), showing a close relationship to
D. carinifrons and thus raising a need for a
revision of the European material.

In our study, molecular sequence data from
two mitochondrial genes (12S and 16S rDNA)
were used to examine relationships among
several Palaearctic Dinera spp. with the aim
to solve the identities of D. carinifrons and D.
fuscata. As the two morphotypes discussed by
Ziegler and Lange (2001, 2007) differ, besides
other characters, particularly in proportions of
the head, in addition to molecular phylogenet-
ics, morphometric methods were also applied
to the same taxa and specimens. Choosing dif-
ferent methods for complementarity in
taxonomic studies generally increases rigor in
species delimitation and meets the principles
of  integrative  (polyphasic) taxonomy
(Schlick-Steiner et al. 2010; Murarikova et al.
2011; Yeates et al. 2011). A combination of
molecular phylogenetic and morphometric
analyses enables testing whether the speci-
mens characterized by a shared morphological
pattern are natural groups and testing or re-
vealing morphological characters useful for
the diagnosis and identification of these
groups. Our study on a small, problematic
group of Dinera may also provide a methodo-
logical example on a way to solve
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taxonomical problems in other taxa of the
Tachinidae or other groups of Diptera, includ-
ing those with economic importance, as many
tachinids are natural enemies of insect agricul-
tural and forest pests that are frequently used
in biocontrol programs (Grenier 1988;
Coombs and Sands 2000; Frank et al. 2006).
A solid taxonomic knowledge of parasitoids is
generally needed for effective biological con-
trol of their hosts (Smith et al. 2011).

Materials and Methods

Examination of material

The material examined (Table 1) was mostly
dry and pinned. Some freshly collected spec-
imens were preserved in ethanol for molecular
analyses. The material came from the follow-
ing institutions (names of curators in
parentheses) and private collections:

Private collection of M. Barték, Prague, Czech
Republic; Private collection of C. Bergstrom,
Uppsala, Sweden; Biological Laboratory,
Kyushu University, Fukuoka, Japan; (H. Shi-
ma); Private collection of E. Lutovinovas,
Vilnius, Lithuania; Naturhistoriska
Riksmuseet, Stockholm, Sweden (Y. Brodin);
Institute of Entomology, Shenyang Normal
University, Shenyang, China (C.-T. Zhang);
Private collection of J. Vanhara, Brno, Czech
Republic; Museum fiir Naturkunde, Leibniz
Institute for Research on Evolution and Bio-
diversity at the Humboldt University, Berlin,
Germany (J. Ziegler).

The morphological terminology and defini-
tions of many characters used in this paper
were adopted from Tschorsnig and Herting
(1994) and Merz and Haenni (2000).

Dinera carinifrons and D. fuscata are treated
here together as the D. carinifrons species
complex. This is defined here as follows: ab-
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dominal syntergite 1+2 excavated at most to
2/3 way to posterior margin; normally 3+3
dorsocentral setae present; costal seta unde-
veloped; relative length of second, third and
fourth sections of costa approximately as
1:2:1 and wing cell RS open; frontal vitta at
least as wide as fronto-orbital plate at middle
in both sexes. In this definition, D. carinifrons
species complex includes only D. carinifrons
and D. fuscata, whereas other Palaearctic spe-
cies of Dinera seem to be more distantly
related (Zhang and Shima 2006). The Europe-
an material of D. carinifrons species complex
has previously been identified and recorded as
D. carinifrons in literature (Tschorsnig and
Herting 1994; Cerretti 2010). Following Zieg-
ler and Lange (2001, 2007), two morphotypes
can be distinguished in European material,
which we treated for the analyses as:

D. carinifrons A: corresponding to material
from lowlands to moderate elevations of Eu-
rope and the Middle East, characterized by a
tessellate greyish white microtrichosity, a
slightly smaller body size, and particularly by
the relatively narrower frons and parafacial

D. carinifrons B: corresponding to material
from higher altitudes of Europe (predominant-
ly the Alps), characterized by a dense
yellowish grey microtrichosity, slightly larger
body size, and particularly by the relatively
broader frons and parafacial

Both morphotypes were represented in our
material (Table 1). The specimens of D. fusca-
ta from eastern Asia (China and Japan) were
examined, and they were identified by C.-T.
Zhang and H. Shima, including paratypes of
this species. Zhang and Shima (2006) men-
tioned a variation in the colour of the palpus
for D. fuscata that they treated as intraspecif-
ic. To test a possible taxonomic significance
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of this character, it was treated separately in
some of our analyses:

D. fuscata A: corresponding to a form with a
black or dark brown palpus, represented in the
examined material by paratypes from the type
locality in Japan and a few additional speci-
mens from China

D. fuscata B: corresponding to a form with a
pale (dark yellowish) palpus, represented in
the examined material by a few specimens
from China

Three additional species of the genus, D. feri-
na (Fallén), D. grisescens (Fallén), and D.
xuei Zhang and Shima, were also included in
both phylogenetic and morphometric analyses.
D. ferina and D. grisescens are the only spe-
cies of Dinera that occur sympatrically with
D. carinifrons species complex in the western
Palaearctic region. D. xuei, described from
China, was regarded as being the most similar
species to D. carinifrons and D. fuscata in
morphology (Zhang and Shima 2006) and
may thus represent a potential sister species to
D. carinifrons and D. fuscata. One more spe-
cies, D. takanoi (Mesnil, 1957), was
contributed from GenBank
(www.ncbi.nlm.nih.gov/genbank) and includ-
ed in the phylogenetic analysis (the material
of D. takanoi was not directly available for the
morphometric analysis). Four outgroup taxa
were added to root the resulting phylogenetic
trees: Billaea triangulifera (Zetterstedt), (Dip-
tera: Tachinidae: Dexiinae) Dexia rustica
(Fabricius), Dufouria chalybeata (Meigen)
and Eriothrix rufomaculata (De Geer).

Altogether 28 specimens were used for DNA
sequencing and molecular phylogenetic anal-
yses. The same specimens were also measured
and included in the morphometric analyses.
Morphometric data were further recorded for
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numerous additional specimens available from
collections. Altogether 126 specimens (75
males, 51 females) were used for the mor-
phometric part of the study, including a part of
the type series of D. carinifrons (Table 1).

Gene sequences analyses

Two mitochondrial markers, 12S and 16S
rDNA, were analyzed (Table 2). The suitabil-
ity of a combination of these two gene
markers for reconstruction of phylogeny has
been shown in different insect groups, includ-
ing various families of Diptera (Flook and
Rowell 1997; Skevington and Yeates 2000;
Cook et al. 2004; Rohacek et al. 2009). These
markers have been also used with success for
identification of cryptic females of the
Tachinidae (Lutovinovas 2012).

Nucleic acids were extracted from mostly dried
adults using DNeasy Blood and Tissue Kit (Qi-
agen, www.qgiagen.com) following the
manufacturer’s protocol. Segments of the 12S
and 16S rDNA were amplified using the pri-

mers 12Sma &)
CTGGGATTAGATACCCTGTTAT) and
12Smb (5

CAGAGAGTGACGGGCGATTTGT) (Cook
et al. 2004), and the modified primers mt32 (5'
CAACATCGAGGTCGC) and mt34 (5
TTGACCGTGCAAAGGTAG) (Nirmala et al.
2001). PCR products were visualized in 1%
agarose gels, purified using the QIAquick PCR
Purification Kit (Qiagen), and used directly for
sequencing. The sequencing reactions were
performed in a 10 pL reaction mixture using
the Big Dye Terminator v. 3.1 chemistry (Ap-
plied Biosystems, Life  Technologies,
www.lifetechnologies.com). After the thermo-
cycling, the reactions were purified with
XTerminator® before injection into the ABI
3130 Genetic Analyzer (both from Applied
Biosystems). More detailed protocols for the
PCR amplifications may be consulted in
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Rohacek et al. (2009). selected characters or their combinations di-
rectly for diagnoses and identifications of
Sequences were manually processed, and con- taxa. Traditional morphometric characters in-

tigs were assembled using Sequencher v. 4.8 cluding absolute lengths and ratios are often
(GeneCodes, www.genecodes.com). Datasets applied in keys for Tachinidae (e.g.,
were first examined for base comparison bias ~ Tschorsnig and Herting 1994; Zhang and
in MEGA v. 5 (Tamura et al. 2011). The Shima 2006). This is particularly true for the
computing of pairwise-distances was per-  characters on the head of Dinera species
formed using PAUP* v. 4.0b10 (Swofford  (Tschorsnig and Herting 1994; Ziegler and
2002) with GTR model criterion for distance Lange 2001, 2007; Zhang and Shima 2006),

correction. while the wing venation characters are easy to

measure and are often recorded in different
To evaluate the best fit model for the Bayesi-  taxonomic studies of Diptera (Houle et al.
an inference and maximum likelihood 2003; Vanhara et al. 2007; Murarikova et al.
analyses, the combined dataset was parti- 2011). Drawbacks of the traditional morpho-
tioned into two gene regions (12S and 16S). metrics are frequently a high correlation of

Each of the partitions was evaluated in some measurements and limited information
MrModeltest v. 2.2 (Nylander 2004) using both ~ on shape of the analyzed structures/specimens
hierarchical likelihood ratio tests and Akaike (Zelditch et al. 2004).

information criterion. Bayesian inference was

conducted on molecular dataset in MrBayes v. The list of the measured characters with their
3.1 (Huelsenbeck and Ronquist 2001). The  definitions is provided in Table 3; see also
reliability of the resulting tree topology was Figures 1-2 and Tschorsnig and Herting
determined by 2,000,000 generations. Maxi- (1994). In all specimens under study, only the
mum likelihood analysis was processed in
Garli v. 2.0 (Zwickl 2006). Two independent
runs of 5,000,000 generations using the de-
fault automated stopping criterion were
carried out. Nodal support was assessed using
a nonparametric bootstrap with 100 replicates.
The resulting tree was edited in TreeView
(Page 1996), and the layout was prepared us-
ing Adobe Photoshop 8.0 (www.adobe.com).

Morphometric analyses

In each specimen examined within the mor-
phometric part of the study, 19 characters
were defined as different linear distances on
the head and wing were measured. The tradi-
tional morphometric approach was chosen for
its relative simplicity of recording the charac-
ters and, particularly, for a possibility to . ) : /s . :

. . Figure I. Left side of the head of Dinera carinifrons with delim-
Interpret and use the results of the analyses mn itation of the characters measured for the morphometric

a Straightforward fashion, i.e., to use some analyses (code numbers of characters corresponding to Table
\3). High quality figures are available online.
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e NEET
Figure 2. Right wing of Dinera carinifrons with delimitation of
the characters measured for the morphometric analyses (code
numbers of characters corresponding to Table 3). High quality
figures are available online.

g J

left side of the head (8 characters, focused in a
plane perpendicular to exact lateral view) and
the right wing (11 characters) were measured.
Dry-mounted adult specimens were used,
which were initially photographed using a ste-
reomicroscope Olympus SzX 12
(www.olympus-global.com) with an attached
Colour View IlIp digital camera (one image
for lateral view of head, one image for dorsal
view of wing). The digitalized images were
then scaled, and the characters were measured
by means of the image analyzing software
M.LLS  QuickPhoto @ Micro  (Promicra,
WWW.promicra.com).

To analyze the morphometric data, multivari-
ate statistical methods were used (Tabachnick
and Fidell 2006), which are suitable to exam-
ine multidimensional patterns of variation
among morphological groups and have been
often applied in taxonomy (e.g., Sorensen and
Foottit 1992; Bustamante et al. 2004; Lozier
et al. 2008). First, principal components anal-
ysis (PCA) based on a correlation matrix was
carried out on the data set to determine the
main components of variation in the morpho-
metric data and to visualize the affinities
among the examined specimens. This method
does not assume any a priori grouping. Ca-
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nonical discriminant analysis (CDA) was then
used to test the differences among the groups
(specified a priori) revealed by molecular
methods/PCA and to determine those varia-
bles that contributed most to their separation.
All statistical analyses were performed using
Statistica v. 10 for Windows (Statsoft 2011).

Results

DNA sequences

Sequence statistics. Partial sequences of the
mitochondrial genes 12S and 16S rDNA with
total lengths of 361 and 364 bp, respectively,
were obtained. Within these 725 sites in the
resulting combined alignment, 19 positions
contained a gap in one or more taxa, and 559
sites were constant (77.1 %). The alignment
contained 99 parsimony-informative sites
(13.7 %). The nucleotide composition of these
genes showed a mean A+T content of 80.3%
and 80.1% for the 12S and 16S, respectively.
MrModeltest chose the model GTR + I" + I as
favored for each of the individual gene regions.

Molecular phylogeny. Both Bayesian infer-
ence and maximum likelihood analyses
resulted in phylograms with the same topolo-
gy from the combined dataset of 12S and 16S
rDNA (Figure 3; the maximum likelihood tree
differred from the Bayesian inference tree on-
ly in showing no support for a clade of D.
fuscata specimens A3+A4+AS from Honshu,
Japan). A close relationship of Billaea to Din-
era was confirmed. The D. carinifrons species
complex was found to be monophyletic (pos-
terior probability = 1.00; maximum likelihood
bootstrap value = 100) with D. carinifrons B
forming a sister clade to a well-supported
group including D. carinifrons A, D. fuscata
A, and D. fuscata B. Neither D. fuscata A nor
D. fuscata B alone were demonstrated to be
monophyletic, but there was some support
from the analysis (posterior probability =
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ranged from 0 to 0.58% for 12S rDNA and
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( . . . 1\
Eriothrix rufomaculata

Dufouria chalybeata

Dexia rustica

Billaea triangulifera

Dinera grisescen

0.68/52 ——Dinera takanoi

Dinera ferina 1
L0010 Dinera ferina 2

Dinera ferina 3

1.00/90 Dinera carinifrons "B" 1 (Italy, Siidtirol)

0.85/901 Dinera carinifrons "B" 2 (Austria. Hohe Tauern)
Dinera carinifrons "B" 3 (France, Hautes Alpes)
Dinera carinifrons "B" 4 (France, Hautes Alpes)
1.00/100 Dinera carinifrons "A" 1 (Iran, Mazanderan)

Dinera carinifrons "A" 2 (Italy, Stdtirol)

0.69/52 Dinera carinifrons "A" 3 (Lithuania, Marijampole)
Dinera carinifirons "A" 4 (Switzerland, Ticino)
Dinera fuscata "A" 1 (China, Gansu)

Dinera fuscata "A" 2 (China, Quinghai)

Dinera fuscata "B" 1 (China, Gansu)

Dinera fuscata "A" 3 (Japan, Honshu)
0.83/-

Dinera fuscata "A" 4 (Japan, Honshu)

2 (China, Ningxia Hui)

3 (China, Ningxia Hui)

A"
A"
Dinera fuscata "A" 5 (Japan, Honshu)
0.97/68| rDinera fuscata "B"

B"

Dinera fuscata "

Dinera xuei 1
1.00/100
4{[)1’170/‘” xuei 2
Dinera xuei

3

0.1 substitution/site

Figure 3. Phylogenetic reconstruction (topology based on
Bayesian inference) of the combined 125+16S rDNA dataset,
showing Bayesian influence posterior probabilities and maxi-
mum likelihood bootstrap values above the branches. High
\quality figures are available online.
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Figure 4. Principal component ordination of male specimens
of Dinera spp. onto the first and second principal axes. High
quality figures are available online.

.

J

0.78; maximum likelihood = 58) for the mon-
ophyly of the two forms of D. fuscata
together. The specimens analyzed of D. feri-
na, D. xuei, D. carinifrons B, and D.
carinifrons A represented a single haplotype
for each taxon. The intra-group genetic diver-
gences within different samples of D. fuscata

Journal of Insect Science | http://www.insectscience.org

from 0 to 1.17% for 16S rDNA. The differ-
ences in the gene sequences between D.
carinifrons A and different samples of D. fus-
cata were lower than 1% for 12S rDNA and
lower than 1.6% for 16S rDNA. This was less
than interspecific divergences between the
other, mostly well-delimited Palaearctic Din-
era spp. included in the study (12S rDNA:
minimum 1.43 % between D. carinifrons A
and B, maximum 9.46% between D.
grisescens and D. fuscata; 16S rDNA: mini-
mum 2.80% between D. carinifrons B and D.
fuscata, maximum 11.92 % between D.
grisescens and D. fuscata; Table 4).

Morphometric data

Summary statistics of the measured characters
for the males and females of all examined
Dinera spp. are given in Tables 5-6. In the
first step, the entire morphometric data set,
including all examined Dinera spp., was ana-
lyzed with PCA. Males and females were
analyzed separately to exclude the effect of
sexual dimorphism. The PCA revealed similar
patterns for both sexes. The projection of male
specimens on the first two principal compo-
nent axes is shown in Figure 4. Dinera ferina
was largely separated from all other species
along the first component axis, while D. ca-
rinifrons B occupied a space distinct from all
other specimens, mainly along the second
component axis. The distribution of D. ca-
rinifrons A, D. fuscata A and B, D.
grisescens, and D. xuei partly overlapped in
this projection. Dinera grisescens and D. xuei
could be separated from D. carinifrons A and
D. fuscata along the third component axis
(Figure 5). The contributions of all measured
characters to the components 1-3 (factor load-
ings) are given in Table 7. The first
component was strongly correlated with most
characters, suggesting that it represented
mainly differences in general size. Specimens
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of D. ferina were distinctly larger than all re-
maining species. The separation of D.
carinifrons B from all other taxa was mainly
due to a larger parafacial width, which was the
only variable having a relatively high factor
loading with this axis. The third component
(accounting, however, for only 1.7 % of the
variation in the whole dataset) was correlated
mainly with the length of the costal section 5
on the wing that was reduced in many speci-
mens of D. grisescens and D. xuei and
developed in specimens of the D. carinifrons
species complex. The analysis of females gave
similar results (Figure 6, Table 7), particularly
in the relative contributions of characters and
the groups of D. ferina and D. carinifrons B
specimens being distinct from the remaining
taxa. The projections of D. carinifrons A, D.
fuscata, and D. grisescens hardly overlapped,
unlike in males (females of D. xuei were,
however, not available for the study).

In the next step, CDA was used to analyze the
D. carinifrons species complex in detail. As it
is generally recommended for CDA to have a
relatively high number of cases (specimens) in
individual tested groups, both sexes were ana-
lyzed together and D. fuscata A and B were
treated as a single group. This was also partly
supported by the results of the molecular phy-
logenetic analysis and PCA. Three groups
were thus a priori defined for CDA: D. ca-
rinifrons A and B and D. fuscata. The
scatterplot of canonical scores of D. carinif-
rons complex specimens resulting from CDA
is shown in Figure 7. In the plane defined by
the two discriminant functions (canonical
roots), all three groups could be well-
separated. The first discriminant function
mainly separated D. carinifrons B from both
D. carinifrons A and D. fuscata, and partly
also the two latter groups from each other.
The character with the greatest discriminatory
power was clearly the parafacial width, which
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was the most correlated measure with the first
discriminant function (Table 8). The second
discriminant function enabled a partial separa-
tion of D. carinifrons A from D. carinifrons B

a - =] aferina
Dgrisescens
05 . P xuei
o X carinifrons syntypes
= carinifrons B
o carinifrons A
Afuscata A
+fuscata B

Component 3: 1.75 %
>
>
oo

05 a 4

Component 1: 90.84 %

Figure 5. Principal component ordination of male specimens
of Dinera spp. onto the first and third principal axes. High quali-
ty figures are available online.
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s X carinifrons syntypes
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© carinifrons A
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o

Component 1: 87.20 %

Figure 6. Principal component ordination of female specimens
of Dinera spp. onto the first and second principal axes. High
quality figures are available online.
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u carinifrons B

© carinifrons A
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[
.

Canonical root 1

Figure 7. Scatterplot of canonical scores of specimens of Din-
era carinifrons species complex (males and females) onto the
first and second discriminant functions (canonical roots) result-
ing from canonical discriminant analysis. High quality figures are
available online.
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and D. fuscata. The most correlated corre-
sponding characters were lengths of certain
wing vein sections, particularly Cs4. Based on
a relatively low eigenvalue of the second dis-
criminant function, the magnitude of the
discrimination was, however, smaller (Table
8).

Discussion and Conclusions

Phylogenetic relationships and delimitation
of taxa

The taxon sampling in this study limits con-
clusions on the monophyletic status of Dinera,
which needs to be tested by inclusion of addi-
tional species from the genus as well as other
closely related taxa. Further studies should
concentrate on the delimitation of Dinera in
respect to Billaea, as already pointed out by
Zhang and Shima (2006) and Zhang and Fu
(2012), and possibly also on other Dexiini
taxa, especially on several Neotropical,
Afrotropical, and Australian genera, which are
currently poorly defined in respect to Dinera
and Billaea. A broader taxon sampling that
includes additional species of Dinera from
eastern Palaearctic, Oriental, and Afrotropical
Regions would also help to assess sister-group
relationships within the genus.

Molecular and morphometric data clearly
supported the distinctiveness of specimens
from the Alps, provisionally named as D. ca-
rinifrons B in this paper. This taxon was
found to be monophyletic in the molecular
analysis as a sister-group to D. carinifrons A
and D. fuscata together. Morphologically, D.
carinifrons B can be differentiated from D.
carinifrons A and D. fuscata by a slightly
larger general size, a dense microtrichosity,
and different head proportions, such as a larg-
er parafacial width (0.43-0.59 mm in D.
carinifrons B compared to 0.22—0.38 mm in
D. carinifrons A and 0.19-0.42 mm in D. fus-
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cata; see also Tables 5 and 6). The opinion of
Ziegler and Lange (2001, 2007) that the D.
carinifrons species complex includes two dif-
ferent species in Europe is thus supported.
The other European taxon, D. carinifrons A,
is very close to eastern Palaearctic specimens
of D. fuscata both in terms of molecular se-
quences and morphometric data. The genetic
pairwise distances between the corresponding
samples were equal to or lower than 1% in the
combined 12S and 16S rDNA data. Although
interspecific genetic distances in mtDNA may
be relatively low in some taxa of the Tachini-
dae, even between morphologically well-
diagnosable species, which may be due to a
recent radiation of this group (Novotna et al.
2009), these distances between D. carinifrons
A and D. fuscata were lower compared to the
interspecific distances between well-defined
Dinera species examined here (Table 4). Eve-
ry individual morphometric character between
D. carinifrons A and D. fuscata largely over-
lapped, although CDA was able to
discriminate both groups of specimens based
on their combination (Figure 7). A detailed
morphological analysis of both groups further
suggested a difference between western and
eastern Palaearctic specimens in the relative
length of the palpus, a character that was not
included in the morphometric analysis as it
was not possible to exactly measure it in all
specimens examined (the palpus is frequently
hidden in dry-mounted specimens). Further
studies including additional material from
over the distribution range and desirably also
information on the biology and the hosts are
needed to assess the taxonomic value of the
molecular and morphometric differences be-
tween those western and eastern Palaearctic
populations. The variation solely in the color
of the palpus in the eastern Palaearctic D. fus-
cata specimens (corresponding to specimens
denoted as D. fuscata A and B in this study) is
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treated as intraspecific in concordance with
Zhang and Shima (2006).

Nomenclature and taxonomy

The examination of the type series of Musca
carinifrons Fallén deposited in
Naturhistoriska Riksmuseet by J. Ziegler re-
vealed that it consisted of a mix of specimens
that can be assigned to both D. carinifrons A
and B. All four syntypes (two males, two fe-
males) of M. carinifrons that were included in
the morphometric analyses in our study were
convincingly classified by both PCA and
CDA as belonging to the same group as D.
carinifrons B (Figures 4-7; see also Tables 5
and 6). According to Article 74 of ICZN
(1999), we designate here one of these speci-
mens as the lectotype for M. carinifrons to
stabilize the nomenclature in the group. The
lectotype 1s deposited in Naturhistoriska
Riksmuseet. It is a dry-mounted (pinned) male
with an original label handwritten on white
paper “M. cari- / nifrons &.” J. Ziegler added
a further label printed on white paper, “Dinera
&/ carinifrons / (FALLEN, 1817) / det. J.
ZIEGLER 2012,” and a red label with the print-
ed data “LECTOTYPUS / Musca / carinifrons
& / FALLEN, 1817 / des. J. ZIEGLER, 2012.”
The lectotype is well preserved. Only the left
mid-leg and the left antenna are missing.

A further syntype female with a white original
label had the following handwritten data: “M.
cari- / nifrons 9.” One male and seven further
females without labels were labelled as “Din-
era / carinifrons / (FALLEN, 1817) / det. J.
ZIEGLER 2012” (printed on white paper). An-
other one male and two females without labels
were labelled as “Dinera / fuscata / ZHANG &
SHIMA 2006 / det. J. ZIEGLER 2012.” All these
former syntypes apart from the lectotype (two
males, nine females) were labelled additional-
ly with red labels and the printed data
“PARALECTOTYPUS / Musca / carinifrons /
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FALLEN, 1817 / des. J. ZIEGLER, 2012.”

A male of Dinera fuscata with an original la-
bel handwritten on pale green paper “M.
autum- / nalis &/ mihi” and a female with an
original label “98” have been excluded from
the type series of M. carinifrons.

The lectotype is thus considered to be conspe-
cific with D. carinifrons B in this study. This
interpretation of D. carinifrons based on the
present lectotype designation is in accordance
with the interpretation of D. carinifrons by
Zhang and Shima (2006). Most of the speci-
mens morphologically corresponding to D.
carinifrons examined in this study were col-
lected by J. Ziegler in the Alps, but some
specimens from older collections from Ger-
many, Scandinavia, Siberia, and the Russian
Far East were also examined. This suggests
that D. carinifrons, as redefined here, has a
wider, transpalaearctic distribution that will be
reviewed in detail in a separate paper.

Pending a more detailed study in future, the
western Palaearctic D. carinifrons A and east-
ern Palaearctic D. fuscata are interpreted here
as geographical forms of one species, Dinera
fuscata Zhang and Shima. We do not formally
assign a name to the western Palaearctic form
according to the ICZN here.

The characters of the vittae on the scutum and
the number of acrostichal setae mentioned as
diagnostic characters between D. carinifrons
and D. fuscata by Zhang and Shima (2006)
are variable and not reliable for distinguishing
the species. Based on our study and the pre-
sent lectotype designation, a revised
differential diagnosis for D. carinifrons and
D. fuscata is provided below that would re-
place the couplet no. 17 in the determination
key to Palaearctic Dinera by Zhang and Shi-
ma (2006) as follows:
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17. Larger, grey species; body length 6.5-10.8
mm; abdomen with dense yellowish-grey
(rarely bluish-grey) microtrichosity with only
a light tessellate appearance, but when seen
from a very low angle from behind the mi-
crotrichosity is dense and covers the whole of
the abdominal tergites including abdominal
dorsum. Male: Frons at its narrowest point
0.26-0.42 times as wide as eye in dorsal view;
parafacial wide, in profile at its narrowest
point 0.5-0.8 times as wide as the horizontal
width of eye; postabdomen elongated, syncer-
cus flat in lateral view, paramere slightly
longer than basiphallus. Female: Frons at its
narrowest point 1.05-1.35 times as wide as
eye in dorsal view; medial (inner) vertical se-
taec about 0.75-0.95 of eye height.
..................................... D. carinifrons (Fallén)

- Smaller, dark species; body length 5.3-9.9
mm; abdomen with a tessellate appearance,
also when seen from a very low angle from
behind, with sparse greyish-white microtri-
chosity laterally and dark brownish dorsally.
Male: Frons at its narrowest point 0.15-0.30
times as wide as eye in dorsal view; parafacial
narrow, in profile at its narrowest point 0.35—
0.62 times as wide as the horizontal width of
eye; postabdomen with a short syncercus,
convex in lateral view, paramere slightly
shorter than basiphallus. Female: Frons at its
narrowest point 0.95-1.25 times as wide as
eye in dorsal view; medial (inner) vertical se-

taec about 0.60-0.85 of eye height.
....................... D. fuscata Zhang & Shima
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(Table I. Material of Tachinidae examined in the molecular and morphometric analyses.
Taxa Gene sequences analysis Morphometric analyses
Specimens | Collections | Specimens (males/females) Collections
D. carinifrons (Fallén, 1817) syntypes - - 4(22) SMNH
Dinera | D. carinifrons (Fallén, 1817) "A" (Europe/Middle East) 4 LUT, ZMHB 21 (9/12) BER, VAN, ZMHB
carinifrons D. carinifrons (Fallén, 1817) "B" (Europe) 4 ZMHB 16 (8/8) VAN, ZMHB.
species |D. fuscata Zhang & Shima, 2006 "A", paratypes (Japan) 3 BLKU 12 (7/5) BLKU
complex D. fuscata Zhang & Shima, 2006 "A" (China) 2 SYNU 2 (2/0) SYNU
D. fuscata Zhang & Shima, 2006 "B" (China) 3 SYNU 4(173) SYNU
Billaea triangulifera (Zetterstedt, 1844) 1 LUT - -
Dinera ferina (Fallén, 1817) 3 LUT, ZMHB 31 (21/10) BAR, VAN, ZMHB
Dinera grisescens (Fallén, 1817) 1 ZMHB 27 (16/11) BAR, VAN, ZMHB
Other Dinera takanoi (Mesnil, 1957) 1 - - -
species Dinera xuei Zhang & Shima, 2006 3 ZMHB 9 (9/0) ZMHB
Dexia rustica (Fabricius, 1775) 1 LUT - -
Dufouria chalybeata (Meigen, 1824) 1 LUT - -
Eriothrix rufomaculata (De Geer, 1776) 1 LUT - -
Total 28 126 (75/51)
BAR: Private collection of M. Bartak, Prague, Czech Republic; BER: Private collection of C. Bergstrom, Uppsala, Sweden;
BLKU: Biological Laboratory, Kyushu University, Fukuoka, Japan (H. Shima); LUT: Private collection of E. Lutovinovas, Vilnius,
Lithuania; SMNH: Naturhistoriska Riksmuseet, Stockholm, Sweden (Y. Brodin); SYNU: Institute of Entomology, Shenyang
Normal University, Shenyang, China (C.-T. Zhang); VAN: private collection of J. Vailhara, Brno, Czech Republic; ZMHB: Mu-
seum fiir Naturkunde, Leibniz Institute for Research on Evolution and Biodiversity at the Humboldt University, Berlin,
Germany (J. Ziegler).

(. J

(Table 2. GenBank accession numbers for specimens in gene sequences analysis. h
8 - Elevation |GenBank accession No.
b e Collecting date| . (1) [125 rDNA 165 rDNA
D. carinifrons “A” 1 Iran, Mazanderan 28-Jul-05 1220 FJ913870 | FJ913862
D. carinifrons “A” 2 Italy, Siidtirol 27-Jul-03 800 HM770457 | HM770472
D. carinifrons “A” 3 | Lithuania, Marijampolé¢ | 18-Aug-06 90 HM770458 | HM770473
D. carinifrons “A” 4 Switzerland, Ticino 28-Jul-98 900 HM770459 |[HM770474
D. carinifrons “B” 1 Italy, Siidtirol 7-Jul-00 1950 FJ913869 | FJ913861
D. carinifrons “B” 2 | Austria, Hohe Tauern 29-Jul-00 1850 HM770460 | HM770475
Dinera D. carinifrons “B” 3 | France, Hautes Alpes 6-Aug-98 1900 - HM770476
carinifrons | D. carinifrons “B” 4 | France, Hautes Alpes 7-Aug-98 2400 - HM770477
species D. fuscata “A” 1 China, Gansu 31-Jul-09 2200-2525 |HM770461 |[HM770478
complex D. fuscata “A” 2 China, Quinghai 27-Jul-09 2400-2600 | HM770462 | HM770479
D. fuscata “A” 3 Japan, Honshu 30-Jul-98 1500 FJ913871 | FJ913864
D. fuscata “A” 4 Japan, Honshu 30-Jul-98 1500 FJ913872 | FJ913865
D. fuscata “A” 5 Japan, Honshu 27-Jul-98 1300 FJ913873 | FJ913866
D. fuscata “B” 1 China, Gansu 21-Jul-09 2300-3100 |HM770463 | HM770480
D. fuscata “B” 2 China, Ningxia Hui 29-Jun-08 1800 - HM770481
D. fuscata “B” 3 China, Ningxia Hui 30-Jun-08 1700-1800 - HM770482
Billaea triangulifera Lithuania, Vilnius 8-Aug-06 - FJ913868 | FJ913860
Dinera ferina 1 Germany, Brandenburg 8-Aug-91 - - FJ913863
Dinera ferina 2 Lithuania, Marijampolé| 18-Aug-06 - HM770464 | HM770483
Dinera ferina 3 Lithuania, Vilnius 17-Jul-06 - HM770465 | HM770484
Dinera grisescens Italy, Lombardia 20-Jul-03 - FJ913874 | FJ913867
Other Dinera takanoi - - - - AB465958
species Dinera xuei 1 Kyrgyzstan, Naryn 21-Jul-09 - HM770466 | HM770485
Dinera xuei 2 Kyrgyzstan, Naryn 21-Jul-09 - HM770467 | HM770486
Dinera xuei 3 Kyrgyzstan, Naryn 21-Jul-09 - HM770468 | HM770487
Dexia rustica Lithuania, Marijampolé | 12-Aug-07 - HM770469 | HM770488
Dufouria chalybeata Lithuania, Vilnius 3-Jul-04 - HM770470 | HM770489
Eriothrix rufomaculata| Lithuania, Vilnius 8-Aug-06 - HM770471 | HM770490
- J
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Table 3. List of the characters measured in the morphometric analyses.

Character Description
1 | gena height height of gena
2 eye height largest diameter of eye
3 eye width smallest diameter of eye
4 |parafacial width smallest width of parafacial
5 face height distance from vibrissae to dorsal base of antenna
6 | frons length distance from vertical bristles to dorsal base of antenna
7 | head height distance from vertical bristles to posterior base of proboscis
8 | head length distance from hind occiput edge to vibrissae
9 Csl length of costal section I
10 Cs2 length of costal section IT
11 Cs3 length of costal section III
12 Cs4 length of costal section IV
13 CsS5 length of costal section V
14 Msl length of basal part of medial vein between bm—cu and r-m
15 Ms2 length of medial part of medial vein between r—m and dm—cu
16 Ms3 length of distal part of medial vein between dm—cu and postangular vein
17 Ms4 length of postangular vein
18 CuAlsl length of anterior branch of cubital vein between bm—cu and dm—cu
19 dm—cu length of discal medial—cubital cross-vein
. J

(Table 4. Pairwise distances, converted into percents, between samples of the Palaearctic Dinera, obtained from the analysis )
of the mitochondrial rDNA (12S left, 16S right of the diagonal).

gri |tak | fer |xuei |car B|car A |fus Al,2 |fus A3,4,5 | fus B1 | fus B2,3
gri 8.6 |4.59|9.16 | 9.07 | 10.8 11.3 11.41 11.92 | 11.92
tak - 6.38 [6.96 | 8.57 | 941 | 941 7.93 8.39 8.39
fer 753 | - 5.99|6.83 | 9.77 | 10.24 9.38 9.86 9.86
xuei 6.53| - | 56 596 | 5.89 | 6.33 6.38 5.94 5.94
carB |881| - |5.64|7.52 3.18 | 3.59 2.8 3.21 3.64
carA |881| - |534|7.55]|143 0.38 1.55 1.16 1.56
fusA1,2 |9.12| - [5.67|7.83]2.02 | 0.58 1.16 0.77 1.17
fus A3,4,5/9.14| - |5.66|7.85|1.72 | 029 | 0.29 0.38 0.77
fusBl1 [9.46 | - 6 [8.14232]0.88 | 029 0.58 0.38
fus B2,3 - - - - - - - - -

gri = D. grisescens, tak = D. takanoi, fer = D. ferina, xuei = D. xuei, car A = D. carinifrons A, car B = D. carinifrons B, fus A = D.
fuscata A, fus B = D. fuscata B. Code numbers of specimens correspond to Table 2 and Figure 3. All analyzed specimens of D.
ferina, D. xuei, D. carinifrons B, and D. carinifrons A represented a single haplotype.

J

(= . A . ] . )
Table 5. Summary statistics for the morphometric characters measured in males of Dinera species/forms (mean + standard
deviation; minimum—maximum; all values in mm).

Characters | carinifrons syntypes |carinifrons A |carinifrons B | fu A |fu B | ferina | grisescen. xuei
1 gena 0.64 + 0.00 0.52+0.05 | 0.72+0.07 [0.51£0.09] 0.45 [0.89 £ 0.11 [0.40 + 0.05[0.50 + 0.05
height 0.64 0.41-0.57 0.60-0.84 | 0.39-0.70 - 0.70-1.17 | 0.30-0.49 | 0.40-0.58
3 |[erieE 1.39+0.01 1.32+0.10 | 1.45+0.09 [1.23+0.09] 1.43 [2.05+0.11[1.12+0.13|1.13+0.10
1.38-1.39 1.09-1.44 1.34-1.60 | 1.08-1.37 - 1.85-2.24 | 0.89-1.39 [ 1.01-1.27
3| leaomnm 0.74 + 0.03 0.66 +0.05 | 0.67+0.05 [0.63+0.04] 0.67 [0.92+0.080.62 + 0.08[0.60 + 0.05
0.72-0.76 0.56-0.70 0.59-0.74 [ 0.58-0.71 - 0.78-1.10 | 0.53-0.79 | 0.50-0.69
4 parafacial 0.48 +0.01 0.31+0.04 | 0.48+0.05 [027+0.06] 0.31 [0.39 +0.06[0.24 + 0.04[0.26 + 0.03
width 0.48-0.49 0.22-0.35 0.43-0.59 | 0.19-0.40 - 0.30-0.51 | 0.19-0.33 [ 0.21-0.30
5 |resiers 0.92 +0.03 0.78+0.07 | 0.93+0.08 [0.75+0.06] 0.86 [1.17+0.08]0.62 + 0.08 [0.64 + 0.06
0.90-0.94 0.63-0.89 0.86-1.07 | 0.67-0.85 - 1.00-1.29 | 0.48-0.76 | 0.55-0.71
6 frons 1.44 £ 0.02 1.28+0.09 | 1.52+0.13 [1.21+0.13] 132 [1.93+0.15]|1.12+0.13|1.16 + 0.08
length 1.42-1.45 1.06-1.38 1.40-1.78 | 1.05-1.49 - 1.70-2.25 | 0.94-1.37 | 1.03-1.30
7 head 1.99 + 0.01 1.73+0.14 | 2.05£0.15 [1.63£0.16] 1.74 [2.75+0.20[1.46+0.17]1.57 £0.11
height 1.98-1.99 1.41-1.87 1.89-2.27 | 1.42-1.95 - 2.43-3.19 | 1.17-1.81 | 1.38-1.73
8 head 1.51 +0.01 1.31+£0.10 | 1.61+0.11 [1.20+0.13] 1.26 [1.78+0.12]|1,13+0.13|1.17+0.10
length ST 1.09-1.42 1.49-1.82 | 1.02-1.45 - 1.57-1.98 | 0.93-1.38 [ 1.02-1.31
9 Csl 1.50 = 0.11 1.38+0.11 | 1.57+0.13 |1.37+0.14] 138 [2.38+0.21[0.18+0.15[1.22 +0.08
1.42-1.57 1.12-1.54 1.30-1.71 | 1.16-1.59 - 2.03-2.77 | 0.92-1.49 | 1.10-1.33
10l o2 1.03 £ 0.02 0.89+0.11 | 1.08+0.11 [0.89+0.07| 1.04 [1.64+0.15]0.53 = 0.08[0.60 = 0.05
1.02-1.04 0.71-1.02 0.95-1.26 | 0.79-1.02 - 1.39-2.01 | 0.42-0.68 | 0.53-0.69
1 Cs3 1.98 + 0.03 1.87+0.17 | 2.08+0.20 [1.89+021]| 1.93 [3.02+0.18[1.53+0.25|1.69+0.16
1.96-2.00 1.52-2.04 1.88-2.48 | 1.63-2.17 - 2.65-3.41 | 1.14-2.12 | 1.39-1.94
12| csa 0.85 + 0.06 0.77+0.08 | 0.96+0.06 [0.88+0.08) 0.86 [1.36+0.19[0.78 +0.07[0.99 +0.11
0.80-0.89 0.62-0.92 0.90-1.08 | 0.77-1.03 - 1.13-1.99 | 0.68-0.94 | 0.82-1.16
13 Cs5 0.09 + 0.01 0.05+0.03 | 0.05+0.03 [0.07+0.03] 0.05 [0.14+0.04[0.00 = 0.01[0.02 + 0.01
0.08-0.09 0.02-0.09 0.00-0.11 | 0.04-0.11 - 0.07-0.20 | 0.00-0.02 | 0.00-0.04
14 Msl 1.43 £ 0.08 1.32+0.13 | 1.56£0.07 [1.34+0.12] 135 [2.38+0.23[1.13+0.18[1.27+0.12
1.37-1.49 1.04-1.46 1.48-1.69 | 1.16-1.48 - 1.89-2.83 | 0.85-1.45 | 1.06-1.41
5] Ms2 1.71 + 0.08 1.61£0.13 | 1.86+0.18 [1.60+0.13 1.8 ]2.73+0.27|1.13 £ 0.16 [1.42 £+ 0.10
1.66-1.77 1.41-1.84 1.66-2.23 | 1.45-1.87 - 2.28-3.18 | 0.81-1.50 | 1.29-1.57
16| Ms3 0.81 +0.01 0.78+0.09 | 0.82+0.09 [0.80+0.09] 0.83 [1.11+0.12]0.75+0.08[0.68 + 0.08
0.80-0.82 0.60-0.88 0.69-0.97 | 0.68-0.97 - 0.92-1.28 | 0.63-0.92 | 0.57-0.83
17l Msa 1.44 + 0.09 1.18+0.13 | 1.48+0.17 [1.26+0.15] 1.32 [2.18+0.17]0.82+0.09 |1.05 + 0.10
1.38-1.51 0.94-1.33 1.29-1.85 | 1.07-1.55 - 1.93-2.59 | 0.70-0.97 | 0.85-1.22
18| CuAlsl 2.50 + 0.09 232+0.15 | 2.67+0.15 [239+0.15] 255 [3.86+0.33]|1.86+0.232.13+0.12
2.44-2.56 1.97-2.52 2.40-2.91 | 2.17-2.64 - 3.27-4.62 | 1.40-2.35 | 1.91-2.26
19 dm-cu 0.95 +0.04 0.85+0.08 | 1.02+0.10 [0.85+0.10] 0.95 [1.59+0.16]0.63 +0.10{0.78 + 0.09
0.92-0.98 0.69-0.98 0.89-1.17 | 0.71-1.02 - 1.25-1.84 | 0.46-0.85 | 0.64-0.88
o J
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(Table 6. Summary statistics for the morphometric characters measured in females of Dinera species/forms (mean * stand- )
ard deviation; minimum—-maximum; all values in mm).
Characters |carinifrons syntypes |carinifrons A |carinifrons B | fuscata A | fuscataB | ferina | grisescens
1 gena 0.79 £0.11 0.56£0.05 | 0.74+0.10 [0.57 £ 0.07 [0.65 + 0.05|0.86 + 0.05 |0.46 + 0.07
height 0.71-0.87 0.49-0.66 0.63-0.89 | 0.48-0.63 | 0.59-0.69 | 0.77-0.97 | 0.33-0.58
2 |eye height 1.33 £ 0.08 1.14+0.09 | 1.25+£0.05 [1.10£0.13]1.30+0.13 [1.85 £ 0.06 [0.92 + 0.11
1.28-1.39 1.04-1.30 1.18-1.33 | 0.93-1.22 | 1.16-1.41 | 1.76-1.97 | 0.68-1.05
3 |eye width 0.70 £ 0.10 0.63£0.04 | 0.66+0.06 [0.59+0.06[0.75+ 0.05]0.92 + 0.03 |0.53 + 0,06
0.63-0.77 0.57-0.69 0.55-0.72 | 0.51-0.66 | 0.71-0.81 | 0.86-0.98 | 0.40-0.61
4 parafacial 0.50 +0.10 0.33+0.03 | 0.49+0.03 [0.26+0.04]0.39 +0.03 [0.37 £ 0.05|0.27 + 0.05
width 0.44-0.57 0.29-0.38 0.44-0.54 | 0.20-0.31 | 0.36-0.42 | 0.29-0.49 | 0.17-0.34
5 face 1.08 £ 0.09 0.84+0.06 | 0.96+0.07 [0.83+0.09[1.02+0.08]1.25+0.06|0.62 + 0.08
height 1.02-1.15 0.75-0.94 0.85-1.04 | 0.74-0.92 | 0.93-1.08 | 1.16-1.35 | 0.47-0.73
6 frons 1.55 £ 0.15 1.19£0.09 | 1.44£0.06 [1.10£0.15[1.36+0.10|1.80 +0.07 |1.04 £ 0.14
length 1.44-1.66 1.07-1.34 1.34-1.50 | 0.91-1.24 | 1.25-1.44 | 1.71-1.91 | 0.75-1.20
7 head 2.09+0.18 1.63£0.12 | 1.95+0.12 [1.59+0.20[1.83 £0,15]|2.56 + 0.09 [1.39 £ 0.17
height 1.96-2.22 1.47-1.83 1.79-2.11 1.33-1.78 | 1.66-1.95 | 2.43-2.71 | 1.01-1.64
8 head 1.64 £0.16 1.31+£0.10 | 1.60+0.08 [1.23+0.15|1.48+0.14[1.76 £ 0.09 [1.13 + 0.16
length 1.53-1.76 1.15-1.48 1.50-1.69 | 1.07-1.36 | 1.32-1.59 | 1.64-1.89 | 0.81-1.34
9 Csl 1.79 £ 0.25 1.35+£0.13 | 1.66+0.11 [1.37+0.16]|1.51 £0.14({2.04 £ 1.13[1.22 + 0.18
1.62-1.96 1.18-1.52 1.50-1.79 | 1.18-1.54 | 1.36-1.61 | 1.82-2.17 | 0.87-1.49
10l cs2 1.18 £ 0.24 0.88+0.09 | 1.03+0.12 [0.89+0.13]0.99 +0.06 [1.42 £ 0.12 [0.54 = 0.11
1.01-1.35 0.72-1.02 0.84-1.20 | 0.73-1.03 | 0.95-1.06 | 1.27-1.62 | 0.33-0.73
1 Cs3 2.42 +0.33 1.92+£0.15 | 2.22+0.15 [1.99+0.19]|2.20+0.10[2.94 £ 0.20 [ 1.67 + 0.21
2.18-2.65 1.70-2.15 1.97-240 | 1.75-2.17 | 2.11-2.31 | 2.69-3.40 | 1.24-2.03
12| csa 1.06 £ 0.10 0.85+0.09 | 1.02+0.08 [0.90+0.09]1.01+0.10[1.32+0.14[0.81 +£0.15
0.99-1.14 0.73-1.02 0.89-1.14 | 0.77-1.00 | 0.91-1.09 | 1.07-1.47 | 0.63-1.14
13 css 0.06 £ 0.00 0.05+0.02 | 0.04+0.03 [0.06+0.03[0.09+0.00]0.13 + 0.04[0.00 £ 0.01
0.06 0.00-0.09 0.00-0.09 | 0.04-0.10 | 0.09-0.10 | 0.05-0.19 | 0.00-0.02
14| Msl 1.67 +0.16 1.39+0.13 | 1.56+£0.14 [1.41£0.14]1.62+0.13 |2.15+ 0.14|1.26 + 0.20
1.56-1.79 1.18-1.58 1.37-1.75 | 1.24-1.54 | 1.50-1.77 | 1.85-2.36 | 0.88-1.60
151 Ms2 2.12+£0.22 1.62+0.16 | 1.96+0.16 [1.71 +0.24|1.96+0.14(2.53 £0.14[1.11+0.18
1.96-2.27 1.38-1.93 1.68-2.18 | 1.45-1.94 | 1.80-2.07 | 2.26-2.73 | 0.75-1.41
16| Ms3 0.94 +0.14 0.73£0.04 | 0.92+0.05 [0.78 £ 0.08 [0.88 + 0.050.99 + 0.08 | 0.85 £ 0.09
0.84-1.04 0.65-0.78 0.85-1.00 | 0.66-0.85 | 0.83-0.91 | 0.87-1.09 | 0.72-1.01
171 Msa 1.64 + 0.24 1.15+£0.10 | 1.34+0.12 [1.16+0.13|1.26 £ 0.10|1.91 £ 0.14 {0.82 + 0.12
1.47-1.81 1.04-1.30 1.16-1.52 | 1.02-1.33 | 1.15-1.35 | 1.68-2.12 | 0.59-0.96
18| Cualsl 3.13£0.30 248+£0.17 | 290£0.17 [2.58 +£0.33 [2.91 +£0.23|3.77 £ 0.17|2.00 £ 0.27
2.92-3.35 2.27-2.76 2.66-3.10 | 2.20-2.86 | 2.67-3.11 | 3.56-4.10 | 1.40-2.41
19| dm-cu 1.06 + 0.07 0.81+0.09 | 0.94+0.07 [0.82+0.09]1.00+0.09[1.33+0.10[0.61 =0.11
1.01-1.12 0.69-0.99 0.87-1.06 | 0.73-0.89 | 0.92-1.09 | 1.18-1.49 | 0.41-0.79
- J
(Table 7. Correlations (factor loadings) of morphometric characters with principal component axes |-3 in PCA of Dinera
spp. (highest values in bold).
Character Males Females
PC1 PC2 PC3 PC1 PC2 PC3
1| genaheight | -0.9674 | 0.1498 | 0.043 | -0.966 | 0.1712 | 0.0353
2 | eyeheight | -0.9872 |-0.0765 | 0.003 |-0.9706 | -0.1844 | -0.018
3 eye width -0.9348 |-0.1095 | 0.0844 | -0.9484 | -0.1819 | -0.0198
4 |parafacial width| -0.7105 | 0.6946 |-0.0093 | -0.5896 | 0.7279 | 0.2982
5| faceheight |-0.9819 | 0.0751 |-0.0724 | -0.977 |-0.0549 | 0.1564
6 | fronslength | -0.9914 | 0.061 | 0.042 | -0.986 | 0.0603 |-0.0291
7 | head height | -0.9942 | 0.0088 | 0.0259 |-0.9912 |-0.0202 | -0.0265
8 | headlength | -0.9612 | 0.2305 | 0.0376 |-0.9608 | 0.2252 | 0.0691
9 Csl -0.982 |-0.1105 | 0.0416 |-0.9806 | 0.0823 | -0.0608
10 Cs2 -0.979 |-0.0013 | -0.0889 | -0.9594 | -0.0799 | 0.1584
11 Cs3 -0.9811 | -0.0841 | -0.001 |-0.9765 | -0.062 |-0.0442
12 Cs4 -0.9047 |-0.1261 | 0.2511 | -0.9273 | 0.0218 | -0.2251
13 Cs5 -0.8508 | -0.1198 | -0.4781 | -0.7829 | -0.4246 | 0.0179
14 Msl -0.9823 | -0.101 | 0.0681 | -0.966 | -0.0816 |-0.1331
15 Ms2 -0.9791 | -0.0357 | -0.0318 | -0.9676 | -0.0419 | 0.1638
16 Ms3 -0.9125 |-0.1529 | 0.0794 | -0.7323 | 0.3537 | -0.5585
17 Ms4 -0.9832 | -0.0143 | -0.0385 | -0.9747 | -0.0874 | 0.0952
18 CuAlsl -0.9918 | -0.0729 | -0.0007 | -0.9926 | -0.0512 | 0.0431
19 dm—cu -0.988 |-0.0575 | 0.0078 |-0.9816 |-0.0817 | 0.052
Eigenvalue 17.26 0.68 0.33 16.57 1.03 0.57
% Variance 90.84 3.57 1.75 87.2 5.43 3.02
N J
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(Table 8. Standardized canonical coefficients and correlations of characters with two discriminant functions (canonical
roots) resulting from canonical discriminant analysis of Dinera carinifrons species complex (highest values in bold).
Standardized Correlations characters -

Character canonical coefficients canonical roots
Can1l Can2 Can1 Can2
1 | gena height 1.2726 -0.2069 -0.2725 -0.3989
2 eye height 2.755 -0.5885 -0.1226 -0.1766
3 eye width 0.5785 0.6431 -0.0744 -0.0787
4 |parafacial width| -1.2261 -0.5757 -0.4502 -0.3695
5 face height -0.1523 -0.106 -0.1645 -0.3015
6 | frons length -0.6879 1.6117 -0.258 -0.327
7 | head height -2.5093 0.5172 -0.2648 -0.3323
8 | head length -1.3696 0.8315 -0.322 -0.2923
9 Csl -0.9752 0.0495 -0.2013 -0.3757
10 Cs2 -0.6559 0.2897 -0.17 -0.3621
11 Cs3 0.6556 1.1787 -0.1194 -0.3231
12 Cs4 -0.136 -0.2134 -0.1187 -0.5592
13 Cs5 0.4233 -0.0999 0.0742 -0.2067
14 Msl 0.2925 -0.5272 -0.1392 -0.3358
15 Ms2 0.7768 -1.3523 -0.1452 -0.4172
16 Ms3 0.669 -1.3467 -0.1009 -0.4281
17 Ms4 0.1795 -1.2132 -0.1777 -0.4781
18 CuAlsl 1.5256 0.6492 -0.1334 -0.413
19 dm—cu -0.316 -0.7441 -0.1487 -0.3979

Eigenvalue 15.09 1.26 - -

% Variance 92.28 7.72 - -
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