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Abstract
Oudman, L., W. Landman & M. Duijm, 1989. Genetic distance in the genus Ephippiger

(Orthoptera, Tettigonioidea). - a reconnaissance. - Tijdschrift voor Entomologie 132: 177-
181, figs 1-2, tabs 1-3. [ISSN 0040-7496]. Published 1 December 1989.

Genetic distances were determined by means of enzyme electrophoresis for a number of
Ephippiger (sub)species, mainly from southern France and northern Italy. For each (sub)species
and form one 'typical' location was selected. The results are summarized in a dendrogram.
The three groups distinguished by Duijm & Oudman ( 1983) on the base of copulatory behaviour
and morphological characters are confirmed. Nei's genetic distances between E. ephippiger,
E. cruciger and E. cunii appeared to be low for genuine species. A comparison with IJromenus
rugosicollis is included.
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Introduction
In  France,  the  northern  part  of  Spain  and  NW

Italy  a  number  of  Ephippiger  (sub)species  occur
(e.g.  Chopard  1951;  Harz  1969).  For  this  region
Duijm  &  Oudman  (1983)  recognised  three  groups
of  (sub)spieces,  viz.  1  -  Ephippiger  provincialis
(Yersin,  1854),  2-E.  terrestris  (Yersin,  1854)  with
the three (sub)species E .t. terrestris, E. t. bormansi
(Brunner  von  Wattenwyl,  1882)  and  E.  t.  caprai
Nadig,  1980,  Ò-E.  ephtpptger  (Fieber,  1853)  (the
subspieces  E.  e.  Vitium  (Serville,  1831)')  and  E.
e.  vicheti  Harz,  1966)  E.  cunii  (Bolivar,  1877)  and
E.  cruciger  (Fieber,  1853).  Between  these  groups
no  mating  is  possible.  Within  group  2  no  mating
barriers were found, whereas mating between spe-
cies of group 3 is possible (Hartley & Warne 1984),
but not in all cases (Duijm & Oudman 1983). Iden-
tification of single specimens and even populations
belonging to group 3 often meets with considerable
difficulties  owing  to  the  large  variability  of  the
morphological characters. The present study is an
attempt  to  elucidate  the  relations  between  these
Ephippiger  taxa  by  the  investigation  of  enzyme
polymorphism.  For  comparison  the  Ephippigerid
Uromenus  rugosicollis  (Serville,  1839)  is  used.

Materials  and  methods
The  insects  were  collected  during  field  trips  in

August  and  September  of  1979,  1980,  1981,  1982
and  1983.  Generally  we  succeeded  in  collecting  a
sufficient  number  (c  20)  from  a  restricted  area
of  a  few  acres.  This  area  had  to  be  small  to  limit
ourselves  to  one  population  (or  part  of  it)  and
so  to  avoid  the  mixing  of  different  populations.
The animals were killed, measured, photographed
and frozen  in  solid  carbon dioxide  (-79°C).

For this "reconnaissance" it appeared desirable
to omit the intra- (sub)specifical variation in order
to get a clearer picture. For each taxon we therefore
selected one locality that we considered sufficiently
typical.  In  this  selection  we  used  -  if  possible  -
the type locality or our nearest collecting site and
otherwise a locality that was in good concordance
with  the  morphological  description  and/or  in  the
neighbourhood of the centre of distribution'). The

') According to Kruseman (1988) the correct name for
this subspecies is E. ephippiger diurnus Dufour, 1841.

-) Later work (Landman et al. 1989) showed that the
population used in this study as representative for
E. t. terrestris (Col de CastiUon, No. 2), though in
many respects very close to the nominate form cannot
be regarded as entirely "pure".

177



178 Tijdschrift  VOOR Entomologie,  deel 132,  1989

Fig. 1. Collection sites of Ephippiger and Uromenus
species in SW Europe. Numbers denote the sites, see
table 1.

sites selecteci are summarised in table 1 and fig. 1.
For  preparation  of  the  samples,  electrophoretic

techniques  and  the  preparation  of  the  horizontal
Polyacrylamide  gels  we  refer  to  Van  Dijk  &  Van
Delden (1981).

The  following  loci  were  analysed:  Alcohol  de-
hydrogenase  (Adh),Tetrazolium  oxidase  (To),  two
Phosphoglucomutases  (Pgm-2  and  Pgm-3),  Malic
enzyme  (Me),  Fructosediphosphate  aldolase  (Aid),
Esterase-2  (Est-2),  Hexokinase-3  (Hk-3),  Fumar-
ate  hydratase  (Fum),  Xanthine  dehydrogenase
(Xdh),  Isocitrate dehydrogenase (Idh),  Glucose ox-
idase-3  (Gluo-3),  a-Glycerophosphate  dehydroge-
nase  (a-Gpdh).  For  polymorphic  loci  Mendelian
inheritance was assumed on base of enzyme band
patterns and checked by testing genotype frequen-
cies  for  every  location  for  Hardy-Weinberg  equil-
ibrium.

Between  populations  Nei's  genetic  distances
were  calculated  (Nei  1975).  From  the  matrix  of

Table 1. Sites of collection of the selected populations of Ephippiger and Uromenus species.
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genetic  distances  a  dendrogram  was  constructed
following  the  UPGMA  method  (Sneath  and  Sokal
1973).

Samples of collected (sub)spieces from all local-
ities,  including tips of  abdomens used for electro-
phoresis,  will  be  deposited  in  the  Entomological
collection of the Institute for Taxonomical Zoology
(Zoological  Museum)  in  Amsterdam.

Results
Thirteen  loci  were  investigated  of  which  eight

were  monomorphic.  Five  loci  showed  polymor-
phism:  Est-2,  Pgm-2,  Pgm-3,  To  and  Adh,  with
respectively  4,  4,  4,  3  and  2  alleles.  The  allozyme
frequencies are given in table 2. To is fixed in most
populations.  Adh  is  only  polymorphic  in  E.  t.  ca-
prai.  Pgm-2  is  only,  variable  in  E.  terrestris.  The
most variable enzymes are Pgm-3 and Est-2.

The genetic  distances are shown in  table  3  and
the dendrogram, calculated from these distances, in

Based on a preliminary investigation (Landman,
1981) we determined the genetic distance between
Uromenus  rugosicollis  and  a  number  of  Ephip-
piger  (sub)spieces  (18  populations,  9  loci,  18  al-
leles)  at  0.3473.  An  indication  of  this  distance  is
added to the dendrogram.

Discussion
The  genetic  distance  (0.35)  between the  closely

related genera Uromenus and Ephippiger appears
to  be  very  low  in  view  of  the  range  for  genera
mentioned in  reviews  (e.  g.  Thorpe  1982,  Menken
&  Ulenberg  1987).  The  distance  between  genera
generally  is  1,  in  the  mean  1.30,  and  minimally
0.62.

The distance found by us between E. provincialis
and the other Ephippiger species (0.20)  as  well  as

the distance between our groups 2 and 3 (0.16) are
very  low  for  congeneric  species.  According  to
Thorpe  (1982)  only  in  3%  of  the  cases  studied
distances below 0.16 are found for congeneric spe-
cies.

The distances between the subspecies of E. ter-
restris (0.015 -0.11) are within the range generally
found between subspecies: 0.02 - 0.22 (Menken &
Ulenberg  1987)  except  one:  the  distance  (0.015)
between E.t.  caprai  and E.t.  terrestris  from Col  de
Castillon.  This  very  small  distance  is  one  of  the
indications  that  the  population  of  Castillon  is  not
quite representative for the nominate form of E. t.
terrestris.

The  distances  between  the  species  within  our
group  3  are  strikingly  small  (0.03);  they  lie  in  the
range for subspecies. This is in accordance with the
results  of  Hartley  and  Warne  (1984).

The dendrogram of fig. 2 offers a picture that is
mainly  in  accordance  with  current  taxonomical
opinion.  It  also  conforms  to  our  grouping  (Duijm
& Oudman 1983) based on morphological data and
on the existence of  mating barriers.  Within group
3, however, E. e. vicheti occupies a rather separate
position ^). The relations between E. e. diurnus, E.
cruciger  and  E.  cunii  as  well  as  those  within  the
terrestris-giow'çi will be dealt with in later publica-
tions.
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Fig. 2. Dendrogram of Ephippige-
ridae based on the genetic distances
of table 3. An estimation of the dis-
tance between Uromenus and the
Ephippiger (sub)species is added
on the base of preliminary work
(Landman, not published).

Table 3. Genetic distances based on ailozyme frequencies of thirteen loci of Ephippiger species.

Group (sub)species 3 5 7 10
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