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STELLINGEN

1. Naast het gebruik van genitaalkenmerken bij de diagnostiek van cica-
den, verdienen andere morfologiese en niet-morfologiese kenmerken

meer aandacht.
Dit proefschrift.

2. Doordat het biologiese soortsbegrip niet van toepassing is op partheno-
genetiese vormen, is de classificatie van deze organismen vaak wille-
keurig. Er dienen daarom betere criteria ontwikkeld te worden voor

het afgrenzen van parthenogenetiese taxa.
Mastin, T. P. (1968). Systematic Zoology 17: 219-231.

3. Het herkennen van gynogenetiese vormen binnen populaties van ver-
wante sexuele diersoorten wordt bemoeilijkt door de geringe morfolo-
giese verschillen tussen sexuele en gynogenetiese vrouwtjes en door het
ontbreken van eenvoudige technieken om meiose in eicellen te bestude-
ren. Gynogenetiese vormen zijn daarom vermoedelijk minder zeld-
zaam dan wordt verondersteld.

4., Het percentage gynogenetiese vrouwtjes in mengpopulaties van sexue-
le en gynogenetiese cicaden kan niet zonder meer van de sex-ratio wor-
den afgeleid. Het is daarom beter een meer directe schattingsmethode

te gebruiken.

Drosopoules, S. (1977). Mededelingen Landbouwhogeschool Wagenin-
gen 77: 1-133. Dit proefschrift.

5. Het weinig selectieve gedrag dat mannetjes van veel diersoorten verto-
nen bij de partnerkeuze, kan het voortbestaan van populaties bedrei-
gen wanneer gynogenetiese vormen in het spel zijn.

6. De cladistiese methode van Hennig kan veelal niet doeltreffend worden
toegepast bij een fylogenetiese reconstructiec van complexen van nauw-

verwante soorten.

Arnold, E. N. (1981). Zeitschrift fir Zoologische Systematik und Evolu-
tionsforschung 19: 1-35.

7. Een botanics gezien goed beheer van vegetaties is niet automaties gun-
stig voor de insektenfauna. Het verdient daarom aanbeveling meer on-
derzoek te doen naar de effecten van verschillende beheersmaatregelen

op de insektenfauna.
Morris, M. G. (1981). Journat Applied Ecology 18: 107-123.



10.

11.

Het ,sib-competition model” van Maynard-Smith (1976, 1978) zou
meer inzicht kunnen geven in de korte termijn voordelen van sexuele
reproduktie, indien het aantal ,environmental patches” wordt geva-
rieerd en meer rekening gehouden wordt met ,random extinctie” van
bepaalde genotypen.

Maynard-Smith, J. (1976). Journal of Theoretical Biology 63: 245-258.

Maynard-Smith, §. (1978). The Evolution of Sex. Cambridge University
Press.

Nestkastpopulaties van holenbroeders zijn in verschillende opzichten

niet representatief voor natuurlijke populaties van holenbroeders.

Van Balen, J. H., C. J. H. Booij, J. A. van Francker and E. R. Osieck
(1982). Ardea 70: 1-24. Nilsson, S. G. (1975). Vir Figelviirld 34: 207-
211.

e wetenschap”, ,,de vrouw” en ,,onkruid” bestaan noch vergaan.

' Feyerabend, P. K. (1977). In strijd met de methode. Aanzet tot een
anarchistiese kennistheorie. Boom Meppel. ’t Hart, M. (1982). De
vrouw bestaat nict. De arbeiderspers A’dam. Zonderwijk, P. (1979). De
bonte berm. Zomer en Keunig Ede.

In navolging van de snip op het briefje van f 100,—, lijkt de kwartel de
aangewezen vogelsoort om op een nieuw briefje van f 25,— te worden
afgebeeld.
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Inleiding

Dit proefschrift is het tweede dat aan het cicaden-geslacht
Muellerianella is gewi]jd. Vanwaar de belangstelling voor deze dieren?

Het geslacht Muellerianella wordt gevormd door enkele zeer nauw verwante
soorten, zogenaamde sibling species. Vanuit biosystematies oogpunt zijn zulke
soorten interessant omdat ze veelal recent ontstaan zijn uit een gemeenschap-
pelijke vooroudersoort. Door alle mogelijke verschillen tussen dergelijke
soorten te bestuderen kan een beeld gevormd worden van hun onderlinge ver-
wantschap, hun mogelijke wordingsgeschiedenis en van de mechanismen die hun
onafhankeliik voortbestaan verzekeren {isolatiemechanismen).

Drosopoulos (1977) liet voor de twee Nederlandse soorten M. fairmairei
en M. brevipennis zien dat er verschillen zijn wat betreft hun oecologie en
paringsgedrag, die van belang zijn voor de reproduktieve isolatie. Hoewel in
het laboratorium hybriden werden verkregen, werden deze in het veld niet ge-
vonden,

Het meest opmerkelijke dat door Drosopoulos werd ontdekt, en dat het
geslacht Muellerianella bijzonder aantrekkelijk maakte voor voortgezet onder—
zoek, i1s het bestaan van triploide parthenogenetiese vormen die morfologies
niet te onderscheiden ziin van M. faitrmairei vrouwtjes, waarmee ze gewoonlijk
samen voorkomen. Deze triploide vormen bleken zich voort te planten door
gynogenese {(pseudogamie). Bij deze zeldzame vorm van ongeslachtelijke voort-—
planting is wel copulatie nodig, maar het sperma dient slechts om de eiont-
wikkeling op gang te brengen. Deze triploide gynogenetiese Muellerianella's
zijn te beschouwen als reproduktie-parasieten, aangezien ze sperma onttrekken
aan de verwante soorten M. fairmairei en M. brevipennis. Het idee van
Drosopoules was dat deze vormen door hybridizatie van de twee sexuele soorten
ontstaan zijn en alleen zouden voorkomen in geografiese gebieden waar beide
sexuele soorten ook veoorkomen.

Om een beter inzicht te krijgen in het soortsvormingsproces van de
Muellerianella soortenm en in het ontstaan en de verspreiding van de tripleide
gynogenetiese vormen, werd dit onderzoek op grotere geografiese schaal voort-—

gezet. Bovendien werd het onderzoek uitgebreid doordat een derde soort,




M. extrusa, werd onderscheiden.

0m aan de taxonomiese verwarring die rond de Muellerianella socorten
bestond een einde te maken, werden de soorten opnieuw morfologies en taxo-
nomies gedefinieerd en veel oude en nieuwe verspreidingsgegevens werden
bewerkt (artikel 1).

Omdat de mate van isolatie tussen de soorten geografies kan varieren,
werden populaties uit verschillende delen van Furopa vergelekenm wat betreft
hun ¢ecologie (artikel 2), hun gedrag (artikel 3), en hun onderlinge kruis-
baarheid (artikel 4)

Om een beeld te krijgen van de geografiese verspreiding vam de triploiden
en hun binding met bepaalde habitats en voedselplanten, werden zoveel moge-
1lijk populaties met triploiden opgespoord en bemonsterd {artikel 6).

Doordat deze tripleoiden slechts door het maken van chromosoompreparaten van
M. fairmaive? vrouwtjes te onderscheiden zijn, werd bovendien een opmerkelijke
variatie in chromoscomaantallen bij deze vormen ontdekt (artikel 5).

Op grond van alle verzamelde gegevens werd tenslotte gepoogd een model te

construeren voor de evelutie van de Muellerianella soorten {artikel 7).
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BIOSYSTEMATICS OF THE MUELLERIANELLA COM-
PLEX (HOMOPTERA, DELPHACIDAE), TAXONOMY,
MORPHOLOGY AND DISTRIBUTION

by

C. J. H. BOOI]
{ Depariment of Entomology, Agricultural University, Wageningen, The Netherlands)

SUMMARY

The closely related species and forms of the plant-hopper genus Musllerianella have heen
studied. In Western Europe this complex consists of three bisexual species and a
number of triploid forms which reproduce by gynogenesis. M. extruse Scott 1871 ap-
pears to be a distinct species which lives on Molinia caerulea. 1t is here taken out of
synonymy from M. fairmairei Perris 1857, which lives on Holcus lanatus. The third
species, M. brevipennis Boheman 1847, lives on Deschampsia cespitosa. Intra- and inter-
specific morphological differences in males and females are described in detail, includ-
ing geographic variation, Triploid forms, which are usually associated with M. fair-
mairei cannot be distinguished from bisexual females of this species. Distribution maps
are given for each bisexual species and for the triploid forms which are based on an
evaluation of literature data, museum collections and on 150 new samples taken all over
Europe.

INTRODUCTION

Earlier investigations on two sibling species of the genus Muellerianella
(Auchenorrhyncha, Delphacidae) have shown, that this genus is highly
interesting for biosystematic and evolutionary studies. DrosorouLos
(1976, 1977) discovered that the excess of females, which is often found
in populations of M. fairmaire: is caused by triploid females which coex-
ist with M. fairmaire: and reproduce by gynogenesis (pseudogamy). This
mode of reproduction, which is very rare in insects (WHITE 1978), is
asexual, but the eggs can only develop after the female has been in-
seminated by a male of a related bisexual species. From crossing experi-
ments DrosorouLos (1978) concluded that these triploid gynogenetic
forms arcse by hybridization between M. fairmairer and M. brevipennis.
The ecological differences between these two bisexual species have been
extensively studied by Drosorouros (1977). However, most of his work
has been based on populations from only two localities in the Nether-
lands, and many questions were left open.

The striking similarity between the species of this genus has led to
great confusion in the past. In the autumn of 1978 we found that M.
extrusa, previously being regarded identical with M. fairmairei {living on
Holcus lanatus), represents a distinct species which lives on Molinia
caerulea. Moreover, no rcliable differences were known between females
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TAXONOMY AND DISTRIBUTION OF MUELLERIANELLA

of the Muellerianella species. The complexity of the genus is further in-
creased by extensive variation between triploid females which resemble
M. fairmazre:.

For the understanding of the evolution of this complex of bisexual
and asexual forms much information is needed. Since the process of
speciation and differentiation 1s very complicated, all relevant aspects
should be studied.

Ideally, one should have information on past and present distri-
bution, detailed morphological descriptions including geographic vari-
ation, ecological data on hostplants, habitat and phenology, infor-
mation on pre- and postmating isolation mechanisms, results of hybridi-
zation experiments, detailed descriptions of karyotypes, and data on
biochemical (allelic) differentiation (WrrtE, 1978).

Although it is hardly possible to obtain all this information even for a
small number of species, we have tried to apply this multidisciplinary
approach in our studies on the genus Muellerianella, without going into
much detail or being too superficial.

The work of DrosopouLos (1976, 1977, 1978) formed a good starting-
point to extend the work to a wider geographic scale and to go more
deeply into some special problems. The results of the investigations of
last years will be presented in a series of papers of which this is the first.
In the present paper, a taxonomic revision of the genus is given, mor-
phological differences between the species are described and distri-
butional data are evaluated. Later papers will give information on eco-
logy, acoustic behaviour, hybridization, cytogenetics and on the eco-
logical differentiation and coexistence between bisexual and asexual
forms.

NOMENCLATURE

Present knowledge of the Muellerianella complex necessitates some cor-
rections in the nomenclature of this genus. Because the sibling species
M. extrusa and M. fairmairer have not been recognized in the past,
several unjustified synonyms have been made.

The genus Muellerianella was erected by Wacener (1963). Two species
were recognized: M. fairmairei Perris 1857 and M. brevipennis Boheman
1847. Recently a third species has been described from the Caucasus,
named M. relicta Logvinenko 1976.

Previously, the name M. fairmairei has been used for the species living
on Holcus, the species which lives on Molinia caerulea, and for triploid
females which cannot be distinguished from the Holcus-species. The
original description of M. fairmairei Perris 1857 was based on one
female which was taken from La Teste (near Bordeaux), France. [
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C. J. H. BOOJ]

examined this female which is deposited in the zoological museum of
the Ecole National Supérieur d’Agronomie in Montpellier. It strongly
resembles thebisexual species which lives on Holcus but it might also be a
triploid female. Because it is impossible to discriminate between di-
ploid and triploid forms in museum-material, the taxonomic identity of
the holotype cannot be determined with certainty.

Since the nomenclature for parthenogenetic organisms is proble-
matic and the biological species concept cannot be applied to par-
thenogenetic forms, it seems best to preserve the name M. fairmaire:
Perris 1857 for the bisexual species which lives on Helcus lanatus. In
order to prevent confusion in the future we have deposited two labeled
males of the species from Holeus with the holotype female in the Perris
collection.

Nast (1971) listed three other names as synonyms for M. fairmairei :
Delphax neglecta Flor 1861, Liburma extrusa Scott 1871 and Delphax fair-
matret signicollis Rey 1894,

The description of Delphax neglecta is based on a series of specimens
from the Eastern Baltic. No holotype was designated. Unfortunately the
type material contains a mixture of males and females of M. brevipennis
and a number of females which resemble “M. fairmaire” (Vilbaste pers.
comm.). Therefore D. neglecta was listed as a synonym for both M.
brevipennis and M. fairmairei by Nast (1971), which is not justified how-
ever. Since the bisexual species from Holcus probably does not occur in
the Eastern Baltic, the “Ad. fairmaires” females in the type series may
belong to the species from Molinia or they might be triploid gynogenetic
females. Since in the original publication of FLor {1861) both males
and females of M. brevipennis are described and the unclear females in
the series cannot be easily identified, I prefer to regard the name AM.
neglecta as a synonym for M. brevipennis Boheman 1847. On my request
Dr. Vilbaste designated one M. brevipennis male in the type series as
lectotype for D. neglecta. The type series is in the Museum of Tartu
(Estonia).

The second name which has been published as synonym for M. fair-
matrer is Liburnia extrusa Scott 1871. Males and females of Liburnia extrusa
were described from England. The type material is stored at the British
Museam (Natural History), London. Examination of these series re-
vealed that the holotype and paratypes belong to the species from Mo-
linta. Therefore the name Liburnia extrusa is not a synonym of M., fair-
maire: and the name for the species from Molinia should be Muellerianella
extrusa Scott 1871.

The present nomenclature for the bisexual species of the genus Muel-
lerianella should be as follows:

1. Muellerianella brevipennis Boheman 1847, originally described as Del-
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TAXONOMY AND DISTRIBUTION OF MUELLERIANELLA

phax brevipennis Boheman 1847, Other previously used invalid names
for this species are: Fulgora flavescens Fabricius 1794 (primary ho-
monym), Delphax bivittata Boheman 1850, Delphax hyalinipennis Stal
1854, and Delphax neglecta Flor 1861. _

2. Muellerianella_fairmaire; Perris 1857, originally described as: Delphax
firmairei Perris 1857,

3. Muellerianella extrusa Scott 1871, originally described as Liburnia ex-
trusa Scott 1871.

4. Muellerianella relicta Logvinenko 1976.

With regard to the triploid gynogenetic forms a lot of difficulties arise
in naming these taxa. Since the biological species concept is based on
the presence or absence of interbreeding between populations it cannot
be applied appropriately to asexual reproducing organisms (MasLin
1968, Mavr 1969, Warre 1978). Following ScuHurtz (1969) the
common triploid forms which coéccur with M. fairmairei, were called
M 2-fairmairei-brevipennis by Drosopouros (1977). In this name the
possible hybrid origin of the triploid forms is incorporated. Triploid
forms were obtained after hybridization and backcrossing of M. fair-
mairer and M. brevipennis (DrosorouLos 1979). Despite of extensive cros-
sing experiments the synthesis of triploid females could not be repeated
however (Boorj in prep.). If the hybrid character of the triploid forms
can be confirmed by biochemical methods the terminology proposed by
DrosorouLos (1977, 1979) scems to be appropriate. On the other hanc
there is much variation between triploid Muellerianella clones (this
paper and Boorj in prep.). Some triploid forms might have evolvec
from hybridization between M. brevipenmis and M. extrusa or even by
autopolyploidy. As long as the genetic structure of the different triploic
forms is not fully understood, I prefer a very neutral terminology. Ir
this paper the term “‘triploid form™ or ““triploid females” will be used for al
triploid gynogenetic females which resemble M. fairmairei morpholog-
cally.

TABLE I
Simplified overview of the Muellerionella complex as it is known at present.

M. brevipennis M. extrusa M. fairmairet  Triploid forms
hostplant Deschampsia cespitosa  Molinta caerulea  Holeus lanatus  Holeus lanatus
wintereggs in - Deschampsia cespitosa  Molinta caerulea  Juncus effusus  Juncus effusus
generations/year 1-2 1 14 1-2
distribution temperate and  temperate and atlantic- atlantic

northern Furope northern Europe mediterranean
reproduction bisexual bisexual bisexual gynogenetic
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The basic biological features of M. brevipennis, M. fairmairei, M. ex-
trusa, and the triploid forms are given in Table 1. In the rest of this
paper names of these species and forms wﬂl be abbreviated as Mb, MY,
Me and M3 respectively.

MORPHOLOGY

In several genera of Delphacidae like Favesella, Muellerianella, and
Ribautodelphax, species can only be distinguished by examination of the
male genitalia. Although even small differences between species tend to
be very constant and characteristic, one should bear in mind that even
genital characters can reveal considerable variation due to geogra-
phical or environmental factors. This has been shown for several leathop-
per-species (LEQUESNE and WooDROFFE 1976, MULLER 1956). Iden-
tification of females of Muellerianella is very difficuit. Differences in the
form of the gonocoxae and genital scales, as used by (OsstaNNINILSSON
(1978) for Favesella and Ribautodelphax, were found not to be suitable.
The gonocoxae are too variable and genital scales are reduced.

The high similarity between Me and M/, the difticulties in identitying
females, and the association of M3 and M in the field which are mor-
phologically extremely alike, necessitated a detailed morphological
analysis. The availability of material from different parts of Europe
made it possible to include geographic variation in the analysis. Me has
been studied in less detail because this species was discovered after most
of the morphological studies and collecting had been done.

Methods

For morphological investigations males and females were collected by
hand from their hostplants in the ficld. In some cases fieldcollected third
to fifth instar larvae were reared to adults under optimal conditions in
the laboratory. For females, mainly freshly killed material was used
because triploid females and diploid (bisexual) females can only be
discriminated by cytological methods. These methods, developed by
Drosorouros (1977) and improved afterwards, will be described in
detail in a future paper. Most of the males were measured after moun-
ting. Apart from overall length and the clarity of pigmentation patterns,
the characters used are hardly affected by longer preservation. Measure-
ments and observations were made with a binocular microscope {Wild
M5) at 50 X magnification and a stereo microscope (Leitz-Dialux 20
EB) at 100 X and 400 X magnification. The measuring-fault of size
characters was maximal 0.01 mm for head-width, spur-length, and
length of the ovipositor-saw, and maximal 0.02 mm for the other size
characters.
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Genital characters have been studied after maceration at 100° C in
20%, KOH for about 5 minutes or at 60° C in 509, lactic acid for
several hours.

Figs. 1-4. Some quantitative characters used for morphometrics in Mugllerianella. 1,

head-width (a}, thorax-width (b), and thorax-length (c). 2, winglength and number of

hairspots on veins. 3, length of hind-tibia. 4, sawblade of the ovipositor: length, number
of sensillae at base, number of teeth,

Morphology of females

Because no reliable differences between females were known, the mor-
phology of females was studied in great detail. From a variety of 45
characters which were examined in some test-series of Mb and Mf, 28
were found to be suitable for final analysis. These characters are partly
quantitative, like size-characters and meristic characters (Figs 1-4), and
partly qualitative like colour and pigmentation characters (Figs 5-20).

After examination of many females it appeared that M5 females can
be easily distinguished from Me, Mf and M3 females by several qualita-
tive characters which are listed in Table 2. Most A1 females are darker.
than females of the other species and the pigmentation patterns are less
clearly demarcated and not contrasting with the ground-colour. The
pigmentation on the genae differs most characteristically (Figs 5-10),
but also the pigmentation on the frons and the abdomen can be used to
distinguish Mé. In macropterous females, which are always intensively
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TABLE 2
Qualitative morphological characters which differentiate females of M. brevipennis
from females of M. extrusa, M. fairmairei and triploid forms.

M. brevipennis M. extrusal M. fairmairei/triploids
genae pigmentation vague, not extending to contrasting, extending to
base of dntennae base of antennae
dark streak between always absent always present
eyes and keels
frons pigmentation vague, mottled, without = weakly developed or with
a distinct pattern a distinct pattern
eye colour black-brown with greenish reflection
ocellus spot small, circular often extended, rectangular
abdomen pigmentation with broad, dark lateral lighter with pattern of
bands. stripes and spots.
inner wing margins semi-transparant white

pigmented, the pigmentation on the head is most pronounced: Further-
more females of Mb are on average smaller than females of Mf or M3,
but larger than females of Me (Table 3). However, in most size charac-
ters there is considerable overlap, and only head-width and length of
the hind-tibia can be used to discriminate females of Muellerianella (Fig.
21). From this figure it can also be seen that Me females can be dis-
tinguished from Mf females by the length of their hindtibia. Since large
females of Me can be easily confused with small females of Mf or M3
one should be cautious to use this character. Differences in colour or
pigmentation patterns could not be found between Me, Mf and M3.
The score of 28 characters for many individuals of Mf and M3 in
samples from Ireland and the Netherlands did not yield any differences
which could be used to distinguish these females. Although the mean
value of several characters differed significantly between M3 and Mf
females, the ranges are strongly overlapping (Table 4). Moreover some
differences which were found in Ireland, appeared to be absent or re-
versed in the Dutch sample. From table 3 and 4 it can be seen that some
characters might indicate whether a female is more likely to be a A3 or
a Mffemale. These are: head-width, thorax-width, number of hairspots
on the wings, number of sensilla on base of the ovipositorsaw and
number of teeth on the ovipositorsaw, Two of these characters have
been assessed in a great number of animals from different sites in the
Netherlands. It appeared that in all samples the mean winglength of
M3 females is significantly shorter than that of Mf females {M/f: 1.56 L
0.11 mm (n = 187) and M3: 1.50 4 0.11 mm (n = 356), t = 6.04, P
< 0.001) and that the mean number of hairspots was higher in Af than
in M3 females {MJ: 35.5 4 6.0 (n = 178) and M3: 26.8 +- 4.7 (n =

9
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Figs. 5-10. Pigmentation patterns on the genae of Muellerianella species, Figs. 57 M.

brevipennis. 5, light specimen. 6, average specimen. 7, dark specimen. Figs. 8-10 M,

extrusa, M. fairmairei and triploid forms. 8, light specimen. 9, average specimen. 10, dark
specimen,

347),1 = 16.9, P < 0.001). However, the variation within and between
samples is so great that the diagnostic value of these characters is too low
to be useful.

Some differences found, can be interpreted as evidence for the hypo-
thesis that M3 arose by hybridization between Mf and Mb. Thorax
width, head-width, wing-length, number of hatrspots on the wings,.
number of sensillae and teeth on ovipositorsaw are on average inter-
mediate between Mf and Mé (table 3). However, the length of hind
tibia and of the ovipositor tend to be longer in M3 than in Mf whereas
they are shorter in Mb. '

Apart from the most commeon triploid forms which live on Holeus

1




TAXONOMY AND DISTRIBUTION OF MUELLERIANELLA

Figs. 11-14. Pigmentation patterns on the frons of Muellerianella species. Figs. 11-12,
M. brevipennis. 11, average specimen. 12, dark specimen. Figs. 13-14, M. fairmairei, M.
extrusa and iriploid forms. 13, average specimen, 14, dark specimen.

some clones were found on other hostplants (M3 071, 072, 073). These
clones were found to differ in several size characters from the common
clones. The clones from Bromus ramosus and Deschampsia flexuosa had a
smaller headwidth and shorter legs, and can be easily confused with
Me-females.

mean mean
head-width  hindtibia-length

M3 Holcus lanatus 0.79 1.08 (n = 85)
M3 Bromus ramosus 0.75 0.90 (n = 10)

M3 Deschampsia flexuosa 0.76 (.91 (n = 10)

For 24 characters measured in Mf and M3 (including those presented
in Tabie 4), coéfficients of variation have been calculated in order to
compare the degree of variation between M3 and Mf. Of the 24 coéf-
ficients calculated, 8 were greater in Mf, 10 were greater in M3 and 6
were about the same in M3 and M/, From this we can conclude that the

12
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Figs. 15 20. Pigmentation patterns on abdomen of females of Muellerianella species.
Figs. 15-17 M. extrusa, M. fairmairei and triplotd forms. 15, dark specimen. 16, average
specimen. 17, light specimen. Figs. 18-20 M. brevipennis. 18, dark specimen. 19, average

specimen. 20, light specimen.
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Fig. 21. Diffcrences in some size characters between females of M. extrusa {Me), M. brevi-
pernis (Mb), and M. fairmairer (Mf). Based on material from different parts of Europe.

13



TAXONOMY AND DISTRIBUTION OF MUELLERIANELLA

TABLE 4
Morphological differences between females of M. fairmairel and triploid fermales in
samples from Glengarriff {Ireland) and Leersum (The Netherlands), -Means and
standard deviations are given. An asterix indicates that the difference between Mf and
M3 is significant at least at the 0.05%, level.

Glengarriff Leersum
M. fairmairei Triplovds M. fairmairel Triploids
{n = 25) {n=13) {n = 24) {n = 60)
overall length 3.66 1~ 0.14 374 £ 0.18  3.53 4+ 0.18 3.4l L 0.16*
thorax length 0.77 + 0.04 0381 4 0.04* 0.75 £ 005 0.75 + 0.04
thorax width- 0.86 + 0.04 0.89 4 0.03* 0.87 4+ 0.03 0.89 4 0.03*
head width 0.78 +£ 002 0.8l + 0.02* 077 + 0.02 0.77 + 0.02
length fore tibia 0.75 £ 003 077 + 0.04 0.74 £ 0.04 0.71 &+ 0.04*
length hind tibia 1.10 + 0.04 1.16 4 0.05* 1.07 4 0.04 1.05 L 0.05*
wing length 1.55 £ 0.09 1.64 £ 0.10* 1.59 + 0.09 1.50 4 0.08*
ovipositor length 085 + 003 086 4+ 005 0.84 + 002 0.86 & 0.04
no. wing hairspots 619 + 8.3 595 4 6.7 594 + 9.7 470 + 7.6*
no. ovip. sensillae 25.1 &+ 3.1 225429 2.1 424 184 4 1.6%
no. ovip. teeth 293 £23 255 £ 1.8 288 L 33 242 L 21*
no. spur teeth 13.4 + 2.7 145 + 2.3 15.0 + 1.7 145 + 1.7

morphological variation is of the same magnitude in Mf as in M3. Thus
there is no evidence for more morphological homogeneity in M3 despite
of the clonal structure of M3 populations.

Morphology of males

In spite of characteristicdifferences in genital structures between males
of the Muellerianella species, there has been much confusion in the past,
expecially because Me andMf have not been distinguished.

At present the morphological differences. between the species are
quite clear. Males of Mb are easily recognized by the longer median
spine on the aedeagus which is bent to the right as drawn in Figure 24.
The form of the aedeagus of M. relicta (Fig. 25), which has been de-
scribed by LogvINENKO (1976), suggests that this species is closely re-
lated to AMb. In contrast to Mb and M. relicta, the median spine of the
aedeagus of Mf and Me is bent to the left side (Figs 22, 23). Although
the length is rather variable, it is generally shorter than in Mé. The
males of Me and Mf can be reliable distinguished by the position of the
right spine of the acdeagus, which is directed downward and more to
the side in Mf (Fig. 23). In Me this spine is directed forward and more
upward (Fig. 22). The right spine is more variable and smaller in Mf
than in Me.

As shown in Figures 26-28, the lateral concavity of the genital cap-

14
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s
649,
GiD

Figs. 22-25. Various views of the acdeagus of the Muellerianella species. 22, M. extrusa.
23, M. fairmairei. 24, M. brevipennis. 25, M. relicta (redrawn after Logvinenko, 1976).
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26 27 28

0.5 mm

Figs. 26-31. Genital segments and parameres of the Muellerianella species. Figs. 26-28
Genital segments. 26, M. brevipennis. 27, M. exirusa. 28, M. fairmairei. Figs. 29-31 Para-
meres. 29, M. brevipennis. 30, M. extrusa. 31, M. fairmairei,

sule formed by the caudal margin is deeper in Mé than in the other
species. In Me the lateral concavity tends to be somewhat deeper and
more angular than in Mf (Figs. 27, 28}, but this difference is not fully
reliable due to variation. The dorso-caudal projection of the genital
capsule is sharp and pom ted downward in Mb, while it is blunt and not
pointed downward in Me and M/ (figs. 26-28).

In Figures 29-31 the most common form of the parameres is given
for each species. However, since there is considerable variation within
and between populations (see below), and the observed form depends
on the angle at which it is viewed, these forms are not reliable for
identification,

Males of Mb, Me and Mf can be further characterized by a number
of size characters of which especially headwidth and length of the hind

16
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TABLE J
Size differences between males of the Muellerianella species. For all characters mean
values and standard deviations are given in mm. Material used: Me Finland, Denmark,
Great Britain, W. Germany, Ireland and the Netherlands; M) Spain, Yugoslavia,
Andorra, France, the Netherlands, Ireland and Denmark; M¥ Poland, Ireland, Yugo-
slavia, France, Denmark, Sweden, Finland, Belgium.

M. extrusa M. fairmairel M. brevipennis
x 5, x S5, R x Sy n

head-with 0.65 4+ 0.03 (57) 0.68 + 0.03 (120) 0.74 + 0.03 (107}
thorax-width 0.69 4 0.03 (57} 0.72 £+ 0.03 (120) 0.79 £ 0.04 (107)
hind-tibia length 0.78 + 0.05 (57) 0.96 L 0.05 (120) 0.83 L 0.05 (107)
wing-length {(brachypter-
ous) 1.24 4+ 0.19 {57) 1.45 4+ 0.13 {120} 1.55 4 0.14 (107)
overall-length  brachyp-
ters

freshly killed 259 + 0.10 (51) 2.65 L 0.13 (42) 2.90 L 0.09 (43)

mounted 2.26 4+ 0.12 (47) 2.35 £+ 0.11 {107} 2.51 + 0.11 (107)
overall-length macropters

fresh or mounted 3.73 + 016 (11} 3.73 + 0.10{(7)  4.05 + 0.17 (12)

tibia are useful for identification {Table 5 and Fig. 32}. Pigmentation
patterns which are useful characters to distinguish females show about
the same differences in males. Especially the pigmentation of the genae
(Figs. 5—10) can be used to separate Mb from Me and Mf. Males are

head width
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Fig. 32. Differences in some size characters between males of M. extrusa (Me), M.
brevipennis (Mb) and M. fairmaire: {MI).
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generally more intensively pigmented than females and the ground-
colours are more orange-brown in stead of yellowish, especially in Me
and Mf which are often deeply orange and black pigmented.

Geographic variation in morphology

In order to study the geographic variation, material from different parts
of Europe was measured and morphologically compared. For this pur-
pose seven size characters were selected: thorax-width, thorax-length,
head-width, length of fore- and hind-tibia, wing-length and overall-
length. From each sample both males and females were measured.
Moreover, variation in male genitalia was studied.

From the analysis of size characters, no interesting geographic trends

Figs. 33-39. Intraspecific variation in genital structures of M. feirmairei. Figs. 33-36
Parameres of specimen from S. Spain, Greece, S. Sweden, and S. France, respectively.
Figs. 37-39 Aedeagus of specimen from 8. Spain, Greece and S. Sweden, respectively.
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or patterns were found. In both males and females mean values for
characters varied between populations and although the differences
were often significant, they appeared to be very irregular and not cor-
related with macroclimatic conditions. Even on a smaller scale, for
example between Dutch populations of Mf, we found similar differen-
ces. Therefore it seems likely that the size characters are strongly in-
fluenced by local conditions (e.g. hostplant quality and microclimate).
Therefore one might doubt upon the biosystematic value of geographic
analysis of such characters in insects.

One of the populations of Me clearly deviates from the other samples
of Me. 'This sample was taken from the Castor Hanglands (Cambridge-
shire, Great Britain) by Morris. Although the measurements were
taken from alcohol material, which might slightly affect some charac-
ters, the specimens are strikingly bigger than specimens of the other Me
populations., The samples from Castor Hanglands will be further dis-
cussed in a later paper on ecology {Booy in prep.).

Male genitalia were studied in Mb and Mf from many different
populations all over Europe (Scandinavia, Ireland, The Netherlands,
W. Germany, France, Spain, Portugal, Yugoslavia and Greece). Geo-
graphic variation was found in parameres and the shape of the aedeagus.
The form of the parameres in Me and M) secems to be rather
constant, but there is appreciable geographic variation in the parameres
of Mf (Figs 33-36). However, there is much variation within popu-
lations as well.

Also the shape of the aedeagus is surprisingly constant in Me and Mb,
but quite a lot of variation was found within and between populations
of Mf (Figs 37-39). In populations from Spain, Portugal and the Azores
the aedeagus of most of the specimens reveal a strongly developed left
spine, which is nearly always less developed in populations from other
parts of Europe. The size of the median spine and the position of the
right spine show considerable variation as well, but no geographic trend
could be detected.

It 1s interesting to note that the variation found in the position and
size of the spines on the aedeagus of Mf is of about the same magnitude
as the differences between the species Mf and Me. This means that
although small difference in genital structures might be characteristic
for species, one has to be careful to describe species only on the basis of
such small differences as long as more biological information 1s lacking.

C. J. H. BoOJj

"DISTRIBUTION

Distributional data for M. brevipennis and M. fairmairer have been listed
by Nasr (1972) and subsequently discussed by DrosopouLos (1977). In
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the last few years our knowledge of the distribution of Muellerianella
species and forms has greatly increased because many new data have
been collected all over Europe. Moreover, since Mf and Me have pre-
viously been confused, older records for “M. fairmaire:” had to be re-
analysed. Several museums and specialists were requested to send ma-
terial and information. In this way part of the available material could
be traced and older records could be checked. Because females of Mf
and M3 cannot be distinguished in museum material, AMdf—like females
were considered to indicate the presence of Mf at the locality. Reliable
records for M3 can only be obtained by cytological examination. In a
few cases however, highly skewed sex-ratio’s in favour of females were
regarded as evidence for the presence of M3.

A list of all presently known records of the Muellerianelia species and
forms can be obtained on request at the authors address. This list in-
cludes all critically evaluated data from literature and museum-collec-
tions and detailed information is given on over 150 samples taken by the
author and his colleagues all over Europe from 1977-1980.

Although more information is desirable, especially from Eastern
Europe, the available data are sufficiently accurate to produce distri-
bution maps, and to suggest factors which limit the distribution of the
species. Distribution maps for the Muellerianella species and forms, and
their hostplants are given in Figures 40—46. Since the Muellerianella
species are more or less specific feeders, their occurrence is closely cor-
related with the distribution of their hostplants.

In the past Mf was considered to be more widespread and abundant
than Mb (Drosorouros 1977). This wrong impression is caused by the
confusion of Mf and Me and because M/ 1s caught more easily and in
higher numbers than Afb and Me. The latter two species live deep in the
vegetation and are rarely caught by sweepnet. When more intensive
sampling methods are used, for example a suction apparatus, it appears
that all three species can be influent or dominant at suitable localities
in the autumn (Mf: Drosopouros 1977; Me: Scuiemenz 1971; Ab:
TorMALA and RaaTiRAINEN 1976).

The distribution of M. fairmaire: is typical atlantic-mediterranean
(Fig. 40). Although Holcus lanatus extends farther N and NE, M/ seems
to be absent from places with cold winters and short seasons, like S.
Finland, Poland, the eastern Baltic, and even in submontaneous areas
of Central Europe. As far as could be checked allmost all older records
for “M. fairmairei” from Sweden, Finland and ecastern Europe (KonT-
KANEN 1947, 1950, Scuiemenz 1971, 1975, 1976, ViLpasTE 1974,
HierscH et al 1978, OssianniissoN 1978) refer to M. extrusa. Other
records from Ireland (Morris 1974) and W. Germany (Remane 1958)
refer to both species.

20




40 a1

M. fairmairei Tripicid forms

M. axtrusa M. brevipennis

=
H. lanatus M. caerulea D. cespitosa

Figs. 40-46. Distribution of the species and forms of the Muellerianella complex and their
hostplants. 40, M. fairmairei. 41, Triploid forms. 42, M. extrusa. 43, M. brevipennis.
Small solid circles indicate records from 1-3 sites, large solid circles records from 3-10
sites, large open circles not confirmed records for countries and open circles with points
indicate records of triploid forms coexisting with M. brevipennis. Specialized hostplant-
clone of triploid forms on Deschampsia flexuosa, Calamagrosiis canescens and Bromus ramoswus
are indicated by [, and [ respectively. indicates a population of M. extrasa
on Arrhenatherum elatins. Figs. 4446 Distribution of the hostplants. 44, Holcus lanatus. 45,
Mbolinia caerulea. 46, Deschampsia cespitosa.
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In spite of the recent discovery (1978) of M. extrusa, we have been
able to collect quite a lot of data for this species, from which a distri-
bution map could be produced (Fig. 42). The available data suggest
that the distribution of Me is closely correlated with that of the host-
plant Molinia caerulea. In Northern Europe Me is widespread in bogs,
moors and related habitats and presumably extends far to the east. In S.
Europe the species is probably restricted to mountainous habitats with a
humid climate. Former data of “M. fairmaire:” from Finland, E. Ger-
many, the Eastern Baltic and Russia refer to Me. Material from Sak-
halin (E. Russia) is very similar to Me {(VILBASTE pers. comm.). More
material from Siberia and Japan should be examined to see to what
extent Me is distributed in the boreal and temperate zones of the Eas-
tern Palacarctic. ,

For M. brevipenmis many reliable records are given in literature
{Kuntze 1937, KonTKANEN 1952, LogvINENKO 1975, TorRMALA and

- RaaTikaiNen 1976, LE Quesne 1960, BrrTNer and ReEMane 1977, Os-

SIANNILSSON 1978). The distribution of M. brevipennis is closely similar to
that of M. extrusa (Fig. 43). The species is widely distributed in tem-
perate and boreal regions of Europe. In southern Europe the species is
restricted to higher elevations.

M3. Since triploid forms are mainly associated with M/, the distri-
bution of M3 is closely correlated with that of Mf (Fig. 41). It has been
shown, however, that in samples of Mf from Spain, Portugal and
Greece no M3 females were found. Thus it seems that M3 extends less
southwards than M/. On the other hand M3 is occasionally found in
association with Mb in areas where Mf'is absent, like in Denmark and
in submountainous areas of Germany. It is not likely that M3 extends
much farther NE since H. lanatus becomes rarer there. it can be concluded
that the distribution of A3 1s somewhat intermediate between Mf and
Mb. The ecological and geographic relations between Af, Mb and M3
will be more fully discussed in another paper.

When the bisexual species are compared on a wider geographic scale
it can be concluded that Mp and Me are sympatric, and that Mf is
partly sympatric with Mb and Me. The degree of sympatry between AMf
and both other species is less than suggested by the distribution maps
since they occur, like their hostplants, at different altitudes in S. Europe.
Syntopic populations of Mb and Mf or Me and M/ are mainly found in
NW Europe (Ireland, Great Britain, the Netherlands, Denmark, NW
Germany).

DISCUSSION

In this paper it was shown that the species of the genus Muellerianella
can be distinguished by several small but reliable differences, most of
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which are non-genital in females. The importance of ecological and
ethological characters in systematics is illustrated by the fact that M.
extrusa and M. fairmairei were found to be distinct species because they
differ in ecology and acoustic behaviour (Booy in prep.). Only after-
wards morphological differences between these species were found.

The minor differences between M. extrusa and M. fairmaire: suggest
that these species are closely related, although morphological differen-
ces are not necessarily correlated with genetic differentiation. M. brevi-
pennisis morphologically much more diverged, and can hardly be regard-
ed as sibling species of M. fairmairei or M. extrusa, as was done before
(Drosorouros 1977). Populations of Muellerianella from Eastern
Europe, Siberta and Japan should be further studied to elucidate the
taxonomic structure of this genus completely.

As has been shown in this paper, the morphological variation of
triploid gynogenetic females, which is at least partly genetic, is just as
wide as in the bisexual females of M. fairmairei. This suggests that dif-
ferent clones are present in the field. Although these clones might have
differentiated by mutation (recombination is absent), it seems unlikely
that they all originated from one single individual and differentiated to
such an extent that they could adapt to the variety of habitats and
climates in all parts of Europe where they occur now. Presumably they
arose several times,

The extensive variation found between triploid forms, makes it very
unlikely that morphological characters can be used to distinguish M3
from Mf. At this moment cytological examination is indispensable for
the recognition and discovery of M3 females in samples of Muellerianella.

It seems likely that most of the thelytokous reproducing animals are
of hybrid origin (Waxrre 1978). From crossing experiments, Droso-
pouLos {1978) concluded that the triploid gynogenetic forms of Muel-
lerianella arose by hybridization between M. fairmaire: and M. brevipen-
nts. The fact that some morphological characters are intermediate be-
tween these species supports this hypothesis, but most other characters
are not intermediate. Much stronger evidence for a hybrid origin is
formed by the distribution of the triploid forms. They occur mainly in
the region where the bisexual species are sympatric, and they extend
their range somewhat NE by accepting M. brevipennis as host species,
where M. fairmairei is absent. If these triploid forms are of hybrid origin
indeed, 1t seems likely that they arose when M. fairmairei and M. brevi-
pennis became sympatric after the extension of Holeus lanatus 1o the
North. Since this extension is closely correlated with the evolution of
anthropogenic grasslands in Europe (ScHoLz 1975), it is possible that
these forms are not older than a few thousand years. The ecological and
geographic relations between M. brevipennis, M. fairmairei and triploid
forms will be further discussed in later papers.
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