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Abstract A new genus is proposed for a new East African
Phaneropterinae species, Lunidia viridis, occurring on Mt.
Kilimanjaro, Tanzania. Based on 33 records, notes on
distribution and habitat are given, as well as acoustical data
provided. Climate and vegetation parameters obtained
along several transects on Mt. Kilimanjaro were evaluated
describing the ecological niche of the new species. This
interdisciplinary approach allows not only a profound
characterisation of the ecological demands of the new
genus but also predictions of the potential distribution area,
which is tested for the first time for an African bush cricket
species. Lunidia viridis n. gen. n. sp. occurs within humid
and perhumid forests and Chagga home gardens, avoiding
subhumid conditions on the mountain. It is found from
1,330 m upwards on the southern slopes, whereas the same
ecological conditions are expressed from 1,930 m upwards
on the drier northern slopes. Lunidia viridis has an

unusually complex and variable song, which is described
from field and laboratory recordings. The FISH technique
for characterizing chromosomes is applied for the first time
for an African species; L. viridis exhibits a karyotype
typical for most Tettigoniidae.

Keywords New species . East Africa . Mt. Kilimanjaro .
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Introduction

The Saltatoria (Orthoptera) fauna of Mt. Kilimanjaro has
been studied intensively for the past 14 years and many
species have been recorded which had been unknown from
the highest mountain in Africa. In parallel, ecological
studies on the vegetation and climate have been undertaken
that allow a profound characterization of the habitat
demands of the various species. In general, the fauna of
East African old crystalline mountains is known for its high
degree of endemism, especially in the Eastern Arc
mountains (Lovett and Wasser 1993). Geologically young
mountains such as Mt. Kilimanjaro were thought to harbour
only low diversity and a low degree of endemism (Lovett
1988). However, this assumption possibly is merely due to
insufficient research activity on many mountains of East
Africa. Our own findings now show that Mt. Kilimanjaro
harbours about 200 species of Saltatoria, with a high share
of endemics.

The aim of the present paper is to describe a new genus
and species from the submontane and montane zone of
Mt. Kilimanjaro, and to determine its ecological niche
using climatical and vegetation parameters. Specimens of
this new species were first collected in 1998. With only
males taken at first, we thought they were members of
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Melidia kenyensis Chopard, 1954, of which only a single
female (the holotype) is known. However, the habitat
description of M. kenyensis (semidesert and thorn bush in
northern Kenya; Chopard and Kevan 1954) is completely
different from where our specimens occurred. Subsequently,
when more material had become available, the males and
females were compared with museum material (NHML)
again. As a consequence we propose a new genus and
species name. All records of M. kenyensis in earlier
publications by us from Mt. Kilimanjaro and the Eastern
Arc range (C. Hemp 2005, 2006c; Hemp and Hemp 2003)
belong to this new taxon.

Material and methods

Identification

The material was checked against the entomological
collections of the National Museums of Kenya, Nairobi
(Kenya), the Natural History Museum, London (UK), the
Royal Museum for Central Africa in Tervuren (Belgium),
and the Museum für Naturkunde, Berlin (Germany).

Measurements

Total body length in lateral aspect refers to the midline length
of the insect from the fastigium verticis to the tip of the
subgenital plate (male) or ovipositor (female). Measurements
of ovipositors were taken laterally from tip to base,
disregarding the curvature.

Images

Photographs were taken either with a Canon 400 D digital
camera or with a Leica multifocus camera MZ 16A connected
to a DFC 500 stereo microscope at the entomological
department of the Africa museum in Tervuren.

Depositories

EDNMK = Entomological Department, National Museums
of Kenya, Nairobi; MNB = Museum für Naturkunde,
Zentralinstitut der Humboldt-Universität zu Berlin (Germany);
NHML=Natural HistoryMuseum, London (UK). All material
not deposited at those institutions remains in the collections of
C. Hemp and K.-G. Heller.

Field work and ecological analysis

Lunidia viridis n. gen. n. sp. was recorded at 33 locations on
Mt. Kilimanjaro (Table 1). Ecological data have been
collected since 1996 along 30 transects disposed across wide

ranges in elevation; these data include climatic parameters,
i.e. rainfall (mainly using funnel gauges), temperature (using
StowAway Tidbit data loggers with an accuracy of +/−0.4°C
at 20°C), and vegetation parameters (over 1,500 sampling
plots = relevés, using the method of Braun-Blanquet 1964).
The altitudinal range of the transects extended from 760 m
(Rau forest near Moshi) to 5,895 m (Kibo peak).

For estimates of environmental humidity, mean annual
temperatures (MAT) and mean annual precipitation (MAP)
were scaled to obtain three humidity categories. In a first
step, MAT and MAP were scaled with 1°C : 50 mm to
establish a ratio between evaporation as determined by
MAT and water input as determined by MAP (Holdridge
1967; Lauer et al. 1996; Walter and Lieth 1967) (Fig. 10).
The 1 : 50 ratio roughly corresponds to the transition from
subhumid to humid conditions in the climate scheme of
Holdridge (1967). As an estimate for the transition from
humid to perhumid conditions, a scale of 1°C MAT : 100 mm
MAP was used, following Holdridge’s (1967) approach of
doubling climatic variables between steps. The resulting
three MAT : MAP categories (>1 : 50; 1 : 50–1 : 100; <1 :
100) correspond to subhumid, humid and perhumid climate
conditions.

Due to major differences between the northern and
southern slopes of Kilimanjaro with respect to climate and
altitudinal vegetation zonation (A. Hemp 2006b), the
altitudinal distribution and habitat selection of L. viridis
varies significantly. As the southwestern and southeastern
parts of the mountain exhibit an intermediate climate, in
particular with respect to rainfall, these areas were analysed
separately as well.

Acoustics

The song of L. viridis was recorded in the field and in the
laboratory (3 males: specimens CH7191, CH7199, and an
uncollected one). In the field we used a digital bat detector
(Pettersson D1000X) with a sampling rate of 192 kHz, in
the laboratory mostly a Sony ECM-121 microphone
connected directly to a laptop via an external sound card
(M-Audio transit; sampling rate mostly set to 64 kHz),

Table 1 Lunidia viridis n. gen. n. sp., length ranges (and means) in
mm

Male (n=6) Female (n=6)

Body (total) 20–24 (21.6) 18.5–26.0 (22.8)

Pronotum (median) 5.1–5.6 (5.4) 5.1–5.5 (5.3)

Hind femur 17.5–19.0 (18.2) 16.5–18.5 (17.5)

Elytra (lateral) 24.0–26.5 (25.5) 24.0–26.0 (25.2)

Ovipositor n. a. 7.1–7.5 (7.2)
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sometimes also the digital bat detector. The Sony ECM-121
microphone had a flat frequency response at least up to
20 kHz. The sounds were analysed using the program
Amadeus II (Martin Hairer; www.hairersoft.com). Frequency
data were taken from the mean about one hemisyllable
(sliding window of 512 points; hamming window).

Sound pressure level measurements were made using a
Genrad GR 1988 sound level meter (IET Labs) set to flat
frequency response (up to 20 kHz) and peak reading (in dB
re 2•10−4 µbar = 20 µPa).

Terminology Syllable = sound produced during one cycle
of movements (opening and closing of the tegmina,
resulting in opening and closing hemisyllable); syllable
duration = time period measured from first to last impulse;
echeme = first order assemblage of syllables; impulse = a
simple, undivided, transient train of sound waves (here, the
damped sound impulse arising as the impact of 1 tooth of
the stridulatory file).

Cytotaxonomic analyses

Two paratypes of L. viridis (male CH7199 and female
CH7200; see below) were used for cytotaxonomic analyses.
Chromosomal preparations were obtained from adult
gonads. Testes and ovaries were excised, incubated in
hypotonic solution (0.9% sodium citrate), and fixed in
ethanol:acetic acid (3:1). The fixed material was squashed
in 45% acetic acid. Coverslips were removed by the dry ice
procedure, then preparations were air dried. The C-banding
examination was carried out according to Sumner (1972),
with slight modifications. The silver staining method
(AgNO3) for the nucleolus organizer region (NOR) was
performed as previously reported (Warchałowska-Śliwa and
Maryańska-Nadachowska 1992). The fluorescence in situ
hybridization (FISH) technique was performed with
ribosomal 18S DNA (rDNA) and telomeric DNA (tDNA)
probes according to Warchałowska-Śliwa et al. (2009). Two
colour FISH with labelled probes, the Alexa 488-labelled
18S rDNA probe and Cy3-labelled (TTAGG)n probe, were
performed in order to analyze the distribution of ribosomal
and telomeric DNA on chromosomes, respectively.
Spermatogonial/oogonial metaphases and meiotic stages
were analyzed and photographed on a Nikon Eclipse 400
light microscope connected with a CCD DS-U1 camera
using Chroma filter sets (for FISH). The software Lucia
Image 5.0 was applied and images mounted in Adobe
Photoshop. In each experiment, at least two spermatogonial
metaphases and 15 meiotic divisions (diplotene/diakinesis)
were examined. The fixed material is deposited in the Institute
of Systematics and Evolution of Animals PAS (Kraków,
Poland).

Results and descriptions

Lunidia C. Hemp n. gen.

Etymology

Fore and hind wings have nearly the shape of a quarter
moon when folded. Therefore, the name Lunidia has been
chosen as a diminutive of the Latin luna (= moon). The
gender of the genus name for the purposes of nomenclature
is feminine.

Type species

Lunidia viridis C. Hemp n. sp.

Description

Head Fastigium verticis slightly narrower than first antennal
segment, forming a finger-like projection ending slightly
before scapi when seen from above (Fig. 1a); met from below
by conical fastigium frontis (Fig. 1b), leaving gap between
tips. Eyes circular, prominent.

Thorax Surface smooth, without lateral or median carinae.
Fore coxa with spine. Fore and mid femora unarmed. Hind
femur with few (5–7) tiny brown spinules near apex. Fore
tibia with open tympanum on each side. Fore and mid tibiae
with few dorsal and ventral spines; at apex one spur on
each side. Hind tibia with dense spines on both dorsal
margins, near apex also ventrally; with two spurs on each
side of apex.

Wings Fully developed. Hind wings protruding beyond fore
wings (Figs. 2, 3). Veins Sc and R contiguous over most of
their lengths, except at their distal ends.

Genitalia Male subgenital plate without styles (Fig. 1c, d)
but with elongated style-like appendices. Ovipositor well
developed, serrated (Fig. 1f).

Diagnosis

The genus Lunidia is characterized mainly by the combi-
nation of several characters relating to the fastigium
verticis, the venation of the fore wing, the spination of the
legs, and the general habitus. A similar fastigium verticis is
found within Eulioptera Ragge, 1966. However, in the
latter genus the fore wings are narrow and the hind wings
reach considerably beyond the fore wings, whereas in
Lunidia the fore wings are much broader and the hind
wings protrude by a few millimeters only.
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Contiguous R and Sc veins are found in several African
genera, e.g. in Eurycorypha Stål, Monteiroa Karsch,
Oxygonatium Ragge, Corycomima Karsch, and Plangia
Stål. Lunidia can be distinguished easily from these genera
by the fastigium verticis, which is broader than the scapus in
these genera, but narrower in Lunidia. In Symmetropleura
Brunner von Wattenwyl, Trigonocorypha Stål, Gelotopoia
Brunner, Terpnistrioides Ragge, Tropidophrys Karsch,
Terpnistria Stål and Diogena Brunner von Wattenwyl the

R and Sc veins are almost contiguous as well, but the
completely different shape of the fore wings and different
overall body shape clearly separate those genera from
Lunidia. Males in Ectomoptera Ragge superficially resemble
those in Lunidia in body and wing shapes and also have
contiguous R and Sc veins. However, the former genus is
well defined by the angle between the lateral lobes and the
disc of the pronotum, and by a median carina on the
pronotum (absent in Lunidia). Females of Melidia Stål and

Fig. 3 Lunidia viridis n. gen. n. sp., male; note red-brown markings
of stridulatory area and fore tibia

Fig. 2 Lunidia viridis n. gen. n. sp., male; note silvery and red
tracheal openings and large cerci

Fig. 1 Lunidia viridis n. gen. n. sp. (a) Male head with finger-like
fastigium verticis, dorsal view. (b) Female face; note conus-shaped
projection of head and tip of fastigium. (c) Male abdominal apex,

dorsal view. (d) Male subgenital plate, ventral view. (e) Female
subgenital plate, ventral view, posterior margin at left. (f) Ovipositor,
lateral view
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Lunidia resemble each other, but in the former the fastigium
verticis is different (markedly concave in profile), and R and
Sc veins are separate from the base. Also the spination of the
legs is different, e.g. of the hind tibiae with three apical spurs
in Melidia, two in Lunidia.

Etymology

The species epithet has been chosen to reflect the leaf-green
body colour (Latin viridis = green). It is to be treated as
adjectival for the purposes of nomenclature.

Type material

Holotype Male (depository: MNB); Tanzania, Mt. Kili-
manjaro, southern slope, montane forest above Kidia/Old
Moshi, 1,710 m, December 2004, leg. C. Hemp.

Paratypes Data as for holotype, except as follows.1 female;
January 2009. 1 male (depository: NHML); 1,700 m,
January 2008. 1 female; January 2009. 1 male (EDMNK),
plantation belt Kidia, 1,430 m, at light, November 1999. 1
female (coll. C. Hemp); January 2009. 3 males, 7 females,
1 female nymph (coll. C. Hemp); March 2003, January
2004, May 2004, January 2008, and January 2009,
respectively. 1 male, 1 female (coll. C. Hemp); south-
western slopes, montane forest above Siha, 1,850 m,
February 2000. 1 male and 1 female (coll. C. Hemp);
southern slopes, plantation belt Kidia, 1,430 m, at light,
January 1998 and December 1999. 1 male, 1 female (coll.
C. Hemp); montane forest above Kidia, 1,800 m, January
1999. 1 female (coll. C. Hemp); eastern slopes, plantation
belt, 1,710 m, June 2006. 1 male, 1 female (coll. C. Hemp);
montane forest above Kidia, 2,000 m, December 1998. 2
males (CH7191, CH7199; depository: coll. Heller), 1
female (CH7200; coll. Heller), above Kidia/Moshi, 3°17′
S, 37°26′E, 1,710 m, January/February 2009.

Description of male

Colour Dark green with reddish markings in stridulatory
rib and tibial tympanum (Figs. 2, 3).

Head and antennae Finger-like projection of fastigium
verticis shallowly sulcate (Fig. 1a). Eyes green in vivo,
whitish when preserved. Antenna about twice as long as
body, whitish.

Thorax Pronotum uniformly green except for lateral lobes,
which show faint pattern of fine lighter green lines along
sulculi (Figs. 2, 3). Fore coxa with slender, curved spine.
Fore and mid femora unarmed.

Wings Fore wing oval, rounded at tip; hind wing hyaline,
protruding area of same colour as tegmina. In some
specimens tiny dark spots present on fore wings. Veins R
and Sc almost straight, most prominent relative to much
fainter remaining veins; Sc and R contiguous over most of
their length except at their distal ends; hind wing with a
vein running in prolongation of Sc and R of fore wing.

Abdomen Abdomen ventrally milky white to greenish;
spiracles marked silvery and reddish (Fig. 2).

Genitalia Subgenital plate elongate, surpassing cerci;
posterior end excavated, leaving two stylus-like projections
(Fig. 1c, d). Cerci large and curved, tips slightly inflated,
with conspicuous sclerotized ridge (Fig. 1c, d).

Description of female

Body size and colour pattern as in male, but without red-
brown markings on tegmina (Figs. 4, 5). Wing venation and
spination of legs as in male. Ovipositor green or brown,
with sclerotized margins along serration of valves (Fig. 1f).
Subgenital plate triangular, curved inwards at anterior
margin; posterior end with indentation (Fig. 1e).

Description of nymph

Similar to adults, dark green. Spiracles silvery with reddish
mark (Fig. 6).

Song

Lunidia viridis has an unusually complex and variable
song, with two different elements observed most often. The
simpler structured element is a long single hemisyllable
(mean ± SD 473±113 ms; n=10; 20–22°C; 93±17

Fig. 4 Lunidia viridis n. gen. n. sp., female imitating a leaf
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impulses), which from visual observation we regard as a
closing hemisyllable. It is preceded by a much shorter
hemisyllable assumed to be the corresponding opening
hemisyllable (Fig. 7c). The two hemisyllables together are
referred to as a single syllable (SS). The amplitude and
duration of the opening hemisyllable varied considerably,
and an isolated hemisyllable with similar structure was also
observed several times. In this closing hemisyllable the
impulses are distinct and clearly separated, whereas in the
remaining parts of the song they are much closer and even
partly fused. The second element of the song is called an
echeme (E); the exact way of its production is unknown. It
consists of many hemisyllable-like parts (Fig. 7d). At the
beginning of an echeme (and often after one loud hemisyl-
lable), typically two different types of hemisyllables
alternate, which suggest that these are opening and closing
hemisyllables. However, after a few ‘cycles’ a third type
appears, whose production cannot be explained without
closer examination of the stridulatory movement.

In all three males recorded, both parts of the song (SS
and E) were often heard in combination, as shown in
Fig. 7a, b. With some delay (of a few hundred ms) a click-like
sound often followed (Fig. 7b), which is interpreted as an
imitation of a female response, as in other phaneropterids.
Such a click was also observed after SS. Often several
combinations (SS+E) were repeated with only short intervals
(seconds), but pure series of SS were also observed. In long
recordings at night one male produced an echeme about
every 30 s, while SS, always in combinations with E, were
much more rare (11 in 2 h). During three periods of similar
duration another male produced only 4–15 E and 2–4 series
of SS, mostly with 1 E each. Rarely, other and more irregular
(hemi)syllable combinations were observed. In the field the
animals were heard singing in the late afternoon and evening
hours. In the laboratory the activity was concentrated in the
dark phase.

The peak of the power spectrum is situated around 15 kHz
(Fig. 8). In this regard there was no difference between the
various parts of the song.

The intensity of the song of one male was about 80 dB
SPL(peak) (78 dB SPL(peak) SS, 81–82 dB SPL(peak) E). During
the measurements the male was sitting in a large Megaview®
gaze cage, at a distance of 1 m to the microphone, placed
laterally or ventrally.

Chromosomes

Analysis of the standard karyotype of Lunidia viridis
revealed a diploid chromosome number (2n) of 31 for males
and 32 for females with the X0/XX sex chromosome
mechanism. All chromosomes were acrocentric, consisting
of three long and twelve medium-sized or short pairs
gradually decreasing in size; the X chromosome was the
largest element (Fig. 9a–e). The C-heterochromatin is
characterized by paracentromeric C-bands similar in size
(thin C-bands), with the exception of two small chromosome
pairs in which the C-bands are especially thick. Terminal
C-bands are present in one of the largest (L2) and in one
medium-sized autosome pair (Fig. 9a, b). Staining with
Ag-NO3 revealed the presence of one active NOR in
the telomeric region of the L2 bivalent, probably in the
secondary constriction region under the C-banding (Fig. 9c).
Hybridization (FISH) with rDNA probes produced an
identically positioned signal in the spermatogonial mitotic
and meiotic chromosomes. FISH revealed one cluster of 18S
rDNA, located in the L2 autosome in the telomeric region
(Fig. 9d, e). On all chromosomes of this species, the FISH
with the pentamer (TTAGG)n telomeric sequence, which
occurs in many insects and other arthropods, produced
hybridisation signals at the distal ends of each autosome;
chromosome X also showed typically labelled terminal areas
(Fig. 9d, e).Fig. 6 Lunidia viridis n. gen. n. sp., male nymph, last instar

Fig. 5 Lunidia viridis n. gen. n. sp., female. Arrow: veins R and Sc of
fore wing continued in visible part of hind wing, thus resembling
mid-vein of a leaf
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Ecology, habitat and biology

On the wet southern slope L. viridis was found between
1,330 and 2,000 m. Along this altitudinal range mean annual
rainfall increased from 1,408 to 3,656 mm, whereas mean
annual temperature and mean annual minimum temperature
decreased from 18.9 to 15.0°C and from 9.9 to 5.9°C,
respectively (Table 2, Fig. 10). On the drier southwestern
slope the lowest record is from 1,380 m, at 945 mm
precipitation.

In contrast, the records on the dry northern slope start
much higher, i.e. above 1,930 m. Here, the altitudinal span
of 350 m (1,930–2,280 m a.s.l.) corresponds to ranges of

15.6–13.3°C (7.4–4.1°C) in mean annual (minimum)
temperature and 803–1,283 mm in precipitation.

The natural habitats of L. viridis comprise humid and
perhumid types of montane forest, ranging from lower to
middle montane Cassipourea and Ocotea forests (for
delimination of the altitudinal zones, see A. Hemp 2006a;
for a more detailed description of the forest types including
a vegetation table, see A. Hemp 2006b). On the central
southern slope L. viridis inhabits lower montane Agarista-
Ocotea and Syzygium-Ocotea forests, on the southwestern
side lower montane Cassipourea forest. On the northern
slope we found L. viridis in lower and middle montane
Cassipourea forest. Due to the higher precipitation, these
evergreen forest types have a denser and higher tree layer
and are structurally more complex than the lower-lying
submontane forest types, which are partly deciduous and in
which L. viridis has not been found. Beside these natural
habitats L. viridis occurred in disturbed habitats in the
same altitudinal zones (clearings, forest edges, secondary
bushland), within or in the vicinity of the forest. On the
southern and eastern slopes nearly all natural submontane and
lower montane forests have been replaced by coffee-banana
fields (Chagga home gardens). The higher-located home
gardens of this cultivated zone above 1,300 m with their
forest-like structure obviously also offer suitable conditions
for L. viridis (Fig. 10).

Fig. 8 Lunidia viridis n. gen. n. sp., spectrum of calling song as
recorded with Pettersson D1000X

Fig. 7 Lunidia viridis
n. gen. n. sp., oszillograms of
calling song. (a) Field recording,
temperature estimated.
(b–d) Laboratory recordings.
(a) Isolated combination of
SS + E. (b) Combination of
SS+E including click sound,
taken from a long series.
(c) Single syllable.
(d) Echeme; see text
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So far, adults of L. viridis have been found on Mt.
Kilimanjaro only. However, nymphs possibly belonging to
this species have been taken in montane forests of the South
and North Pare mountains. More collections will have to be
made to show whether L. viridis occurs in the Eastern Arc
range or whether another species of Lunidia is present
there. On Mt. Meru, song like that of L. viridis was noticed
in montane forest at 1,700 m (C. Hemp, unpubl. data).
Since no adults were obtained, however, positive proof of
L. viridis occurring on that volcano is still outstanding.

On the southern slopes of Mt. Kilimanjaro some
specimens were attracted at night by light and collected
from house walls in the submontane zone within coffee-
banana plantations. Food plants there are, e.g., Agarista
salicifolia, Syzygium guineense, Rourea thomsonii or
Rubus steudneri. Caged nymphs and adults also fed on
Morus sp. In captivity, L. viridis nymphs and adults were
preyed upon by Aerotegmina kilimandjarica Hemp, 2001
(Tettigoniidae: Hexacentrinae) and Anthracites montium
Sjöstedt, 1909 (Tettigoniidae: Conocephalinae: Agraeciini).
On an Agarista salicifolia tree at the lower border of the
montane forest (1,710 m), Chamaeleo rudis was seen

preying on nymphs of Eurycorypha varia Brunner von
Wattenwyl, 1891 and L. viridis.

Adults and nymphs were noted in almost all months of
the year. However, many nymphs developed with the start
of the short rains in October–December and most adults
were collected in December–January.

Discussion

Ecological demands

The distribution pattern of L. viridis on Mt. Kilimanjaro
seems to be determined by humidity. All plots with L. viridis
had similar humid conditions, whereas the subhumid
submontane forests and home gardens were avoided by this
species (Fig. 10). The lowest record of L. viridis on the
southern slope was at 1,330 m, but from trend line C in
Fig. 10 we can expect that L. viridis occurs down to about
1,250 m in the home gardens on the southern slope. Due to
the strong contrast between the wet southern and the dry
northern slopes, the conditions favouring L. viridis were

Fig. 9 Lunidia viridis n. gen. n. sp., chromosomes. (a, b) C-banding
staining of male complement, mitotic metaphase (a) and diakinesis
(b), with terminal C-bands in L2. (c) Silver nitrate staining at
diplotene, NOR detected in telomeric region of L2. (d, e). FISH on
male chromosome using both 18S rDNA (arrow) and telomeric DNA

probes, mitotic metaphase (d) and diplotene (e); rDNA sites in
telomeric region of acrocentric chromosome L2 (arrow); in all
chromosomes, FISH signal of tDNA detected at distal ends of each
autosome and chromosome X. X = sex chromosome; 2 = L2

autosome
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displayed 600 m higher on the northern side of the mountain.
This shows that altitudinal data alone characterize the
ecological demands of a species only very roughly.

In the absence of information from the higher areas of
Kilimanjaro, the upper limits of L. viridis cannot be
determined yet. Since it seems to be co-occurring with
Aerotegmina kilimandjarica (Tettigoniidae: Hexacentrinae),
another canopy dweller which climbs up to 2,550 m on
Kilimanjaro (Hemp 2001), and as it spreads well into the

perhumid areas of the forest belt, L. viridis might reach the
upper border of the middle montane zone. Here, temperature
is probably the limiting factor, with nocturnal frost occurring
from 2,700 m upwards (A. Hemp 2006a).

Due to their forest-like structure, the Chagga home
gardens are an important refuge area for many forest
species, including endemic grasshoppers (C. Hemp 2005).
This holds true also for L. viridis. The c. 600 km2 of lower
montane home gardens, secondary habitat of L. viridis,

Table 2 Lunidia viridis n. gen. n. sp., ecology

Locality Vegetation Altitudinal zone Position Altitude
[m a.s.l.]

Annual
precipitation
[mm]

Minimum
temperature
[°C]

Mean annual
temperature
[°C]

Kidia Home garden Submontane / lower montane South 1,330 1,408 9.9 18.9

Machame Home garden Submontane / lower montane South 1,380 1,765 9.6 18.6

Kidia Home garden Lower montane South 1,410 1,755 9.5 18.4

Kidia Home garden Lower montane South 1,410 1,755 9.5 18.4

Kidia Home garden Lower montane South 1,420 1,815 9.4 18.4

Kidia Home garden Lower montane South 1,430 1,876 9.3 18.3

Kidia Home garden Lower montane South 1,430 1,876 9.3 18.3

Kidia Home garden Lower montane South 1,530 2,164 8.8 17.8

Kidia Home garden Lower montane South 1,590 2,398 8.4 17.4

Kidia Home garden Lower montane South 1,600 2,437 8.3 17.3

Masama Home garden Lower montane South 1,600 2,213 8.3 17.3

Kidia Home garden Lower montane South 1,650 2,634 8.0 17.0

Kidia Agarista-Ocotea forest Lower montane South 1,710 2,867 7.7 16.7

Maua Secondary bushland Lower montane South 1,710 1,887 7.7 16.7

Kidia Forest edge Lower montane South 1,740 2,979 7.5 16.5

Kidia Agarista-Ocotea forest Lower montane South 1,800 3,193 7.1 16.2

Kidia Forest edge Lower montane South 1,900 3,485 6.5 15.6

Kidia Clearing Lower montane South 1,990 3,643 6.0 15.1

Kidia Agarista-Ocotea forest Lower montane South 2,000 3,656 5.9 15.0

Siha Home garden Submontane / lower montane Southwest 1,380 945 9.6 18.6

Siha Home garden Lower montane Southwest 1,460 1,000 9.2 18.1

Siha Home garden Lower montane Southwest 1,590 1,099 8.4 17.4

Siha Cassipourea forest Lower montane Southwest 1,850 1,400 6.8 15.9

Ostkili Home garden Lower montane Southeast 1,710 1,700 7.7 16.7

Kitenden Cassipourea forest Lower montane North 1,930 803 7.4 15.6

Kitenden Cassipourea forest Lower montane North 1,940 825 7.3 15.6

Kitenden Cassipourea forest Lower montane North 1,950 844 7.2 15.5

Kitenden Cassipourea forest Lower montane North 1,950 844 7.2 15.5

Kitenden Cassipourea forest Lower montane North 1,950 844 7.2 15.5

Kitenden Cassipourea forest Middle montane North 2,120 1,145 5.6 14.4

Kitenden Cassipourea forest Middle montane North 2,120 1,145 5.6 14.4

Kitenden Cassipourea forest Middle montane North 2,220 1,247 4.7 13.7

Kitenden Cassipourea forest Middle montane North 2,280 1,283 4.1 13.3

Maximum 2,280 3,656 9.9 18.9

Minimum 1,330 803 4.1 13.3

Spread 950 2,853 5.8 5.6
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cover an area equivalent to the lower and middle montane
forests on Kilimanjaro, the still existing natural habitat of
this species.

Morphological adaptions of Lunidia to forest habitats

Lunidia belongs to the tettigoniid genera adapted to forest
habitats, as evidenced by the leaf-like wings and leaf-imitating
behaviour (see Fig. 4). Ragge (1980) suggested that
especially in forest-dwelling taxa the contiguity of wing veins
R and Sc seems to be associated with leaf-resemblance. In
Lunidia R and Sc are contiguous and pronounced, resem-
bling the mid-vein of a leaf, while other veins are faint,
somewhat resembling a leaf´s secondary venation. This
‘mid-vein of a leaf’ is even continued in the visible part of
the hind wing protruding beyond the fore wing (Fig. 5,
arrow). Thus, the hind wings perfectly complement the
leaf-resemblance of the fore wings by their acuminate shape
and continuation of the midrib.

Chromosomes

Comparative cytotaxonomic studies of more than 100 species
and subspecies in 45 genera of Phaneropterinae from the
Palaearctic, South America, India, and Africa have yielded a
range in male (2n) chromosome numbers between 16 with
neo-XYand 33 with the X0 sex determination mechanism. In
the majority of those species the karyotype consists of 31
(male) or 32 (female) acrocentric chromosomes, with the X0
(male) and XX (female) sex mechanism, which probably

represents the plesiomorphic condition for the whole of
Tettigoniidae (Warchałowska-Śliwa 1998; White 1973). Like
most other African genera investigated—Altihoratosphaga
Hemp et al., Horatosphaga Schaum, and Monticolaria
Sjöstedt (Hemp et al. 2009)—Lunidia viridis also exhibits
this karyotype. A lower number of acrocentric chromosomes
(29; with X0) has been found in the African species
Eurycorypha varia Brunner von Wattenwyl, 1891 (Phaner-
opterinae), which co-occurs with L. viridis. Analysis of the
mean relative length of chromosomes in that species
shows that tandem fusion between two pairs of small-
sized autosomes has probably occurred, changing the
chromosome number (Warchalowska, unpublished data).
Such a translocation is exhibited in the evolutionary
pathways of Phaneropterinae (Warchałowska-Śliwa 1998).

In an attempt to better investigate chromosomal
markers and compare cytogenetic features of African
Phaneropterinae we performed a detailed cytogenetic
analysis of L. viridis using both classical (C-banding
technique, NOR Ag-staining) and molecular (FISH; rDNA
and tDNA)methods. The classical methods have been of great
importance to intra-specific characterization and karyotype
differentiation in Tettigoniidae (e.g. Warchałowska-Śliwa et
al. 2005, 2007, 2008). The C-banding technique, which
allows identification of the constitutive heterochromatin of
particular chromosomes of European Phaneropterinae, has
been applied in the genera Poecilimon Fischer, Isophya
Brunner von Wattenwyl, Metaplastes Ramme, Polysarcus
Fieber, and Andreiniimon Capra (e.g. Warchalowska-Śliwa
and Heller 1998; Warchalowska-Śliwa et al. 2000, 2008). In

Fig. 10 Lunidia viridis n. gen.
n. sp., habitat selection and
altitudinal distribution on Mt.
Kilimanjaro in relation to
climatic parameters. Line
A = linear regression of mean
annual temperature scaled with
1°C : 50 mm precipitation; line
B = linear regression of mean
annual temperature scaled with
1°C : 100 mm precipitation; line
C = trend line of occurrence of
Lunidia on southern slope to
determine potential lowermost
occurrence. Squares = southern
slope, triangles = south-western
and south-eastern slopes,
circles = northern slope; black
symbols = montane forest,
grey = clearing or forest edge,
white = Chagga home gardens
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these taxa, the C-banding patterns and the distribution of
interstitial and telomeric C-bands usually vary among genera
and even between species of a genus.

The chromosomes of L. viridis show some differences from
representatives of the African genera Altihoratosphaga,
Horatosphaga and Monticolaria (see Hemp et al. 2009) in
the amount of heterochromatin as well as in the number and
locations of C-positive bands. A comparison of C-banding
patterns and chromosomes between those taxa and L. viridis
is not straightforward. While Altihoratosphaga montivaga
(Sjöstedt, 1909), A. nou C. Hemp (2006c), Horatosphaga
parensis C. Hemp, 2002, and H. heteromorpha (Karsch,
1889) possess the same C-banding patterns and distribution of
paracentromeric and interstitial C-bands, Monticolaria kili-
mandjarica has telomeric C-bands in the large chromosome
pairs and the X chromosome. On the other hand, in L. viridis
paracentromeric C-bands are restricted to the centromeric
region (thin C-bands) or occupy the region next to the
centromere (thick C-bands). Telomeric C-bands occur only in
one large chromosome pair. The Ag-staining of the nucleolus
organizer regions (NORs) is one of the methods used to
demonstrate the position of the gene complex of 18S and 28S
ribosomal DNA in the chromosome set. In L. viridis, similar
to some European Tettigoniidae, the NOR occurs in the large
bivalents and corresponds to a C-band in the equivalent
position.

In recent years FISH techniques have been used
extensively for mapping DNA sequences directly on
chromosomes, and have increased the cytogenetic knowl-
edge. Ribosomal genes (rDNA) are usually located on
NORs, which consist of clusters of tandemly repeated
rDNA units. These chromosome markers have proven
useful for comparisons of karyotypes between insect
species at genus level, e.g. in tiger beetles (Zacaro et al.
2004) or grasshoppers (e.g. Loreto et al. 2008). In the genus
Saga Charpentier (Tettigoniidae: Saginae) we detected
variation in the pattern of rDNA loci (Warchałowska-Śliwa,
unpubl. data). FISH revealed one cluster, located on the
autosomes of all species/subspecies. In all five species
analysed, the FISH signal coincided with the active NOR
visualized by Ag-NOR staining (Warchałowska-Śliwa et al.
2009). The present study is the first to apply the FISH
technique for characterizing chromosomes to a Phanerop-
terinae species. For L. viridis it indicates a cluster of 18S
rDNA repeats coincident with the telomeric region of the
L2 autosomal; this hybridization signal corresponded to the
only active NOR, located on the same bivalent.

The repetitive tDNA (telomeric) sequences are located
mainly at the chromosome termini. Telomeres have been
used as markers for the identification of chromosome ends;
in the majority of insect orders, including Orthoptera, they
are composed of multiple copies of short, tandemly
arranged TTAGG sequences. The clusters of telomeric

repeats and telomere-like sequences are considered as
useful for the identification of chromosomal rearrangements
related to changes in chromosome number that are
significant in the evolution in insects (López-Fernández et
al. 2004; Warchałowska-Śliwa et al. 2009). The present
study demonstrates clearly that the telomeric regions of the
chromosomes in L. viridis are composed of the (TTAGG)n
telomeric repeats typical of Orthoptera (López-Fernández et
al. 2004; Warchałowska-Śliwa et al. 2009).

Further karyotype analyses using conventional methods
together with FISH with telomeric and rDNA genes should be
carried out on African species and genera of Phaneropterinae,
in order to gain a comprehensive view of the chromosome
evolution in this group.
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