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Fig. 3. Male subgenital plate (S9) and phallomeres, part of left phallomere (hook) removed; dorsal view. A: Planuncus tingitanus-complex.
B: Margundatus agenjoi. C: Margintorus nicaeensis. D: Capraiellus panzeri, notice reversal of right-left symmetry. E: Ectobius hippo-
siderus. ¥: Ectobius lapponicus. — Abbreviations: aa anterior apodemes of subgenital plate, ar apodemal ruff, ea endophallic apodeme
(left phallomere), es cleft sclerite and R3 (right phallomere), s stylus (in B missing, in D exceptionally with a second rudimentary stylus:
rs). — Enlargements: same scale for A—E. — Specimen identification: F 65a/5 (A), Sp 36a/2 (B), F 19a/10 (C), F 27/2 (D), Ma 18/29 (E),
Ru 3/3 (F).
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0.05 mm

Fig. 5. A,B: Colouration pattern of pronotum, female of Margintorus nicaeensis (A), male of Capraiellus panzeri (B). C,D: Colouration
of last instar larvae, male of Capraiellus panzeri (C), female of Ectobius hipposiderus (D). E,F: Male apodemal ruff, details from Figs.
3A,B, notice the scalelike microtrichia, Planuncus tingitanus-complex (E), Margundatus erythrura (F, with endophallic apodeme ea).
G—K: Styli bearing scalelike microtrichia, details from Figs. 3A,C—F, Planuncus tingitanus-complex (G, with strongly reduced stylus s),
Margintorus nicaeensis (H), Capraiellus panzeri (1), Ectobius hipposiderus (), Ectobius lapponicus (K). — Enlargements: same scale for
E,F, and for G—J. — Specimen identification: F 19/7 (A), F 27/4 (B), Sp 7/4 (C), Ma 142b/5 (D), F 65a/5 (E,G), Sp 36a/2 (F), F 19a/10 (H),
F 27/2 (1), Ma 18/29 (J), Ru 3/3 (K).
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CEEE o _("{ '1".I'l"1l' e e 0:1mm-, -‘1" : ,‘:‘:&b
Fig. 8. Male structures of E. hipposiderus. A: T1—-4; B: T5; C: T6; D,E: T7, complete (E) and glandular pit in more detail (D)
H: T10 (ventral view); I: pronotum (with head and base of tegmina). — Abbreviations: b bristled knob, ¢ cercus, Il lateral lobus of T9, p pouch
of glandular pit, pp right paraproct. — Enlargements: same scale for A—C,E—H. — Specimen identification: Ma 18/27, holotype (A—G),

;F:T8; G: T9;

Ma 18/29 (H), Ma 142b/6 (I).
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Ectobius

hipposiderus  Capraiellus Margintorus

® 9. Larv. col.: dotted
10. Life cycle: semivoltine

weeeee GenUs Planuncus oo

Margundatus Planuncus

2. Stylus: absent

7. Wings: both reduced

9. Larv. col.: dark

10. Life cycle: semi-
voltine

9. Larv. col.: later stages:
no triangular marking

1. 89: both sides membraneous

2. Stylus: more strongly reduced

4. Apod. ruff: present

5. Shaft of hook: apically sharp edge

7. Wings: hindwings more strongly reduced
8. Basivalv. scler.: verrucous/reduced

@ 6. Claw: verry narrow, cylindrical

1. §9: at least one side membraneous
® 2. Stylus: slightly reduced

6. Claw: broad and flat, sickle-shaped
7. Wings: hindwings slightly reduced

@ 1. S9: boat-shaped, symmetrical

9. Larv. col.: early stages: black, white transversal stripe
late stages: triangular marking on thorax

10. Life cycle: univoltine

Assumed plesiomorphic state of characters of the five taxa:

59: flat, asymmetrical, well sclerotized
Stylus: specialized, well developed
Helmet sclerite: absent

Apodemal ruff: absent

1
2
3
4
5
6
7. Male wings: tegmina and wings fully developed
8

9

1

0. Life cycle: semivoltine

Claw of hook: moderately narrow, not flattened, tip massive

Female dorsal/ventral basivalvular sclerites: not verrucous/not reduced

. Shaft of hook: apical end at the frontal margin without sharp edge, rounded
. Larval colouration: various, not as in E. hipposiderus and Capraiellus

Fig. 11. Phylogenetic reconstruction of the relationships between the five taxonomic groups studied, using 10 characters. The assumed ple-

siomorphic state of the characters is listed at the bottom. In the tree only (syn)apomorphies important for the phylogenetic reconstruction

are indicated; for autapomorphies of the terminal groups, mainly concerning structures of male tergites T6 and T7 and of female genital

sclerites, see the descriptions.

4. Discussion

4.1. Taxonomic and phylogenetic
considerations

Fig. 11

The species combined in the genus Planuncus share two
notable characteristics: the strongly flattened, sickle-
shaped claw of the male genital hook (Figs. 2A—E,I-N),
and the symmetrical, boat-shaped male subgenital plate
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that towards one or both lateral borders gets very thin,
almost membraneous, forming a thin, sharply edged rim
(Figs. 3A-C).

The claw is in most other representatives of the
Palearctic Ectobiinae (Figs. 2G,H) not as regularly
curved, its terminal part is usually angularly set off from
the more proximal parts, and it is not flattened but rela-
tively massive up to the tip. There are two other groups
of the Palearctic Ectobiinae having unusually shaped
genital hooks, the panteli-group of Phyllodromica (BouN
1993) and the genus Luridiblatta (H. Bohn, unpublished
results); but the modifications in these groups are com-
pletely different from Planuncus and do not include a
shared apomorphy.

SENCKENBERG
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A similarly boat-shaped subgenital plate is also pre-
sent in the species of the genus Capraiellus, but it is fully,
though not very strongly sclerotized and has a rounded
rim all around (Fig. 3D). In the remaining Palearctic
Ectobiinae the subgenital plate is rather strongly asym-
metrical, not boat-shaped and only minimally vaulted to
a shallowly concave plate (Fig. 3E,F).

The two characters mentioned above appear complex
and special enough to justify their consideration as syna-
pomorphies of the species assembled in Planuncus, im-
plying the monophyly of the taxon. Monophyly is further
supported by a wing character shared by the two sub-
genera with well developed tegmina (not assessable in
Margundatus with its reduced tegmina): the shortening of
the hindwings and — correlated with it — the reduction of
apical triangle and veinal pattern in the males of the sub-
genera Margintorus and Planuncus, weak in the former,
much stronger in the latter. The males of other Ectobiinae
with well developed tegmina have longer hindwings and
a prominent apical triangle, which slightly surpasses the
tegmina at rest position, as is the case in E. hipposiderus
(male and female, Fig. 6A,B) and in Capraiellus (male).
However, the two examples are not fully comparable,
the tegmina there are longer, surpassing the abdominal
end; in Margintorus and Planuncus they scarcely reach
the abdominal end. But another species of Ectobius, E.
albicinctus (Fig. 6C,D), shows that a slight shortening of
the tegmina — they reach about the abdominal end in this
species — is not necessarily correlated with a reduction of
the apical triangle, not to mention the relatively strong
reduction of the hindwings in Planuncus.

In the evolution of the Blattodea, wing reductions
have certainly often occurred independently with very
similar results. It may, therefore, be doubtful to use the
reduction of hindwings for phylogenetic argumenta-
tions. Since, however, no other case is known among the
Palearctic Ectobius species in which the hindwings are
reduced independently from the tegmina, it appears justi-
fied to include this character into phylogenetic considera-
tions, though with lower weight.

It should be mentioned that there are several groups
among the genus Phyllodromica and its subgenera show-
ing a similar situation as in Margintorus and Planuncus,
with tegmina almost reaching the abdominal end and
strongly reduced hindwings (maculata-group, megerlei-
group, tyrrhenica-group, etc). But they all differ by hav-
ing a reduced venation system in the tegmina.

Apart from the shared apomorphies discussed above,
the species of the genus Planuncus strongly differ in oth-
er characters relevant in the systematics of Ectobiinae: in
the male the shape of tergites T6 and T7, the structure of
the glandular pit of T7, the development of the stylus; in
the female the structure of the genital basivalvular scler-
ites; and in both sexes the length of the wings. According
to these differences three clearly separated groups of spe-
cies crystallize, each supplied with a number of distinct
autapomorphies. The number of autapomorphies, among
which the respective similarities in the structure of the
female genital sclerites certainly appear as most convinc-

SENCKENBERG

ing, strongly argue for the monophyletic state of the re-
spective species assemblage and justify the erection of
three subgenera. The mutual relationships of the subgen-
era will be discussed further below.

The great similarities in the shape of the subgenital
plate between Planuncus and Capraiellus can be consid-
ered as a synapomorphy suggesting a sistergroup rela-
tionship between the two genera. But there are two char-
acters in which the two genera differ strongly and which
might cast some doubt on the proposed sistergroup rela-
tionship: the reverse right-left symmetry in the terminalia
of the males of Capraiellus and the different shape of the
male genital hook.

The reverse symmetry of the male terminalia in
Capraiellus is not a severe obstacle for the assumption
of a sistergroup relationship with the genus Planuncus
if we suppose that the reversion has taken place after the
splitting of the two lines. Reversion of the symmetry has
occurred several times independently in the evolution of
the Blattodea; occasionally, reversed male genitalia can
even be found in singular individuals of a species usu-
ally having the normal symmetry (Phyllodromica carpet-
ana, BouN 1999). Another genus of the Ectobiinae with
reversed symmetry is Dziriblatta (H. Bohn, in prep.)
which, however, is not closely related to Capraiellus in
view of the remaining characters, indicating that both
genera have developed the symmetry reversion indepen-
dently.

The shape of the hook in Capraiellus (Figs. 2F,0) is
— with its throughout massive, almost cylindrical claw —
not only different from the hook of Planuncus, but also
from the hooks of other Palearctic Ectobiinae studied
in this respect (Figs. 2G,H,P). With respect to the sug-
gested sistergroup relationship we would have to assume
that the common ancestors of both genera still had the
usual shape of the hook which, after splitting into the
two branches, developed into diametrically opposed di-
rections. At best, some similarity between the hooks of
Planuncus and Capraiellus may be seen in the fairly
even (i.e. non-angular) claw curvature, indicating that
this character may already have been present in the last
common ancestor of the two genera.

Looking for still deeper relationships the herein newly
described species Ectobius hipposiderus from Morocco
is of particular interest. Its early larval stages are in col-
ouration almost identical with the respective stages of
species of the genus Capraiellus and of the subgenus
Planuncus (Fig. 9F). The remarkable change of the col-
ouration pattern in later stages of E. hipposiderus (Figs.
5D, 6]) is similarly occurring in Capraiellus (Figs. 5C,
6J), but not in Planuncus (Figs. 6K,L, 9D,E). These col-
our patterns are unique among the Palearctic Ectobiinae
and the occurrence in the three taxa scarcely explainable
but by common descent. In the other two subgenera of
Planuncus (Margundatus and Margintorus) this kind of
juvenile colouration should have been lost and replaced
by more general and among the Ectobiinae widely dis-
tributed larval patterns: overwhelmingly dark, or lightly
coloured with dispersed dark dots.
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In this connection the similarity of the colour pat-
tern — dispersed dark dots and spots and a central lyra-
shaped marking (Figs. 5A,B) — on the pronotum of
imagines of Capraiellus and Margintorus should be
mentioned. It could be seen as an additional support for
the assumed sistergroup relationship between the gen-
era Capraiellus and Planuncus. Since, however, similar
patterns are widely distributed in Blattodea and even, at
least in indications, not seldom found in Ectobiinae, the
shared occurrence of the colour pattern in the two taxa is
of little significance for phylogenetic considerations.

The proposed sistergroup relationship between Ecto-
bius hipposiderus and Capraiellus + Planuncus is further
supported by a partly common phenological feature: E.
hipposiderus and the species of Caprailleus and of the
subg. Planuncus have a life cycle of one year (univolt-
ine). Among the Palearctic Ectobiinae a one-year-cycle
is only found in one other, certainly not closely related
genus, Luridiblatta; among the Centralasiatic species at
least one also has a one-year-cycle: Ectobius (Ectobiola)
duskei (BEy-Bienko 1969). The life cycle is certainly
strongly dependent on the ecological constraints of the
respective habitat and therefore of restricted value for
phylogenetic considerations. BEy-BIEnko considers the
one-year-cycle of E. duskei as an adaptation to the strong
winters of the steppe region in Central Asia, where the
species lives. This certainly does not apply to E. hippo-
siderus and the species of Capraiellus and Planuncus liv-
ing in Morocco and western Europe under Mediterranean
or temperate climatic conditions. The possible advan-
tages of the univoltine life cycle in these regions remain
unclear as long as our knowledge of the biology of the
animals is that scanty. It is striking that in the two sub-
genera, Margintorus and Margundatus, the same two
of the assumed synapomorphies of the group have been
changed: the larval colouration and the life cycle. The
change from univoltine to semivoltine in Margundatus
can be seen as an adaptation to the ecological conditions
of the habitat. All species of the subgenus live in altitudes
higher than 1000 m; the comparably short vegetation pe-
riod at this altitude presumably would not allow the full
development from egg to adult within few months.

At this point the relationships between the subgen-
era of Planuncus should be discussed. A number of syn-
apomorphies of Planuncus and Margundatus, in Mar-
gintorus present in plesiomorphic state, strongly support
the assumption of a sistergroup relationship. Presumable
synapomorphies are, in the male: S9 on both sides mem-
braneous, apodemal ruff present, stylus strongly reduced
or missing, hook shaft at the apical end with a right- or
acute-angled edge, in the female: apical end of dorsal ba-
sivalvular sclerites verrucous, ventral basivalvular scle-
rites weakly developed, partially with narrow strikingly
strong sclerotizations. The absence of spatular tergite
bristles could also be considered as a synapomorphy of
the two subgenera. But the change from the one to the
other state of the character seems to occur very easily:
in some species the ratio of normal and spatular bristles
is highly variable, and very closely related members
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of a species group may have different types of bristles.
The value of this character for phylogenetic considera-
tions, therefore, is very restricted. In some characters
Margintorus is intermediate between plesiomorphic
conditions in Capraiellus and more derived ones in
Margundatus + Planuncus, for instance in the length of
stylus and wings, and in S9 being membraneous on only
one side.

The fact that the new genus Planuncus unites spe-
cies which were hitherto distributed to two different
genera (Ectobius and Phyllodromica) is not surpris-
ing. Phyllodromica and its subgenera (Phyllodromica,
Lobolampra, Arbiblatta, Turanoblatta) are solely defined
by various wing reductions and, thus, hardly supported as
monophyletic entities.

The study of the taxonomy and phylogeny of Ecto-
biinae suffers from a want of characters allowing the
recognition of deeper relationships. The variability in the
structures of the male tergites T6 and T7 including the
glanudular pit and of male and female genitalia is well
suited for distinguishing species and species groups, but
usually not appropriate for the recognition of relation-
ships between the species groups or genera. A tentative
division of the Palearctic Ectobiinae into two categories
was proposed (Boun 1989), one for species having a spe-
cialized stylus but no helmet sclerite (a structure located
in the endophallus, in unexposed state situated at the left
on the dorsal surface of S9, fairly below the basal part
of the endophallic apodeme), the other containing spe-
cies with unspecialized stylus and a helmet sclerite. The
species treated herein belong to the first category, which,
among others, also contains the erythronotus-, kraussi-
anus-, pallidus-, and vittiventris-groups of Ectobius and
the genus Luridiblatta. The specialized stylus is well vis-
ible in E. hipposiderus, Capraiellus and Margintorus; in
the subgenus Planuncus the stylus is strongly reduced
but still recognizable as specialized, and it is com-
pletely missing in the imaginal stage of the subgenus
Margundatus.

One might have doubts, whether the second character-
istic of the category, the missing of a helmet sclerite, does
really apply in this case. The apodemal ruff, present in
the subgenera Planuncus and Margundatus, has in some
species of the latter a scleritelike appearance and thus re-
sembles the helmet sclerite, which is similarly covered
with scalelike microtrichia and has a similar position,
ventrally of the basal part of the endophallic apodeme.
But the helmet sclerite does not show the intimate con-
tact and connection with the apodeme as is typical for the
ruff, and since the ruff is found only in the presumably
most derived of the taxa studied we assume that the two
structures are not homologous though they might have
developed from the same area of the exoskeleton.

Another character possibly suited for the elucidation
of deeper relationships is the structure of the prepara-
procts. The taxa treated herein agree in that the right pre-
paraproct is short, only consisting of a sclerite bracelet
not surpassing the paratergites of T10. In the sylvestris-
group of Ectobius (Boun 2004) and in the maculata-
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group of Phyllodromica (Boun & CHLADEK 2011), which
both have an unspecialized stylus and a helmet sclerite,
the right preparaproct is club-shaped, with a more or less
membraneous terminal swelling, and it is longer, almost
reaching the ventral midline of the segment. So far, this
character has only been studied in very few cases; many
additional species-groups and genera should be exam-
ined in this respect in order to test the utility of the pre-
paraprocts for systematic and phylogenetic considera-
tions.

4.2. The phenomenon of areal extension

The presently unsolved taxonomic problems in the sub-
genus Planuncus don’t allow a clear decision in the
question from which of the four countries — Algeria,
Morocco, Spain or France — the immigrants in Germany
and England have been coming. Most likely, the origin is
in the neighbouring France, especially since it seems that
the species there shows a similar behaviour, the coloniz-
ing of human settlements not or not to that extent ob-
served before.

The prerequisite for the successful establishment of
a species in a previously unoccupied area are appropri-
ate conditions; this means for species coming from more
southern, perhaps Mediterranean regions, primarily a
warm climate. This might explain, why the immigrants
were found only in human settlements, which usually
have a milder climate than the open land (KLAUSNITZER
1982). The localities with earlier findings of Planuncus
species in Morocco (1984—2000), Spain (1984), and
France (1995—-1996) are all situated in the open land.
The localities reported by MaureL (2012, dating from
2005-2012, all for SW-France) include, as it seems, both
open land and human settlements.

The apparent fixation of German and English popu-
lations to human settlements might be suspected to be
a collecting artefact since most reports are accidental
findings rather than the result of a systematic search.
However, this aspect was tested at the locality Mainz-
Finthen (D 235), where the Planuncus specimens were
found in large numbers in the hedges seaming streets and
gardens. Searching in a neighbouring village with similar
hedges and in a nearby nature reserve with a xerotherm
flora comparable to the habitats at the French localities
in the Dept. Lot-et-Garonne were unsuccessful. A similar
observation was also made at the English locality Hythe
(GB 3). More studies of this kind are necessary to reas-
sure these preliminary conclusions.

The preferred occurrence of the immigrants in human
settlements might also be a consequence of the means
of locomotion that the animals use for their migration.
The shortened hindwings scarcely allow more than short
flights between the twigs of a shrub. It is very unlikely
that the animals could have moved actively over such
large distances within few years, even if we assume their
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origin in France; the crossing of the Strait of Dover be-
tween France and England in this way appears impos-
sible. In the recent migration of Planuncus species the
passive component by human transportation played cer-
tainly a decisive role. The exchange of materials in and
between cities and countries has increased at such a rate
that it appears astonishing that there are not more species
showing migrations into former unpopulated regions.
Materials to be considered are especially those used for
gardening, as are mixed manure, bark mulch, plant pots
filled with humus earth, etc. The overwintering ootheca,
deposited into the earth in autumn, appears as an ideal
vehicle for transportation.

The apparently sudden trend to extend the distribu-
tion range might also have internal reasons, for example
mutations of genes controlling behaviour or reaction to
environmental conditions. Indications for this may be
seen in an obviously greater plasticity of some charac-
ters as are length of wings and colouration within the ex-
panding population. A similar phenomenon could also be
observed in Ectobius vittiventris: specimens from newly
colonized areas in northern Switzerland and Germany
had often a much darker colouration than those from
southern Switzerland.
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