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The structure of the karyotypes of two Otiorhynchus species belonging to separate
subgenera, viz. Otiorhynchus s.str. bisulcatus and O. (Zadrehus) atroapterus, is compared
and described for the first time. Both species have the same chromosome number (2n=22),
sex chromosome system of an achiasmate parachute type (Xy,), symmetric karyotype with
the prevalence of metacentrics, similar meiotic behaviour, localization of NORs and positive
DAPI signals. The main differences involve the morphology of autosomes and the X
chromosome in the C-banding pattern and DAPI/ CMA; signals as well as in the presence of
additional B chromosomes.
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The tribe Otiorhynchini comprises eight genera
of weevils autochthonous exclusively to the Pa-
lacartic region. Only ten species of the genus Otio-
rhynchus Germar, 1822 have been introduced into
the Nearctic region. All species of Otiorhynchus
are apterous, foliophagous as adults, whereas their
larvae develop in soil, feeding on roots. They are
well known as inhabitants not only of woodland,
forest patches and bushes, but also gardens, hedge-
rows, and other types of urban green areas. The
Otiorhynchus-complex comprises about 1,500 spe-
cies and is one of the largest and most speciose
within the curculionids (KOCH 1992; MAGNANO
1998; WANAT et al. 2011).

The systematics of the genus Otiorhynchus is
complicated and the taxonomic status of individ-
ual subgenera and/or species groups has been
changed several times. The genus Ofiorhynchus is
morphologically very heterogenous. It is charac-
terized by having elytra with 10 striae, ventrites
without longitudinal furrows, fore and middle tib-

iae not flattened, and femora untoothed or (in some
subgenera) the hind femora toothed. Despite the
restricted distribution of many endemic species,
the genus as a whole is widely distributed through-
out the Palaearctic region (MAGNANO 1998). The
subgenus Ofiorhynchus s. str. Germar, 1822 is
very diversified with regard to distribution and
species richness. The taxon Zadrehus Reitter, 1912
was originally described as a species group of the
subgenus Aramichnus Gozis, 1822 (REITTER 1912).
According to the latest revision of MAGNANO
(1998) the taxon Zadrehus was reclassified as a
separate subgenus of the genus Otfiorhynchus.
Both subgenera (Otiorhynchus s. str. and Zadre-
hus) differ in morphology of the rostral dorsum,
antennal fossae, pronotum, tibae, femora, meso-
coxae, elytral striae, intervals and male genitalia as
well.

So far only 34 bisexual species and 18 partheno-
genetic species or races of the tribe Otiorhynchini
from central and northern Europe, the Balkan Pen-
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insula and Sicily have been karyologically exam-
ined. Karyotype characterization was accomplished
through analysis of mitotic and meiotic chromo-
somes after conventional or differentiation staining
(Giemsa staining, C-banding, silver impregnation,
DAPI and CMA;). All described parthenogenetic
species are examples of geographic parthenogenesis
and they have a polyploid chromosome number (3n)
but the haploid set consists of 11 chromosomes.
The karyotype of bisexual species consists of 2n =22
and a meioformula no"= 10 +Xy, which seems an-
cestral for all curculionids (SUOMALAINEN 1947; SMITH
& VIRKKI 1978; MIKULSKA 1951, 1960; TUCIC &
MESAROS 1992; HOLECOVA et al. 1997 a, b, 2002;
LACHOWSKA ef al. 1998, 2008a, b; LACHOWSKA
& HOLECOVA 2000; ROZEK et al. 2009).

The present paper examines the karyotypes of
two species from central Europe — Otiorhynchus
s.str. bisulcatus and O. (Zadrehus) atroapterus
(=rotundatus) using differential staining tech-
niques. AgNOs;-banding was used to reveal the nu-
cleolus organizing chromosomes and to locate the
NORs. C-banding was used to study the distribu-
tion of heterochromatin. To characterize the mo-
lecular composition of the heterochromatin the
preparations were stained with DNA-specific
fluorochromes DAPI and CMA; which selectively
stain AT-rich and GC-rich DNA regions, respec-
tively. The aim of the study was to compare chro-
mosome morphology of both examined species
belonging to separate subgenera and to describe
similarities and/or differences in karyotype struc-
ture.

Material and Methods

For the cytogenetic study, adults of both species
were collected in Slovakia and Poland in May
2011 and August 2010-2012 (Table 1). Voucher
specimens are deposited in the Institute of Syste-
matics and Evolution of Animals, Polish Academy
of Sciences, Krakow. Mitotic and meiotic chromo-
somes were obtained from testicular cells according
to the method described by ROZEK et al. (2009).
C-banding was performed using the procedure de-
scribed by SUMNER (1972) with minor modifica-
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tions (LACHOWSKA ef al. 2006b). The slides were
stained with 4% Giemsa phosphate buffer (pH 6.8)
for 10 to 20 min. For the NOR silver staining, the
method described by HOWELL & BLACK (1980)
was used with some modifications (LACHOWSKA
et al. 2005). The DNA binding fluorochromes,
GC-specific chromomycin A; (CMAj) and AT-
specific 4’-6-diamidino-2-phenylindole (DAPI)
were used to reveal the molecular composition of
C-heterochromatin according to the methods de-
scribed by SCHWEITZER (1976) and DONLON &
MAGENIS (1983). Chromosomes were classified
according to LEVAN et al. (1964). Evaluation of
chromosome morphology was based on ten mi-
totic metaphases. Chromosome lengths were cal-
culated as percentages of the total chromosome
lenght of the haploid set (% TCL), which also in-
cludes the sex chromosomes. Spermatogonial
metaphases, meiotic stages, and interphase nuclei
were analyzed and photographed with a Nikon
Eclipse 400 light and Nikon Eclipse E400 fluores-
cence microscope, at 1000x. Microphotographs
were made with a Nikon DS-U1 camera (Nikon,
Tokyo, Japan), using the software Lucia Image
version 5.0 (Laboratory Imaging, Prague, Czech
Republic). The images were optimized for best
contrast and brightness by means of the Corel
Photo-Paint 11 image-processing software.

Results

The same chromosome number 2n=22 was ob-
served at spermatogonial metaphases (Figs 1,8) in
both examined species. The meioformula n= 10+Xy,
was identical in all male metaphase I plates.

Otiorhynchus s. str. bisulcatus (2nd" = 20 +Xy,).
The male diploid complement consists of 20 auto-
somes and X and y sex chromosomes. The karyo-
type is symmetric with chromosomes forming a
series descreasing in size. Metacentric structure is
evident in eight pairs of autosomes as well as in the
X chromosome, whereas two pairs of submeta-
centrics (S5th and 7th) are also recorded (Table 2, Fig.
1). The relative length of autosomes varies be-
tween 13.50%-5.09%, the long X chromosome
makes up 14.13% of the karyotype, while the dot-

Table 1

Origin of weevil species used for karyological analysis

Species

Geographic source and date of collection

Host plant and habitat

Otiorhynchus bisulcatus
May and June, 2011

SW Slovakia, Malé Karpaty Mts., Naha¢ — Katarinska Nature
Reserve (48°33°05°" N, 17°32°32”” E), 340 m a.s.l,,

Fraxinus excelsior
the forest margin

Otiorhynchus (Zadrehus)
atroapterus

August, 2010, 2011, 2012

S Poland, Krakow (50°03°22”° N, 19°56°24*” E), 182 m a.s.1,,

Ligustrum vulgare
the hedgerow
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Table 2 shaped y chromosome —only 2.37% (Table 2). The

) heterochromatin visualized by C-banding is lim-
Relative length (% TCL) and centro- ited to short blocks in centromeric regions of auto-
meric index (AR) of particular chro- somes except for the C-negative 3" pair. The X

MOSOME pairs chromosome is euchromatic, while the dot-like y

Otiorhvnch chromosome is heterochromatic (Figs 1, 3). Chro-

. Otiorhynchus tém;,y ’ZIC us mosome staining with DAPI and CMA; shows

Pair No. bisulcatus (Zadrehus) pericentric bright signals DAPI+/CMA;+ at

atroapterus .

pachytene/diplotene and metaphase I on ten of

%TCL AR %TCL AR eleven bivalents, therefore the obtained results in-

1 13.50 1.38 14.17 1.30 dicate that heterochromatin consists of repeats rich
2 13.14 1.31 12.35 1.46 in A-T and C-G nucleotides, respectively (Figs 4, 5).
3 12.19 1.30 10.42 1.02 O. (Zadrehus) atroapterus (2nd' =20 +Xy, +2B).

4 9.54 1.21 10.20 1.78 The symmetric karyotype with uniform chromo-
5 7.88 2.56 9.93 1.03 some morphology contains eight pairs of metacen-

6 7.14 1.20 8.95 1.27 tric autosomes, two submetacentrics (the 4™ and
7 6.64 2.03 8.40 1.51 9'" pair), the subtelocentric X chromosome and the

8 6.08 1.06 745 1.04 dot-like y (Table 2, Fig. 8). Often in mitotic and
9 509 1.04 560 1.95 meiotic plates, 2 small additional elements were
10 466 103 507 124 also recognlzablo representing supernumerary B-

X 1413 118 6.72 6.62 chromosomes (Figs 8, 10 ). The relative length of
v 537 ) 520 ) autosomes is 14.17%-5.07%. The X chromosome

comprises 6.70%, whereas the y only 2.20%. The
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Fi%s 1-7. Chromosomes of Otiorhynchus bisulcatus. Fig. 1. C-banded mitotic meta{vhase and karyogram, the asterisks indicate

the third pair of autosomes and X chromosome without C-bands. Fig. 2. Diplotene, the arrow indicates the 3" pair of
autosomes without C-bands. Fig. 3. Diakinesis. Fig. 4. DAPI staining — metaphase . Fig. 5. CMA; staining — metaphase I. Fig.
6. Metaphase 1. Fig. 7. Pachytene bouquet. Bar = 10 yum.
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dot-like B chromosomes are slightly longer in
comparison with the y (Table 1, Figs 8-10). All
autosomes possess short pericentromeric C-bands
of similar sizes, whereas a slightly longer hetero-
chromatic block occurs in the centromeric region
of the X. The dot-shaped y is totally heterochro-
matic (Figs §, 10).

After DAPI staining at pachytene/diplotene/dia-
kinesis, bright signals were observed in the peri-
centromeric regions of all pairs of chromosomes.
After CMA; staining signals on chromosomes
were not visible (Fig. 11).

Examination of spermatocyte 1 cell divisions
shows significant similarity of individual meiotic
stages in both Otiorhynchus species. As a conse-
quence of weaker chromosome spiralisation, larger
blocks of constitutive heterochromatin are clearly
visible during leptotene, zygotene, pachytene,
diplotene and diakinesis in comparison with mi-
totic metaphase (Figs 2, 3 and 9). During early
diakinesis the longest autosomal pairs possess 3-4
chiasmata each (terminal and intercalar) whereas
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the shorter pairs are connected by 1-2 chiasmata.
Later after terminalisation of chiasmata the biva-
lents form rings, crosses and rods (Figs 3, 9). Ten
autosomal bivalents and one achiasmate sex het-
erovalent Xy, are clearly seen in metaphase I
plates (Fig. 10). An additional euchromatic ele-
ment in Otiorhynchus atroapterus is observed in
the majority of metaphases 1. It probably origi-
nated from two B chromosomes, often occurring at
mitotic metaphase (Fig. 10).

In both examined species argentophilic blocks
are localized in sex chromosomes and are detect-
able only during all stages of the meiotic prophase
and metaphase I, whereas they did not stain and re-
mained undetected in the mitotic metaphase plates
(Figs 6, 7, 12).

Discussion

Both examined species of Otiorhynchus show
some similariries such as a sex chromosome sys-

EYL 1 kX

Fi(%s 8-12. Chromosomes of Otiorhynchus atroapterus. Fig. 8. C-banded mitotic metaphase and karyogram. Fig. 9. Early
iakinesis. Fig. 10. Metaphase I. Fig. 11. DAPI staining — metaphase I. Fig. 12. Diplotene.
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tem of the achiasmate parachute type (Xy,) and the
presence of 10 autosome pairs. This confirms the
karyological conservatism in this genus because it
is the most characteristic chromosome number and
seems to be the ancestral state in the family Curcu-
lionidae (LACHOWSKA et al. 1998). The examined
karyotypes are characterized by the prevalence of
metacentric chromosomes, a condition which is al-
most the rule in the karyotypic architecture not
only in Otiorhynchini but also in the majority of
broad-nosed weevils (Entiminae) (SMITH & VIRKKI
1978; LACHOWSKA et al. 1998, 2006a, 2008a).

The karyotype of Otiorhynchus atroapterus is of
interest because it shows the presence of euchro-
matic B-chromosomes, clearly distinguishable from
the regular members of the complement. The size
of these additional elements is slightly larger than
that of the y heterochromosome. The present state
of knowledge on B-chromosomes in weevils does
not offer a clear explanation of their genesis. It is
possible that they originated by fragmentation of
one arm of the X chromosome of Otiorhynchus
atroapterus. The subtelocentric X chromosome
seems to be indirect evidence. In curculionid spe-
cies supernumerary chromosomes are rare. From
among 600 curculionid species examined kary-
ologically, they were found only in seven species
(ENNIS 1972; SMITH & BROWER 1974; DEY 1989;
HOLECOVA et al. 2005; LACHOWSKA et al. 2008a,
and the present study).

Up to now C-banding was occasionally used for
identification of closely related species in some
coleopteran groups, e.g. Carabidae, Aphodiidae,
Hydrophilidae etc. in which conventional staining
techniques often provide insufficient information
(ANGUS et al. 2000; WILSON & ANGUS 2004;
LACHOWSKA et al. 2009). In the examined species
the chromosomes resemble one another in having
C-bands restricted mostly to the area around the
centromere which is characteristic of the majority
of'insects (JUAN & PETITPIERRE 1989; IMAI 1991;
ALMEIDA et al. 2000; PROENCA et al. 2002;
ZACARO et al. 2004). Pericentromeric blocks are
present in the majority of autosomes and in the X
chromosome in Ofiorhynchus atroapterus, while
the y chromosome is heterochromatic in both ex-
amined species. In addition to the pericentromeric
C-bands in Otiorhynchus, an intercalary position
of the constitutive heterochromatin was also de-
tected in chromosomes of O. (Otiorhynchus) coecus
and O. (Phalantorrhynchus) morio (LACHOWSKA
et al. 2008a). In the X chromosome the constitu-
tive heterochromatin, if present, is located either in
the centromeric region or in an intercalary posi-
tion. In both examined species, the y chromosome
is heterochromatic. In Otiorhynchini (in genera
Cirrorhynchus, Dodecastichus, Otiorhynchus) ana-
lyzed in a previous study (LACHOWSKA et al.
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2008a) the dot-shaped y was C-negative although
the C-banding did not show all types of hetero-
chromatin (SUMNER 1990). It is common knowl-
edge that in Curculionidae, heterochromatin occurs
mainly in a small proportion. Usually these short
segments are very weak or invisible when the
chromosomes become more condensed during the
mitotic metaphase and meiotic diakinesis, meta-
phase I and II (HOLECOVA et al. 2002; LACHOW-
SKA et al. 2005, 2006a, b).

In Coleoptera AgNOs staining has been useful
for the analysis of nucleolus organizer regions
(NORs) (VIRKKI et al. 1991; BIONE et al. 2005a, b).
In many species of beetles from different families,
NORs may be located in the autosome pairs and/or
sex chromosomes, although most data show that
the nucleolus organizer is most often distributed in
one autosome pair (VIRKKI 1983; VIRKKI et al.
1984; VITTURI et al. 1999; COLOMBA et al. 2000;
MOURA et al. 2003; BIONE et al. 2005a; ALMEIDA
et al. 2006; SCHNEIDER et al. 2007; LACHOWSKA
et al. 2008a; MENDES-NETO et al. 2010). In both
examined species the Ag-stained NOR is situated
in the sex chromosomes. The presence of argento-
philic masses in the sex chromosomes up until the
late phase of meiosis I may indicate that the Xy,
association is not necessarily due to a NOR. Stud-
ies on segregation of sex chromosomes in weevils
showed that even when the NORs are autosomally
located, the lumen of the sex bivalent is filled with
a proteinaceous substance with an affinity for sil-
ver from diakinesis to anaphase I. This substance
may probably play an adhesive role, controlling
the correct separation at anaphase I (VIRKKI ef al.
1990,1991; JUAN et al. 1991, 1993; PETITPIERRE
1996; MOURA et al. 2003; BIONE et al. 2005a, b;
SCHNEIDER et al. 2007; LACHOWSKA et al. 2008a;
MENDES-NETO et al. 2010). Because in other spe-
cies of Otiorhynchini only one NOR is located in
the autosomes (LACHOWSKA et al. 2008a), our
data are in accordance with the hypothesis that an
autosome pair functions as a nucleolus organizer,
and the presence of non-nucleolus argentophilous
substances in the Xy, bivalents contributes to regu-
lar association and segregation during meiosis.
However, only the application of fluorescence in situ
hybridization (FISH) with an rDNA probe would
precisely identify the NORs in these species.

Chromosome staining by DNA base specific
fluorochromes is seldom used in cytogenetic stud-
ies of Coleoptera (JUAN 1989; VITTURI et al.
1999; COLOMBA et al. 2000; MOURA et al. 2003;
SCHNEIDER et al. 2007; LACHOWSKA et al. 2008a;
MENDES-NETO ef al. 2010; KARAGYAN & LACHOW-
SKA 2012). The use of fluorescent DNA-banding
dyes with different specificities provides a better
characterization of heterochromatic regions in
terms of their relative enrichment with A-T or G-C
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base pairs. C-bands fluoresced brightly after DAPI
staining in both examined Otiorhynchus species.
This suggests the occurrence of a high amount of
A-T base pairs in the DNA sequences making up
the heterochromatic C-bands. Positive DAPI sig-
nals were found in the majority of weevils previ-
ously studied confirming that A-T pairs often
make up the main part of heterochromatin
(LACHOWSKA 2008; LACHOWSKA et al. 2008).
However, after CMA; staining, we found positive
signals in the majority of chromosomes of O. bi-
sulcatus showing that heterochromatin in this spe-
cies consists of A-T and C-G pairs.

CMA; staining labeled NORs independently of
their activity, and the fluorescence is associated
with G-C content typical for genes encoding ribo-
somal RNA (rDNA) (ANOKHIN & NOKKALA 2004).
The correlation between NORs and CMA; bands
is quite common in some insects, including beetles
(BRITO et al. 2003), but it is not always possible to
identify rDNA. Silver nitrate stains argentophilic
acid protein involved in TDNA activity but can also
stain other proteins. CMAj; stains C-G rich parts of
chromosomes including NORs. Numerous posi-
tive CMA; signals may cause difficulties in identi-
fication of NORs and/or make it impossible as in
O. bisulcatus.

In this study, the fluorescent signals after CMAj;
were positive in O. bisulcatus but negative in
O. (Zadrehus) atroapterus. This observation con-
stitutes another difference between the karyotypes
ofboth species besides differences in the morphol-
ogy of X chromosomes and C-banding pattern in
autosomes.

In general, the distribution of AT- or GC-rich
clusters of constitutive heterochromatin among
beetles studied by fluorochrome staining is vari-
able. For instance, positive CMA; and negative
DAPI signals were found in some Elateridae
(SCHNEIDER et al. 2007), Buprestidae (KARAG-
YAN & LACHOWSKA 2012) and most Scarabaeoi-
dea (VITTURI et al. 1999; MOURA et al. 2003;
BIONE et al. 2005b; CABRAL-DE-MELLO et al.
2010). Positive DAPI signals were found in the
majority of the Curculionidae (LACHOWSKA 2008;
LACHOWSKA et al. 2008a and the present paper).
Rarely, positive signals in both DAPI and CMA;
were revealed in Scarabaeidae (BIONE ez al. 2005b)
in Curculionidae (LACHOWSKA 2008, the present
study) and Chrysomelidae (ALMEIDA et al. 2006).

In conclusion, data from our previous (LACHOW-
SKA et al. 2008a) and present study offer important
insights into the karyotype characteristics of the
genus Otiorhynchus which may be useful in eluci-
dation of relationships among the species of the
tribe Otiorhynchini as well as between weevils and
representatives of other coleopteran families.

M. HOLECOVA et al.

References

ALMEIDA M.C., ZACARO D.M., CELLA D.M. 2000. Cytoge-
netics analysis of Epicauta atomaria (Meloidae) and Palem-
bus dermestoides (Tenebrionidae) with Xy, sex determina-
tion system using standard staining, C-bands, NOR and syn-
aptonemal complex microspreading techniques. Hereditas
133: 147-157.

ALMEIDA M.C., CAMPANER C., CELLA D.M. 2006. Karyo-
type characterization, constitutive heterochromatin and nu-
cleolus organizer regions of Paranaita opima (Coleoptera,
Chrysomelidae, Alticinae). Gen. Mol. Biol. 29: 475-481.

ANGUS R.B., BROWN R.E., BRYANT L.J. 2000. Chromo-
somes and identification of the sibling species Pterostichus
nigrita (Paykull) and P. rhaeticus Heer (Coleoptera:
Carabidae). Syst. Entomol. 25: 325-337.

ANOKHIN B., NOKKALA S. 2004. Characterization of C-hetero-
chromatin in four species of Hydrozoa (Cnidaria) by se-
quence specific fluorochromes Chromomycin A;and DAPI.
Caryologia 57: 163-166.

BIONE E., CAMPAROTO M.L., SIMOES Z.L. 2005a. A study of
constitutive heterochromatin and nucleolus organizer re-
gions of Isocopris inhiata and Diabroctis mimas (Coleop-
tera: Scarabaeidae, Scarabaeinae) using C-banding, AgNO;
staining and FISH techniques. Gen. Mol. Biol. 28: 111-116.

BIONE E., MOURA R.C., CARVALHO R., SOUZA M.J. 2005b.
Karyotype, C-and fluorescence banding pattern, NOR loca-
tion and FISH study of five Scarabaeidae (Coleoptera) spe-
cies. Gen. Mol. Biol. 28: 376-381.

BRITO R.M., CAIXERIO A.P., POMPOLO S.G., AZEVEDO G.G.
2003. Cytogenetic data of Portamona peckoli (Hymenop-
tera, Apidae, Meliponini) by C banding and fluorochrome
staining with DaA/CMA; and DA/DAPI. Gen. Mol. Biol.
26: 53-57.

CABRAL-DE-MELLO D.C., MOURA R.C., SoUzZA M.J. 2010.
Amplification of repetitive DNA and origin of a rare
chromosomal sex bivalent in Deltochilum (Calhyboma)
verruciferum (Coleoptera, Scarabaeidae). Genetica 138:
191-195.

COLOMBA M. S., VITTURI R., ZUNINO M. 2000. Karyotype
analyzes, banding, and fluorescent in sifu hybridization in
the Scarab beetle Gymnopleurus sturmi McLeady (Coleop-
tera, Scarabacoidea, Scarabacidae). J. Hered. 91: 260-264.

DEY S.K. 1989. B-chromosomes in two species of Indian wee-
vils (Coleoptera: Curculionidae). Cytobios 57: 15-18.

DONLONT. A., MAGENIS R. E. 1983. Methyl green is a substi-
tute for distamycin A in the formation of distamycinA/DAPI
C-bands. Hum. Genet. 65: 144-146.

ENNIS T.J. 1972. Low chromosome number and post reduc-
tional X0 in Gelus californicus (Lec.) (Coleoptera: Curculi-
onidae). Can. J. Genet. Cytol. 14: 851-857.

HOLECOVA M., ROZEK M., LACHOWSKA D. 1997a. C-banded
karyotype of Otiorhynchus corvus Boheman 1843 (Coleop-
tera, Curculionidae). Cytologia 62: 209-212.

HOLECOVA M., ROZEK M., LACHOWSKA D. 1997b. Kary-
ological notes on four weevil species from Sicily (Coleop-
tera, Curculionidae). Acta Zool. Univ. Comen. 41: 25-31.

HOLECOVA M., ROZEK M., LACHOWSKA D. 2002. Hetero-
chromatic banding pattern on chromosomes of twelve wee-
vil species (Insecta, Coleoptera, Curculionoidea: Apionidae,
Curculionidae). Folia Biol. (Krakow) 50: 129-134.

HOLECOVA M., ROZEK M., LACHOWSKA D. 2005. Evidence
of B-chromosomes in karyotype of Barypeithes pellucidus
Boheman 1834 (Coleoptera, Curculionidae, Entiminae)
from Central Europe. Folia Biol. (Krakéw) 53: 65-68.

HOWELL W., BLACK D.A. 1980. Controlled silver-staining of
nucleolus organizer regions withprotective colloidal devel-
oper: a 1-step method. Experientia 36: 1014-1015.

IMAT T.H. 1991. Mutability of costitutive heterochromatin
(C-bands) during eukaryotic chromosomal evolution and
their cytological meaning. Jpn. J. Genet. 66: 635-661.



Kryotype of Otiorhynchus bisulcatus and O. (Zadrehus) atroapterus

JUAN C., PETITPIERRE E. 1989. C-banding and DNA content
in seven species of Tenebrionidae (Coleoptera). Genome 32:
834-839.

JUAN C., GONSALVES J., MEZZANOTTE R., PETITPIERRE E.
1991. Cytological and biochemical characterization of the in
situ endonuclease digestion of 1 fixed Tenebrio molitor chro-
mosomes. Chromosoma 100: 432-438.

JUAN C., PONS J., PETITPIERRE E. 1993. Localization of tan-
demly repeated DNA sequences in beetle chromosomes by
fluorescent in situ hybridization. Chrom. Res. 1: 167-174.

KARAGYAN G., LACHOWSKA D.2012. Karyotype analysis of
four jewel-beetle species (Coleoptera, Buprestidae) detected
by standard staining,C-banding, AgNOR-banding and
CMAZ3/DAPI staining. Comparative Cytogenetics 6: 183-197.

KocH K. 1992. Die Kifer Mitteleuropas. kologie. Band 3.
Goecke & Evers, Krefeld.

LACHOWSKA D., HOLECOVA M., ROZEK M. 1998.
Karyotypic data on weevils (Coleoptera, Curculionidae).
Folia Biol. (Krakéw) 46: 129-136.

LACHOWSKA D., HOLECOVA M. 2000. Karyological investi-
gation on seven weevil species (Coleoptera, Curculionidae).
Folia Biol. (Krakéw) 48: 111-114.

LACHOWSKA D.,HOLECOVA M., ROZEK M. 2005. C-banding
karyotype and NORs analyse in eight species of Barypeithes
Duval from Central Europe (Coleoptera, Curculionidae, En-
timinae). Caryologia 58: 274-280.

LACHOWSKA D., ROZEK M., HOLECOVA M. 2006a. Karyo-
typic characterization of three weevil species (Coleoptera:
Curculionidae, Brachyderini). Folia Biol. (Krakow) 54: 13-17.

LACHOWSKA D., ROZEK M., HOLECOVA M., KAJTOCH L.
2006b. Cytogenetic differences between Peritelus familiaris
and Centricnemus leucogrammus (Coleoptera: Curculioni-
dae: Entiminae: Peritelini). Eur. J. Entomol. 103: 687-690.

LACHOWSKA D. 2008. Karyotypes and chromosome rear-
rangements in two tribes of weevils (Coleoptera, Curculioni-
dae: Sciaphilini and Brachyderini). Folia Biol. (Krakow) 56:
219-225.

LACHOWSKA D., ROZEK M., HOLECOVA M. 2008a. Cytotax-
onomy and karyology of the tribe Otiorhynchini (Coleop-
tera: Curculionidae). Eur. J. Entomol. 105: 175-184.

LACHOWSKA D., ROZEK M., HOLECOVA M. 2008b. New data
on the cytology of the parthenogenetic weevils (Coleoptera,
Curculionidae). Genetica 134: 235-242.

LACHOWSKA D., ROZEK M., HOLECOVA M. 2009. Chromo-
somal similarities and differences among three sibling spe-
cies of the Acalles echinatus group (Coleoptera,
Curculionidae, Cryptorhynchinae). Zootaxa 1985: 63-68.

LEVAN A., FREDGA K., SONBERG A. 1964. Nomenclature for
centromeric position on chromosomes. Hereditas 52: 201-220.

MAGNANO L. 1998. Notes on the Otiorhynchus Germar, 1824
complex (Coleoptera: Curculionidae). (In: E. Colonelli, S.
Low, G. Osella eds. Taxonomy, ecology and distribution of
Curculionoidea. XX I.C.E. (1996, Fizerze, Italy). Mus. Reg.
Sci. nat. Torino): 51-80.

MENDES-NETO E.O, VICARI M.R., CAMPANER C., NOGA-
ROTO V., ARTONI R.F., ALMEIDA M.C. 2010. Cytogenetic
analysis of Astylus antis (Perty, 1830) (Coleoptera, Melyri-
dae): karyotype, heterochromatin and location of ribosomal
genes. Gen. Mol. Biol. 33: 237-243.

MIKULSKA 1. 1951. The chromosome number in Otiorhyn-
chus salicis Strom (Curculionidae, Coleoptera) in Poland.
Bull. Acad. Pol. Sci. Lettr., Ser. B, 1T 150: 269-276.

MIKULSKA 1. 1960. New data to the cytology of the genus
Otiorhynchus Germ. (Curculionidae, Coleoptera) from Po-
land. Cytologia 25: 322-333.

MOURA R.C., Souza M.J., MELO N.F., LIRA-NETO A.C.
2003. Karyotypic characterization of representatives from
Melolonthinae (Coleoptera: Scarabaeidae): karyotypic
analysis, banding and fluorescent in situ hybridization
(FISH). Hereditas 138: 200-206.

183

PETITPIERRE E. 1996. Molecular cytogenetics and taxonomy
of insects, with particular reference to the Coleoptera. Inter-
national Journal of Insect Morphology and Embryology 25:
115-134.

PROENCA S.J.R., SERRANO A .R.M., COLLARES-PEREIRA M.J.
2002. Cytogenetic variability in genus Odontocheila (Cole-
optera, Cicindelidae): karyotypes, C-banding, NORs and lo-
calization of ribosomal genes of O. confise and O. nodicornis.
Genetica 114: 237-245.

REITTER E. 1912. Ubersicht der Untergattung und Artengrup-
pen des Genus Otfiorhynchus Germ. (Bestimmungtabelle
Nr. 66). Wien. Entomol. Z. 31: 45-67.

ROZEK M., LACHOWSKA D., HOLECOVA M., KAJTOCH L.
2009. Karyology of parthenogenetic weevils (Coleoptera,
Curculionidae): Do meiotic prophase stages occur? Micron
40: 881-885.

SCHNEIDER M. C., ROSA S. P., ALMEIDA M. C., COSTA C.,
CELLA D. M. 2007. Chromosomal similarities and differ-
ences among four Neotropical Elateridae (Conoderini and
Pyrophorini) and other related species, with comments on
the NOR patterns in Coleoptera. J. Zool. Syst. Evol. Res. 45:
308-316.

SCHWEITZER D. 1976. Reverse fluorescent chromosome
banding with chromomycin and DAPI. Chromosoma 58:
307-324.

SMITH S.G., BROWER J.H. 1974. Chromosome numbers of
stored-product Coleoptera. J. Kansas. Entomol. Soc. 47:
317-319.

SMITH S.G., VIRKKIN. 1978. Animal Cytogenetics. 3. Insecta.
5. Coleoptera. Gebriider Borntraeger, Berlin, Stuttgart.

SUMNER A. 1972. A simple technique for demonstrating cen-
tromeric heterochromatin. Exp. Cell. Res. 75: 304-306.

SUMNER A. 1990. Chromosome banding. Unwin Hyman
Limited, London, UK.

SUOMALAINEN E. 1947. Parthenogenese und polyploidie bei
Risselkédfern (Curculionidae). Hereditas 33: 425-456.

TUCIC B., MESAROS G. 1992. Chromosome counts in some
high altitude Otiorhynchus Germ. species from Yugoslavia.
Caryologia 45: 213-219.

VIRKKI N. 1983. Banding of Oedionychna (Coleoptera, Al-
ticinae) chromosomes: C- and Ag bands. J. Agr. Univ.
Puerto Rico 67: 221-225.

VIRKKI N., FLORES M., ESCUDERO J. 1984. Structure, orien-
tation and segregation of the sex trivalent in Pyrophorus lu-
minosus (Coleoptera, Elateridae). Can. J. Genet. Cytol. 26:
326-330.

VIRKKIN., MAZZELLA C., DENTON A. 1990. Staining of sub-
stances adjacent to the Xyp sex bivalent of some weevils
(Coleoptera: Curculionidae). J. Agr. Univ. Puerto Rico 74:
405-418.

VIRKKI N., MAZZELLA C., DENTON A. 1991. Silver staining
of the coleopteran Xy, sex bivalent. Cytobios 67: 45-63.

VITTURIR., COLOMBA M. S., BARBIERI R., ZUNINO M. 1999.
Ribosomal DNA location in the scarab beetle Thorectes in-
termedius (Costa) (Coleoptera, Geotrupidae) using banding
and fluorescent in-situ hybridization. Chromosome Res. 7:
255-260.

WANAT M., BIALOOKI P., KONWERSKI S. 2011. Otiorhyn-
chus subgenus Arammichnus Gozis, 1882 in Poland (Cole-
optera: Curculionidae). Genus 22: 291-298.

WILSON C.J., ANGUS R.B. 2004. A chromosomal analysis of
the west European species of Aphodius llliger, subgenus
Aphodius s. str. (Coleoptera. Aphodiidae). Tijd. Entomol.
147: 259-264.

ZACARO A.A., PROENCA S.J.R., LOPES-ANDRADE C., SER-
RANO A.R.M. 2004. Cytogenetic analysis of Ctenostomini
by C-banding and rDNA localization and its relevance to the
knowledge of the evolution of tiger beetles (Coleoptera:
Cicindelidae). Genetica 122: 261-268.





