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Establishing reliable taxonomy and phylogeny of similar, evolutionarily young species is
among the greatest challenges in biology. Clearly the best approach is to use a combination of
informative traits, including molecular markers and morphometric measurements. The
objective of this study was to verify the taxonomy and phylogeny of four morphologically
similar Carpathian species of Bryodaemon Podlussany, 1998 (Coleoptera: Curculionidae).
Species relationships were studied using three molecular markers: two nuclear (/7S-2 and
EF1-a) and one mitochondrial (COI, barcoding marker). We also took morphometric
measurements of 35 taxonomically derived characteristics of body parts and genital
apparatus. The potential presence of apomorphic features also was determined. We then
compared our results with data concerning the ecology and geography of previously studied
species. Our analyses confirmed the monophyly of this group and established a phylogeny for
the genus. We propose that B. hanakii is the earliest derived species, based on morphometric
measurements, apomorphies and the EF-/o phylogeny. The pattern of nucleotide variation in
this marker also indicates that B. rozneri and B. boroveci are the youngest species. This
hypothesis is consistent with geographical ranges and ecological preferences of Carpathian
Bryodaemon species. We also considered an alternative hypothesis based on the COI gene
tree which indicated that B. rozneri was the oldest species. However, this arrangement is
inconsistent with our morphological data.

Key words: Phylogeny, weevils, Carpathian Mountains, morphometry, molecular markers,
apomorphies.
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Discovering and describing biodiversity is a criti-
cal task for biologists because it aids in under-
standing processes that occur in the environment,
evolutionary mechanisms, and the influence of hu-
man actions on nature (GROOMBRIDGE 1992).
With increasing knowledge about the variety of
species at a global scale and an awareness of the
decline of many habitats with a concomitant ex-
tinction of species, it becomes clear that there is
a significant component of biodiversity that we
may never discover (TREFAUT et al. 2014). Thus,
it is especially important to study events of recent
speciation and young species. However, young
species may be difficult to distinguish and their
similarity may lead to the omission of significant
components of biodiversity (BEHEREGARAY &
CACCONE 2007; ELMER et al. 2007; WANG et al.
2008). The best approach for studying young,
similar species is an integrative approach that uses
awide spectrum of data instead of focusing on only
a few measurements or traits (DAYRAT 2005).

Bryodaemon Podlussany, 1998 (Coleoptera: Cur-
culionidae) is a genus of weevils consisting of five
species which previously were regarded as two:
Omiamima hanakii Frivaldszky, 1865 and Omia-
mima brandisi Apfelbeck, 1903. Bryodaemon spe-
cies are similar in appearance and are difficult to
distinguish without detailed examination. All five
species are essentially shiny with reduced, decum-
bent hairs that differentiate them from the genus
Omiamima, which is characterized by erect, distinct
hairs. Also, all Bryodaemon spp. possess oval-
shaped elytra without a humeral angle which sepa-
rates them from the genus Humeronima (1998) as
determined by PODLUSSANY (1998). All five spe-
cies of Bryodaemon inhabit mountainous areas
around the Pannonian Basin: four of them — B.
boroveci, B. hanakii (with two subspecies: B. ha-
nakii hanakii and B. hanakii montanus), B. kocsi-
renae and B. rozneri live in the Carpathians, and one
— B. brandisi — occupies the Bosnian part of the Di-
naric Alps.

*Partially financed from resources K/ZDS/000795; K/ZDS/001727 from Institute of Zoology, Jagiellonian University.


https://core.ac.uk/display/53118069?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

70 B. WACLAWIK ef al.

Systematic classification of the genus Bryodaemon
was based primarily on the shape of the aedeagus,
but also included shape of the head and tarsi as
well as the number of claws (PODLUSSANY 1998).
All five species are herbivores and prefer moist
subalpine forest habitats, but can also be found in
subalpine meadows (especially B. hanakii). The
species distributed within the Carpathian Moun-
tains occupy mostly small, isolated and fragmented
patches, with B. hanakii occupying the most non--
disjunct range (PETRYSZAK 2002; PODLUSSANY 1998).
All possible pairs of Carpathian species, with the
exception of B. hanakii and B. kocsirenae, are sym-
patric in some areas. Morphological similarities,
close but fragmented geographical distributions, and
similar habitat associations indicate that these wee-
vils could represent evolutionarily young species
and it is possible that divergence and dispersal pro-
cesses among Bryodaemon populations were asso-
ciated with recent climatic oscillations and subse-
quent environmental change (AFZAL-RAFII & DODD
2007; BABIK et al. 2005; PROVAN & BENNETT 2008;
RONIKIER et al. 2008; WANG et al. 2008). The survival
of these species during periods of suboptimal con-
ditions was probably facilitated by occupying refu-
gia in or near the Carpathian Mountains, indicated
by their fragmented distribution in the Carpathian
region. However, to date no morphometric or com-
prehensive molecular research has been conducted on
the genus Bryodaemon. Because of this lack of re-
search along with high similarity of particular species,
itis possible that the purported species in this genus
are not correctly distinguished. Cryptic but currently
undescribed species may exist among Bryodaemon
populations, or some currently described species may
actually be only distinct populations of one species.

Therefore, the objective of this work was to con-
tribute to a preliminary understanding of the phy-
logeny and relationships among populations of
Carpathian Bryodaemon species. We aimed at
confirming the monophyly of the studied species
and proposing a phylogenetic hypothesis. To pro-
vide reliable results, we used both molecular
markers and morphological features.

Material and Methods

In this research we collected specimens from the
four Carpathian Bryodaemon species. Data for the
molecular research were collected between 2002-2010
from Poland, Ukraine, and Slovakia (Table 1). There
were 1-6 specimens analyzed for each population.
Specimens of Otiorhynchus coecus (Oc), Omiamima
mollina (Om) and Omias winkelmanni (Ow) were
used as outgroups. The latter two are presumably
closely related to Bryodaemon. They belong to the
same tribe (Omiini) and weevils from Omias are
quite similar to those from the former Omiamima
complex (PODLUSSANY 1998). Also Otiorhynchus
belongs to the same subfamily as Bryodaemon
(Entiminae). Attempts to collect the fifth species,
the non-Carpathian B. brandisi, were unsuccessful.

Three molecular markers were used, two nuclear
(internal transcribed spacer 2 /7S-2 and elongation
factor 1-a: EF1-a) and one mitochondrial (mito-
chondrial cytochrome oxidase 1 COI).

DNA was isolated from whole bodies using the
NucleoSpin Tissue kit (Machery Nagel Diiren,
Germany) according to established protocols. Am-
plifications of three markers were performed by
PCR with primers (/7S-2: ITS3, ITS4; EF1-a.: M3,
rcM44.9; COI: C1-J-2183, TL2-N-3014). Reaction
components were: 3 . DNA, 3 1 10xbufor, 3 . MgCl2,
6 ulreagent Q, 0.6 ul ANTP, 0.6 ul starter F, 0.6 ul
starter R, 0.2 ul polymerase Taq and 12 I water.
Amplification was performed in a Mastercycler
Epigradient S (Eppendorf) with profile: 95°C for 4 min,
35 cycles 0f95°C for 30 s, 52°C for 1 min, 72° C for
2 min and a final extension period of 72° C for 10 min.
Results of amplification were checked by electro-
phoresis on 1% agarose gels stained with midori
green. After purification (NucleoSpin Extract 11
(Macherey-Nagel), the PCR products were sequenced
using the BigDye Terminator v.3.1. Cycle Se-
quencing Kit (Applied Biosystems, Carlsbad, CA,
USA). Sequences were examined in BioEdit 7.1.3.0.
(HALL 1999). For each population consensus se-
quences were obtained using this software. Align-
ment was performed using Clustal W (THOMPSON

Table 1

The location of examined material for molecular and morphological data

Species

Locality

Habitat

Bryodaemon hanakii hanakii (Bh1)

Ukraine, Chornohora, Menczul

Beech wood and alpine meadow

Bryodaemon hanakii hanakii (Bh2)

Ukraine, Chornohora, Polonina Breskulska

Beech wood and alpine meadow

Bryodaemon boroveci (Bbl)

Poland, Gorce Mountains

Spruce lower supalpine forest,
beech wood, beech-spruce forest

Bryodaemon boroveci (Bb2)

Poland, Lower Beskids

Beech wood

Bryodaemon boroveci (Bb3)

Slovakia, Nizna Polianka

Beech wood

Bryodaemon rozneri (Brl) Ukraine, Borzawa

Beech forest, alpine meadow

Bryodaemon rozneri (Br2)

Ukraine, Zakarpattia, Chertezh

Subalpine meadows

Bryodaemon rozneri (Br3)

Poland, Bieszczady Mountains

Spruce forest

Bryodaemon rozneri (Br4)

Ukraine, Zakarpattia, Zabrid

Beech wood

Bryodaemon kocsirenae (Bkl)

Poland, Bieszczady Mountains

Alpine meadow
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et al. 2002). The Akaike Information Criterion in
MrModeltest 2.3 (NYLANDER 2004) and PAUP*
(SWOFFORD 2002) were used to determine the best-
-fitting nucleotide substitution model (KIMURA
1980). Phylogenetic trees were constructed using
software: PAUP* 4.10b using maximum parsi-
mony trees and MrBayes 3.1 1 (HUELSENBECK &
RONQUIST 2001) for Bayesian inference. For all
MP analyses, we conducted a heuristic search with
tree bisection and reconnection (TBR) branch swap-
ping and random addition sequences (MaxTrees = 500),
with 500 random addition replicates. Node support was
assessed with the bootstrap technique using 5 000
pseudoreplicates and TBR branch swapping. Bayes-
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ian analysis was conducted with 1 cold and 3 heated
Markov chains for 3 000 000 generations, with trees
sampled every 100th generation and each simula-
tion conducted twice. To determine stationarity of
the MCMC chains, variation in log-likelihood scores
was examined graphically using Tracer software
(RAMBAUT & DRUMMOND 2007). The appropriate
number of sampled trees was discarded. The remain-
der was used to reconstruct the 50% majority rule
consensus tree. All trees were visualized with
TreeView1.6.6 (PAGE 1996). All obtained se-
quences were deposited in GenBank (Accession nr:
KJ699357-KJ699377 and KJ801835-KJ801844).

Table 2

Mean values of male and female morphological measurements (Bb — Bryodaemon boroveci,
Bh— Bryodaemon hanakii hanakii, Bk — Bryodaemon kocsirenae, Br— Bryodaemon rozneri)

M . Abre-| Bb Bh Bk Br Bb Bh Bk Br
orphometric measure e

viation Males Females
Body length (mm) Cl 2.81 3.25 3.02 3 2.9 3.24 3.07 3.27
Elytra length (mm) c2 1.75 2.02 1.85 1.84 1.89 2.1 1.94 2.05
Elytra width (mm) C3 1.29 1.55 1.39 1.42 1.47 1.62 1.54 1.66
Elytra height (mm) Cc4 0.92 1.15 0.94 0.95 1.03 1.2 1.01 1.11
Hind angle of elytra C5 117.09 [ 120.15 | 126.24 | 114.52 | 131.34 | 119.49 | 128.2 | 126.89
Lateral angle of elytra Co 76.32 | 88.09 | 79.76 | 79.76 83.8 85.47 | 82.12 | 82.12
Prothorax length (mm) Cc7 0.61 0.71 0.7 0.67 0.59 0.7 0.66 0.71
Prothorax width (mm) C8 0.7 0.86 0.8 0.8 0.73 0.86 0.81 0.85
Prothorax height (mm) 9 0.65 0.77 0.72 0.75 0.67 0.83 0.73 0.82
Head length (mm) C10 0.69 0.65 0.69 0.61 0.65 0.62 0.69 0.58
Head width (mm) Cl1 0.47 0.56 0.54 0.46 0.51 0.52 0.55 0.51
Head height (mm) Cl12 0.33 0.36 0.36 0.36 0.32 0.39 0.37 0.35
Length of snout (mm) Cl13 0.4 0.43 0.43 0.37 0.39 0.4 0.44 0.35
Width of basal snout (mm) Cl4 0.28 0.3 0.34 0.25 0.31 0.28 0.34 0.29
Snout width at eye basis (mm) Cl15 0.32 0.32 0.37 0.29 0.35 0.32 0.37 0.32
Distance between eye (mm) Cl6 0.27 0.31 0.31 0.28 0.31 0.31 0.31 0.31
Distance: eye fringe — prothorax (mm) C17 0.12 0.13 0.11 0.11 0.1 0.12 0.09 0.1
Distance: eye — basis of antennae (mm) C18 0.27 0.29 0.28 0.25 0.26 0.27 0.26 0.25
Eye diameter (mm) C19 0.15 0.14 0.18 0.14 0.15 0.14 0.17 0.15
Length of stipes (mm) C20 0.51 0.53 0.56 0.48 0.49 0.5 0.52 0.49
Width of stipes (mm) C21 0.1 0.11 0.12 0.09 0.1 0.1 0.1 0.09
Length of club (mm) C22 0.23 0.24 0.25 0.21 0.22 0.22 0.24 0.21
Width of club (mm) C23 0.13 0.14 0.15 0.12 0.12 0.13 0.14 0.12
Length of tarsus (mm) C24 0.13 0.15 0.15 0.15 0.11 0.12 0.12 0.13
Width of tarsus (mm) C25 0.15 0.18 0.19 0.17 0.14 0.15 0.14 0.14
Length of tarsal claw (mm) C26 0.15 0.15 0.17 0.13 0.13 0.15 0.14 0.13
Width of tarsal claw C27 0.04 0.04 0.03 0.03 0.04 0.03 0.03 0.04
Length of tibia (mm) C28 0.67 0.7 0.69 0.59 0.6 0.6 0.61 0.56
Width of tarsal basis (mm) C29 0.09 0.1 0.12 0.09 0.09 0.08 0.09 0.09
Width of tarsal apex (mm) C30 0.15 0.14 0.17 0.15 0.15 0.13 0.14 0.14
Length of penis (mm) C31 0.55 0.75 0.59 0.62
Maximal width of penis (mm) C32 0.15 0.17 0.15 0.16
Angle of penis apex C33 101.71 ] 59.97 | 99.36 | 94.05
Length of penis process (mm) C34 0.06 0.07 0.06 0.06
Width of penis process (mm) C35 0.03 0.03 0.03 0.02
Length of spermatheca (mm) C31 0.33 0.32 0.32 0.35
Length of medial lobe of spermatheca (mm) C32 0.07 0 0.07 0.09
Length of hind lobe of spermatheca (mm)| C33 0.09 0.07 0.07 0.07
Angle of medial lobe of spermatheca (mm) C34 137.66 0 138.09 | 74.62
Angle of hind lobe of spermatheca (mm) | C35 93.18 | 47.12 | 82.36 | 36.3
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Thirty-five morphological parameters were cho-
sen for morphometric analysis (Table 2). Five pa-
rameters were associated with male genitalia and
female receptaculum seminis. In each morphometric
sample ten specimens belonging to each species
were chosen. Each body element was measured us-
ing a Nikon SMZ 1500 stereo microscope with NIS
Elements software. Measured distances were as-
sessed five times and the average size for each
specimen was counted. For each species, ten males
and ten females were chosen randomly. The rela-
tionships between body size variation and classifi-
cation to the entire species were compared by
principal component analysis derived from Canoco
for Windows 4.52 (TER BRAAK & SMILAUER 2003).

Results

The GTR+I+G model was chosen for COI (gamma
distribution shape parameter G = 0.4426; -InL =
3793.1868; AIC = 7606.3735), the SYM+G model for
ITS2 (gamma distribution shape parameter G =0.3150;
-InL=1974.4475; AIC=3966.8950), and the GTR+G
for EF1-0 (gamma distribution shape parameter
G=0.3775;-InL=1600.6150; AIC=3219.2300).

The derived MP trees of three individual genes had
similar topology and populations of distinct species
were grouped in separate clades. The /7:S2 gene tree
had the strongest support with values of 100 for all
major clades (Fig. 1a). Although the internal relation-
ships among studied populations were unresolved in
this tree, it confirmed the monophyly of all studied species.

The EF gene tree (Fig. 1b) indicated B. hanakii as
the most distinct species, and was generally well-
supported with the exception of the split between
B. boroveci and B. rozneri (bootstrap value = 55). The
COI gene tree (Fig. 1¢) had poorly supported clades
and indicated B. rozneri as the most distinct species.

Bayesian analysis also indicated monophyly of
the four species, with populations of one species
separated in different clades or subclades. The
ITS2 gene tree (Fig. 2a) was poorly resolved but
confirmed that the species comprise a monophyletic
genus. The EF gene tree (Fig. 2b) indicated that
B. hanakii was the most phylogenetically distinct
species. The COI gene tree (Fig. 2¢) contained two
clades: one consisting of B. rozmneri populations
and a second with populations from the three other
species, with the latter divided into smaller
species-specific subclades. Bootstrap values were
high for essentially every tree, with lower values
only for two B. rozneri populations in the EF tree.

Principal component analysis revealed variation
in male morphology among the species. The first, second,
and third axes of the principal component analysis
described 70%, 12.4%, and 10.6 % of the variation
in the measured characters, respectively. However,
only axis one and three contributed to the division
of some species based on morphology (Fig. 3A).
The increasing elevation of the elytra (C4) (load. 0.95),

Bb1
—{oo 55
Bb2

Bh1

100

(A) &2 (B)

Fig. 1. Phylogenetic tree of Carpathian Bryodaemon
populations constructed using /75-2 (A), EFil-a (B) and
C£] (C) markers with maximum parsimony.

Oc Om
Om Oc
Br3
Br2
099
Br1
Bb1
1.00
Bb2
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Bh1
Bh2
BK1 = (A) (B)
Oc
Ow
Bh1
[an
Bb1
1.00 1.00| Bb2
Bb3
1.00 Bk1
Br2
o
¢
Br4
004 (C)
Fig. 2. Phylogenetic tree of Carpathian Bryodaemon

p(gulations constructed using I75-2 (A), EFl-a (B) and
COI (C) markers with Bayesian analysis.

lateral angle of the elytral apex (C6) (load. 0.71),
elytra length (C2) (load. 0.64), total body length
(C1) (load. 0.59), and decreasing angle of the penis
apex (C33) (load. -0.81) clearly separated speci-
mens of B. hanakii from the other species along the
first ordination axis. However, there was large
variation among specimens in the posterior angle
ofthe penis apex along axis 3. (C33) (load. 0.58).

The morphological variation of females ordinated
by principal component analysis is shown in figure 3B.
The first ordination axis, describing 93% of the meas-
urement variation, clearly divides B. hanakii females
from the rest of the group. The angle of the middle
apex decreased along the first axis (load. 0.99).
Along the second axis, which described only 3.7%
of overall variation, B. rozneri is separated from the
rest of the Bryodaemon complex. The morphometric
measure that differentiates this species is decreasing
angle of distal apex of spermatheca (load. 0.87).
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Discussion

Our phylogenetic trees constructed from mo-
lecular data confirm the monophyly of each of the
Carpathian Bryodaemon species. The molecular
data are also consistent with the results of mor-
phometric analyses which indicated a clear de-
lineation of three groups: B. hanakii, B. rozneri and
a group consisting of B. kocsirenae and B. boroveci.
Morphological features independently confirm that
these species are significantly different.

However, each molecular marker appeared to in-
dicate a different history of divergence among
Carpathian Bryodaemon species. The COI trees
indicated the following order of species formation:
B. rozneri (B. boroveci (B. kocsirenae: B. hanakii).
However, the EF trees indicated a different evolu-
tionary history: B. hanakii (B. kocsirenae (B.

boroveci:B. rozneri). The ITS trees confirm spe-
cies monophyly but do not indicate which species
was earliest or most recently derived. Thus, these
trees were not considered during the reconstruc-
tion of the phylogeny of Bryodaemon. Therefore,
the histories suggested by EF trees and COI trees
should be considered as two hypotheses which
should be tested against results from morphologi-
cal surveys and complimentary ecological and
geographical data. This approach to integrating
data from studies based on different methods has
been shown as reliable and successful in many sur-
veys involving insect taxonomy and phylogeny
(GEBIOLA et al. 2012; STUBEN & ASTRIN 2012).
The history of divergence based on the COI trees
indicates that B. rozneri is the earliest derived spe-
cies, whereas B. hanakii and B. kocsirenae are the
youngest and sister species. However, this expla-
nation conflicts with the results of our morphomet-
ric surveys. Measurements and inter-species
comparisons of most morphometric features indi-
cate that B. hanakii is the most distinct species
whereas B. boroveci with B. kocsirenae are very
similar to each other. This result is clearly visible
from the comparisons of males and females and is
inconsistent with the phylogeny suggested by CO/
analysis. Furthermore, morphometric analyses in-
dicated the distinctive nature of B. hanakii when
compared to the other species. We would expect
that a species so distinct from the others would not
be one of two young sister species as indicated by
the COI tree (KIRKENDALE & MEYER 2004).

Moreover, a closer look at the diversity of apo-
morphies also contradicts results of the COI tree.
B. rozneri has one visible trait absent in other spe-
cies: a sharp groove from the frontal pit to apex
(PODLUSSANY 1998). Determining which fea-
tures are ancestral is valuable for reconstructing
species phylogenies. However, for traits which are
present only in single species (like the groove in B.
rozneri) it is difficult to determine because these
characters cannot be compared with closely re-
lated genera or with insects in general. However,
one apomorphy that could be considered in rela-
tion to other insects is the number of claws. Both
Humeromima and Omiamima (distinguished by
PODLUSSANY (1998) along with Bryodaemon)
have pairs of tarsal claws which are also a common
feature in the Omiini tribe (BOROVEC 2010;
PODLUSSANY 1998). Thus, it is expected that a pair
of claws will be an ancestral feature among Bryo-
daemon species. This feature is shared by B. ha-
nakii, B. kocsirenae and also the fifth species
B. brandisi, while B. rozneri and B. boroveci are
united by having a single claw on the tarsus. If we
assume that the latter species are older, the pres-
ence of two claws is a trait that had to evolve twice:
first among ancestors of Bryodaemon, and then
a second time in a common ancestor of B. hanakii
and B. kocisrenae. Another possibility is that this
trait was lost independently in two lineages (of
B. boroveci and B. rozneri). However, the loss of
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one claw among the common ancestor of B. rozn-
eri and B. hanakii is the most parsimonious expla-
nation. The available ecological and geographic
data also do not support an earlier split of B. rozn-
eri than the other studied species.

When comparing the EF tree with other data,
some of the previously mentioned problems re-
main, but there is some congruence between this
tree and the morphological and ecological data.
Although the history of the genus from this tree is
still inconsistent with the morphometric results, it
does identify B. hanakii as the oldest species. The
morphometric results indicate that this species dis-
plays extensive divergence from the other three.
This divergence is evident when comparing the en-
tire dataset and individual features. Moreover,
evaluation of apomorphies indicates its distinct-
iveness from the other species. B. hanakii weevils
have slightly different genitalia than other species-
both penis and spermatheca (PODLUSSANY 1998).
These apomorphies are particularly significant ad-
aptations because the shape of the genitalia is an
important pre-zygotic barrier to successful mating
(i.e., “lock and key” model; (KUBOTA et al. 2012).

The ecology and geography of B. hanakii also
varies slightly from the other species. All Carpa-
thian Bryodaemon species prefer forests with
beech, spruce, and fir, but are also collected from
subalpine meadows. B. hanakii occurs in this latter
habitat significantly more often than the three
other species. Furthermore, the distribution of this
species in the Carpathian Mountains is less dis-
junct than the other three species.

In summary, the morphological and ecological
evidence, in combination with the EF tree, indi-
cates that B. hanakii may be the oldest among the
studied species. Results from the EF tree are also
consistent with the apomorphies, including the
number of claws that divides the species into two
groups. This hypothesis is consistent with the geo-
graphical distribution of B. kocsirenae, B. rozneri
and B. boroveci. All three species exhibit more
northern and western distributions than B. hanakii.
B. boroveci, identified as potentially one of the
youngest species, occupies areas most to the north
and west when compared to the other species, sug-
gesting that migration of the genus has occurred in
a northwestern direction.

However, other information contradicts this hy-
pothesis. The morphometric data indicate a high
degree of similarity between B. kocsirenae and B.
boroveci, whereas the EF tree indicates B. rozneri
and B. boroveci as the youngest pair. This could re-
sult from the very high similarity of Bryodaemon
species which are young species that inhabit very
similar biotopes. Thus, some similarities among
species could be the result of analogous adapta-
tions to the environment.

The inconsistency of the COI tree is problematic,
particularly with respect to discrepancies between
the nuclear and mitochondrial DNA phylogenies.

Different topologies for different markers are
often the result of ancestral polymorphism, incom-
plete lineage sorting or events of gene flow that oc-
cur during the speciation process (POLLARD et al.
2006). Discrepancies between nuclear and mito-
chondrial DNA surveys may also be related to the
higher mutation rate of mtDNA (JOHNSON et al.
2003). Alternatively, because mtDNA is inherited
maternally without recombination, it evolves dif-
ferently than nuclear DNA. For example, mtDNA
can be influenced by maternally inherited endo-
symbionts that may increase or decrease diversity
or even lead to paraphyly of mtDNA, thus making
results unreliable (GOMPERT et al. 2008; HURST &
JIGGINS 2005; WHITWORTH et al. 2007). In fact,
because maternally inherited endosymbionts are
very common among insects, analyses of insect
mtDNA are often problematic (ZUG & HAMMERSTEIN
2012). Because our mtDNA assays were incongru-
ent with our other results, it is possible that this fac-
tor may at least partially explain the discrepancies.

Disjunct ranges of species with sympatric over-
lap in some areas indicate that their evolution was
connected with climate oscillations that cause
range contractions and expansions (HEWITT 1999).
European mountains often worked as barriers for ex-
panding populations, but also as refugia during cold
or warm stages (MARYANSKA-NADACHOWSKA et al.
2012; PROVAN & BENNETT 2008) As previously
discussed, the distribution of Carpathian Bryodae-
mon species indicates an expansion of the genus in
a northwesterly direction. The distribution of the
fifth species, B. brandisi, within the mountains of
Bosnia suggests independent dispersal of some an-
cestral populations in a western direction to the Di-
naric Alps. Therefore, the evolutionary origin of
the genus Bryodaemon could be located in or near
the southeastern Carpathians. Among the four spe-
cies, B. hanakii is the only one commonly col-
lected from alpine meadows. This indicates that
divergence between B. hanakii and the three other
Carpathian species was connected with substantial
environmental changes, including the possibility
of forest expansion during warm stage (GOMORY
etal. 2012; KAJITOCH et al. 2014; SLOVAK et al. 2012).
It is quite possible that the other three species,
adapted to the forest habitat, have undergone mul-
tiple contractions and expansions of their ranges dur-
ing a generally northwestern radiation, in response
to glacial and interglacial periods (FIJARCZYK et al.
2011; KNOWLES 2001). We suggest that Bryodae-
mon weevils could be model organisms for future
research investigating glacial refugia located in
the Carpathian Mountains and adjacent regions.

Acknowledgements

We express our gratitude to Kevin RUSSELL
from College of Natural Resources, University of
Wisconsin, for linguistic correction.



Species Relationships in the Genus Bryodaemon 75

References

AFZAL-RAFII Z., DODD R.S. 2007. Chloroplast DNA sup-
ports a hypothesis of glacial refugia over postglacial recolo-
nization in disjunct populations of black pine (Pinus nigra)
in western Europe. Mol. Ecol. 16: 723-736.

BABIK W., BRANICKI W., CRNOBRNJA-ISAILOVIC .,
COGALNICEANU D., SAS 1., OLGUN K., ARNTZEN J.W.
2005. Phylogeography of two European newt species — dis-
cordance between mtDNA and morphology. Mol. Ecol. 14:
2475-2491.

BEHEREGARAY L.B., CACCONE A. 2007. Cryptic biodiver-
sity in a changing world. J. Biol. 6: 9.

BOROVEC R. 2010. A taxonomic study of Eastern Palaearctic
Omiini (Coleoptera: Curculionidae: Entiminae). Acta Ento-
mol. Mus. Nat. Pragae 50: 577-594.

TER BRAAK C.J.F., SMILAUER P. 2003. CANOCO reference
manual and User’s guide to Canoco for windows: software
for canonical community ordination (version 4.5). Centre for
Biometry.

DAYRAT B. 2005. Towards integrative taxonomy. Biol. J.
Linn. Soc. 85: 407-415.

ELMER K.R., DAVILA J.A., LOUGHEED S.C. 2007. Cryptic di-
versity and deep divergence in an upper Amazonian leaflitter
frog, Eleutherodactylus ockendeni. BMC Evol. Biol. 14: 1-14.

FUUARCZYK A., NADACHOWSKA K., HOFMAN S,
LITVINCHUK S.N., BABIK W., STUGLIK M., SZYMURA J.M.
2011. Nuclear and mitochondrial phylogeography of the
European fire-bellied toads Bombina bombina and Bombina
variegata supports their independent histories. Mol. Ecol.
20: 3381-3398.

GEBIOLA M., GOMEZ-ZURITA J., MONTI M.M., NAVONE P.,
BERNARDO U. 2012. Integration of molecular, ecological,
morphological and endosymbiont data for species delimita-
tion within the Pnigalio soemius complex (Hymenoptera:
Eulophidae). Mol. Ecol. 21: 1190-1208.

GOMORY D., PAULE L., KRAIMEROVA D., ROMSAKOVA 1.,
LONGAUER R. 2012. Admixture of genetic lineages of dif-
ferent glacial origin: a case study of Abies alba Mill. in the
Carpathians. Plant Syst. Evol. 298: 703-712.

GOMPERT Z., FORISTER M.L., FORDYCE J.A., NICE C.C.
2008. Widespread mito-nuclear discordance with evidence
for introgressive hybridization and selective sweeps in Ly-
caeides. Mol. Ecol. 17: 5231-5244.

GROOMBRIDGE B. 1992. Global Biodiversity. American Fish.
Soc. Symp. 77: 15-37.

HALL T.A. 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows
95/98/NT. Nucleic Acids Symp. Ser. 41: 95-98.

HEWITT G.M. 1999. Post-glacial re-colonization of European
biota. Biol. J. Linn. Soc. 68: 87-112.

HUELSENBECK J.P., RONQUIST F.2001. MRBAYES: Bayes-
ian inference of phylogenetic trees. Bioinformatics 17:
754-755.

HURST G.D.D., JIGGINS F.M. 2005. Problems with mitochon-
drial DNA as a marker in population, phylogeographic and
phylogenetic studies: the effects of inherited symbionts.
Proc. R. Soc. Lond. (Biol.) 272: 1525-1534.

JOHNSON K.P., CRUICKSHANK R.H., ADAMS R.J., SMITH
V.S.,PAGER.D.M., CLAYTON D.H. 2003. Dramatically ele-
vated rate of mitochondrial substitution in lice (Insecta:
Phthiraptera). Mol. Phylogenet. Evol. 26: 231-242.

KAJTOCH L., KUBISZ D., GUTOWSKI J.M., BABIK W. 2014.
Evolutionary units of Coraebus elatus (Coleoptera: Bupres-
tidae) in central and eastern Europe — implications for origin
and conservation. Insect Conserv. Diver. 7: 41-54

KIMURA M. 1980. A simple method for estimating evolution-
ary rate of base substitutions through comparative studies of
nucleotide sequences. J. Mol. Evol. 16: 111-120.

KIRKENDALE L., MEYER C. 2004. Phylogeography of the Pa-
telloida profunda group (Gastropoda: Lottidae): diversifica-
tion in a dispersal driven marine system. Mol. Ecol. 13:
2749-2762.

KNOWLES L.L. 2001. Did the pleistocene glaciations promote
divergence? Tests of explicit refugial models in montane
grasshopprers. Mol. Ecol. 10: 691-701.

KUBOTA K., MIYAZAKI K., EBIHARA S., TAKAMI Y. 2012.
Mechanical reproductive isolation via divergent genital
morphology between Carabus insulicola and C. esakii with
implications in species coexistence. Popul. Ecol. 55: 35-42.

MARYANSKA-NADACHOWSKA A., KAITOCH L., LACHOWSKA D.
2012. Genetic diversity of Philaenus spumarius and P. tesse-
latus (Hemiptera, Aphrophoridae): implications for evolu-
tion and taxonomy Syst. Entomol. 37: 55-64.

NYLANDER J.A.A. 2004. MrModeltest v2. Program distrib-
uted by the author. Evolutionary Biology Centre Uppsala
University 2: 1-2.

PETRYSZAK B. 2002. Note on the distribution of species of the
genus Bryodaemon Podlussany, 1998 (Coleoptera: Curculi-
onidae) in Poland. Wiadomosci Entomologiczne 21:
109-115. (In Polish).

PODLUSSANY A. 1998. A review of Omiamima hanakii group
(Coleoptera:Curculionidae). Folia Entomol. Hungarica 59:
79-101.

POLLARD D.A., IYER V.N., MOSES A.M., EISEN M.B. 2006.
Widespread discordance of gene treeswith species tree in
Drosophila: evidence for incomplete lineage sorting. PloS
Genetics 2: 1634-1647.

PROVAN J., BENNETT K.D. 2008. Phylogeographic insights
into cryptic glacial refugia. Trends Ecol. Evol. 23: 564-71.

RAMBAUT A., DRUMMOND A.J. 2007. Tracer V1.5. Avail-
able from http://beast.bio.ed.ac.uk/Tracer.

RONIKIER M., CIESLAK E., KORBECKA G. 2008. High genetic
differentiation in the alpine plant Campanula alpina Jacq
(Campanulaceae): evidence for glacial survival in several
Carpathian regions and long-term isolation between the Car-
pathians and the Alps. Mol. Ecol. 17: 1763-1775.

SLOVAK M., KUCERA J., TURIS P., ZOZOMOVA-LIHOVA J.
2012. Multiple glacial refugia and postglacial colonization
routes inferred for a woodland geophyte, Cyclamen purpu-
rascens: patterns concordant with the Pleistocene history of
broadleaved and coniferous tree species. Biol. J. Linn. Soc.
105: 741-760.

STUBEN P.E., ASTRIN J.J. 2012. Integrative taxonomy, phy-
logeny, and new species of the weevil genus Onyxacalles
Stiben (Coleoptera: Curculionidae: Cryptorhynchinae).
Psyche 2012: 1-22.

SWOFFORD D.L. 2002. Phylogenetic Analysis Using Parsi-
mony (and other methods). Version 4. Sinauer Associates,
Sunderland, Massachusetts.

THOMPSON J.D., GIBSON T.J., HIGGINS D.G. 2002. Multiple
sequence alignment using Clustal W and ClustalX. Curr Pro-
toc Bioinformatics. Chapter 2, Unit 2.3.

TREFAUT M., GRANT T., SILVEIRA F., ZAHER H., GILL C.,
SCHELLY R.C., SPARKS J.S., BOCKMANN A., BERNARD S.,
HO H., GRANDE L., RIEPPEL O., DUBOIS A., OHLER A.,
ASSIS L.C.S., WHEELER Q.D., GOLDSTEIN P.Z., ALMEIDA
E.A.B., DE VALDECASAS A.G., NELSON G. 2014. Does
counting species count as taxonomy? On misrepresenting
systematics, yet again. Cladistics 30: 322-329.

WANG J.Y., FRASIER T.R., YANG S.C., WHITE B.N. 2008.
Detecting recent speciation events: the case of the finless
porpoise ( genus Neophocaena ). Heredity. 101: 145-155.

WHITWORTH T.L., DAWSON R.D., MAGALON H., BAUDRY
E. 2007. DNA barcoding cannot reliably identify species of
the blowfly genus Protocalliphora ( Diptera: Calliphoridae )
Proc. R. Soc. Lond. (Biol.) 274: 1731-1739.

ZUG R., HHITWORTH P. 2012. Still a host of hosts for Wolba-
chia: analysis of recent data suggests that 40% of terrestrial
arthropod species are infected. PloS ONE 7: e38544



