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Abstract Beetle genitalia are usually described only for

taxonomic purposes without considering the possible

function of structures. Exceptions are sporadic detailed

studies on single species. We studied genital structures in

the subfamilies of Cerambycidae and outlined assumptions

on the function of these structures and the implications for

the phylogeny of the Cerambycidae. We found that male

genitalia in particular are taxon-specific on a higher taxo-

nomic level; e.g., the parameres are widely variable in

Cerambycinae, while in most Lamiinae species they appear

relatively uniform and differ from those of the Ceram-

bycinae. Internal sac structures are very different among

the various subfamilies. Small backwards-pointing spines

are the most common armature of the internal sac. The

female genitalia are less variable, although ovipositor

morphology may differ among subfamilies. In most spe-

cies, the connection between the mates during copulation is

achieved by the long internal sac and the ovipositor only,

whereas the median lobe and parameres are in contact with

the female abdomen only at the beginning of copulation.

Cerambycinae and Lepturinae have a basal swelling of the

endophallus to prevent it from sliding back into the male

abdomen during copulation. The long internal sac functions

in connecting the mates and guaranteeing the sperm

transfer.

Keywords Parameres � Endophallus � Ovipositor �
Copulation � Functional morphology

Introduction

Because Cerambycidae are often very colourful and their

external morphology is usually species-specific, there is no

need to study the genitalia for taxonomical purposes in

many taxa. Even in taxa, in which genital structures have

been described, almost no ideas on their function are

developed.

We tested the following assumptions on the functional

roles of parameres and endophallus:

1. The parameres expand the female genital opening.

2. The parameres assure a solid mechanical grip between

the mates.

3. The endophallus fixes the male genitalia in the female

ovipositor.

4. The larger spines of the endophallus, found in some

species, penetrate the female genitalia.

5. The basal swelling of the endophallus in many

longhorn beetles serves to prevent the internal sac

from sliding back into the male abdomen during

copulation.

Phylogenetic relationships between the 13 subfamilies

of longhorn beetles accepted by Lawrence and Newton

(1995) are not sufficiently resolved yet. The most recent

phylogenetic analysis of Cerambycidae subfamilies is

Napp (1994). She compared 11 of the cerambycid sub-

families accepted by Lawrence and Newton (1995) with

128 morphological characters of adults and larvae, but only

few characters of the genitalia. Cerambycinae have been

very well represented in this study by 86 species, but there

have been only 1–3 species of the other groups. Hence

another aim of the present study was to gather phyloge-

netically promising characters of the genitalia for future

phylogenetical analyses of Cerambycidae.
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Materials and methods

Specimens of 138 species of cerambycids of the subfami-

lies Cerambycinae (36 species studied), Disteniinae (1),

Lamiinae (56), Lepturinae (29), Parandrinae (2), Prioninae

(9) and Spondylidinae including Aseminae (5) have been

collected in 13 countries all over the world, but mainly in

Central Europe, dissected or studied under SEM. Speci-

mens were preserved in 70% ethanol until dissection. To

gather data on the other subfamilies, which have not been

collected for this study, several references, most of them

taxonomical, were surveyed, and the results were tabulated.

Additional copulating pairs of 23 species of the sub-

families Cerambycinae, Lamiinae, Lepturinae and Spondy-

lidinae, mainly collected in Germany, have been frozen

with ice spray in the field and dissected or studied histo-

logically (stained with Richardson’s solution). The

advantage of ice spray compared to fluid nitrogen is, that it

is easier to obtain and to transport.

Results

Differences of genital structures between the

subfamilies of longhorn beetles

The genitalia of the four subfamilies comprising the

majority of species (Prioninae, Lepturinae, Cerambycinae

and Lamiinae) share common characters in all substruc-

tures on the tribe rather than the subfamily level. Table 1

gives an overview of character states of the median lobe,

parameres and endophallus in males, as well as of the

ovipositor and spermatheca in females. Two of these

characters, the male parameres or lateral lobes and the

female ovipositor, are described here in detail.

In the South American Oxypeltinae, parameres are

strongly reduced (Fragoso 1985b) and in the genus Sten-

homalus (Cerambycinae: Obriini) they are entirely absent

(Napp 1994), while—as far as known—all other longhorn

beetles have well developed parameres that are usually

divided. We know only few tribes of Cerambycinae

(Hyboderini, Molorchini, Obriini, Rhopalophorini and

Stenopterini) containing at least one species with undivided

parameres (own observations and Fragoso 1985a; Merm-

udes and Napp 2004). Promising characters other than the

length of the divided part, are paramere width, shape

(divergent, convergent or parallel), and number and posi-

tion of setae. Some examples for parameres with different

character states are depicted in Fig. 1.

The shape and sclerotization of the ovipositor are

strongly correlated with ecological habits. For example,

wood-boring species lay their eggs under the bark or in

crevices of trees, whereas species feeding on herbs do not

need to penetrate rigid tissues with their ovipositors.

Therefore, it is possible to detect differences in the struc-

ture of the ovipositor between different subfamilies: in

longhorn beetles, which lay their eggs beneath the bark,

like Scatopyrodes beltii, ovipositors are much heavier

sclerotized than in other species (Fig. 2). Oxypeltinae are

unique for lacking an ovipositor, and the 8th sternite is

instead modified for oviposition (Fragoso 1985b). As far as

known, all other subfamilies of longhorn beetles have an

ovipositor, which varies in length relative to the body

length, degree of sclerotization, size and position of the

styli (apical or lateral to the coxites), and length of the

coxites. While in some subfamilies the structure of the

ovipositor is highly variable among tribes, in others, such

as the species-rich Lamiinae, it is rather uniform: the styli

form a small group and are situated apical to the long

coxites (e.g., Parachalastinus rubrocinctus in Fig. 2).

Function of certain structures of the genitalia

In the species we observed, the only connection between

male and female genitalia during copulation is the insertion

of the male endophallus into the ovipositor. In many

Cerambycidae this connection can be seen outside the male

and female abdomina. The parameres are in contact with

the female genital opening or abdomen only at the very

beginning of the copulation if at all, when the male

abdomen touches the female abdomen. However, because

the parameres are hidden beneath the male pygidium, we

could not detect their exact position and movement.

Shortly after the first contact, the ovipositor is pulled out of

the female’s abdomen by the endophallus (Fig. 3), a sce-

nario which we observed in various species of Ceram-

bycinae and Lepturinae. In these groups, the time from the

beginning of copulation until the ovipositor is pulled out

lasts not longer than a few seconds. In contrast to the Ce-

rambycinae and Lepturinae, in the Lamiinae studied the

male and female abdomina are close to each other probably

throughout the copulation (Fig. 4).

All Cerambycinae and Lepturinae studied have a basal

swelling on their inflated endophallus (Fig. 5), whereas the

Lamiinae studied do not have such a swelling, or a very

small one (Fig. 6). This bulge is bordered by two sclerites

of the basal part of the endophallus.

The middle and apical parts of the endophallus bear

backwards-pointing spines of species-specific size and

number (Figs. 7, 8). However, even in species with large

spines on the endophallus (e.g., Chlorophorus sumatren-

sis), we did not observe their penetration into the ovipositor

at 5009 magnification. Similarly, we observed the endo-

phallus inside the ovipositor in histological sections of a

copulating female’s abdomen, but although spines were

clearly visible, there were no signs of penetration into or

38 Genetica (2010) 138:37–43

123



T
a

b
le

1
G

en
it

al
ch

ar
ac

te
rs

o
f

C
er

am
b

y
ci

d
ae

su
b

fa
m

il
ie

s

M
ed

ia
n

lo
b

e
P

ar
am

er
es

E
n

d
o

p
h

al
lu

s
O

v
ip

o
si

to
r

an
d

b
u

rs
a

co
p

u
la

tr
ix

S
p

er
m

at
h

ec
a

V
es

p
er

in
ae

(a
ft

er
S

ai
to

1
9

9
0

;
S

am
a

1
9

8
3
)

L
o

n
g

,
sl

en
d

er
H

o
rs

es
h

o
e-

sh
ap

ed
W

it
h

fl
ag

el
lu

m
o

f
sh

o
rt

le
n

g
th

V
er

y
lo

n
g

,
n

o
b

u
rs

a

co
p

u
la

tr
ix

N
o

t
cl

ea
rl

y
se

p
ar

at
ed

fr
o

m
sp

er
m

at
h

ec
al

d
u

ct

O
x

y
p

el
ti

n
ae

(a
ft

er
F

ra
g

o
so

1
9

8
5

b
;

N
ap

p
1

9
9

4
)

B
as

al
ap

o
p

h
y

se
s

v
er

y
th

in
,

d
o

rs
al

an
d

v
en

tr
al

lo
b

e
g

ro
w

n
to

g
et

h
er

R
ed

u
ce

d
o

r
ab

se
n

t
V

er
y

lo
n

g
A

b
se

n
t;

8
th

st
er

n
it

e

re
sh

ap
ed

fo
r

o
v

ip
o

si
ti

o
n

U
n

k
n

o
w

n

D
is

te
n

ii
n

ae

(a
ft

er
E

h
ar

a
1

9
5

4
;

S
ai

to

1
9

9
0

an
d

cu
rr

en
t

st
u

d
y

)

L
o

n
g

,
sl

en
d

er
;

b
as

al
ap

o
p

h
y

se
s

v
er

y
sh

o
rt

L
o

n
g

an
d

p
ar

al
le

l
T

w
o

lo
n

g
ch

it
in

iz
ed

ro
d

s
(fl

ag
el

lu
m

?)

V
er

y
lo

n
g

,
st

y
li

ap
ic

al
;

b
u

rs
a

co
p

u
la

tr
ix

st
ro

n
g

ly
re

d
u

ce
d

N
o

sp
er

m
at

h
ec

al
d

u
ct

,

b
u

t
sp

er
m

at
h

ec
a

w
it

h

co
il

s

A
n

o
p

lo
d

er
m

at
in

ae

(a
ft

er
D

ia
s

1
9

8
6

)

S
h

o
rt

;
b

as
al

ap
o

p
h

y
se

s
sh

o
rt

an
d

st
u

rd
y

M
ed

iu
m

le
n

g
th

,
si

m
il

ar
to

P
ri

o
n

in
ae

U
n

k
n

o
w

n
B

ac
u

li
st

ro
n

g
ly

sc
le

ro
ti

ze
d

;
st

y
li

la
te

ra
l

an
d

re
d

u
ce

d

U
n

k
n

o
w

n

P
h

il
in

ae

(a
ft

er
S

ai
to

1
9

9
0

;
W

u
an

d

Ji
an

g
2

0
0

0
)

M
ed

iu
m

le
n

g
th

,
sl

en
d

er
;

b
as

al
ap

o
p

h
y

se
s

lo
n

g

M
ed

iu
m

le
n

g
th

W
it

h
fl

ag
el

lu
m

L
o

n
g

,
sl

en
d

er
;

st
y

li
ap

ic
al

;
n

o
b

u
rs

a

co
p

u
la

tr
ix

M
em

b
ra

n
eo

u
s;

sh
o

rt

sp
er

m
at

ec
al

d
u

ct

P
ar

an
d

ri
n

ae

(a
ft

er
S

ai
to

1
9

9
0

an
d

cu
rr

en
t

st
u

d
y

)

A
p

ic
al

ly
p

o
in

te
d

;
b

as
al

ap
o

p
h

y
se

s

w
id

e

S
h

o
rt

U
n

k
n

o
w

n
S

im
il

ar
to

A
n

o
p

lo
d

er
m

at
in

ae
;

st
ro

n
g

ly
sc

le
ro

ti
ze

d
;

d
o

rs
al

an
d

v
en

tr
al

p
ar

t

D
u

ct
sh

o
rt

;
b

as
al

p
ar

t
o

f

sp
er

m
at

h
ec

a
w

id
e

P
ri

o
n

in
ae

(a
ft

er
E

d
w

ar
d

s
1

9
6

1
;

K
u

b
o

k
i

1
9

8
0

an
d

cu
rr

en
t

st
u

d
y

)

U
su

al
ly

sh
o

rt
an

d
w

id
e;

b
as

al

ap
o

p
h

y
se

s
lo

n
g

U
su

al
ly

sh
o

rt
to

m
ed

iu
m

le
n

g
th

U
su

al
ly

lo
n

g
,

n
o

re
al

fl
ag

el
lu

m

L
en

g
th

v
ar

ia
b

le
am

o
n

g
tr

ib
es

;
st

y
li

la
te

ra
l;

b
u

rs
a

co
p

u
la

tr
ix

la
rg

e

D
u

ct
sh

o
rt

;
sp

er
m

at
h

ec
a

u
su

al
ly

o
f

m
ed

iu
m

si
ze

S
p

o
n

d
y

li
d

in
ae

(a
ft

er
R

as
k

e
1

9
7

3
an

d

cu
rr

en
t

st
u

d
y

)

U
su

al
ly

cu
rv

ed
;

b
as

al

ap
o

p
h

y
se

s

u
su

al
ly

lo
n

g

S
h

o
rt

to
m

ed
iu

m
le

n
g

th
U

n
k

n
o

w
n

U
su

al
ly

sh
o

rt
to

m
ed

iu
m

le
n

g
th

;

b
u

rs
a

co
p

u
la

tr
ix

u
su

al
ly

o
f

m
ed

iu
m

si
ze

D
u

ct
sh

o
rt

to
m

ed
iu

m

le
n

g
th

;

lo
n

g
an

d
U

-s
h

ap
ed

A
p

at
o

p
h

y
si

n
ae

(a
ft

er
O

h
b

ay
as

h
i

2
0

0
7
;

S
ai

to
1

9
9

0
;

V
il

li
er

s

1
9

8
2
)

M
ad

ag
as

ca
r:

ap
ic

al
ly

tr
il

o
b

at
e,

v
er

y

sl
en

d
er

;
O

ri
en

ta
l:

ap
ic

al
ly

p
o

in
te

d
,

m
ed

iu
m

w
id

th

M
ad

ag
as

ca
r:

lo
n

g
,

sl
en

d
er

;
O

ri
en

ta
l:

m
ed

iu
m

le
n

g
th

M
ed

iu
m

le
n

g
th

,
o

n
ly

fe
w

sc
le

ri
te

s,
n

o

fl
ag

el
lu

m

M
ad

ag
as

ca
r:

u
n

k
n

o
w

n
;

O
ri

en
ta

l:

lo
n

g
,

st
ro

n
g

ly
sc

le
ro

ti
ze

d

M
ad

ag
as

ca
r:

u
n

k
n

o
w

n
;

O
ri

en
ta

l:
d

u
ct

sh
o

rt
;

sp
er

m
at

h
ec

a
w

ea
k

ly

sc
le

ro
ti

ze
d

N
ec

y
d

al
in

ae

(a
ft

er
N

ii
sa

to
2

0
0

4
;

S
ai

to

1
9

8
9
)

M
ed

iu
m

le
n

g
th

,
st

ro
n

g
ly

cu
rv

ed

L
o

n
g

,
sl

en
d

er
U

n
k

n
o

w
n

L
o

n
g

;
st

y
li

ap
ic

al
;

b
u

rs
a

co
p

u
la

tr
ix

al
m

o
st

to
ta

ll
y

re
d

u
ce

d

D
u

ct
w

id
e,

sh
o

rt
;

sp
er

m
at

h
ec

a
sm

al
l

L
ep

tu
ri

n
ae

(c
u

rr
en

t
st

u
d

y
)

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

,

n
o

fl
ag

el
lu

m

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

C
er

am
b

y
ci

n
ae

(c
u

rr
en

t
st

u
d

y
)

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

,

n
o

fl
ag

el
lu

m

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

L
am

ii
n

ae

(c
u

rr
en

t
st

u
d

y
)

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

V
ar

ia
b

le
am

o
n

g
tr

ib
es

,

so
m

e
w

it
h

fl
ag

el
lu

m

L
en

g
th

v
ar

ia
b

le
am

o
n

g
tr

ib
es

,
b

u
t

st
y

li
al

w
ay

s
ti

n
y

an
d

ap
ic

al

V
ar

ia
b

le
am

o
n

g
tr

ib
es

Genetica (2010) 138:37–43 39

123



Fig. 1 Variation in paramere

morphology of selected species.

From left to right: Rutpela
maculata (Lepturinae), Leptura
quadrifasciata (Lepturinae),
Spondylis buprestoides
(Spondylidinae), Obrium
brunneum (Cerambycinae).
From Hubweber and Schmitt

(2006)

Fig. 2 Apical parts of the

ovipositor. From left to right:
Anastrangalia dubia
(Lepturinae), Chlorophorus
sartor (Cerambycinae),

Parachalastinus rubrocinctus
(Lamiinae) and Scatopyrodes
beltii (Prioninae). Scales:

0.3 mm

Fig. 4 Mating pair of Phytoecia cylindrica (Lamiinae). The male is

covering the female genital opening with its pygidium. Scale: 0.5 mm

Fig. 3 Mating pair of Pyrrhidium sanguineum (Cerambycinae)

showing the only connection of genitalia between mates outside the

male and female abdomens. Scale: 0.5 mm

40 Genetica (2010) 138:37–43

123



damage of the ovipositor (Fig. 9), as could have been

expected with respect to the large spines.

Discussion

In the present study we were able to test some of our

assumptions regarding functional aspects of the genitalia of

longhorn beetles:

Assumption 1 The function of the parameres is to

expand the female genital opening.

The male pygidium covered the parameres during the

first few seconds of copulation, when contact between the

parameres and the female genital opening was possible.

Thus, we cannot provide empirical data with regard to this

assumption. However, the direct contact of the male and

female abdomens at the beginning of the copulation is very

brief, in contrast to the situation in carabids or scarabs, for

example, in which males have been shown to trigger the

opening of the female genitalia by stimulation with the

parameres (Alexander 1959; Eberhard 1993). Moreover,

the cerambycid parameres are much more delicate than the

corresponding contact zone on the female abdomen, hence

we speculate that the parameres serve for aiding physical

orientation of the male genital structures rather than for any

form of communication between the mates.

Fig. 7 Above distal part of the endophallus of Chlorophorus
sumatrensis (Cerambycinae), bearing prominent spines. Scale

1 mm. Below spines on the middle part of the endophallus of

Chlorophorus sumatrensis under SEM. Scale 0.1 mm

Fig. 8 Above distal part of the endophallus of Alosterna tabacicolor
(Lepturinae), bearing tiny spines not visible at this magnification.

Scale 1 mm. Below spines on the middle part of the endophallus of

Alosterna tabacicolor under SEM. Scale 0.03 mm

Fig. 6 Aedeagus with basal part of the endophallus of Phytoecia
cylindrica (Lamiinae), without any basal swelling of the endophallus.

Scale 0.5 mm

Fig. 5 Aedeagus with basal part of the endophallus of Chlorophorus
sumatrensis (Cerambycinae), showing the basal swelling just in front

of the aedeagus. Scale 0.5 mm

Genetica (2010) 138:37–43 41
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Assumption 2 The parameres assure a solid mechanical

hold between the mates.

This assumption is refuted because copulating mates in

Cerambycinae and Lepturinae are connected only by their

endophallus and ovipositor during most of the copulation

process, when the parameres are already retracted into the

male abdomen. Even in species of other beetle families,

such as most chrysomelids, in which the abdomens stay

close together during the entire time of copulation, the

parameres do not secure any mechanical connection

between the mates (Düngelhoef and Schmitt 2006).

Assumption 3 The function of the endophallus is to fix

the male genitalia in the female ovipositor.

This hypothesis has been confirmed, as the spines

covering the surface of the endophallus are pointing

backwards and so prevent the endophallus from slipping

out of the ovipositor, as has also been found in previous

studies on Prionoplus reticulatus (Prioninae) (Edwards

1961).

Assumption 4 The function of the larger spines of the

endophallus, is to penetrate the female genitalia.

Even in species with very prominent spines on the

endophallus, we could not detect their penetration through

the ovipositor wall under a dissecting microscope (up to

500 times magnification). The structure of the endophallus

differs from that of some other insects, such as the bruchid

beetle Callosobruchus maculatus and the fly Sepsis cynip-

sea, which have been reported to penetrate the bursa

copulatrix (Crudgington and Siva-Jothy 2000; Blancken-

horn et al. 2002). The most prominent spines of the

endophallus in these insects are situated at the apex of the

endophallus to penetrate the bursa copulatrix, whereas in

longhorn beetles with long spines on the endophallus, these

are situated on a more basal part, which lies inside the

ovipositor during copulation. This assumption is therefore

rejected and it appears that the only plausible function of

the spines is to fix the endophallus inside the ovipositor

during copulation, thus supporting Edwards’ (1961) inter-

pretation in the case of Prionoplus reticulatus (v.s.).

Assumption 5 The basal swelling of the endophallus in

many longhorn beetles serves to prevent the internal sac

from sliding back into the male abdomen during

copulation.

The basal bulge is most prominent in species in which a

membraneous tube is the only connection during copula-

tion. This swelling is formed by the endophallus and the

ovipositor outside the male and female abdomina and is

always situated just outside the male genital opening, hence

this assumption is confirmed. Edwards (1961) suggested a

different function of the basal sclerites of the endophallus,

i.e., retaining the invaginated structure inside the median

lobe. This could be an additional function of the sclerites.

Obviously, some characters of cerambycid genitalia

bear phylogenetic signal, as has previously been indicated

for both male and female genitalia (Ehara 1954; Saito

1993, respectively). Examples include differences in

length, width, and shape of the parameres among subfam-

ilies, although in some cases these characters are significant

only on lower taxonomic levels. Napp (1994) used only

two characters of the male genitalia in her phylogenetic

study of 11 of the 13 cerambycid subfamilies recognized

here, none of these characters pertained to the parameres or

endophallus. She did not use more genital characters

because these are said to be ‘‘too variable within the

subfamilies’’. In our opinion, this statement holds true for

the species-rich subfamilies Cerambycinae, Lepturinae and

Lamiinae, whereas many characters of the parameres and

endophallus appear to bear valuable phylogenetic signal for

the relationships among the smaller subfamilies.

The ovipositor is likewise phylogenetically informative.

Although characters of the ovipositor may depend on the

Fig. 9 Above section of a female abdomen of Anastrangalia dubia
(Lepturinae) during copulation with the male endophallus (arrow)

inside the ovipositor. The endophallus shrivelled during histological

preparation. Consequently, its membrane does not fit to the wall of the

ovipositor. Scale 0.5 mm. Below enlarged portion of Fig. 9 above.

Endophallus (arrow) inside the ovipositor. Scale 0.1 mm
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ecology of the species due to differences in oviposition

sites and substrates and therefore are subject to certain

constraints in morphology, characters such as the ovipos-

itor length or the position and size of its styli vary among

different subfamilies. Some character states are character-

istic of certain groups, e.g., the ovipositor of Lamiinae with

its long coxites and very small styli, or the lack of an

ovipositor in the Oxypeltinae. Napp (1994) used five

characters of the female genitalia in her phylogenetic

analysis of Cerambycidae, three of which are variations of

the same structure. Again, the phylogenetic information

provided by these structures may be better suited for

inferring relationships among the smaller subfamilies.

In copula spray-frozen insects tend to change the

position of genital structures prior to dissection. However,

the couples studied stuck tightly together when dissected.

Even the histological sections demonstrate the stronghold

of the endophallus within the ovipositor, although these

specimens had to be dried for fixation with resin. We

therefore conclude that the position of the genital structures

of copulating cerambycid specimens generally do not

change before dissection.

Although we did not reach a conclusive answer with

regard to the possible function of the parameres, we have

demonstrated that they do not serve to provide mechanical

hold between the mates. The function of the spines on the

endophallus in longhorn beetles is to fix the male genitalia

inside that of the females in order to warrant proper sperm

transfer, rather than to penetrate the female genital tract.

We have also presented the first plausible explanation for

the function of the basal endophallus swelling.
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funding by the Cusanuswerk—Bischöfliche Studienförderung, Bonn.

Material has been provided by Susanne Düngelhoef, Wolfram Freund,
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