A chromosomal analysis of 15 species of
Gymnopleurini, Scarabaeini and Coprini
(Coleoptera: Scarabaeidae)
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The karyotypes of one species of Gymnopleurini, two Scarabaeini, five Onitini

and seven Coprini are described and illustrated. Gymnopleurus geoffroyi, Scarabaeus
cristatus, S. laticollis, Bubas bison, B. bubalus, B. bubaloides, Onitis belial,

O. ion, Copris lunaris, Microcopris doriae, M. hidakai and Helopcopris gigas all

have karyotypes with 2n=18 + Xy. Copris hispanus and Paracopris ramosiceps have
karyotypes with 2n=16 + Xy and Copris sinicus has a karyotype comprising 2n=12
+ Xy. Heterochromatic B-chromosomes have been found in Bubas bubalus. Spanish
material of Bubas bison lacks the distal heterochromatic blocks found in most of the
chromosomes of Italian specimens. The karyotype of Heliocopris gigas is unusual in

that the autosomes and X chromosome are largely heterochromatic.
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Introduction

A previous publication (Wilson & Angus 2005) gave
information on the karyotypes of species of Oniticel-
lini and Onthophagini studied by C. J. Wilson in her
Ph. D. research (Wilson 2002). The present paper re-
ports on the remaining Scarabaeidae (Gymnopleurus
geoffroyi llliger, Copris lunaris (Linnaeus) and Onitis
belial Fabricius) included in that research, with ad-
ditional material collected by R. B. Angus (European
and Cypriot material) and D. J. Mann (Malaysian
material).

Material and Methods

A list of the beetle species from which chromosome
preparations have been obtained, their taxonomy
and their localities of origin are given in table 1. The
arrangement of tribes and genera follows Lobl &
Smetana (2006). The specimens studied are housed
either in C. J. Wilson’s or R. B. Angus’ collection.
Spanish and Italian localities are listed by Provincia,
and Cyprus ones by Eparkhia (District). The methods

of chromosome preparation and C-banding are given
by Wilson (2001). In some cases it has been possible
to C-band preparations after they have been photo-
graphed plain, giving a very powerful set of data for
preparation of karyotypes. The C-banding treatment
has to be adjusted to suit ambient room temperature,
and in some cases has been progressively adjusted
to compensate for unnoticed deterioration of the
barium hydroxide solution. With a freshly prepared
solution at about 23°C a treatment for 3 or 4 min-
utes seems to give the best results. Where prepara-
tions are C-banded after being photographed plain,
immersion oil is removed from the slide by placing it
first in a jar of xylene, then in absolute ethanol. Such
preparations are then partially destained by immer-
sion in salt-sodium citrate (standard 2X SSC) at
55°C for about 10 minutes, rinsed in distilled wa-
ter, then placed in the barium hydroxide. The SSC
treatment is carried out at 55°C rather than the usual
60°C, as this seems to give better results. In the case
of preparations of Bubas chromosomes, it has been
found that treatment for 1 hour in SSC, without the
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Table 1. Material studied and taxonomy.

Scientific name

Localities (number of specimens analysed)

Gymnopleurini

Gymnopleurus Illiger, 1803
G. geoffroyi (Fuessly, 1775)

Scarabaeini

Scarabaeus Linnaeus, 1758
S. (Scarabaeus) cristatus Fabricius, 1775

S. (Ateuchestus) laticollis Linnaeus, 1767

Onitini
Bubas Mulsant, 1842
B. bison (Linnaeus, 1767)

B. bubalus (Olivier, 1811)

B. bubaloides Janssens, 1938

Onitis Fabricius, 1798
O. belial Fabricius, 1798
O. ion (Olivier, 1789)

Coprini
Copris Geoffroy, 1762

C. hispanus hispanus (Linnaeus, 1764)
C. lunaris (Linnaeus, 1758)

Cyprus. Pafos: Agia Varvara. (13)

Egypt. “Egyptian desert.” (13, purchased from a dealer.)
Spain. Milaga: Frigliani. (13)

Italy. Sardinia, Nuoro: Laconi. (13.)

Spain. Mdlaga: Tarifa; Madrid: El Escorial. (23, 1%)

Spain. Mélaga: Nerja; Madrid: El Escorial; Avila: Sierra de Paramera.
(43,29)

Cyprus. Pafos: Kritou Marottou; Limassol: Akrotiri, Fassouri (28, 1 %)

Spain. Céceres: Abadfa. (23,2%)
Spain. Milaga: Nerja. (23)

Spain. Milaga: La Linea; La Sauceda; Tarifa. (33)
Spain. Segovia: Valsain; La Salceda. (18, 1%)

C. sinicus Hope, 1842

Paracopris Balthasar, 1939

P ramosiceps (Gillet, 1929)
Microcopris Balthasar, 1958

M. doriae (Harold, 1877)

M. hidakai Ochi & Kon, 1996
Heliocopris Hope, 1837

H. gigas (Linnaeus, 1758)

barium hydroxide treatment, gave clearer banding
and separation of the heterochromatic B-chromo-
somes. SSC treatment alone is a standard method
of obtaining G-bands in mammalian chromosomes
(Sumner et al. 1971). However, in the case of Bubas
the banding patterns obtained are the same as those
resulting from C-banding treatment, but clearer. It
is therefore considered that these bands reflect the
presence of constitutive heterochromatin (C-bands)
and are not the same as the euchromatic G-bands
of mammalian chromosomes. Relative Chromo-
some Length (RCL) is discussed by Wilson & Angus
(2005) and is used here without any statistical analysis
(the samples are too small), simply to give an indica-
tion of the sequence of chromosome lengths along a

Malaysia. Sabah (Borneo): Lahad Datu, Ulu Segama Forest Reserve. (13)
Malaysia. Sabah (Borneo): Lahad Datu, Ulu Segama Forest Reserve. (13)

Malaysia. Sabah (Borneo): Lahad Datu, Ulu Segama Forest Reserve. (13)
Malaysia. Sabah (Borneo): Lahad Datu, Ulu Segama Forest Reserve. (13)

Egypt. “Egyptian desert.” (1 &, purchased from a dealer.)

karyotype. The standard terms denoting centromere
position are as used by Wilson & Angus (2005). The
organised arrays of chromosomes are referred to as
karyotypes rather than karyograms or ideograms,
following the recommended practice for nomen-
clature of human chromosomes (Paris Conference
1971). The notation Xy, for the sex chromosomes
refers to the association of the small y chromosome
with the larger X during first division of meiosis, by
means of a cytoplasmic vesicle. This notation was
introduced by Smith (1950) and the means of as-
sociation was investigated in detail by John & Lewis
(1960). John & Lewis concluded that a nucleolus was
involved, but Juan et al. (1993) demonstrated that
in some cases no rDNA (ribosome-forming DNA,



Angus et al.: Chromosomal analysis of Scarabaeidae

(Y]

5 6 7 8 9 X

Yy

7\\>) Vr" fhfaess

B[R] l( (S IBTR(ERT

(g}

(=W

13 4t 58 N
RE BE RAXRUY GR 84 " w4

38 3 4 o8

Fig. 1. Mitotic chromosomes from testes of Gymnopleurus and Scarabaeus, arranged as karyotypes. — a, Gymnopleu-

rus geoffroyi, 35 b, Scarabaeus cristatus, 3 ¢, d, S. laticollis, 3, ¢, plain, d, C-banded.

characteristic of nucleoli and their organisers) was
present, so the term “cytoplasmic vesicle” is now used.
Smith & Virkki (1978) suggested that the X chromo-
some involved in Xy, formation was normally a large
metacentric. However, the X chromosome need not
be metacentric — for instance in Adalia bipunctata
(Linnaeus, 1758), one of the species studied in de-
tail by John & Lewis (1960), it is clearly acrocentric
(R. B. Angus, unpublished data).

Results

Gymnopleurini

Gymnopleurus geoffroyi

Figs 1a, 4a

Published information: none. 2n=18 + Xyp (3).
The RCLs of the autosomes range from about 20
to 6, and the X and y chromosomes are more or less
the same size, and smaller than autosome 9, RCL
about 3.5. Autosomes 1, 2 and 5 are metacentric, 6
is submetacentric and 3, 4 and 7 — 9 are acrocentric.
The X and y chromosomes are identified on the
basis of the Xy, bivalent at first division of meiosis
(Fig. 4a), which suggests the X chromosome is

metacentric. No adequate C-banded preparation is
available, though there were indications that most, if
not all, of the longer chromosomes have small cen-
tromeric C-bands. The y chromosome appears rather
dark in Fig. 1a and may be heterochromatic.

Scarabaeini

Scarabaeus cristatus
Figs 1b, 4b

Published information: none. 2n=18 + Xyp (3).

The autosomes are all metacentric, with RCLs rang-
ing from about 16 to 6. The decrease in length is
even from pairs 1 to 8 (RCL about 11), but abrupt
between pairs 8 and 9 (RCL about 6). There appear
to be secondary constrictions (NORs) in the long
arms of pairs 7 and 8. The X chromosome (RCL
about 11) is also metacentric, and the y chromosome
appears to be acrocentric, about half the length of
autosome 9. No C-banded preparation is available,
but the elongate centromeric constrictions suggest
heavy C-bands. First metaphase of meiosis (Fig. 4b)
shows the Xy, bivalent with a distinct gap between
the chromosomes.
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Fig. 2. Mitotic chromosomes from mid guts of Bubas and Onitis, arranged as karyotypes. — a, b, Bubas bison, 3,
Sardinia, a, plain, b, the same nucleus C-banded; ¢, d, B. bison, 3, El Escorial, c, treated with SSC, d, C-banded,
with one homologue of autosome 9 missing; e, B. bison, 3, Tarifa, treated with SSC; f, B. bubalus, &, El Escorial,
C-banded, with 7 B-chromosomes; g, h, B. bubalus, Nerja, with 3 B-chromosomes, g, ¢, C-banded, h, &, plain;
i, j, B. bubalus, Sierra de Paramera, treated with SSC, i, 8 with 9 B-chromosomes, j, ¢ with 8 B-chromosomes;
k, 1, B. bubaloides, 3, Fassouri, k, plain, 1, treated with SSC; m, B. bubaloides, ? , Kritou Marottou, C-banded, with
one homologue of autosome 8 missing; n, o, Onitis belial, n, 3,0, ?;p, O. ion, 3.
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Scarabaeus laticollis
Figs 1c, d, 4c

Published information: 2n=20 (3), meioformula=9
bivalents + Xy (Virkki 1951). 2n=19 + Xy, (3). The
autosomes are all either metacentric or submetacen-
tric, and their RCLs range from about 15-9.5, with
an even decrease in length along the karyotype. The
X chromosome is metacentric, about the same length
as autosome 9, and the y chromosome is acrocentric,
about a third the length of the X chromosome. C-
banding (Fig. 1d) shows heavy centromeric C-bands
on all the autosomes and the X chromosome, while
the y chromosome appears to be largely heterochro-
matic. First metaphase of meiosis (Fig. 4c) shows a
distinct gap between the X and y chromosomes.

Onitini

Bubas bison
Figs 2 a-e

Published information: 2n=18 + Xy (&), XX (?),
karyotypes, banding: (Colomba et al. 1996). 2n=18
+ Xy. Figs 2a, b show a karyotype from a Sardinian
male, standard and C-banded, originated from the
same nucleus. All the autosomes, and the X chro-
mosome, are acrocentric. This karyotype resembles
Colomba et al.’s Sicilian material in that most of the
chromosomes have distal terminal C-bands with the
chromatids lying close together in these heterochro-
matic regions. In this C-banding the Sicilian and Sar-
dinian material is completely different from Spanish
material (Figs 2c-¢) in which the only C-bands are
small centromeric ones and the chromatids are clearly
separated from one another distally. The RCLs of the
Sardinian material range from about 13.5-9, with an
even decrease in length along the karyotype. The X
chromosome is among the larger ones, RCL about
11.5. The y chromosome is dot-like. The RCLs of
the autosomes of the Spanish material range from
about 17-7.5, while the RCL of the X chromosome
is about 14.5. If the distal heterochromatic segments
of the Sardinian chromosomes are excluded from the
RCL calculations, the RCLs of the autosomes range
from about 19-8, while that of the X chromosome
is about 16. Such estimates can only be approximate,
but they do suggest that the differences between the
observed RCLs of Sardinian and Spanish material
may be simply due to the distal heterochromatic seg-
ments of the Sardinian material.

In any evaluation of the chromosomal differences
between Sardinian and Spanish B. bison, two pos-
sibilities have to be considered: either B. bison may
be a species whose chromosomes show considerable
differences in the extent of the C-banding between

different populations, or more than one species
may be involved. A first question to be answered is
whether the chromosomes of the Sardinian and Sicil-
ian material (Colomba et al. 1996) are the same. The
Sardinian karyotype presented here has only three
chromosomes lacking distal C-bands: autosome
pairs 1 and 2, and the X chromosome. Colomba et
al. report that in Sicilian material four pairs of auto-
somes lack distal C-bands, while the X chromosome
has such a band, and is also a smaller chromosome
than the one suggested for the Sardinian specimen.
The different X chromosome would be a problem
if only one species is involved, but differences in
the number of chromosome pairs with and without
distal C-bands would suggest that regional variation
within a species is a likely explanation. However, we
question the interpretation of the male karyotype by
Colomba et al. (1996). The chromosomes placed as
pair 1 do not match, and one of them appears to
have a distal heterochromatic segment. It is possible
to rearrange the chromosomes in this karyotype to
match the arrangement given for the Sardinian ma-
terial in Figs 2 a, b, and while such an arrangement
has some mismatches, they appear no worse than in
Colomba et al.’s figure. It is to be expected that any
karyotype assembled from a single nucleus will have
a number of less than perfect pairings, because of ir-
regularities in chromosome condensation through
mitotic prophase and early metaphase. Thus, on the
evidence so far available it is not clear that the karyo-
types of Sardinian and Sicilian material are different,
though this may well be the case. If the X chromo-
some is long in both Sardinian and Sicilian material,
then it is possible that Spanish and Italian B. bison
may be conspecific, with the differences between the
karyotypes simply the result of differing quantities of
heterochromatin. This is a problem requiring further
investigation, possibly involving DNA analysis.

Bubas bubalus
Figs 2f-j

Published information: none. 2n=18 + Xy (&), XX
(%), + up to 9 B-chromosomes. The autosomes are
acrocentric, with their RCLs ranging from about
17-6. C-banding is confined to the centromere re-
gions, and autosomes 1 and 2 sometimes show a
very short shorter arm above the centromere. The X
chromosome, RCL about 12, is slightly longer than
autosome 4, and is submetacentric. The y chromo-
some is dot-like. B-chromosomes have been found in
all the specimens studied. Their number ranges from
three (Nerja material, Figs 2g, h) to 9 (material from
the Sierra de Paramera, Fig. 2i). The B-chromosomes
are all heterochromatic, whether demonstrated by
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Fig. 3. Mirotic chromosomes of Copris, Paracopris, Microcopris and Heliocopris, arranged as karyotypes.
—a, b, Coprislunaris, 3, Valsain, a, plain, b, C-banded; ¢, C. funaris, @ , LaSalceda, plain; d, C. hispanus, & , Tarifa, plain;
e, f, C hispanus, 3, La Sauceda, e plain, f, the same nucleus, C-banded; g, h, C. sinicus, &, g plain, h, the same nucleus
C-banded; i, Paracopris ramosiceps, &, plain; j, Microcopris doriae, 3 , plain; k, M. hidakai, 3 , plain; 1, m, Heliocopris
gigas, 3, 1, plain, k, the same nucleus C-banded. e, f; j, | and m are from testis, the rest from mid gut.
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C-banding (Figs 2 f, g) or SSC treatment (Figs 2 i, j).
The RCLs of the B-chromosomes range from about
19-6.

Bubas bubaloides
Figs 2k-m

Published information: none. 2n=18 + Xy (3J),
XX (?). The RCLs of the autosomes range from
about 15-5.5, with a marked decrease in length be-
tween pairs 6 (RCL about 11) and 7 (RCL about
9). Autosomes 1—4, 8 and 9, are subacrocentric, and
5—7 are submetacentric. The X chromosome, RCL
about 13.5, is about as long as autosome 3, and is
submetacentric. The y chromosome is a very mall
submetacentric, RCL about 5. The centromeric
C-bands of autosomes 14 are rather heavy, whether
shown by C-banding (Fig. 2m) or SSC treatment
(Fig. 21). Autosomes 5-7 appear to show extensive
heterochromatin round the centromere. Autosomes
8 and 9 show no detectable C-bands. The X chromo-
some has a fairly heavy centromeric C-band, compa-
rable with those of autosomes 14, and the y chro-
mosome shows no detectable heterochromatin.

Onitis belial
Figs 2n, o

Published information: none. 2n=18 + Xy (3), XX
(?). The RCLs of the autosomes range from about
15-9 and the X chromosome (RCL about 15) is as
long as the longest autosomes. The y chromosome is
acrocentric, slightly smaller than autosome 9 (RCL
about 8). Autosomes 1—4 and 8, and the X chromo-
some are more or less metacentric, while the rest are
acrocentric. Autosome 3 appears to have a secondary
constriction in its short arm. No C-banded prepara-
tion is available.

Onitis ion

Fig. 2p

Published information: none. 2n=18 + Xy (J). The
RCLs of the autosomes range from about 14.5-5.5,
with pairs 1-4 about the same size and a sharp de-
crease in size between pairs 4 (RCL about 14.5) and
5 (RCL about 11). The X chromosome (RCL about
13) is intermediate in size between autosomes 4
and 5. The y chromosome is a very small acrocen-
tric, RCL about 2. Autosomes 1-3, 5, 7 and 10 are
acrocentric, 6 and 8 are subacrocentric, and 4 and
the X chromosome are more or less metacentric. No
C-banded preparation is available.

Coprini

Copris lunaris
Figs 3a-c

Published information: 2n=20 (3) (Virkki 1954).
2n=18 + Xy (38), XX (?). The RCLs of the auto-
somes range from about 17-8, and the sex chromo-
somes are about the same size as autosome 9. Auto-
somes 1, 6 and 8 are subacrocentric, 2—4, 7 and 9 are
acrocentric and autosome 5 is metacentric. The X
chromosome is metacentric and the y is acrocentric.
C-banding (Fig. 3b) suggests that the chromosomes
have small, localised centromeric C-bands, though
the preparation is poor.

Copris hispanus
Figs3d-f

Published information: 2n=20, 9 pairs of autosomes
+ XY (Salamanna 1966), corrected to 2n=19 and
referred to C. hispanus cavolinii (V. Petagna, 1792)
(Salamanna 1972); 2n=18 + XY (3), XX (?), kary-
otype illustrated — Egyptian material (Ebied et al.
2000). 2n=16 + Xy (&). Fig. 3d shows a standard
karyotype from a mid gut cell of a male from Tarifa,
while Figs 3e, f show a karyotype from testis of a
specimen from La Sauceda, standard and C-banded.
The RCLs of the autosomes range from about 20-5.
Autosomes 2 and 3 are the same length (RCL about
16), autosome 4 is a bit smaller (RCL about 14), then
there is a marked decrease in size through autosomes
5 and 6 and an abrupt decrease to pairs 7 and 8. Au-
tosome 1 is subacrocentric, autosome 2 is more or less
metacentric, autosomes 3 and 5-8 are acrocentric,
and autosome 4 is subacrocentric. Autosome 6 shows
a pericentric inversion in the La Sauceda specimen,
with one homologue acrocentric and the other clear-
ly subacrocentric. The X chromosome is about as
long as autosome 5 (RCL about 13), submetacentric
with a distinct secondary constriction about a third
of the way from the tip of the long arm, and with the
distal portion of the arm appearing as a satellite with
the chromatids fused together and probably hetero-
chromatic. The y chromosome is a very small subac-
rocentric, RCL about 2. C-banding (Fig. 3f) shows
centromeric C-bands on all the chromosomes. This
is a very distinctive karyotype. Salamanna’s data for
C. hispanus cavoliniisuggest that this may be a distinct
species. Salamanna (1972) figures a spermatogonial
metaphase, but the chromosomes do not show suffi-
cient detail for comparison with the material figured
here. Ebied et al. (2000) give clear karyotypes show-
ing all the autosomes, and the X chromosome, to
be metacentric. Their material cannot be referred to
C. hispanus.
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Fig. 4. Preparations of meiosis from testis. a-g, i, first metaphase with the Xy bivalent labelled, h, second metaphase,
an X-bearing nucleus. — a, Gymnopleurus geoffroyi; b, Scarabaeus cristatus; c, S. laticollis; d, Copris sinicus (two bi-
valents are lying in contact with each other at the top of the nucleus); e, Paracopris ramosiceps (the chromosomes
of the bivalent at the top left of the nucleus appear somewhat separated from one another); f, Microcopris doriae;
g h, M. hidakai (the chromosomes of the bivalent at the left side of the nucleus appear somewhat separated from

one another).
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Copris sinicus
Figs 3g, h, 4d

Published information: none. 2n=12 + Xyp (). The
RCLs of the autosomes range from about 24-9, with
abrupt decreases in length between pairs 3 (RCL
about 19.5) and 4 (RCL about 14.5) and between
pairs 4 and 5 (RCL about 11.5). Autosomes 1-3 are
borderline metacentric/submetacentric, autosome
4 is metacentric, and autosomes 5 and 6 are sub-
acrocentric. The X chromosome is submetacentric,
about as long as autosome 1. The y chromosome is
acrocentric, smaller than autosome 6, RCL about
5. C-banding (Fig 3h) shows distinct centromeric
C-bands on all the autosomes and the X chromo-
some, while the y chromosome appears largely het-
erochromatic. First metaphase of meiosis shows six
large bivalents and the Xyp, with the X chromosome
appearing surprisingly small.

Paracopris ramosiceps
Figs 3i, 4e

Published information: none. 2n=16 + Xyp (8). The
RCLs of the autosomes range from about 19-6, with
abrupt decreases in length between pairs 5 (RCL
about 10) and 6 (RCL about 10) and between pairs
6 and 7 (RCL about 7). Autosome 1 is subacrocen-
tric, autosome 2 is metacentric, autosomes 3, 4 and
6—8 are acrocentric, and autosome 5 submetacentric,
almost certainly with a secondary constriction in its
short arm. The X chromosome is acrocentric, RCL
about 14, and the y chromosome is a small meta-
centric, RCL about 5. No C-banded preparation is
available. First metaphase of meiosis (Fig. 4e) shows
the 8 autosomal bivalents and the sex chromosomes
as a very clear Xy,

Microcopris doriae
Figs 3j, 4f

Published information: none. 2n=18 + Xyp (3).
The RCLs of the autosomes range from about 15-7,
with pairs 1-4 submetacentric, and with a gradual
decrease in length (the RCL of pair 4 is about 13).
Autosome 6 (RCL about 11) is submetacentric, with
a secondary constriction in its short arm. Auto-
somes 7—10 show a gradual decrease in length, from
RCL about 9 to RCL about 7. Pairs 7, 8 and 10 are
metacentric, while pair 9 is subacrocentric. The X
chromosome is metacentric, RCL about 7.5, and the
y chromosome appears as a large dot in the avail-
able rather condensed preparation, RCL about 4. No
C-banded preparation is available. First metaphase
of meiosis (Fig. 4f) shows the 9 autosomal bivalents
and the Xy}, sex bivalent.

Microcopris hidakai
Figs 3k, 4g, h

Published information: none. 2n=18 + Xyp (3). The
RCLs of the autosomes range from about 17-6, with
an abrupt decrease in length between pair 3 (RCL
about 15) and pair 4 (RCL about 10). Autosomes
1 and 3 are subacrocentric, autosome 2 is acrocen-
tric, autosome 4 is submetacentric, and autosomes
5-9 are apparently acrocentric/subacrocentric. The
X chromosome is a fairly large submetacentric, RCL
about 16, and the y chromosome is dot-like. No
C-banded preparation is available. First metaphase
of meiosis (Fig. 4g) shows 3 large autosomal bivalents
(the chromosomes of the bivalent at the top left of
the nucleus are rather widely separated), 3 medium-
sized bivalents, 2 small bivalents (1 adjacent to the
sex bivalent and 1, with its chromosomes appearing
somewhat separated from one another, at the bot-
tom of the nucleus) and the Xy, sex chromosomes.
A second metaphase spread is shown in Fig. 4h. One
chromosome is lost, but the large submetacentric au-
tosome 4 and X chromosome are clearly visible. The
small autosomes appear more or less acrocentric in
this preparation.

Heliocopris gigas
Fig. 31, m, 4i

Published information: none. 2n=18 + Xy, (3). The
RCLs of the autosomes range from about 13-10,
with an even decrease in chromosome length along
the karyotype. The X chromosome, RCL about 12 is
also metacentric, with a gap in one arm, while the y
chromosome is much smaller, RCL about 4.5, and
subacrocentric. C-banding (Fig. 3m) shows that all
the autosomes, and the X chromosome, are largely
heterochromatic, while the y chromosome appears
entirely so. The euchromatic portions of autosomes
1, 2, 4 and 8 account for about 20% of the lengths
of the chromosomes, and are located distally on the
shorter arms. Autosomes 3 and 67 have euchromat-
ic portions accounting for only about 10% of the
chromosomes, again located distally on the shorter
arms. The euchromatic portion of autosome 9 is lo-
cated distally on the longer arm, and again accounts
for about 10% of the length of the chromosome.
In the X chromosome the only apparent euchro-
matin appears to be in the gap in the longer arm,
while there does not appear to be any euchroma-
tin in the y chromosome. First division of meiosis
(Fig. 4i) shows the autosomal bivalents as one ring
and 8 rods, and the sex bivalent as Xyp.
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Discussion

The species included in this study represent four
distinct tribes within the Scarabaeidae. Gymnop-
leurini, represented by Paragymnoleurus sinuatus
(Olivier, 1789) and Gymnopleurus 1lliger, 1803 for
which chromosomal data are available for three spe-
cies, in addition G. geoffroyi is reported here. The
clearest illustrations are those given by Colomba et
al. (2000) for G. sturmii MacLeay, 1821. This spe-
cies agrees with G. geoffroyi in the long metacentric
autosome 1, but has autosome 2 relatively shorter
and submetacentric, with the other autosomes also
showing differences from G. geoffroyi. In G. sturmii
the y chromosome is only about half the size of the
X. G. gemmatus Harold, 1871 is figured by Bisoi &
Patnaik (1991) as having some very long metacentric
chromosomes in spermatogonial mitosis, and their
RCL data suggest that the y chromosome is almost
as long as the X. The chromosomes of G. koenigii
(Fabricius, 1775) are known only from meiosis (Das-
gupta 1963) and the figure of diakinesis shows some
very long bivalents and the Xy, with the y chro-
mosome small, dot-like. The remaining species of
Gymnopleurini, G. cyaneus (Fabricius, 1798) and
Paragymnoleurus sinuatus, are known only in terms
of their chromosome numbers (Kacker 1971; Man-
na & Lahiri 1972). From the data available it seems
that Gymnopleurus species may be characterised by a
relatively long autosome 1, but that the y chromo-
some is variable in size.

Scarabaeini are represented by three species for which
chromosomal data are available, in addition to the
two reported here. Salamanna (1972) figures sper-
matogonial metaphase of S. semipunctatus Fabricius,
1792, with the autosomes metacentric or submeta-
centric and the y a small acrocentric. His data on
S. sacer Linnaeus, 1758 refer only to meiosis and he
give no information on chromosome morphology.
This is also true for Bisoi & Patnaik’s (1991) figures
of S. gangeticus Laporte, 1840. Virkki’s (1951) fig-
ure of spermatogonial metaphase of S. laticollis is in
agreement with the data presented here. At the mo-
ment it seems that Scarabaeus chromosomes are typi-
cally metacentric or submetacentric, with C-bands,
which may be heavy, confined to the centromere re-
gion. In some species at least, the y chromosome is a
small acrocentric, not dot-like.

Apart from the data presented here, chromosome
information on Onitini is available for Bubas bison
(Colomba et al. 1996), Onitis alexis Klug, 1835
(Ebied et al. 2000), O. crassus Sharp, 1875 (Smith
& Virkki 1978), O. philemon Fabricius, 1801 (Jone-
ja 1960) and Cheironitis furcifer (P. Rossi, 1792)
(Salamanna 1972). The chromosomes of the Bubas

species are of particular interest. The presence or ab-
sence of terminal C-bands in B. bison is described
fully in the results section. In all the material stud-
ied (Spanish and Italian) all the autosomes, and the
X chromosome, are acrocentric. The karyotype of
B. bubalus is very unusual in possessing up to 9 het-
erochromatic B-chromosomes. Among the Scarabae-
oidea this number of B-chromosomes is matched by
Aphodius lividus (Olivier, 1789), where there may
be 9 heterochromatic B-chromosomes (Angus et
al. 2004). However, in A. lividus these are all small,
comparable in size with the y chromosome, while in
B. bubalus the B-chromosomes are mainly large, up
to twice the length of the longest autosomes. This
arrangement is similar to that shown by Prerostichus
nigrita (Paykull, 1790) and P rhaeticus Heer, 1837
(Angus et al. 2000). The centromeric C-bands of
the autosomes and X chromosome of B. bubalus are
either small or absent. The X chromosome is sub-
metacentric, in contrast to that of B. bison. In B. bu-
baloides nearly all of the chromosomes have heavy
centromeric C-bands, and the autosomes include
acrocentrics, subacrocentrics and submetacentrics.
Thus the karyotypes of the three Bubas species are all
clearly different from one another.

The karyotypes of the two Onitis species are clearly
different from one another in the number of acro-
centric chromosomes. The only other Onitis to have
its karyotype figured is O. alexis, and in this species
all the autosomes, and the X chromosome, are acro-
centric (Ebied et al. 2000).

For the Coprini, Smith & Virkki (1978) record
diploid numbers of 18 and 20 for Catharsius Hope,
1837, 20 for Heliocopris bucephalus (Fabricius, 1775)
and 14 and 20 for Copris spp., as well as 19 for
C. hispanicus calvolinii The diploid number of 18
for C. hispanus hispanus is new for the genus and,
as mentioned in the Results section, suggests that
C. hispanus calvolinii is a distinct species. The karyo-
types of the two Microcopris species (2n=20 (18 +
Xy,)) and Paracopris ramosiceps (2n=18 (16 + Xyp))
fall within the spectrum shown by Copris. The chro-
mosomes of Heliocopris gigas are remarkable for the
extent of the heterochromatin they contain. We
know of no Scarabaeoid with such extensive hetero-
chromatinisation, but a similar pattern is shown by
the adephagan beetle Peltodytes caesus (Duftschmid,
1805) (Haliplidae) (Powell & Angus 2006).

In conclusion, the karyotypes of the species
reported here show a wide variation in both number
and chromosome form, with clear differences be-
tween the various species. In all cases the sex chro-
mosomes are Xy (J), and where meiosis is known,

the pairing is Xyp.
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