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In this paper data on biology, song and distribution of Zeuneriana marmorata are
summarized. There has been some confusion on the exact distribution, but the spe-
cies seems to be restricted to the coastal area of northern Italy. We have found data
from six exact localities only. The species was thought to be extinct, but after 50 years
it is now rediscovered near Monfalcone. Information on the song is published for the
first time.
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INTRODUCTION

The genus Zeuneriana has been erected by RAMME (1951), who in-
cluded marmorata (type-species) and the closely related amplipennis
(Brunner von Wattenwyl, 1882). Later abbreviata (Serville, 1839) and
burriana (Uvarov, 1935) have been added by Harz (1966, 1969). Prau
(1986) suggests, using song characters, that Zeuneriana could form a
monophyletic group with some Metrioptera species. Although
Zeuneriana is now being considered as a subgenus of Metrioptera by
some authors (HELLER, 1988; RAGGE, 1990), we follow the recent check-
list of Italian Orthoptera (FAILLA ef al., 1994), in which Zeuneriana is
treated at generic level.

In this paper the records on the recent and present distribution of
7. marmorata are reviewed and some morphological characters, its habi-
tat and its previously unknown song are described. We hope the infor-
mation presented in this paper will show the urgent need to save this
interesting, rare and most vulnerable species from ultimate extinction.

Zeuneriana marmorata (Ficber, 1853)

Platycleis marmorata Fieber, 1853: 259 (female holotype; Illyrien); Fieber, 1854: 76;
Krauss, 1878: 526 (partim); Brunner v. Wattenwyl, 1882: 361; Redtenbacher, 1900:
124 (partim); Padewieth, 1900: 24 (partinz); Yacobson & Bianchi, 1905: 415
(partim?).

Chelidoptera marmorata : Kirby, 1906: 212,
Metrioptera marmorata . Caudell, 1908: 32; Ramme, 1939: 109, fig. 36-37.
Sphagniana marmorata : Zeuner, 1940: 44; Giordani Soika, 1949: 66.

Zeuneriana marmorata : Ramme, 1951: 256, fig. 62,70, Beier, 1955: 248, fig. 10; Nadig,
1961: 292; Harz, 1966: 29; Us, 1967: 20 (partim); Harz, 1969: 318, fig. 647, 650,
990, 993-995; Nadig, 1987: 301; La Greca, 1993: 21, 43; Failla e al., 1994: 9.

Metrioptera (Zeuneriana) marneorata : Heller, 1988: 118.

DISTRIBUTION

Material examined - Bistrigna, Schatzm., 3 females and 2 males,
Coll. Mus. Civ. St. Nat. Trieste; 1 female, Coll. La Greca; Monfalcone,
Friuli, 24.VIL.38, Marcuzzi, 3 females and 3 males, Coll. Mus. Civ. St.
Nat. Trieste; 1 male, Coll. La Greca; Bonifiche Aquileia Terzo, VII.1932,
1 male, Coll. Mus. Civ. St. Nat. Trieste; Foci dell' Adige, 1 female, Coll.
La Greca; Lisert, 2 km south-east of Monfalcone, 16.VI1.1996 leg R.
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Fig. 1 - Male of Zeuneriana marmorata (Fieber) in its natural habitat, Lisert, 2 km South
of Monfalcone (Friuli-Venezia Giulia). Photo Roy Kleukers, 16-VII-1996.
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Fig. 2 - Female of Zeuneriana marmorata (Fieber). Lisert, 2 km South of Monfalcone
(Friuli-Venezia Giulia). Photo Paolo Fontana, 16-VII-1996,
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Fig. 3 - Habitat of Zeuneriana marneorata (Fieber). Reed-land at Lisert, 2 km South of
Monfalcone (Friuli-Venezia Giulia). Photo Paolo Fontana, 16-VII-1996.
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Kleukers & P. Fontana, 3 males, Coll. . Willemse, 1 female and 2
males, Coll. P. Fontana; Lisert, 2 km south-east of Monfalcone,
21.VIL.1996 leg R. Kleukers, 1 male, Coll. F. Willemse; Lisert, 2 km
south-east of Monfalcone, 25.VI.1996 leg. P. Fontana, A. Galvagni, R.
Kleukers, 1 female and 1 male, Coll. F. Willemse, 2 female and 1 male,
Coll. A. Galvagni, 2 males, Coll. P. Fontana.

Literature - Fieber’s original record and type-locality reads «lllyrien»,
a Roman name used for an area reaching from northern Croatia through
Bosnia-Hercegovina and Dalmatia to northern Albania. The second
record of Z. marmorata was given by Krauss (1878) referring to material
collected in Semlin (= Zemun, near Beograd), present in the ‘kais. Mu-
seum’ (now: Naturhistorisches Museum Wien). At the same time he
mentions that Brunner von Wattenwyl collected the species in «Chioggia
(Venezia)» (in the 1860’s and deposited in Brunner’s collection, now
also at the Naturhistorisches Museum Wien). Furthermore Krauss indi-
cates that the species might be found in Istria. BRUNNER VON WATTENWYL
(1882) acknowledges that the specimens from Chioggia belong to
marmorata, at the same time describing the specimens from Semlin as
amplipennis sp.n. Since Brunnet’s publication distribution data on
marmorata have been quite confusing. Repeatedly Istria and Semlin or
its wider area Vojvodina (Beograd) have been named as localities of
marmorata (e.g. PADEWIETH, 1900; REDTENBACHER, 1900; Us, 1967), ap-
parently referring to Krauss’s data. HArz (1969) even mentions Sardinia,
referring to Costa (1882). However Costa A. (1882: 7, 22) mentions
Porthetis marmorata Burm. and Porthetis (Pamphagus) marmorata Burm.
(1883: 53) and not Zeuner’s Platycleis marmorata (Fieber).

Finally NADIG (1987), quoting GIORDANI SoIKA (1949), states that
the species was found near Chioggia by Gridelli. However, Giordani
Soika remarked that Chioggia is the type-locality of marmorata and
Gridelli found the species near Aquileia.

Another question is the localisation of the type-locality. Fieber’s
«Illyrien» refers to a large area of former Yugoslavia, west of and
excluding the area of Beograd from where amzplipennis is known. Most
authors consider Chioggia to be the type-locality, but this area is not
covered by Illyrien and is thus incorrect. Chioggia is no more than the
first precise locality where marmorata has been found, and from which
the first male has been described (BRUNNER VON WATTENWYL, 1882).

Present distribution - From the scarce data from entomological col-
lections and literature it is evident that Z. mzarmorata has always been an
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extremely local and rare species. The last record in literature dates back
to GIORDANT So1kA (1949) and the species was thought to be extinct
(NADIG, 1987). However, in 1996 we discovered a large population in
the wetland of Lisert (Gorizia, Friuli-Venezia Giulia, Italy), 2 km south-
east of Monfalcone (25 km northwest of Trieste). We guess that on the
circa 2 km? large area more than a thousand individuals were present.

Conclusion - From the available data we conclude that Z. marmorata
is indeed an endemic species in the coastal part of northeastern Italy, in
agreement with NADIG (1987) and FATLLA ef al. (1994). As the presence
of marmorata in «lllyrien» has never been confirmed, we tentatively
exclude this area from the range of marmorata. The range covers six
localities in the area from the Adige river in the south to Lisert in the
north (fig. 4). It is possible that the old records from Monfalcone coin-
cide with the recent records from Lisert, in which case the total number
of localities is reduced to five.

MorprHOLOGY

Habitus of male and female as in fig. 1 and 2. As several authors
(RAMME, 1939, 1951; BEIER, 19535; HaRZ, 1969) have given detailed in-
formation on the morphology of Z. marmorata, we abstain from a for-
mal description. Here we concentrate on the male cercus, titilator and
stridulatory file which have as yet been insufficiently described.

Male cercus remarkably short, inflated, largely covered by last tergite,
with a relatively wide base that broadly projects medially; extending and
narrowing medio-dorsally into a flap which is recurved and terminates
into a strong, hook-shaped tooth. Apex of cercus finger-like, slender,
cylindrical as long as main body of the cercus, slightly excurved, pointing
latero-distally with smoothly rounded tip (fig. 5 A-D).

Titilator with apical parts in posterior view basally separated from
each other, distally touching and apically slightly divergent; in lateral
view slightly recurved and conical; posterior surface of apical parts
smooth, anterior and medial sides spinulose distally, tip rounded with
lateral, apical and medial surfaces strongly spinulose (fig. 5 E-F).

Stridulatory file of left male elytron as in fig. 6 A-C, length almost 3
mm, distal end not reaching hind edge of elytron; in proximal 5/6 part
40-50 teeth, roughly regularly spaced 16 teeth per mm, in distal 1/6
teeth gradually decreasing in width and increasingly closer set; file seen
in profile almost straight to slightly concave.
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Fig. 4 - Distribution of Zeuneriana marnorata (Fieber), based on collection material
and literature examined by the authors, 1; Foci dell' Adige (Coll. La Greca); 2: Chioggia
(BRUNNER VON WATTENWYL, 1882); 3: Aquileia (Giorpant Soika, 1949), Bonifiche
Aquileia Terzo (Coll. Mus. Civ. St. Nat. Trieste); 4: Monfalcone (Coll Mus. Civ. St.
Nat. Trieste); Bistrigna (Coll. Mus. Civ. St. Nat. Trieste); 5: Lisert, 2 km South-East of
Monfalcone (Coll. Galvagni, Coll. Fontana and Coll. Willemse).

Hasrtat

According to RaMME (1951) both Z. marmorata and Z. amplipennis
occur almost exclusively in very wet habitats, mostly in Carex and Juncus
vegetation near the water’s edge. Whereas Z. amplipennis was found
inland along rivers (ADAMOVIC, 1967), Z. marmorata seems to be con-
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Fig. 5 A-F - male Zeuneriana marmorata (Iieber). Lisert (Friuli-Venezia Giulia, Italy);
A: right cercus in dorsal view; B: apex of right cercus; C: left cercus in antero-ventral
view; D left cercus, tooth of media-dorsally pointing tooth; E: titilators, latero-dorsal
view from the left; F: titilators, posterior view,

Electron microscope (Cambridge Stereoscan 250) photo’s by Paolo Fontana.
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Fig. 6 A-C - stridulatory file of Zeuneriana narmorata (Fieber). Lisert (Friuli-Venezia Giulia,
Italy); A: overview of file; B: detail of central part of file; C: detail of central part of file.
Electron microscope (Cambridge Stereoscan 250) photo’s by Paolo Fontana,



R. KLEUKERS, P. FONTANA & B. ODE: Zeuneriana mariorata (Fieber): ... 73

fined to wet reed-land near the sea. GIORDANI Soika (1959) says Z.
marmorata is a characteristical species of reed-land. This view is con-
firmed by the newly discovered population south of Monfalcone. The
population inhabits wet, open reed-land, bordering the sea. The un-
dergrowth consists mostly of a dense Juzncus vegetation. In winter the
waterlevel is very high and floods most of the plain. We found males
especially in places were the reed and also the undergrowth was more
dense. The males sat mostly low (< 50 cm) in the vegetation, sometimes
higher (up until 2 m).

The species which were found in the same habitat as Z. marmorata
are mostly typical wetland species (table 1). The occurrence of the very
rare Chrysochraon dispar giganteus Harz, 1975 is remarkable.

Table. Species found in reed-land habitat of Z. marmorata at Lisert

Xiphidion discolor (Thunberg, 1815)
Pteronembius heydent (Fischer, 1853)
Moicropodisma salamandra (Fischer, 1854)
Pezotettix giornae (Rossi, 1794)

Tetrix subulata (Linnaeus, 1758)

Tetrix cf. ceperoi (Bolivar, 1887)

Tetrix tenuicornis (Sahlberg, 1893)
Aiolopus thalassinus (Fabricius, 1781)
Parapleurus alliaceus (Germar, 1817)
Chrysochraon dispar giganteus Harz, 1975
Omocestus rufipes (Zetterstedt, 1821)
Chorthippus parallelus {Zetterstedt, 1821)

SonNG

Recording and analyses - The song of Zeuneriana marmorata has
been recorded in the field as well as in the studio, with air temperature
between 25 and 30 °C. All 8 recorded specimens are from the popula-
tion described in this paper. Males were recorded both isolated, as well
as close to another male or (once) close to a female. All recordings were
made with a DCC-recorder (Philips DCC170 and DCC175) and Shure
or Sony condensor microphones. This yielded in recordings with a fre-
quency respons of between 20 Hz and 18 kHz.

Analyses have been performed with the computer on sampled (44,1
kHz, 16 bits) fragments from the original recordings. No apparent loss
of frequency respons is to be expected from this technique.
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Song terminology (according to RAGGE, 1990)

Calling song: the song produced by an isolated male.

Syllable: the sound produced by one complete opening and closing
movement of the forewings. In Platycleis s.1. and Metrioptera s.1. two
distinct types of syllables may be produced, differing in duration. The
longer, more normal ones are termed macrosyllables and the shorter
ones, usually lasting less than 10 ms, microsyllables.

Hemisyllable: the sound produced by one unidirectional movement
(opening or closing) of the fore wings.

Echeme: a first-order assemblage of syllables.

Song description - The song of Zeuneriana marmorata is very loud
and can be heard over distances of over 30 meters, In the field indi-
viduals were observed singing for long periods (more than 15 minutes)
without a break and insects which were kept indoors sang almost con-
tinuously, day and night.

The calling song consists of long sequences of echemes repeated
fairly regularly at the rate of about 2,5-3,5/s (fig. 7 A). Each echeme is
composed of about 5-7 (macro)syllables, which become gradually louder
during the course of an echeme (fig. 7 D). Usually only the closing
hemisyllables are loud (and visible in the oscillograms), opening
hemisyllables are quiet or absent. Within audible range the dominant
frequencies of the song are between 7 and 15 kHz.

In confrontation with the nearby song of other males the calling
song may be changed in one of the two following ways:

—  two males start singing alternately (fig. 7 B). This interaction be-
tween two individuals has frequently been heard in the field. Al-
though often continuously repeated it marks the transition between
the calling song and rivalry song (below). A regular alternating pat-
tern (as shown in fig. 7 B) might be explained by temporary mutual
inhibition of singing (JONES, 1966).

—  one or more males start producing longer echemes of up to 500 ms
(fig. 7 C, E). Often the syllabic structure in these echemes is changed.
Part of the syllables is markedly shorter than with the calling song.
These may called microsyllables, although they seem to vary in
number and duration. Frequently a prolonged echeme only con-
sists of macrosyllables. The syllable rate remains unaltered in
echemes with or without microsyllables. This song type can be re-
ferred to as rivalry song.

No distinct courtship or other apparent change in the calling song
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was noticed when a male was close to a female. Only some irregulari-
ties could be observed, possibly due to disturbance of the male by the
presence of the female.

Discussion

The range of Z. marmorata is very small, extending over a narrow
area of 120 kilometres long, from the Adige river in the south to
Monfalcone in the north. Within this area the species is, since its de-
scription in 1853, recorded from six localities only. Although the spe-
cies was thought to be extinct, it was rediscovered in 1996 near
Monfalcone. The habitat seems to be confined to wet reed-land near
the sea. An extensive search in reed-marshes along the Adriatic coast
might bring other remaining populations to light.

Because of its extreme rarity and the vulnerability of its habitat, Z.
marmorata can be considered to be one of the most threatened insect
species of Europe. Therefore the species should be added to the Euro-
pean list of threatened invertebrates (HELSDINGEN et a/., 1996) and ac-
tively protected.

The song of Zeuneriana marmorata, up to now unknown, agrees
broadly with that of several species of the Metrioptera and Platycleis
group, although it is comparatively loud. The calling song is particu-
larly similar to that of closely related species, e.g. Zeuneriana burriana
and Z. abbreviata. As with marmorata these two species occasionally
produce long echemes. In Z. marmorata long echemes clearly are not a
part of calling song. They are only produced by males influenced by
the song of another male. This has also been suggested by RAGGE &
ReYNOLDS (in press) for Z. burriana and Z. abbreviata. In many other
species (e.g. Metrioptera saussuriana) long echemes in male calling song
occut even without interaction with conspecific males. RAGGE &
ReynoLDs (in press) find clear microsyllables in long echemes of Z.
burriana and Z. abbreviata. By contrast Z. marmorata only seems to pro-
duce long echemes without clear microsyllables.

Prau (1986) suggests that the occurrence of prolonged echemes
with microsyllables in the song may have a phylogenetic basis. How-
ever, song characteristics are often unreliable indicators of phylogenetic
affinity. Unrelated species may have a similar song, while closely re-
lated species can sing in a very different way (RAGGE, 1986). To clarify
the relationships within Metrioptera and Platycleis a thorough analysis
of many characteristics of all species concerned is needed.
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