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Abstract The flightless Agraeciini genus Afroanthracites, a
genus restricted to East Africa, is reviewed and two new
species are described. Exemplary for the genus
Afroanthracites, the ecological niche of Afroanthracites
montium from Mt Kilimanjaro is defined. A. montium occupies habitats in humid and perhumid conditions and thus
shows a broad altitudinal range (1250–2700 m). Concerning
the acoustic communication, it is remarkable that within the
micropterous genus a trend to low carrier frequencies is observed combined with the evolution of larger stridulatory
organs (mirror; resonating part of tegmen). This trend starts
with species using the same ultrasonic frequencies as a brachypterous out-group and ends with species presenting clearly
audible songs. Cytogenetic data are given for five
Afroanthracites and one Afroagraecia species. Differences
in chromosome numbers Afroanthracites 2n = 29 and
Afroagraecia 2n=27 as well as a number of major rDNA
clusters (one and two, respectively) are probably useful
markers to separate both genera. It is discussed whether the
African species evolved from a species with a presumably
derived karyotype (e.g. 27 or 29 chromosomes) or if the
proposed reduction of chromosome number occurred
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independently in Africa, Asia and Australia. The data set
suggests that the African Agraeciini is of monophyletic origin,
with a common ancestor of Afroagraecia and Afroanthracites
in Africa. The Afroanthracites species can be divided into
three groups on base of their morphology and colour pattern.
Species of adjacent areas are morphologically sister groups.
The most derived forms as seen in their morphology and
acoustics are found in the West Usambara Mountains, part
of the geologically old Eastern Arc Mountains.
Keywords Orthoptera . Agraeciini . New species . Ecology .
Bioacoustics . Chromosomes . Tanzania . Eastern Arc
Mountains

Introduction
The Agraeciini genus Afroanthracites Hemp & Ingrisch 2013
currently contains six species recorded from the Eastern Arc
chain and Mts Kilimanjaro and Meru area of Tanzania
(Fig. 1). Part of the African Agraeciini were reviewed by
Hemp (2013a) and new genera erected. Hemp and Ingrisch
erected the genus Afroanthracites on Anthracites montium
Sjöstedt from the Mts Kilimanjaro and Meru area of
Tanzania, also placing Afroanthracites usambaricus from the
West Usambara Mountains into this new genus. Hemp,
Ingrisch and Ünal (in Hemp 2013b) described another four
Afroanthracites species from the Eastern Arc Mountains in
Tanzania.
All Afroanthracites are micropterous, the tegmina hidden
under the pronotum while alae are lacking. The tenth abdominal tergite in males is modified, either being inflated and
shield-like or elongated and curved downwards. The male
subgenital plate is elongated and deeply v-shaped lobed at
its posterior margin with short styli. The male cerci are hidden
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Fig. 1 Map of northern Tanzania
and southern Kenya

under the tenth abdominal tergite, have a stout base and are
abruptly curved inwardly about midway. The posterior part of
the male cerci is differently shaped, being either simple and
bifurcate or compressed and elongated. The titillators are
known for two species and are very similar (Hemp 2013a).
They look like narrow curved bars with large and wide hoodshaped lateral expansions with an acute tip. Females are
similar to males, usually slightly larger in body length and
have a long and stout ovipositor that is moderately up-curved.
Most species are restricted to single mountains and mountain ranges and, here, confined to submontane and montane
forests and submontane to montane agro-forestry systems as
long as a dense vegetation cover with trees is provided. An
exception is found in the West Usambara Mountains
harbouring several species of Afroanthracites.
Aim of this study is to provide data on the acoustic communication, the ecology and the chromosome set of species of
the genus Afroanthracites and to describe two new species
from the West Usambara Mountains of Tanzania.

Material and methods
Identification The material was checked against the entomological collections of the National Museums of Kenya,
Nairobi (EDNMK), the British Museum (Natural History),
London, UK (BMNH), the entomological collection of the

Musée Royal de l’Afrique Centrale Tervuren, Belgium
(MRAC), the Naturkunde Museum, Berlin (MfN), the entomological collection of the Naturhistoriska Riksmuseet,
Stockholm, Sweden (NHRS) and the entomological collection
of the Naturkundemuseum of Vienna (NMW).
Measurements Total body length, lateral aspect, refers to the
midline length of the insect from fastigium verticis to tip of the
abdomen including the subgenital plate. In females, the ovipositor is not included in the measurement of the body length.
Measurements of ovipositors are taken laterally from tip to
base not regarding the curvature.
Depositories MfN: Museum für Naturkunde, Zentralinstitut
der Humboldt-Universität zu Berlin. BMNH: British Museum
(Natural History), London, UK. EDNMK: Entomological
Department National Museums of Kenya, Nairobi. All other
material remains in the collection of C. Hemp.
Fieldwork and ecological analysis A. montium species were
recorded at 36 locations on Mt Kilimanjaro and two from
Mt Meru. Ecological data on Kilimanjaro 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,
annual means, Hemp 2006a, b), temperature (using
StowAway Tidbit data loggers with an accuracy of +/
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−0.4 °C at 20 °C; annual means of hourly measurements,
Hemp 2006a) and vegetation parameters (over 1,500
sampling plots = relevés, using the method of BraunBlanquet 1964). The altitudinal range of the transects
extended from 760 m (Rau forest near Moshi) to
5,895 m (Kibo peak). Climatic data for the West and
East Usambaras were taken from Hamilton (1989) and
Iversen (1991). For estimates of environmental humidity,
mean annual temperatures (MAT) and mean annual precipitation (MAP) were scaled to obtain four humidity
categories. In a first step, MAT and MAP were scaled
with 1 °C:25 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. 17). The 1:25 ratio roughly
corresponds to the transition from semiarid to subhumid
conditions in the climate scheme of Holdridge (1967). As
an estimate for the transition from subhumid to humid
and from humid to perhumid conditions, a scale of 1 °C
MAT:50 mm MAP and 1 °C MAT:100 mm MAP, respectively, was used, following Holdridge’s (1967) approach of doubling climatic variables between steps. The
resulting four MAT:MAP categories (>1:25, 1:25–1:50,
1:50–1:100, <1:100) correspond to semiarid, subhumid,
humid and perhumid climate conditions (Table 1).
Acoustics Songs were recorded in the field (Afroanthracites
discolor and Afroanthracites pseudodiscolor n. sp. only) and
in the laboratory using a digital batdetector (Pettersson
D1000X) with sampling rates between 100 and 300 kHz
and, additionally, a Sony ECM-121 microphone (frequency
response relatively flat up to 30 kHz; own tests) or a Genrad
GR1988 sound level metre (IET Labs) connected to a personal
computer through an external soundcard (Transit USB, ‘MAudio’; 64-kHz sampling rate).
Specimens recorded: A. discolor, CHX323, Tanzania,
West Usambara Mountains, Mazumbai Forest Reserve; 10
October 2006; specimen seen, but not collected.
Afroanthracites lutindi n. sp., CH7731-2, Tanzania, West
Usambara Mountains, Lutindi Forest; March 2014.
A. montium, CH7694-96, Tanzania, Mt Kilimanjaro,
Nkweseko above Machame, ca. 1800 m, 6–27 January
2008. A. pseudodiscolor n. sp., CH7730, CH7740,
Tanzania, West Usambara Mountains, Lutindi forest,
March 2014. A. usambaricus, CH6799, CHX322 (specimen not collected), Tanzania, West Usambara Mountains,
Mazumbai Forest Reserve, October 2006; CH7729
Tanzania, West Usambara Mountains, Lutindi Forest;
March 2014. Afroanthracites viridis, CH7507-9,
Tanzania, East Usambara Mountains, Zigi Trail; February
2011. Afroagraecia brachyptera, CH7511, Tanzania,
Msaranga Valley; December 2011; recordings 26–28
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December 2011; CH7516, Tanzania, Msaranga Valley 1–8
March 2012.
Song measurements and sonograms were obtained using
AMADEUS II and AMADEUS Pro (Martin Hairer; http://
www.hairersoft.com/). Oscillograms of the songs were
prepared using TURBOLAB (Bressner Technology,
Germany). All recordings were made at temperatures
between 15 and 21.5 °C. The singers were caged in plastic
tubes or gaze cages with microphone fixed or hand held at
distances between 5 and 60 cm.
For measurements of the stridulatory files, replicas were
made using the cellulose nitrate technique described by Ragge
(1969). Length of the file is given as linear distance between
ends, and tooth spacing is given as the mean of ten intervals in
the middle of the file.
Acoustical terminology Syllable: sound produced during one
cycle of movements (opening and closing of the tegmina);
syllable duration: time period measured from the first impulse
to the last; syllable period: time period measured from the first
impulse to the first impulse of the next syllable; echeme: firstorder assemblage of syllables; impulse: a simple, undivided,
transient train of sound waves (here: the damped sound impulse arising as the effect of one tooth of the stridulatory file).
Cytotaxonomic analyses A. usambaricus (two males:
CH6799, CH7729), A. montium (two males: CH7094,
CH7095), A. viridis (four males: CH7507, CH7508,
CH7509, CH7515), A. lutindi n. sp. (two males: CH7731,
CH7732), A. pseudodiscolor n. sp. (one male: CH7730), and
A. brachyptera (two males: CH7511, CH7516 and 1 female:
CH7510) were used for cytotaxonomic analyses.
Chromosome preparations were obtained from the gonads of
adults or last instar nymphs by squash methods. Testes and
ovarioles were incubated in a hypotonic solution (0.9 % sodium citrate), fixed in ethanol:acetic acid (3:1) and stored at 2 °C
until use. The fixed material was squashed in 45 % acetic acid.
Cover slips were removed by the dry ice procedure and then
preparations were air dried. Constitutive heterochromatin
was revealed by the C-banding technique as described by
Sumner (1972) and in order to identify GC-rich and AT-rich
regions, the preparations were stained with CMA3 and
DAPI, respectively (Schweizer 1976). The silver staining
method (with AgNO3) was used for locating nucleolar
organizer regions (NORs) and carried out as described
previously (Warchałowska-Śliwa and MaryańskaNadachowska 1992). Fluorescence in situ hybridization
(FISH) with 18S ribosomal DNA (rDNA) was performed
according to Warchałowska-Śliwa et al. (2009). A probe
containing the 1.8 kb fragment 18S rDNA gene of Isophya
adamovici (Orthoptera) (Warchałowska-Śliwa et al. 2009)
was labelled biotin-16-dUTP. Slides were counterstained
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Table 1 Ecological data of Afroanthracites montium
Locality

Vegetation

Elevational zone

Position

Elevation (m a.s.l.)

MAP (mm)

MT (°C)

MAT (°C)

Rel

Kidia
Msaranga
Kirua Vinjo
Msaranga
Msaranga
Kidia
Lerongo
Mrusunga
Kidia
Mrusunga
Arusha National Park
Kidia
Mweka
Natiro
Lerongo
Siha
Kidia

Agroforestry
Forest edge
Agroforestry
Forest edge
Forest
Agroforestry
Forest
Forest
Forest edge
Forest
Forest
Forest edge
Forest
Agroforestry
Forest
Forest
Forest edge

Submontane
Submontane
Submontane
Submontane
Submontane
Submontane
Submontane
Submontane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane

South
South
South
South
South
South
West
South
South
South
Mt Meru
South
South
South
West
Southwest
South

1250
1260
1260
1350
1420
1430
1510
1600
1700
1700
1700
1710
1800
1820
1830
1850
1850

1773
1672
1282
1846
1924
1846
900
2208
2271
2248

10.0
10.0
10.0
9.8
9.4
9.4
8.9
8.3
7.7
7.7

19.3
19.3
19.3
18.8
18.3
18.3
17.9
17.3
16.8
16.8

1478
310
Hom4
308

2330
2240
2405
1207
1301
2800

7.7
7.1
7.0
7.0
6.8
6.8

16.8
16.2
16.0
16.0
15.9
15.9

1360
Flm2
Hom3
881
844
401

Siha
Machame
Kili Timbers
Arusha National Park
Lerangwa
Kidia
Kidia
Machame
Kikafu
Kikafu
Umbwe
Siha-Lerongo
Maua
Marangu
Umbwe
Siha-Lerongo
Lerongo
Marangu
Siha-Lerongo

Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane

Southwest
South
North
Mt Meru
North
South
South
South
South
South
South
Southwest
South
South
South
Southwest
West
South
Southwest

1890
1920
2000
2000
2060
2100
2110
2120
2200
2200
2220
2260
2270
2370
2540
2550
2550
2560
2600

1351
2537
967

6.5
6.4
5.9

15.6
15.5
15.0

182
Flm1
1095

965
2808
2808
2507
2682
2183
2507
1142
2057
2106
2214
1151
1122
1995
1149

5.6
5.3
5.3
5.2
4.7
4.7
4.6
4.4
4.4
3.7
2.6
2.6
2.5
2.5
2.3

14.8
14.5
14.5
14.3
13.9
13.9
13.8
13.6
13.5
13.5
11.9
11.9
11.9
11.9
11.6

1164
126
126
Foc1
1637
217
Fod1
871
Fod3
Fod5
Foc3
864

Kidia
Umbwe

Forest
Forest

Montane
Montane

South
South

2600
2650

1530
1998

2.3
2.0

11.6
11.3

2650
1250
1400

2808
856
1952

10.0
2.0
8.0

19.3
11.3
8.0

Maximum
Minimum
Range

with DAPI (4,6-diamidini-2phenylindole) and then
mounted in an anti-fade medium with DABCO (1-4diazabicyclo[2.2.2]octane). The images were captured a
Nikon Eclipse 400 light microscope fitted with a CCD
DS-U1 camera using Chroma filter sets (for FISH). Lucia

1444
1559
HS1; rel 36
743

Fod4
865
Foc4

Image 5.0 software was used and also figures were processed and organized using Adobe Photoshop. At least ten
meiotic divisions (from diplotene to metaphase I) per male
and five oogonial metaphase were analysed using all the
techniques.
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Results
Taxonomy
Afroanthracites lutindi Hemp C. n. sp.
Holotype male, Tanzania, West Usambara Mountains, Lutindi
Forest, 1300 m, March 2014; depository MfN.
Paratypes: 1 female, same data as holotype; depository
MfN. 1 male, 1 female, same data as holotype, depository:
BMNH.
Further paratype material: 2 males, 7 females, same data as
holotype; 2 males, 3 male nymphs, same data as holotype but
October 2014. Collection C. Hemp.
Description: male. General colour pattern predominantly
green with a conspicuous orange patch on tenth abdominal
tergite (Figs. 2, 3 and 4). In living insect posterior margin of
pronotum with light blue broad fascia, fading to greenish colour
in preserved insect. Head and antennae: fastigium verticis acute
conical, shorter than scapus. Face uniformly green, labrum and
mandibles dull orange to brownish (Fig. 4). Antennae long,
about 6 cm. Scapus green with black posterior margin, antennal
segments 1–3 shiny black, remaining segments beige to light
brown (Figs. 2, 3 and 4). Thorax: pronotum rugose, rounded,
posterior area slightly inflated. Tegmina completely hidden
under pronotum, reduced to stridulatory area and a short apical
flap, wider than long. Legs: fore femora with three outer ventral
green spines with brown tips, unarmed on inner side. Hind
femora with four outer and no inner ventral spines. Fore and
mid tibiae armed with 4–5 slender spinules on both ventral
margins. Hind tibiae with four rows of spines getting distally
denser. Abdomen: tenth abdominal tergite shield-like and broad
with evenly curved posterior margin, conspicuous orange with
green margin in living insect; posterior margin of 9th abdominal
tergite bordered dark. Tergites of abdomen 1–9 green, sternites
orange. Last abdominal tergite elongated, anterior yellow part
shield-like broad, posterior part with elevated margins, medially
with bulging ridge, parted by broad furrow at posterior margin
(Fig. 9e). Cerci with stout base then laterally compressed with
outer conical branch and elongated and strongly laterally

Fig 2 Male A. lutindi n. sp., habitus, lateral view

Fig. 3 Male A. lutindi n. sp., dorso-lateral view on pronotum

compressed inner branch with bidentate tip (Fig. 10d).
Subgenital plate elongated, divided into two posteriorly upcurved lobes with short styli (Fig. 10b, f).
Female: general habitus and colour pattern as male with
long and stout ovipositor, moderately up-curved (Fig. 5).
Subgenital plate broad, medially slightly incurved at posterior
margin (Fig. 8b). Cerci roundish inflated at base and thin and
slender in last third.
Measurements, males (mm) (n=3). Body length 20–22.
Length of pronotum 7.6–8.2. Length of hind femur 12.0–13.0.
Measurements, females (mm) (n=4). Body length 18.0–
25.0. Length of pronotum 6.5–7.8. Length of hind femur
12.5–15.0. Length of ovipositor 11.0–13.0.
Diagnosis: morphologically similar to A. viridis Hemp,
Ingrisch & Ünal, 2013 from the East Usambara Mountains.
From all other Afroanthracites species distinguished by its
vivid green colouration and the orange tenth abdominal tergite
in both sexes. Differentiated from A. viridis by the elongated
tenth abdominal tergite with bifurcate tip. In A. viridis, the
tenth abdominal tergite is shield-like with an evenly rounded
posterior margin (Fig. 9d). In A. viridis, the disc of the
pronotum is brown with two short lateral black fasciae while
the pronotal disc is uniformly green with a light blue posterior
margin in A. lutindi n. sp. (Figs. 2, 3 and 4). The females of
A. viridis and A. lutindi n. sp. are morphologically similar. As
in males, they may be distinguished by their colour pattern,
A. viridis having a brown disc of the pronotum while it is

Fig. 4 Male A. lutindi n. sp., lateral view, note orange part of tenth
abdominal tergite, orange clypeus and coloration of eyes and antennae
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Holotype male, Tanzania, West Usambara Mountains, Lutindi
Forest, 1300 m, March 2014; depository: MfN.
Paratypes: 1 female, same data as holotype, depository:
MfN. 1 male, same data as holotype, depository: BNMH.
Further paratype material: 3 males, same data as holotype;
7 males, 2 females, same data as holotype but October 2014.
Collection C. Hemp.
Description: male. General colour hazelnut brown with
black markings on head and pronotum and a pattern of cream,
green and darker brown on abdomen (Fig. 6). Head and
antennae: eyes round and conspicuous white in living insect
(Fig. 6). Fastigium verticis conical, longer than scapus, black;
face uniformly coloured, of same brown colour as remaining
head and pronotum; some individuals with faint tri-angled

shaped darker fascia medially but usually without fascia on
face. Antennae long, about 7 cm in length, scapus and first
antennal segments dark brown, remaining segments red-brown
(Fig. 6). Thorax: pronotum shiny with many shallow dots;
uniformly hazelnut brown with dark green elongate patch along
anterior margin of lateral lobes, and another dark patch at border
between meso- and metazona of lateral lobes and sometimes
anterior margin of pronotum of dark brown colour; this pattern
fading in preserved insect. The tegmina for most of their length
hidden under pronotum, posterior margin visible; reduced to
stridulatory area and a short apical flap. Legs: dark brown with
lighter brown colour as on disc of pronotum around joints. Fore
and mid femora with 2–3 outer ventral spines, unarmed on
inner sides. Fore and mid tibiae with 5 ventral spines on each
margin. Fore tibiae with conchate tympana, slightly swollen in
this area. Hind femora with 5 broad-based spines ventrally.
Hind tibiae armed with numerous small spinules in a ventral
row and two dorsal rows along whole length getting distally
denser. Abdomen: abdomen with pattern of green, cream and
black stripes (Fig. 6). Tenth abdominal tergite black in anterior
half, whitish to light brown in down-curved apical half, medially divided by a deep sulcus in pale coloured area. Both sides
of cream-coloured area like triangles, posterior margin straight
(Fig. 9h). Cerci in situ hidden under tenth abdominal tergite,
cream-coloured, tri-dentate with an inner oriented bidentate part
and brown sclerotized tips which is laterally compressed, and
an outer part which is conical, strongly inflated at base and with
numerous hairs and an acute sclerotized tip (Fig. 10c).
Subgenital plate elongated, divided into two lobes with long
and slender styli, posterior area up-curved (Fig. 10a, e).
Female: general habitus and colour pattern as male with
long and stout ovipositor, moderately up-curved. Last
abdominal tergite medially v-shaped incised, margins of
incision forming two short processes with acute tips (Fig. 7).
Cerci of normal shape, conical. Subgenital plate broad,
medially incised at posterior margin (Fig. 8a).
Measurements, males (mm) (n=5). Body length 23–27.
Length of pronotum 10.5–11.4. Length of hind femur 12.1–12.5.
Measurements, females (mm) (n = 3). Body length 23.2–
33.1. Length of pronotum 7.1–7.6. Length of hind femur
13.4–15.8. Length of ovipositor 12–13.8.

Fig. 6 Male A. pseudodiscolor n. sp.

Fig. 7 Female A. pseudodiscolor n. sp.

Fig. 5 Female A. lutindi n. sp.

green with a light blue posterior margin in A. lutindi n. sp.
(Fig. 5). The subgenital plate in A. lutindi n. sp. is only slightly
posteriorly incurved (Fig. 8b) while in A. viridis the median
incision is deeper.
Distribution: Tanzania; West Usambara Mountains. At
present, only known from the Lutindi Forest.
Song: see Bioacoustics (Figs. 12, 13 and 15).
Ecology and Biology: active at night. Predaceous, feeds on
other insects.
Habitat: on branches of bushes and trees and herbaceous
vegetation in humid submontane forest. Lutindi Forest
receives a mean annual precipitation of 1600 mm.
Afroanthracites pseudodiscolor Hemp C. n. sp.
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Fig. 8 Female subgenital plates
of a A. pseudodiscolor n. sp. and
b A. lutindi n. sp.

Diagnosis: very similar to A. discolor Hemp, Ingrisch &
Ünal, 2013 and thus easily distinguished from all other
Afroanthracites species because of the conspicuous colour
pattern and the last abdominal tergite in males which is divided into two halves at its posterior third. Distinguished from
A. discolor by a different colour pattern. The pronotum is
almost uniformly brown in A. pseudodiscolor n. sp. while
A. discolor has scattered green and yellow patches centrally
on the pronotal disc and especially on the lateral lobes. The
colour pattern on the abdomen also differs in both species:
A. discolor has a light brown triangle medially on each
abdominal segment bordered by a thin black line while the
lateral sides are vivid green with brown stripes anteriorly on
each abdominal segment. In A. pseudodiscolor n. sp. the medial
row of triangles is missing, replaced by a dull cream fascia
(Fig. 6). The segments are green laterally, bordered posteriorly
and anteriorly by light brown to beige fascia on each abdominal
segment. The very border of the posterior margin of each
abdominal segment is marked by a thin black fascia giving the
abdomen a ‘striped’ pattern. The last abdominal tergite in males
is similarly coloured in both species, the anterior part being shiny
black while the posterior part is white (fading in the preserved
insect to more beige to greenish) and deeply divided into two
halves by a central furrow (Fig. 9g, h). However, while in
A. discolor, the posterior white part is almost at one level with
the shiny black anterior part, this area is strongly down-curved
and each side triangular shaped in A. pseudodiscolor n. sp.
A. pseudodiscolor n. sp. has a slightly longer fastigium verticis
being longer than the scapus while it is about the length of the
scapus in A. discolor. The male cerci are morphologically similar
in both species consisting of an outer branch ending in an acute
tip and a laterally compressed inner branch forming two acute
tips. The outer branch is strongly inflated in A. pseudodiscolor n.
sp. (Fig. 10c, e) but less so in A. discolor. The face of A. discolor
shows a well-developed triangle-shaped black area while in
A. pseudodiscolor n. sp. face is in most specimens uniformly
brown and of the same colour as head and pronotum.

Females of both species differ as males in their colour
pattern, the pattern of triangles medially on the abdominal
tergites missing in A. pseudodiscolor n. sp. and the shape of
the subgenital plate. A. pseudodiscolor n. sp. has an almost
square subgenital plate with an evenly incurved posterior
margin while in A. discolor the posterior margin is more abruptly
and deeply incurved and thus forming two lateral edges.
Distribution: Tanzania; West Usambara Mountains. At
present, only known from the Lutindi Forest.
Song: see Bioacoustics (Figs. 12 and 15).
Ecology and Biology: night-active species. Males cling to
branches inside of bushes performing their song at night. The
calling song is clearly audible and consists of single echemes
produced monotonously (see Bioacoustics, Figs. 12 and 15).
Predaceous, feeds on other insects. In October 2014, a month
usually very dry in northern Tanzania, found restricted to a
small area around a fresh water lake suggesting that A.
pseudodiscolor n. sp. needs a high air humidity.
Habitat: humid submontane forest and forest edge. Lutindi
Forest receives a mean annual precipitation of 1600 mm.
Ecological niche of Afroanthracites species
A. montium covers on Mt Kilimanjaro a broad ecological
niche, specimens recorded on all sides of the mountain
inhabiting an elevation range of 1400 m (1250–2650 m).
Habitats occupied lay in humid and perhumid conditions,
and specimens being caught at its lower border of occurrence in riverine forests where humid conditions persist
at lower altitudes were common species in coffee banana
plantations between 1400 and 1600 m in the submontane
zone and was also one of the most frequent caught
Orthoptera species in montane forest (Fig. 17). Its upper
limit of occurrence coincides with first nocturnal frosts
around 2700 m (Hemp 2006a).
Along the gradient between 1250 to 2650 m mean annual
temperature and mean annual minimum temperature
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Fig. 9 Dorsal view on male abdominal apex of Afroanthracites species. a A. montium. b A. usambaricus. c A. jagoi. d A. viridis. e A. lutindi n. sp. f
A. uluguruensis. g A. discolor. h A. pseudodiscolor n. sp.

decreased from 19.3 to 11.3 °C and 10.0 to 2.0 °C, and rainfall
increased from about 900 mm at the western and northern
slopes at 1500–2000 m (i.e. border subhumid to humid conditions) to over 2800 mm (i.e. perhumid conditions).
A. montium is also a common species on Mt Meru where it
was recorded in humid forest between 1700 and 2000 m.
Ecological data for the forest reserves of the West and East
Usambara Mountains were taken from Hamilton (1989) and
Iversen (1991) and integrated in the calculation of the ecological niche of the species. Although temperature differences
depending on the elevation and mass of the single mountains
and mountain ranges are possible all forest areas in which
Afroanthracites species occurred where humid conditions
persisted (Fig. 17 and Table 2).

Bioacoustics
Morphology of stridulatory organs
In all Afroanthracites species, the left and the right tegmina are quite similar to each other, both having large
transparent mirrors (Fig. 11). However, between species,
the tegmina differ clearly in size by about a factor of two
(Table 3). This does not seem to be primarily an effect of
body size (measured as hind femur length), since the size
differences are quite small (Table 3) and the correlation is
very weak (r 2 = 0.04, linear regression). The tegmina of
A. brachyptera are longer than those of the
Afroanthracites species, but narrower. In this species,
there is no well-developed mirror in the left wing, and
that on the right wing is comparable in size to the smallest
Afroanthracites mirrors.

The stridulatory file (length 1.9–3.7 mm) is found on the
underside of the left tegmen. In the species studied
(A. brachyptera, A. montium, A. viridis and A. discolor) also
on the underside of the right tegmen, a file can be recognized,
but it is much less sclerotized than in the left and certainly not
functional. Concerning the number of file teeth, two groups
could be established. In the majority of species between 150
and 190 teeth are counted, but A. usambaricus, A. lutindi n. sp.
and A. viridis all have about 250 teeth. Tooth intervals range
from 10 μm in A. usambaricus to 26 μm in A. pseudodiscolor
n. sp. (Table 3).
Song pattern
The song of all Afroanthracites species consisted of
echemes which contained a variable number of syllables
(Fig. 12). Each syllable consisted of two parts, a shorter
and softer beginning, which is probably—as in other
tettigoniids (e.g. Heller 1988)—produced during the opening of the tegmina (opening hemi-syllable) and a longer
and louder second part (closing hemi-syllable). The first
opening hemi-syllable (and thus also the complete syllable) was typically longer than the others (see Figs. 12 and
13). The duration of the last syllable varied between 30 and
90 ms (Table 4). The number of syllables per echeme
ranged from two to eight with most species between two
and four and only A. lutindi n. sp. distinctly higher. Clear
species-specific differences were also found in the intervals at which the echemes were produced (Table 4,
Fig. 12). A. montium and A. usambaricus used echeme
repetition rates (ERR) of about 2 Hz continuously for
many seconds. A. pseudodiscolor n. sp. sang single
echemes isolated by many seconds throughout the whole
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Fig. 10 Morphological details of
male Afroanthracites species. a,
c, e A. pseudodiscolor n. sp. b, d,
f A. lutindi n. sp. a, b Lateral view
on abdominal apex. c, d Left
cercus. e, f Subgenital plate

Table 2 Afroanthracites species, distribution and habitat
Species

Distribution

Habitat

A. discolor Hemp, Ingrisch & Ünal, 2013
A. jagoi Ünal & Hemp, 2013
A. lutindi n. sp.
A. montium (Sjöstedt, 1909)

Tanzania, West Usambara Mountains, Mazumbai Forest Reserve
Tanzania, West Usambara Mountains, Mazumbai Forest Reserve
Tanzania, West Usambara Mountains, Lutindi Forest
Tanzania, Mts Kilimanjaro and Meru

Montane forest
Montane forest
Submontane forest
Submontane and montane forest,
coffee–banana plantations

A. pseudodiscolor n. sp.
A. uluguruensis Hemp & Ünal, 2013
A. usambaricus (Sjöstedt, 1912)

Tanzania, West Usambara Mountains, Lutindi Forest
Tanzania, Uluguru Mountains
Tanzania, West Usambara Mountains, Mazumbai and
Lutindi Forest Reserve
Tanzania, East Usambara Mountains
Tanzania, North Pare Mountains
Tanzania, South Pare Mountains
Tanzania, Manyara escarpment, Nou Forest Reserve

Submontane forest
Montane forest
Submontane and montane forest

A. viridis Hemp, Ingrisch & Ünal, 2013
A. sp. 1
A. sp. 2
A. sp. 3

Lowland to submontane forest
Montane forest
Montane forest
Montane forest
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Fig. 11 Isolated tegmina of
Afroanthracites species and
Afroagraecia brachyptera. Upper
two lines—left tegmen, lower
line—right tegmen. a
A. usambaricus, b A. montium, c
A. lutindi n. sp., d A. viridis, e
A. pseudodiscolor n. sp., f
A. discolor, g A. brachyptera.
Scale=5 mm

night. During the rare occasions when it sang during daytime, it produced short sequences with an ERR also about
2 Hz. In the song of A. discolor and A. viridis, several
echemes followed each other at a rate of 4–5 Hz, but these
fast groups were separated by larger intervals. The same
pattern was also observed in A. lutindi n. sp. Here, however, echemes and intervals were longer (Table 4).
A. brachyptera produced a long, continuous calling song,
consisting of single syllables separated by short and somewhat
irregular intervals (Table 4, Fig. 12).

Spectral composition of song
The frequency spectra of all song records showed a relatively
similar shape. They are all quite broad-banded with the main
peak in the lower part (Fig. 15). As can be seen in Fig. 13, the
main peak and a second, higher one are harmonically related.
However, in many species, the higher peak is above 50 kHz
and not completely covered by the frequency range of the
recordings (see Fig. 15). The main peak differs between many
species. Its position correlates quite well with the dimensions

Table 3 Data on morphology and frequency characteristics (n = number of specimens)
Species

A. brachyptera
A. pwania
A. usambaricus
A. montium
A. lutindi
A. viridis
A. discolor
A. pseudodiscolor
a

Hemp 2013a

b

Hemp 2013b

Length of hind
femur [mm]

11–13a
13–14b
11–11.2
11–12
12–13
13.5–142
11–11.72
12.1–12.5

Length of file
[mm] (n=1 (2))

1.9
1.92
2.3–2.6b
2.6b
2.8
3.0b
3.6b
3.7

Number of file
teeth (n=1 (2))

150
1872
248b–250
155b
250
254b
166b
183

Length of left
mirror [mm] (n=1)

Inter-tooth
interval [μm]

Frequency [kHz]
Peak
(mean)

Centre of range
10 dB below peak

n

1.2

18

22.2

22.5

2

0.9
1.1
1.3
1.4
1.8
2.2

10

27
25,3
22
23
18.4
12

30
26.6
23
24
18.75
14

3
3
2
3
1
2

18

26
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Fig. 12 Oscillograms of calling songs of Afroanthracites species and Afroagraecia brachyptera
Fig 13 Sonogram and power
spectrum of calling song of
Afroanthracites viridis
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Table 4 Data on temporal song parameter (n = number of specimens)
Species

Song type

Number of syllables
per echeme (n)

Duration of
echeme period [s]

Duration of (last)
syllable [ms]

Temperature [°C]

A. brachyptera
A. usambaricus
A. montium
A. lutindi

Sequence of syllables
Sequence of echemes
Sequence of echemes
Groups of echemes

–
2–3 (3)
2 (3)
6–8 (2)

–
0.5
0.55
0.8

75
46
55
33

20
20
20
20

A. viridis
A. discolor
A. pseudodiscolor

Groups of echemes
Groups of echemes
Isolated echemes

(2–) 3 (3)
2 (1)
3 (2)

0.2
0.236
–

32
84
46

20
15
20

of the mirror (Fig. 14), a structure often assumed to be important for sound amplification (e.g. Sarria-S et al. 2014); the
larger the mirror, the lower the frequency. The correlation is
high for the length of left and right mirror (r2 =0.93–0.95,
linear regression), but lower for the width (r2 =0.56–0.93).
Here, the correlation coefficients become higher, if
A. brachyptera is excluded (r2 =0.80–0.95).
Interestingly, the peak frequencies differed clearly when
syntopic species are compared (from Lutindi and Mazumbai,
Fig. 15). Unfortunately, the sample size is too small to make
any firm conclusions.

Fig. 14 a Correlation of mirror dimensions and b hind femur length with
peak frequency of male calling song. Open symbols Afroagraecia
brachyptera

Cytotaxonomy
All analysed Afroanthracites species (Fig. 16) were characterized
by a diploid chromosome number of 2n=29 chromosomes for the
male, fundamental number of chromosome arms (FN)=32 and
the X0/XX sex chromosome mechanism. The karyotype
consisted of three groups: one long metacentric (L1), five acrocentric medium (M2-M6) and eight acrocentric short (S7–S14)
pairs gradually decreasing in size. The metacentric sex chromosome (X) was the second element in the set (Fig. 16a). After both
C-staining and DAPI/CMA3 double-staining fluorochromes, the
chromosome regions showed the same pattern of the constitutive
heterochromatin. Generally, C-bands on most chromosomes
showed bright DAPI-positive (DAPI+) and CMA3-positive
(CMA3+) signals in the pericentromeric regions. However, in
the long and the first medium-sized bivalents the heterochromatin
region formed a very weak C-interstitial region located near the
distal ends, DAPI-negative (AT-bands were not detected) and
CMA3+ (GC-rich) signals. Additionally, the same pattern was
observed in the paracentromeric region on one of short-sized
chromosomes (Fig. 16a, b). Silver staining revealed one active
NOR interstitially located near the distal end of the M2 bivalent in
A. usambaricus, A. viridis, A. lutindi n. sp. and A. pseudodiscolor
n. sp. On the other hand, staining with AgNO3 revealed the
presence of two active NORs, a large one situated interstitially
on M2 and another one (not always seen) in the paracentromeric
region on the short bivalent in A. montium (Fig. 16c). In all the
species examined in the present study, only a single large cluster
of 18S rDNA was detected (Fig. 16d). The rDNA-FISH signal
was co-localized with the active NOR visualized by the AgNO3
staining.
A. brachyptera showed a chromosome number of 2n=27 in
the male and 28 in the female, FN=30 and the X0/XX sex
chromosome mechanism. In this species, bivalents may be classified according to size into one long metacentric (L1), four
medium (M2–M5) and eight short (S6–S13) acrocentric pairs,
the metacentric X chromosome was the second element in the
complement (Fig. 16e). After both C-staining and DAPI/CMA3
staining, C-bands on all chromosomes were clearly visible
DAPI+/ CMA3+ in their paracentromeric regions (not shown).
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Fig. 15 Power spectra of male calling songs of Afroanthracites species and of Afroagraecia brachyptera. a Species occurring syntopically at Lutindi. b
Species occurring syntopically at Mazumbai. c Remaining species

Furthermore, interstitial bright CMA3+ bands were found on
the L1 and M2 bivalent (Fig. 16f); these regions were

associated with thin C-bands and DAPI-negative (L1) or
DAPI+ (M2). AgNO3 staining of early prophase revealed
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Fig. 16 a, e C-banded, b, f double fluorochrome-stained
heterochromatin with GC-rich region (green), c, g silver staining and d,
h FISH with 18S rDNA probe (green) in diakinesis of Afroanthracites: a
A. usambaricus, b A. viridis, c A. pseudodiscolor and d A. montium, e–h
Afroagraecia brachyptera. Arrows indicate interstitial near distal region
C-band on a M2; b CMA3 bands on M2 and short bivalents; c singleactive NOR: the insert in the down left corner shows a second active NOR

on short bivalent in A. montium; d rDNA cluster on M2; e thin C-bands
near the distal ends on L1 and M2 bivalents f coincide with GC-rich
regions; AgN staining of early prophase (bottom photo) presence of two
active NORs at diakinesis (at the top of this photo) one NOR located on g
short bivalent and h cluster of 18S rDNA. The largest metacentric
bivalent - L1, medium bivalent - M2, short bivalent - s, X - sex
chromosome. Bar =10 μm

the presence two active NORs whereas at diakinesis cells only
one NOR located on the short-sized bivalent was observed

(Fig. 16g). However, 18S rDNA loci were located on the two
first-sized bivalents (Fig. 16h).

Fig. 17 Habitat selection and altitudinal distribution of Afroanthracites
species in relation to climatic parameters. Line A: linear regression of
mean annual temperature scaled with 1 °C:25 mm precipitation. Line B:
linear regression of mean annual temperature scaled with 1 °C:50 mm
precipitation. Line C: linear regression of mean annual temperature scaled

with 1 °C:100 mm precipitation. Basic climatic data measured on Mt
Kilimanjaro. Black dots: A. montium. +: A. discolor and A. usambaricus,
Mazumbai Forest Reserve; open triangle: A. lutindi n. sp.,
A. pseudodiscolor n. sp. and A. usambaricus, Lutindi Forest; open
diamond: A. viridis, Amani Nature Reserve
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Discussion
Morphology
Afroanthracites species generally can be easily distinguished by
the outer morphology of the male genitalic system. Otherwise,
the species are very similar to each other. Thus—from a morphological point of view—and comparing the colour patterns
A. montium from the Mts Kilimanjaro and Meru area, two yet
undescribed species from the North and South Pare Mountains,
and A. usambaricus from the West Usambara Mountains are
morphologically very similar. In terms of the colour pattern
A. lutindi n. sp. from the Lutindi Forest in the West Usambara
Mountains and A. viridis from the East Usambara Mountains are
very similar, both species being predominantly green with a
conspicuous orange patch on the last abdominal tergite.
Afroanthracites jagoi, known only from the male holotype and
female paratype occurring in the Mazumbai Forest Reserve
shares a similar colour pattern with A. viridis and A. lutindi n.
sp. From a morphological point of view, these three species are
sister pairs. All the latter mentioned species (A. jagoi could not
be investigated) also sing in the ultrasonic range and have
smaller stridulatory organs. On the other hand, A. discolor
and A. pseudodiscolor n. sp., probably endemic to two forested
areas of the West Usambaras, can be distinguished from all
other known species by a conspicuous different colour pattern,
a different male genitalic system (last abdominal tergite in
males divided into two halves at its posterior third), and an
inflated pronotum due to the enlarged stridulatory apparatus
and songs clearly audible with the human ear. Molecular
studies should be undertaken to confirm whether the genetics
reflect relationships seen in the morphology and the acoustics.
Ecology
A sound data set is available only for A. montium occurring on Mt
Kilimanjaro and Mt Meru. A broad ecological niche is occupied
by this Afroanthracites species, found in suitable habitats from
submontane elevations around 1250 m to almost 2700 m, thus
preferring humid to perhumid conditions. At its lower border, at
the border from humid to subhumid conditions on Mt Kilimanjaro
around 1250 m at the southern slopes, this species probably is
restricted by too dry conditions. Similar as shown for Aerotegmina
kilimandjarica the upper border of occurrence coincides with first
nocturnal frosts (Hemp et al. 2013a, b; Hemp 2006a). As seen in
its morphology, species of adjacent areas seem to be most closely
related suggesting that a spread of Afroanthracites is easily
favoured when climatic conditions change to more humid conditions connecting forested areas. As shown in Hemp et al. (2014)
for the genus Parepistaurus climatic fluctuations of the past were
the major drivers of speciation in the area. Evidence from lake
sediments indicates humid periods for East Africa at 2.7–2.5, 1.9–
1.7 and 1.1–0.9 Ma before present (Trauth et al. 2005), the first
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two being humid and warm as supposed by Hemp et al. (2014),
the third one humid but cold. While the first two humid and warm
periods favoured the spread of lowland and submontane forest
and with it its flora and fauna, driving montane forests to higher
elevations, the third humid and cold period favoured a spread of
montane taxa by creating corridors of montane vegetation. During
such climatic fluctuations connecting submontane and even montane forests, Afroanthracites could have easily spread. This spread
was facilitated by the Pangani river system connecting the Mts
Kilimanjaro/Meru area with the northern branch of the Eastern
Arc chain, North and South Pare, West and East Usambara
Mountains. A. montium from Mts Kilimanjaro/Meru, two yet
undescribed species from the North and South Pare and
A. usambaricus from the West Usambaras share a uniform colour
pattern and a similar genitalic morphology of the males. All
species inhabit similar habitats, submontane to montane forests
with (per)humid conditions (Fig. 17). Since the Mts Kilimanjaro/
Meru area harbours an Afroanthracites species being morphologically so similar to the species found on the geologically old
Eastern Arc chain, it is suggested that the observed radiation of
Afroanthracites is young and a result of changing climatic conditions, boosting the spread of taxa in the area rather than a stable
climate and old age of the Eastern Arc forests.
Bioacoustics
Africa is a continent unusually poor in Agraeciini. This is documented by a comparison with the relatively well-studied
Oriental Agraeciini fauna (Ingrisch 1998): here, 40 genera with
160 species are known (excluding two unstudied subtribes),
while in Africa (excluding Madagascar) only three genera with
12 species are known, two in East Africa (Afroanthracites and
Afroagraecia) and one in West Africa (Anthracopsis Karny,
1907 with the single species A. giliotosi Karny, 1907, known
from two females). The African genera may be the result of very
few invasions, considering the morphological similarity between
Afroanthracites and Afroagraecia—one species of Afroagraecia
was even described under Anthracites (see Hemp 2013a)—both
genera may be the result of one colonization event and represent
one monophyletic branch. Correspondingly to the low species
number, no large song diversity can be expected, but all character
changes should be traced back to a single origin.
Following this hypothesis, Afroagraecia has to be considered
as the morphologically more basal genus, since it contains fully
winged species besides brachypterous forms (Hemp 2013a; b).
All species of Afroanthracites are micropterous, certainly a derived character. Looking on the song patterns, the same relationship can be assumed, although the data for Afroagraecia are very
limited. A continuous sequence of syllables is considered as
ancestral (Korsunovskaya 2008; Hennig et al. 2014), while
echemes or even echeme groups are derived. The most interesting question, however, is that about the evolution of the spectral
characteristics of the song. Afroagraecia or at least some species
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of the genus are restricted in the evolution of the mirror and other
structures important for sound emission, because they have to use
the tegmina for flight too. Flightless species are ‘more free to
evolve’ (Sarria-S et al. 2014) specialized structures for effective
sound emission. Some species of Afroanthracites have mirrors in
the size found in Afroagraecia and have also similar spectra.
However, comparing all species, there seems to be a tendency to
enlarge the mirrors and use more low-frequent songs without a
change in body size. The final point of this tendency is found in
A. pseudodiscolor n. sp. Low-frequent songs have several advantages as discussed e.g. by Heller et al. (2010) for
Aerotegmina, most notable an increased song range. Similarly
or even more extremely enlarged tegmina are found in other
micropterous genera/subtribes like Poecilimon (Poecilimon
tschorochensis: Heller et al. 2006) or Karniellina (Karniella:
Hemp et al. 2010a), accompanied by unusually low song frequencies. In Afroanthracites, this process of reducing the song
frequency seems just to be caught in running (see Fig. 14).
From the close correlation of mirror dimensions and peak
frequency (Fig. 14) one could expect that the physics of sound
generation in these species is well understood. However, the
situation does not seem to be easy. In some recently studied
resonant (‘pure tone’) singing species the mirror dimensions fit
well to the prediction for a monopole sound source (lambda/6)
(Heller and Hemp 2014; Sarria-S et al. 2014). The peak frequencies of the African Agraeciini, however, are much lower
than predicted from this theory, respectively, the mirrors are too
small. So the statement of Montealegre-Z (2009) still holds
true: “the complex features of non-resonant stridulation make
it difficult to elaborate models and hypotheses in physics”.
When comparing the tegmina of the African Agraeciini,
another interesting observation can be made besides the correlation of tegmen size and spectral song characteristics. In several
(probably all; see photos in Hemp 2013a; b and OSFO) species
of the genus Afroagraecia, the mirror in the left wing consists of
thick cuticula and is not glossy as in the right tegmen (Fig. 11)—
actually it may not be (very) important in sound amplification at
all, but functions mainly as protection of the left mirror. This is
the typical situation in long-winged tettigonioids (Bailey 1970).
In some species, the left mirror is even completely reduced (e.g.
Ectomoptera; Heller and Hemp 2014). In Afroanthracites, however, after (or simultaneously with) becoming micropterous, this
left mirror became glossy like the right one with an extremely
thin cuticula suitable for sound amplification. Since the tegmina
do not have to be used in flight, both tegmina and their mirrors
can now be protected completely by the pronotum. Symmetrical
tegmina are found in some other micropterous tettigonioid
subfamilies/genera (e.g. Saga; Lemonnier-Darcemont et al.
2015), but Afroanthracites is a clear example where they gained
this appearance with its acoustic function secondarily. Even a
phase converter assumed to be necessary to avoid the destructive
interference of both mirrors (Bennet-Clark 2003; Montealegre-Z
et al. 2009) must have been (re)built/(re)activated.
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Cytotaxonomy
Our results corroborate the previous studies, which revealed that
Agraeciini species both from Asian genera (from Vietnam) and
Australia showed an advanced karyotype evolution. In these
species, the chromosome number ranged in males from 2n=33
to 23 and characterized by a distinct morphology of their chromosomes (fundamental number of chromosome arms, FN from
36 to 30). Most species have the X0/XX sex determination system
typical for tettigoniids, very rarely the neo-XY (Ferreira 1969;
Rentz et al. 2012; Warchałowska-Śliwa and Gorochov 2000).
Cytotaxonomic analysis of African Afroanthracites species
showed that A. usambaricus, A. viridis, A. lutindi n. sp.,
A. pseudodiscolor n. sp. and A. montium possessed a chromosome number of 2n=29 (FN=32). We suggest that in the case
of the African genus Afroanthracites, a reduction from 33
chromosomes (found in Agraeciini from Vietnam) to 29 chromosomes occurred, very likely by Robertsonian translocations
(centric fusions) between two large pairs of autosomes and one
tandem fusion (without changing the position of the centromere) between the medium and the small chromosome pairs.
FN is reduced to 32, similar to the Oriental Agraeciini. Further
reduction to 2n=27 (FN=30) by a tandem fusion could have
occurred between two medium pairs of autosomes, thus
forming the largest of the medium acrocentric pairs (the number
of short bivalents is the same as in Afroanthracites) in
A. brachyptera as was also found to be the process in A.
(Perianelytra) propria (from Vietnam). A biarmed X chromosome (metacentric) in both genera is typical for other species of
Agraeciinii (Rentz et al. 2012; Warchałowska-Śliwa and
Gorochov 2000) and described earlier in Conocephalini and
Copiphorini (Hemp et al. 2010a; Warchałowska-Śliwa 1998).
The application of different cytogenetic staining techniques
(molecular and classical methods) enables a better characterization of different tettigoniid karyotypes and is important for the
identification of genus/species-specific patterns especially in
Palaearctic bushcrickets (e.g. Grzywacz et al. 2011, 2014;
Warchałowska-Śliwa et al. 2011, 2013) and some African
phaneropterines (Hemp et al. 2010b; 2013a, b). Mapping of
the location rDNA/NORs clusters and two heterochromatin
classes may be used to identify some chromosome markers
useful for studying genomic organization and diversity of
Afroanthracites and Afroagraecia as well as for a comparison
with earlier described karyotypes in Agraeciini. The chromosomes of all five investigated Afroanthracites species so far
show a lack of diversity in the amount of heterochromatin and
the location of rRNA coding genes using fluorescence in situ
hybridization (FISH). A single M2 bivalent carrying 18S rDNA
clusters seems to be a typical karyotype feature of the genus
Afroanthracites. In contrast, two clusters located on the two L1
and M2 (metacentric and acrocentric) chromosome pairs were
found in Afroagraecia. In both genera, rDNA sites were found
in the interstitial region, what suggests that these rDNA-bearing
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autosomes probably take part in karyotype rearrangements. The
presence of interstitial rDNA loci on a bivalent with biarmed or
acrocentric autosomes was previously observed in some of the
Bradyporinae karyotypes with reduction of chromosome numbers either by Robertsonian translocation or tandem fusion
(Warchałowska-Śliwa et al. 2013). Generally, in most of the
tettigoniids rDNA loci coincide with active NORs and GC-rich
heterochromatin (e.g. Grzywacz et al. 2014), similar to the
Afroanthracites species studied here. However, not all rDNA
clusters detected by FISH are active during meiosis (i.e. from
nucleoli). This is probably connected with inactive rDNA loci
on the short bivalent of A. montium and the two largest chromosomes of A. brachyptera. An explanation for the absence of
correspondence between rDNA and NOR activity would be the
existence of orphon-like rDNA cryptic loci (dispersed) at these
chromosome locations and, thus, not detectable by FISH but
they may sometimes still be active (Cabrero and Camacho
2008). The karyotypes of Agraeciini species described earlier
(Warchałowska-Śliwa and Gorochov 2000) had a single NOR
(molecular technique rDNA-FISH was not used) on two different chromosomes: on the M4 pair in Liaromorpha
buonluoiensis (2n=33) and the M3 bivalent in Sialaiana
transiens and Liara tramlapensis (both 2n=29) as well as A.
(Perianelytra) propria (2n=30). Based on the number and
localization of rDNA clusters, as a marker, the African genera
Afroanthracites and Afroagraecia show a different genomic
organization as described for other Agraeciini genera.
However, sometimes minor length differences in chromosome
pairs might cause problems with their precise identification. So,
we cannot not exclude that the M3 pair with active NOR
interstitially located in Asian species (listed above) is the same
bivalent (M2) as in African species. In Afroanthracites and
Afroagraecia, the pattern of heterochromatin distribution has
revealed the occurrence of homogenous C/DAPI/CMA3-positive blocks in the paracentromeric region, suggesting the occurrence of a concentration of AT- and GC-base pairs in the DNA
similar to those described in some other tettigoniids, e.g. Saginae
(Warchałowska-Śliwa et al. 2009), Bradyporinae
(Warchałowska-Śliwa et al. 2013) and Phaneropterinae
(Grzywacz et al. 2014). A special type of GC-rich heterochromatin (DAPI- or very weakly DAPI+) was associated with
rDNA clusters in the interstitial regions (L1 or M2) in both
Afroanthracites and Afroagraecia, similar to other tettigoniids.
In summary, we propose here that the processes of the
reduction of chromosome numbers and the pattern of rDNA
on the chromosomes are good cytogenetic markers to clearly
separate species of the two genera Afroanthracites and
Afroagraecia. Further studies have to show if (1) East African
Agraeciini reduced the chromosome number from 33 to 29/27
independently with the same process as in Asian and Australian
species or (2) African Agraeciini evolved from Asian/Australian
species with an already reduced chromosome number supported
by an analogous NOR position in Vietnamese Liarina species.
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Conclusions
Evaluation of climatic parameters on Mt Kilimanjaro and on
the East and West Usambara Mountains showed that all investigated Afroanthracites species occupy an analogous niche
on the respective mountains—humid to perhumid
submontane and montane forests.
The genera Afroagraecia and Afroanthracites may be well
distinguished by their karyotypes, supporting their status as separate genera. A clear evolution trend within this group can also be
seen in the acoustics. The more basal Afroagraecia shows the still
plesiomorphic condition in having little differentiated tegmina
with a small and exposed stridulatory apparatus. Afroanthracites
species all have reduced wings, the tegmina hidden under the
pronotum being well protected. In the West Usambara Mountains
two species, A. pseudodiscolor n. sp. and A. discolor evolved,
producing clearly audible songs in enlarging their stridulatory
apparatus. These data suggest that these two species are evolutionary young compared to the remaining Afroanthracites species
with smaller stridulatory apparatus singing in the ultasonic range.
Also, when comparing the outer morphology and the colour pattern, data suggest that the observed radiation of
Afroanthracites is young, especially since geologically young
and old areas harbour morphologically similar species.
Our data set suggests that species of Afroanthracites are the
result of a young radiation in the area, similar to other flightless Orthoptera taxa and that climatic fluctuation of the past
boosted speciation in the area rather than a stable climate and
the old age of the Eastern Arc chain.
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