
ORIGINAL ARTICLE

Review of the East African species of the phaneropterine genus
Parapyrrhicia Brunner von Wattenwyl, 1891 (Insecta:
Orthoptera): secret communication of a forest-bound taxon

Claudia Hemp1
& Klaus-Gerhard Heller2 & Elżbieta Warchałowska-Śliwa3 &

Beata Grzywacz3 & Andreas Hemp4

Received: 23 May 2016 /Accepted: 1 September 2016 /Published online: 27 September 2016
# Gesellschaft für Biologische Systematik 2016

Abstract The East African species of Parapyrrhicia Brunner
von Wattenwyl, 1891, are reviewed. Beside the description of
five new species from the West Usambara, Udzungwa,
Uluguru Mountains, and coastal Tanzania and the male of
P. zanzibarica Brunner von Wattenwyl, 1891, data on habitat,
morphology, acoustics, and the chromosomes are provided. A
key to the species of Parapyrrhicia is provided. Eulioptera
zanzibarica Brunner von Wattenwyl, 1891, is synonymized
with Parapyrrhicia zanzibarica Brunner. All species have
stridulatory files with intertooth intervals decreasing from anal
to basal and low duty cycle calling songs (four species record-
ed) consisting of very short, narrow-banded, resonant sylla-
bles. Parapyrrhicia species showed a plesiomorphic karyo-
type with a diploid chromosome number of 2n = 31 and a
X0 sex chromosome system in males. All species are restrict-
ed to closed wet forest areas and thus ideal organisms to be
used for monitoring habitat quality of an area since they act as
indicators for indigenous wet forest communities.
Morphological sister pairs suggest recent speciation processes
in coastal and lowland wet forests of East Africa.

Keywords Taxonomy . Coastal forests . Eastern Arc
Mountains . Tanzania . Biodiversity . Indicator species .

Chromosomes

Introduction

Coastal forests of East Africa and forests of the Eastern Arc
Mountains are regarded as hotspots of biodiversity and ende-
mism (Burgess and Clarke 2000; Burgess et al. 2007).
Although their importance is internationally accepted and part
of the remaining forests has forest reserve status, deforestation
is not slowing down and the remaining patches of coastal
forest along the coast and further inland on the Eastern Arc
chain are vanishing rapidly.

Recent surveys on Orthoptera in East Africa have supported
the high biodiversity and endemism in the area for this group of
insects (e.g., Hemp et al. 2013a, b, 2015; Hemp and Johns
2015). However, many of the newly described Orthoptera spe-
cies must be regarded as endangered since they were found
being endemic to small forest remains. The same threat seems
to apply for most species of the genus Parapyrrhicia. Species
of this genus are rarely collected; except for their description,
nothing is known of their biology and their habitat demands.
Six species of Parapyrrhicia are described at present, four of
them occurring in Madagascar and on isolated islands in the
Indian Ocean. Two species are known from the African main-
land. P. zanzibarica Brunner von Wattenwyl, 1891, was only
known by the female, the holotype lost (Ragge 1980).
P. acutilobata Ragge, 1980, was described on a female from
Mtwara, Tanzania, a male from Dar es Salaam, Tanzania, and
two further females from Rabai, Kenya.

As Ragge (1980) pointed out, Parapyrrhicia shows some
affinity with Eulioptera Ragge, 1956, and Pleothrix Ragge,
1980, but may be distinguished in having at least one non-
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apical dorsal spur on the fore and mid tibiae. The male geni-
talia are extraordinarily formed with largely expanded cerci
and deeply lobed subgenital plates. The fastigium of vertex is
compressed, narrower than the first antennal segment, sulcate
above, and concave in profile. The eyes are circular and prom-
inent. The pronotum has no lateral carinae and a smooth and
matt surface. The fore coxae have a spine. The fore tibiae have
open tympana on both sides, fore and mid tibiae with dorsal
spurs, and hind tibiae with three apical spurs on each side.
Both pairs of wings are fully developed. The veins Sc and R
are slightly separated at the base and are then continuous for
most of their length before diverging apically. The male
subgenital plate is without styli. The ovipositor is well devel-
oped, long and slightly up-curved with coarse marginal teeth
(adapted from Ragge 1980).

In this study, we want to provide data on Parapyrrhicia
species distributed in coastal to submontane forests of
Tanzania and to discuss their relationships within
Phaneropterinae, especially with Pyrrhicia Stål, 1873 (now
Letana Walker, 1869).

Material and methods

Measurements The total body length refers to the body length
of the insect without tegmina. In females, the ovipositor is not
included in the body length; its length is taken from the tip to
the base of the subgenital plate not considering the curvature.
The length of tegmina is taken from above. Terminology of
body parts and structures follows Ragge (1980).

Depositories British Museum, Natural History (BMNH),
London , UK; Museum fü r Na tu rkunde (MfN) ,
Zentralinstitut der Humboldt-Universität zu Berlin,
Germany; Zoological Museum, University of Copenhagen
(ZMUC), Denmark

Acoustics Songs were recorded in the laboratory using a
digital bat detector (Pettersson D1000X) with sampling
rates between 100 and 192 kHz and, additionally, a
Sony ECM-121 microphone (frequency response relative-
ly flat up to 30 kHz; own tests) connected to a personal
computer through an external soundcard (Transit USB,
BM-Audio^; 64-kHz sampling rate).

Specimens recorded: Parapyrrhicia abdita n. sp.,
TANZANIA, Udzungwa Mts., CH7943, February 2015; 2
specimens January and March 2016; 3 July 2015, CH8054
(morphology only); TANZANIA, Kihansi forest reserve, 1
specimen, January 2016; P. acutilobata, TANZANIA,
Kisarawe, 1 specimen, February 2015, CH8050, CH8051 (in
alcohol), 9 July 2015; P. globulata (Holotype); P. niloensis,
CH8110 (Paratype)

Song measurements and sonograms were obtained using
AMADEUS II and AMADEUS Pro (Martin Hairer;
http://www.hairersoft.com). For frequency analysis in
a d d i t i o n , t h e p r o g r a m Z e r o C r o s s i n g v 5
(kprestwi@holycross.edu) was used. Oscillograms of the
songs were prepared using TURBOLAB (Bressner
Technology, Germany). All recordings were made at
temperatures between 20 and 27 °C. The singers were caged
in plastic tubes or gauze cages with microphone fixed or hand
held at distances between 5 and 60 cm. Data are presented as
mean ± standard deviation.

Terminology Syllable: sound produced during one cycle of
movements (opening and closing of the tegmina), in
Parapyrrhicia equivalent to a pulse; echeme: first-order as-
semblage of syllables; pulse: undivided train of sound waves
increasing in amplitude at the beginning and containing many
similarly sized wave maxima and minima (cricket-like song
structure; example see Fig. 20).

Cytotaxonomic analyses Parapyrrhicia abdita n. sp. (three
males: CH7943, CH8054, HE84), P. acutilobata (three males:
CH8050, CH8051, HE30), P. diamantina n. sp. (one male:
CH7902), P. globulata (two males: HE77, HE98),
P. zanzibarica (one female: CH8109), P. niloensis n. sp. (one
male: CH 8110) and Letana inflata (three males: CH7856,
CH7856, CH7864 and two females: CH7735, CH7858) were
investigated. Chromosome preparations were obtained
from male adult gonads and freshly molted females by
squash methods. Testes were excised, incubated in a
hypotonic solution (0.9 % sodium citrate), then fixed
in ethanol:acetic acid (3:1) and squashed in 45 % acetic
acid. Cover slips were removed by the dry ice proce-
dure and then preparations were air dried. Constitutive
heterochromatin was revealed by the C-banding tech-
nique as described by Sumner (1972). Some slides were
stained with CMA3 (chromomycin A3) to identify GC-
rich and with DAPI (4,6-dimidino-2-phenylindole) to
AT-rich regions (Schweizer 1976). The silver staining
method (with AgNO3) was used for visualizing nucleo-
lus organizer regions (NORs) and was performed as
descr ibed previously (Warcha łowska-Ś l iwa and
Maryańska-Nadachowska 1992). Fluorescence in situ
hybridization (FISH) with ribosomal 18S rDNA
(rDNA) and telomeric (TTAGG)n DNA (tDNA) probes
as well as the probes prepared and labeled were per-
formed according to Warchałowska-Śliwa et al. (2009).
Slides were counterstained with DAPI (4,6-diamidini-2-
phenylindole) and then mounted in an anti-fade medium
with DABCO (1-4-diazabicyclo[2.2.2]octane). Images for
FISH were captured using a Nikon Eclipse 400 fitted with a
CCDDS-U1 camera using a set of standard filters, and an NIS-
Elements BR 3.0 image-analyzing system (Nikon). Lucia
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Image 5.0 software was used and images were processed and
organized with Adobe Photoshop. For each individuals, at least
five spermatogonial metaphases and 15 meiotic divisions (from
diplotene to metaphase I) were examined using all the
abovementioned techniques.

Results

The genus Parapyrrhicia was placed by Brunner von
Wattenwyl (1891) into the BGruppe Anaulocomerae,^
established by him, 1888 for South American (and
Australian) species. After some problematic changes (e.g.,
Cadena-Castañeda 2012), this group is now considered as a
subtribe of Phaneropterini and restricted to South American
species (Gorochov and Cadena-Castañeda 2015). So for the
moment, Parapyrrhicia and the two monotypic African gen-
era (Agennis Brunner von Wattenwyl, 1891, and Pleothrix
Ragge, 1980) may also be placed in Phaneropterini.

Parapyrrhicia was named according to its similarity to
Pyrrhicia (now Letana). Letana is an exclusively Asian genus
with a characteristically shaped subgenital plate, long and deeply
split. Brunner von Wattenwyl described Pyrrhicia zanzibarica,
now considered as a (doubtful) member of Eulioptera (Ragge,
1980, p. 138). The male type and only known specimen is lost.
Concerning the similarly split male subgenital plates in Letana
and Parapyrrhicia (see Heller and Liu 2015 and figures below),
it seems quite possible that the type of P. zanzibarica Brunner v.
Wattenwyl, 1891, was the male of P. zanzibarica (see also Eades
et al. 2016). In the description of the male of P. zanzibarica,
Brunner von Wattenwyl (1891) mentions a deeply split
subgenital plate with rounded lobes and curved cerci with acute
apices (p. 55). This description agrees with the male of
P. zanzibarica described here except for the larger size of the
specimens coming from the East Usambara Mountains.
Variation of size is known for many Orthoptera species depend-
ing, e.g., of the elevation in which individuals developed from
nymphs to adults. Therefore, we here propose to synonymize
Eulioptera zanzibarica Brunner von Wattenwyl (1891) with
P. zanzibarica.

Parapyrrhicia zanzibarica Brunner v. Wattenwyl,
1891

Pyrrhicia zanzibaricaBrunner v.Wattenwyl, 1891 syn. n. (see
above).

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:10859

Material studied: 1 female, Tanzania, East Usambara
Mountains, Sigi Trail, coll. Jago, July 1965 (BMNH); 1 fe-
male, Tanzania, East Usambara Mountains, Amani, leg. Jago,
July 1965 (BMNH); 2 females, Tanzania, East Usambara

Mountains, Sigi Trail, March 2012 and November 2015, leg.
C Hemp (collection C Hemp); 1 male, 1 female, Tanzania,
East Usambara Mountains, Nilo forest reserve, April 2016,
leg. C Hemp (collection C Hemp).

Brunner von Wattenwyl (1891) erected the genus
Parapyrrhicia on P. zanzibarica on a single female from
Zanzibar. The type is lost. Ragge (1980) reviewed specimens
probably belonging to this genus and species and assigned
them to P. zanzibarica but stating that he was not sure that
they are conspecific with Brunner’s P. zanzibarica. We here
refer to those specimens in the British Museum which Ragge
(1980) assigned to P. zanzibarica coming from the East
Usambara Mountains of Tanzania.

Additional data on female P. zanzibarica

Females are well characterized by a broad shield-like subgenital
plate with a posterior margin that is continuous or has a slight
indentation medially and lateral processes on the posterior mar-
gin of the tenth abdominal tergite (Fig. 1b). Further ventral at the
base of the ovipositor bulb-like structures is typical. The lower
valves of the ovipositor leave a large gap ventrally. With this
character, females of P. zanzibarica can be identified in the field
(Fig. 2b, arrow). P. zanzibarica is at present the largest species of
the genus. A male of this species was collected together with a
female in submontane elevations in the Nilo forest reserve of the
East Usambara Mountains.

Description of male P zanzibarica: Color green, tegmina dark
green with dark brown to black patch on stridulatory area of left
tegmen, in the central part around stridulatory file creamy to
white. On pronotum, abdomen and legs numerous reddish dots
(Fig. 2a). Head and antennae: Antennae green, thin, about total
length of insect. Fastigium as for genus. Eyes circular, prominent,
with dark stripes (Fig. 2a). Thorax: Pronotum without lateral
carinae, surface smooth. Tegmina andwings: Both pairs of wings
fully developed, alae surpassing tegmina. Stridulatory area as in
Fig. 3c, mirror on right tegmen as in Fig. 3d. Stridulatory file
curved, continuous (Fig. 3e) with 94 teeth (n= 1). Fore femora
with one ventral row of numerous spinules anteriorly, the whole
anterior area of the fore femora thus serrated. Posterior side of
fore femora unarmed. Mid femora not as densely serrated on
anterior side but spinules more spaced, posterior side unarmed.
Hind femora with numerous tiny spinules ventrally on anterior
side, apically on each side pair of spurs. Fore and mid tibiae
ventrally with pair of minute brown spurs. Hind tibiae with three
apical spurs on each side and four rows of numerous small spi-
nules getting denser distally. Abdomen: Tenth abdominal tergite
with two ridges laterally at posterior margin, ear-like expanded
beside supra-anal plate. Cerci oriented downwards, stout with
bidentate apex (Fig. 3a). At base of cerci flap-like structure pro-
truding under posterior margin of 10th abdominal tergite.
Subgenital plate comparatively stout, divided into two lobes
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leaving oval gap midway (Fig. 3b). With thorn-like elongated
titillator, sclerotized and serrated.

Habitat. Lowland wet to submontane forest in the East
Usambara Mountains.

Biology. Probably seasonal species, adults present from
about November/December to March/April.

Distribution. Tanzania, Zanzibar and East Usambara
Mountains. Females also reported from the Nguru
Mountains and from Lake Malawi (Ragge 1980).

Parapyrrhicia acutilobata Ragge, 1980

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:492597

P. acutilobata is a typical Parapyrrhicia species, predom-
inantly green with numerous reddish dots on the body and
legs, males with dark patch with white center on stridulatory
area of left tegmen (Fig. 4a). The male cerci are laterally ex-
panded and hatchet-shaped (Figs. 5a and 6a). The subgenital
plate is deeply lobed but the lobes are comparatively short and
not expanded and not attached to each for several millimeters
as in most other species (Fig. 5b). Stridulatory areas as in
Fig. 5c, right tegmen with mirror as in Fig. 5d. Stridulatory
file as in Fig. 5e, with 86 teeth (n = 1). Females wear one to
two serrated transverse-oriented veins on the inner margin of
the right tegmen used in acoustical communication with males
similar as shown in P. abdita n. sp. With long and slightly up-
curved ovipositor, heavily serrated at posterior end (Fig. 7c),
but with finer teeth as in P. zanzibarica (Fig. 7a). Subgenital
plate broad, deeply v-shaped at posterior margin (Fig. 7d) in

difference to P. zanzibarica which has a broad shield-like
subgenital plate (Fig. 7b).

Additional localities to those given in Ragge (1980): low-
land forest , Kazimzumbwi forest , Kisarawe near
Dar es Salaam, 6 males, 11 females February, July, and
October 2015, January and March 2016.

Habitat. Coastal and lowland wet forest.
Biology. Probably present throughout the year.
Distribution. Coastal Kenya and Tanzania, between

Mombasa in Kenya and Mtwara in Tanzania.

Parapyrrhicia abdita n. sp. C. Hemp

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:492598

Holotype male: Tanzania, Udzungwa Mountains,
Kilombero, Mang’ula Nationalpark Headquarters, 7° 50′
44.5″ S 36° 53′ 00.2″ E, lowland wet forest, 300 m,
March 2015; leg. C Hemp. Depository: MfN.

Paratype. 1 female, same data as holotype, leg. C Hemp;
depository MfN.

Further paratype material: 9 males, 19 females, same data
as holotype; July 2015 and September 2015, January and
March 2016. Three males, 3 females; Tanzania, Kihansi forest
reserve, January 2016; all leg. C Hemp (collection C. Hemp).

Description Male (Fig. 4e). Color dark green, dark brown to
black patch on stridulatory area of left tegmen, in central part
around stridulatory file shiny white (Figs. 4e and 8). On
pronotum, abdomen and legs numerous dark dots. Head and
antennae: Antennae green, thin, about total length of insect.

Fig. 1 Tenth tergites of
Parapyrrhicia females. a
P. abdita n. sp. b P. zanzibarica

Fig. 2 Parapyrrhicia
zanzibarica, Nilo forest reserve,
East Usambara Mountains. a
Male. b Female. Arrow points at
the base of the ovipositor where a
large gap is typical for this species
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Fastigium as for genus. Eyes circular, prominent, with stripes,
white or reddish. Thorax: Pronotum without lateral carinae, sur-
face smooth. Tegmina and wings: Both pairs of wings fully de-
veloped, alae surpassing tegmina. Left tegmen with stridulatory
area as in Fig. 9c, right tegmen with mirror as in Fig. 9d.
Stridulatory file curved (Fig. 9e) with 81 teeth (n = 1,

Udzungwa, Mangula). Fore femora with one anterior ventral
row of six to seven brown-tipped spinules, sometimes one to
three very small spinules also on posterior side. Mid femora with
one anterior ventral row of six to seven spinules. Hind femora
with eight to ten tiny spinules ventrally on posterior side, apically
with two small spinules also posteriorly. Fore and mid tibiae

Fig. 4 Habitus photos of
Parapyrrhicia species. a Male
and b female of P. acutilobata. c
Male and d female of
P. diamantina n. sp. e Male and f
female of P. abdita n. sp.

Fig. 3 Morphological details of
male P. zanzibarica. a Lateral
view on abdominal apex. b Rear
view on abdominal apex with
deeply split subgenital plate. c
Left tegmen with stridulatory file.
d Right tegmen with mirror. e
Stridulatory file
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without dorsal spurs, only with pair of ventral spurs. Hind tibiae
with three apical spurs on each side and four rows of numerous
small spinules getting denser distally. Abdomen: Laterally on
each side ivory white patch, often stigmata also marked white.
Cerci divided into an acute and slender, slightly up-curved outer
branch and an inner flattened horizontally oriented branch with
bidentate tip (Fig. 9a). The subgenital plate is elongated and
divided into two lobes that are very slender at their base, forming
an oval gap between them and then running again together at
their apical third and there being expanded (Fig. 6c and 9a, b).
Thorn-like elongated titillator with sclerotized tip.

Female. As male but without dark and white patch on left
tegmen. Spination as male but one female with six spinules
internally. On inner margin of right tegmen one to three trans-
verse veins with sclerotized teeth for accoustical communica-
tion with male (Fig. 10a–c). Posterior margin of the tenth
abdominal tergite almost straight, laterally with sharp edges.
Ovipositor as in Fig. 7g, subgenital as in Fig. 7h.

Measurements Males (n = 6): Total length of body, 22–
27.5 mm (including subgenital plate); median length of
pronotum, 4.0–4.5 mm; length of hind femur, 20.5–21 mm;
length of tegmina, 24–30.5 mm.

Measurements Females (n = 6). Total length of body, 21–
22.5 mm; median length of pronotum, 4.7–4.9 mm; length
of hind femur, 20.5–22 mm; length of tegmina, 30.5–
33 mm; ovipositor, 8.5–9 mm

Etymology. From Latin—abditus, hidden, concealed since
the specimens are perfectly camouflaged in their habitat and
difficult to see.

Habitat. Lowland wet forest.
Biology. Night active species of the tree layer within closed

forest.
Distribution. Central Tanzania, Udzungwa Mountains

National Park and Kihansi forest reserve.

Fig. 5 Morphological details of
male Parapyrrhicia acutilobata.
a Lateral view of abdominal apex.
b Subgenital plate. c Left tegmen
with stridulatory area. d Right
tegmen with mirror. e Stridulatory
file

Fig. 6 Apices of alive male
Parapyrrhicia species. a
P. acutilobata. b P. diamantina n.
sp. c P. abdita n. sp.
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Parapyrrhicia diamantina n. sp. C. Hemp

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:492598

Holotype male: Tanzania, West Usambara Mountains,
Lutindi forest, 5°04′00″ S 38°22′00″ E, submontane forest,
1250 m, December 2014; leg. C Hemp. Depository: MfN.

Paratype. 1 female, same data as holotype but March 2014;
leg. C Hemp. Depository: MfN.

Further paratype material: two males, four females, same
data as holotype but March 2014, January 2015 and
September 2015; leg. C Hemp (collection C. Hemp).

Description Male (Fig. 4c). Color green, tegmina dark green
with dark brown to black patch on stridulatory area of left teg-
men, in the central part around stridulatory file shiny white
(Fig. 11). On pronotum, abdomen and legs numerous reddish
dots. Head and antennae: Antennae green, thin, about total
length of insect. Fastigium as for genus, compressed and
narrower than first antennal segment, sulcate above, concave in
profile. Eyes circular, prominent, in life white oftenwith one dark
median stripe, sometimes with up to three thinner stripes before
median broader stripe, sometimes mixed white and red or green,
glinting. Rarely with dark eyes (Fig. 4d). Thorax: Pronotum
without lateral carinae, surface smooth. Tegmina and wings:
Both pairs of wings fully developed, alae surpassing tegmina.
Stridulatory file as in Fig. 12e with 66 teeth (n= 1). Legs: Legs
long and slender, fore tibiae with oval, open tympana, slightly
thickened in this area. Fore femora with one anterior ventral row
of tiny brown-tipped spinules; spinules irregularly distributed
over femoral length, about six to ten. Mid femora with one pos-
terior ventral row of three to six spinules. Hind femora with two
to ten tiny spinules ventrally on anterior side. Fore and mid tibiae
with two to four dorsal spurs and with a pair of ventral spurs.
Hind tibiae with three apical spurs on each side and four rows of
numerous small spinules getting denser distally. Tarsi cream to
white. Abdomen: Abdomen green with numerous reddish dots,
venter whitish. Laterally on each side ivory white patch, often
stigmata also marked white (Fig. 11). Cerci stout till about half
length and setose producing midway a sclerotized dent
(Fig. 12a, c; Fig. 6b), then laterally compressed and expanded
ending in two tips, one stouter and incurved the other a flat
finger-like projection (Fig. 12d, arrow). Subgenital plate very
large, elongated, deeply divided into two laterally compressed
and apically expanded lobes (Fig. 12a–c). Between supra-anal
plate and subgenital plate medially thorn-like elongated titillator
with sclerotized tip (Fig. 12b).

Female. As male but without dark and white patch on left
tegmen but often with two dark patches at the tegmina bases
and brown costal margins (Fig. 4d). The tenth abdominal ter-
gite evenly curved with shallow incision medially. Ovipositor
as in Fig. 7e, subgenital plate as in Fig. 7f, elongated and
divided into two lobes.

Fig. 7 Morphological details of Parapyrrhicia females. a, b
P. zanzibarica, ovipositor lateral and subgenital plate. c, d
P. acutilobata, ovipositor lateral and subgenital plate. e, f P. diamantina
n. sp., ovipositor and subgenital plate. g, h P. abdita n. sp., ovipositor
lateral and subgenital plate

Fig. 8 Stridulatory area of the left tegmen of P. abdita n. sp.
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Nymphs. Similar to adults (Fig. 13).

Measurements Males (n = 2): Total length of body, 19.5–
22 mm (including subgenital plate); median length of
pronotum, 4.5–4.6 mm; length of hind femur, 19.5–
20.5 mm; length of tegmina 34–35 mm.

Measurements Females (n = 6). Total length of body, 20–
22.5 mm; median length of pronotum, 5.2–5.3 mm; length
of hind femur, 21.5–23 mm; length of tegmina, 35–37 mm;
ovipositor, 9.5–10 mm.

Etymology. The eyes are sparkling like a diamond in many
specimens, therefore diamantina.

Habitat. Submontane forest.
Biology. Night active species of the tree layer within closed

forest. Seasonal species, adults only found from about
November/December to March/April.

Distribution. At present only known from the type locality,
Lutindi forest in the West Usambara Mountains, Tanzania.

Parapyrrhicia globulata n. sp. C. Hemp

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:492599

Fig. 9 Morphological details of
male Parapyrrhicia abdita n. sp.
Ventral (a) and semilateral (b)
view of abdominal apex with
slender lobes of subgenital plate. c
Left tegmen with stridulatory
area. d Right tegmen with mirror.
e Stridulatory file

Fig. 10 a Female Parapyrrhicia abdita, Udzungwa Mountains,
Mangula (with three stridulatory veins on right tegmen). b Female
specimen with two stridulatory veins (Udzungwa, Kihansi). c Female
specimen with one stridulatory vein (Udzungwa, Kihansi)

Fig. 11 Male P. diamantina n. sp. with ivory patch on lateral abdomen
(arrow), reddish dots on pronotum and head and striped glinting eyes.
Stridulatory area of left tegmen dark with shiny white inner area
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Holotype male: Tanzania, Uluguru Mountains, forest
above Morningside, February 2016; leg. C Hemp.
Depository: MfN.

Paratype. 1 male, same data as holotype, leg. C Hemp
(collection C Hemp).

Description Male: Color green, tegmina dark green, with dark
brown patch on stridulatory area of left tegmen, in central part
around stridulatory file creamy to white. On pronotum, abdomen
and legs numerous reddish dots (Fig. 14a). Head and antennae:
Antennae green, thin, about total length of insect. Fastigium as
for genus. Eyes circular, prominent, with dark undulating stripe
medially onwhite to tawny ground (Fig. 14a).Thorax: Pronotum
without lateral carinae, surface smooth. Tegmina and wings:
Both pairs of wings fully developed, alae surpassing tegmina.
Stridulatory area of left tegmen as in Fig. 15c, right tegmen with
mirror as in Fig. 15d. Stridulatory file as in Fig. 15e with 55 teeth
(n= 1). Fore femora with one anterior ventral row of three to five
broad-based spines, unarmed on inner side. Mid femora with six
to seven anterior ventral spines, unarmed on posterior side. Hind

femora with seven to eight tiny spinules ventrally on anterior
side, apical on each side one spur ventrally. Fore and mid tibiae
ventrally with one spur on anterior side. Hind tibiae with two
apical spurs on each side and four rows of numerous small spi-
nules getting denser distally. Abdomen: Tenth abdominal tergite
shield-like enlarged with up-lifted posterior margin (Figs. 14b
and 15a). Cerci orientied downwards, stout, with deeply forked
apex (Fig. 15a). At base with globular structure protruding from
posterior margin of 10th abdominal tergite (Fig. 15a, arrow).
Subgenital plate divided into two lobes leaving small oval gap
midway (Fig. 15b). With blade-like elongated titillator, with
sclerotized tiny teeth on dorsal part of apex.

Female. Unknown.

Measurements Males (n = 2). Total length of body, 20–
21 mm (including subgenital plate); median length of
pronotum, 4.5–4.7 mm; length of hind femur, 19.5–21 mm;
length of tegmina, 30–32 mm.

Etymology. From Latin—globus = round, globular.
Because of the round structure at the base of the male cerci.

Habitat. Submontane forest.
Distribution. Tanzania, Uluguru Mountains.

Parapyrrhicia litipo n. sp. C. Hemp

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:492600

Holotype male (in alcohol). Tanzania, Lindi Region, Lindi
District, Litipo forest reserve, 39° 29′ E 10° 02′ S; July–
November 1991, leg. FRONTIER Tanzania. Depository
ZMUC.

The holotype is unique.

Fig. 12 Morphological details of
male Parapyrrhicia diamantina
n. sp. Lateral (a) and semilateral
(c) view on abdominal apex b
Subgenital plate and titillator. d
Cercus with arrow pointing at
finger-like process. e Stridulatory
file

Fig. 13 Last instar of male P. diamantina n. sp. West Usambara
Mountains, Lutindi forest, 1250 m, December 2014
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Description Male. The only specimen known from this
species is stored in alcohol and discolored. The stridula-
tory area of the left tegmen is brown suggesting a similar
color pattern as in other Parapyrrhicia species (Fig. 4).
Head and antennae: Antennae thin surpassing flexed
wings by about ½ cm. Fastigium as for genus. Eyes cir-
cular, prominent, dark in holotype. Thorax: Pronotum
without lateral carinae, surface smooth. Tegmina and
wings: Both pairs of wings fully developed, alae surpass-
ing tegmina. Stridulatory area of left tegmen as in
Fig. 16c. Stridulatory file as in Fig. 16d with 75 teeth.
Fore and mid femora with anterior ventral row of seven
to eight spines along whole length, unarmed on posterior
side. Hind femora with seven to eight tiny spines ventrally
on anterior side. Fore and mid tibiae one tiny spur on
posterior side and two tiny spurs on anterior side. Hind
tibiae with two apical spurs on each side and four rows of
numerous small spinules getting denser distally.
Abdomen: Tenth abdominal tergite posteriorly produced
with down-curved process medially (Fig. 16a, e). Cerci
stout differentiated into two branches separating midway.
Inner branch of cercus little expanded and curved with
sclerotized tip (Fig. 16c), outer branch of about same

thickness and length also with sclerotized rounded tip
(Fig. 16a, b, e). Subgenital plate elongated, halfway cut
into two lobes leaving oval gap (Fig. 16b). Titillator short,
just to be seen between subgenital plate and cerci, acute
and sclerotized.

Female. Unknown.

Measurements (mm) Males (n = 1). Total length of body, 22
(including subgenital plate); median length of pronotum, 4.5;
length of hind femur, 20; length of tegmina, 32.

Etymology. Named after the Litipo forest reserve near
Lindi, southern part of coastal Tanzania.

Habitat. Coastal forest.
Distribution. Coastal Tanzania, Lindi area.

Parapyrrhicia niloensis n. sp. C. Hemp

http://lsid.speciesfile.org/urn:lsid:Orthoptera.speciesfile.
org:TaxonName:492601

Holotype male: Tanzania, East Usambara Mountains, Nilo
forest reserve, April 2016; leg. C Hemp. Depository: MfN.

Fig. 15 Morphological details of
male P. globulata n. sp. a Lateral
view on abdominal apex. b
Subgenital plate. c Left tegmen
with stridulatory file. d Right
tegmen with mirror. e Stridulatory
file

Fig. 14 Parapyrrhicia globulata
n. sp. from the Uluguru
Mountains. a Male. b Lateral
view on apex of alive male
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Paratype. 1 male, same data as holotype but December
2015; leg. C Hemp (CH 8110). Collection C. Hemp.

Description Male. Color green, tegmina dark green, around
stridulatory area of left tegmen black and white to cream
patches. On pronotum, abdomen and legs numerous reddish
dots (Fig. 17). Head and antennae: Antennae green, thin,
about total length of insect. Fastigium as for genus. Eyes cir-
cular, prominent, with dark stripes in upper part and thicker
curved stripe in lower part (Fig. 17). Thorax: Pronotum with-
out lateral carinae, surface smooth. Tegmina and wings: Both
pairs of wings fully developed, alae surpassing tegmina. Left
tegmen with stridulatory area as in Fig. 18c, right tegmen with
mirror as in Fig. 18d. Stridulatory file continuous (Fig. 18e)
with 88 teeth (n = 1). Fore femora with one anterior ventral
row of six broad-based small spines, unarmed on posterior
side. Mid femora with four anterior ventral spines, unarmed
on posterior side. Hind femora with eight spines ventrally on

anterior side. Fore and mid tibiae one spur on posterior side
and two on anterior side. Hind tibiae with two apical spurs on
each side and four rows of numerous small spinules getting
denser distally. Abdomen: Tenth abdominal tergite at posterior
margin depressed (Fig. 18a, b). Cerci stout, about midway
divided into two branches of about equal size (Fig. 18b).
Subgenital plate elongated, deeply cut into two lobes; lobes
laterally expanded at base and at apices, midway leaving large
oval gap (Fig. 18b). Titillator short, consisting of two blades
connected at apex forming two ridges and a globular structure.

Female. Unknown.

Measurements (mm)Males (n = 2). Total length of body, 19–
20 (including subgenital plate); median length of pronotum,
4.6; length of hind femur, 20–21; length of tegmina, 30–31.

Etymology. Named after the Nilo forest reserve in the
northern part of the East Usambara Mountains of Tanzania.

Habitat. Submontane forest.
Distribution. Tanzania, East Usambara Mountains.

Diagnosis for all East African Parapyrrhicia species

P. diamantina n. sp. is distinguished from all other
Parapyrrhicia species by the large and expanded male
subgenital plate without a median gap (Fig. 12a–c). Males of
P. globulata n. sp. have a comparatively stout subgenital plate
with a small oval gap (Figs. 14b and 15b). At the base of the
male cerci, a large bulbous structure is present (Fig. 15a).

Also, males ofP. diamantina n. sp. have a bulbous structure
at the base of the cerci, which is however not as large as in

Fig. 16 Morphological details of
male Parapyrrhicia litipo n. sp. a
Lateral view on abdominal apex.
b Subgenital plate. c Left tegmen
with stridulatory area. d
Stridulatory file. e Semilateral
view on abdominal apex

Fig. 17 Parapyrrhicia niloensis n. sp., caught in the Nilo forest reserve
in December 2015
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P. globulata n. sp. The cerci also differ between both species.
In P. globata n. sp., the cerci are divided into two tips of about
same length and width at about two thirds of length of cercus
while in P. diamantina n. sp., the tips of the cerci are differ-
ently shaped, one thick and curved, the other slender and
straight (Fig. 12d). P. litipo n. sp. is morphologically similar
to P. acutilobata with a comparatively short male subgenital
plate in which the lobes are acute and not elongated and
strongly expanded at their tips (Fig. 16b). Also, the cerci are
similar between both species but the inner cercal branch in
P. litipo n. sp. is not as large and expanded as in
P. acutilobata. The tenth abdominal tergite is somewhat elon-
gated and has a down-curved process (Fig. 16a).
Morphologically similar are P. niloensis n. sp. from the East
Usambara Mountains and P. abdita n. sp. occurring in the
Udzungwa Mountains. Both species have a deeply split
subgenital plate and long and very narrow lobes forming a
large gap between them. The posterior part of the lobes is
expanded (Figs. 9a and 18a, b) and both lobes are tightly
attached in the living insect. Differences between males of
P. abdita n. sp. and P. niloensis n. sp. are found in the shape
of the male cerci. The inner branch of P. abdita n. sp. is slight-
ly compressed and bidentate while in P. niloensis n. sp. the
inner cercal branch is shorter and acute. Both species also
share a tenth abdominal tergite which is medially depressed
with laterally ear-shaped expansions.

P. zanzibarica is the largest Parapyrrhicia species so far
and has a comparatively stout subgenital plate with about one
half of their length laterally compressed and strongly expand-
ed. P. niloensis occurring syntopically with P. zanzibarica in
the East Usambara Mountains is smaller and its subgenital
plate longer and the lobes more slender. The tips are not as
expanded as in P. zanzibarica.

Females of P. diamantina n. sp. have an elongated
subgenital plate deeply divided into two lobes not known in
any other Parapyrrhicia species. P. zanzibarica and P. abdita
n. sp. have shield-like broad subgenital plates (Fig. 7b, h) and
P. acutilobata has a subgenital plate is v-shaped at its posterior
margin forming two lateral processes (Fig. 7d). The subgenital
plate in P. abdita n. sp. is large, almost square, in most indi-
viduals about as long as wide (Fig. 7h) while P. zanzibarica
has a subgenital plate which is broader than long (Fig 7b).
Further in P. zanzibarica females, the tenth tergite produces
two lateral processes at its posterior margin (Fig. 1a) while in
P. abdita n. sp., the tenth abdominal tergite is almost straight,
in some specimens with small knobs laterally (Fig. 1b).
Females of P. niloensis n. sp., P. globulata n. sp., and
P. litipo n. sp. are not known at present.

Key to East African Parapyrrhicia (males)

1 Tenth abdominal tergite produced posteriorly with
down-curved process (Fig. 16a); Tanzania, Lindi
region.....................................................P. litipo n. sp.

1′ Tenth abdominal tergite not with down-curved posterior
process..................................................................................2

2 Cerci with bulbous structure at base (Fig. 15a)................3
2′ Cerci without bulbous structure at base...........................4
3 Subgenital plate without median gap between lobes

(Fig. 12b); West Usambara Mountains, Lutindi...........
.....................................................P. diamantina n. sp.

3′ Subgenial plate with small median gap between lobes
(Fig. 15b); Uluguru Mountains ............P. globulata n. sp.

4 Subgenital plate comparatively short, posterior part of
lobes not expanded but acute and just touching each other;

Fig. 18 Morphological details of
male P. niloensis n. sp. a
Semilateral view on abdominal
apex showing deeply split
subgenital plate. b Lateral view
on abdominal apex with branched
cerci. c Left tegmen with
stridulatory file. d Right tegmen
with mirror. e Stridulatory file
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Cerci hatchet-like shaped; Kenyan and Tanzanian
coast...............................................................P. acutilobata

4′ Subgenital plate with slender lobes expanded at posterior
parts; lobes tightly attached to each other; cerci not
hatchet-like shaped (Fig. 5a).............................................5

5 Lobes of subgenital plate very slender; gap formed be-
tween lobes large (Fig. 9a)................................................6

5′ Lobes of subgenital more stout (Fig. 3a). Large species.
Lobes of subgenital plate laterally expanded and com-
pressed over whole length; median gap comparatively
small (Fig. 3b). Cerci bidentate with two short tips of
approximately the same length and width; Tanzania,
East Usambara Mountains, Nguru Mountains, Lake
Malawi.........................................................P. zanzibarica

6 Cerci differentiated into two branches of about same
length of which inner branch acute (Fig. 18b); Tanzania,
East Usambara Mountains.......................P. niloensis n. sp.

6′ Cerci differentiated into two branches of which inner
branch slightly compressed and bidentate (Fig. 9a);
Tanzania, UdzungwaMountains.................P. abdita n. sp.

Bioacoustics

Morphology of stridulatory organs: In the male, the slightly
curved stridulatory file (Figs. 3e, 5e, 9e, 12e, 15e, 16d, and
18e) is found on the underside of the left tegmen, carrying
between 55 and 94 teeth. On the corresponding place of the
right, there is a similar sized (non-functional) file. At the anal
end, there is no trace of a lump or comparable structure (see
BDiscussion^). The inter-tooth intervals in most species de-
crease more or less continuously from 30 μm at anal end to
15μmnear the articulation (Fig. 19). Only inP. globulata n. sp.
the intervals at the anal end are larger, and in P. diamantina n.
sp., they are smaller at the basal end. The mirror is relatively

small and inconspicuous (Fig. 3d, 5d, 9d, 15d, and 18d). The
females bear one to several distinct rows of spines on the upper
side of the right tegmen (Fig. 10; typical for acoustically
responding phaneropterine females; Heller et al. 2015).

Spectral composition of song: The frequency spectra of the
male songs were relatively narrow-banded in all four species
studied. Except for the animals of P. abdita n. sp. fromKihansi,
in all specimens, the peak and the width of the spectrum were
relatively constant, concluded from visual observations of
many sonograms. In P. acutilobata, the peak was at 24.6 ±
1.0 kHz (mean of three males, two measurements each), and
the width 10 dB below peak 2.6 ± 0.9 kHz (n = 6) (Fig. 20). In
P. abdita n. sp. (Udzungwa, Mangula) and P. niloensis n. sp.,
the peak was slightly higher in frequency (P.a. peak 30.0 ±
1.4 kHz; band-width 2.8 ± 1.6 kHz; n = 3 males; P. n. peak
27.2 ± 0.4 kHz; band-width 2.0 ± 2.0 kHz, one male, two mea-
surements) (Fig. 20). Only P. globulata n. sp. was clearly lower
than the other species (peak 21.1 ± 0.5 kHz; band-width 3.3 ±
0.4 kHz, one male, two measurements). As to expect from the
low band-width, the song did not contain separated tooth im-
pacts (impulses), but each syllable consisted of only one pulse,
typically for a resonant, cricket-like song (Fig. 20). During this
pulse, the frequency remained nearly constant, or a very slight
increase in frequency could be observed (Fig. 20). P. abdita n.
sp. from Kihansi deviated from this general pattern in two
aspects. The peak frequency was unusually variable even in
one calling bout of the same individual (in all recordings peak
frequency between 18.7 and 26.4 kHz), and also the width of

Fig. 20 Spectral composition ofParapyrrhicia songs. a Power spectra. b
Cycle-by-cycle frequencyFig. 19 Inter-tooth spacing in files of male Parapyrrhicia species
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the spectrum was variable. Rarely, double syllables even
contained two resonant parts of different frequencies, separated
only by a short silent interval.

Song pattern The calling songs of all studied species
consisted of short (2–3 ms), resonant syllables (Fig. 21). In
all species, the syllables were also produced in bouts, but their
durations varied. P. abdita n. sp. and P. acutilobata produced
long bouts with durations of up to about 1 min, whereas in the
other two species, much shorter ones were observed. Within

these bouts, however, the pulses were presented in quite dif-
ferent patterns.

In P. acutilobata often less than 10, but occasionally
up to 20 syllables were presented within 10 s (Fig. 21).
These syllable numbers varied between specimens (M1,
9.3 ± 2.5; 4–12; n = 18; M2, 4.0 ± 1.3; 2–6; n = 18; M3,
14.0 ± 5.7; 10–18; n = 2; x ± SD, range, n). Such a series
was followed after an interval of about 18 s (n = 13) by
another series (rarely) or only a short sequence of syl-
lables. The intervals between the syllables were relative-
ly variable (1.4 s ± 0.6; n = 75), increasing at the end of

Fig. 21 Oszillograms of the male
calling songs of Parapyrrhicia
species at different time scales
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the series. Sometimes two (once three) syllables follow-
ed each other in short intervals of about 0.2 s. This
occurred typically at the beginning of a series, and com-
paring the intervals it seemed that a pair (or triplet)
replaced a single syllable.

The song of P. abdita n. sp. has a different structure
(Fig. 21). Here, small groups (2–4; 3.3 ± 0.8; n = 19) of
regularly spaced syllables (intervals 0.5 ± 0.1 s; n = 41)
were followed by one isolated syllable. The interval be-
tween the group and the isolated syllable was quite large,
but surprisingly stable (4.6 ± 0.4 s; n = 17). Between the
isolated syllable and the next group, there was again a
large interval but with slightly larger variation (4.5 ±
1.6 s; n = 13; all data above for animals from Udzungwa,
Mangula). The temporal data from the specimen from
Kihansi varied slightly: syllable spacing 0.6 ± 0.1 s (n =
57), interval between the group and the isolated syllable
3.2 ± 0.3 s (n = 21) and between the isolated syllable and
the next group 3.3. ± 0.8 s (n = 18).

In P. globulata n. sp. and P. niloensis n. sp. calling bouts
of only up to 12 s were observed (Fig. 21). They can be
considered as echemes. In P. globulata n. sp., the intervals
between the 9 and 12 syllables varied between 0.5 and
1.6 s, in the song of P. niloensis n. sp. always pairs of
syllables (intra-pair interval about 0.2–0.3 s) were ob-
served, separated by larger intervals (about 1.5–2.5 s) and
occasionally mixed with single syllables (altogether 4–14
syllables).

Cytotaxonomy

Analyzed Parapyrrhicia species showed a diploid chromo-
some number of 2n = 31 karyotype with a X0 sex chromo-
some system in males. All chromosomes were acrocentric,
consisting of three long (1–3) and 12 medium or short ones
(4–15), both of which gradually decreased in size. The sex
chromosome (X) was the first element in the set (Fig. 22a, b,
d–f). After FISH with 18S rDNA and silver staining as well as
both C-staining and DAPI/CMA3 double staining, chromo-
some regions showed discrete quantitative and qualitative var-
iation between the analyzed species. Paracentromeric thin C-
bands onmost chromosomes are DAPI-negative (DAPI−) and
CMA3-negative (CMA3-) (not shown), except these on the
third or fourth pair (imprecise identification) in all species.
The results demonstrate coincidence between the localization
of major ribosomal genes and active NOR as well as the po-
sition of C-bands and GC-rich regions. In five species (for the
female of P. zanzibarica FISH was not applied due to the
small numbers of mitotic division), a single rDNA cluster
per haploid genome was detected, located on the three-
fourth pair of the autosome near the paracentromeric region
in P. acutilobata, P. diamantina n. sp., P. globulata n. sp., and
P. niloensis n. sp. or interstitially in P. abdita n. sp. The indi-
vidual of P. diamantina n. sp. (only one male examined)
showed heteromorphism of the rDNA signal and C/DAPI/
CMA3 bands in terms of presence or absence of clusters
(bands) on homologue autosomes. A very weak signal

Fig. 22 Examples of C-banding (a, e), fluorochrome-staining
heterochromatin and fluorescence in situ hybridization (FISH) with
both 18S rDNA (green) and telomeric DNA (red) probes (b, d, f), as well
silver staining (c, g) in male chromosomes of Parapyrrhicia diamantina
n. sp. (a, b, c), P. acutilobata (d) and P. abdita n. sp. (e, f, g);
spermatogonial metaphase (a, b), diplotene (c, g) and diakinesis (d, e,
f); insert in the left corner selected three-fourth pair (b) and bivalent (f)
with C-band, DAPI (blue) and CMA3 region (green) of heterochromatin.

Arrows indicate forth pair of autosome with heteromorphic
paracentromeric (a) and interstitially located C-bands (e) coincident with
cluster of rDNA (b, d, f) and single active NOR (c, g). In the two
bottom photos (b, f) selected three-forth pair (b) or bivalent (f)
demonstrate a correspondence between position of C-band (a), DAPI
(b) and CMA3 heterochromatin (b); presence or absence of bands on
homologue autosomes with C+/DAPI-/GC-rich block (b) and C+/
DAPI+/CMA3 bright interstitially located bands (f). X, sex chromosome
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produced by FISH/NOR and a thick C-positive band with a
DAPI-negative (AT-bands were not detected) and GC-rich
block stained by CMA3 was observed (Fig. 22a–c). In
P. acutilobata, P. globulata, and P. niloensis n. sp., a small
cluster of 18S rDNAwas observed at this bivalent from dia-
kinesis to metaphase I (Fig. 22d), coincident with a similar
heterochromatin pattern as in P. diamantina n. sp. In contrast,
P. abdita n. sp. revealed a large FISH interstitial signal and
active NOR as well as a thick C-band with a bright DAPI+/
CMA3+ block (Fig. 22e–g) in the same bivalent. The very
weak signal produced by FISH with the (TTAGG)n probe
was detected at the distal ends of most autosomes and the X
chromosome in all analyzed species (Fig. 22b, f).

In contrast, Letana inflata (Brunner von Wattenwyl, 1878)
showed a chromosome number of 2n = 29 in the male and 30
in the female and the X0/XX sex chromosome mechanism. In
this species, bivalents may be classified according the size into
three long (1–3) and 11 medium or short (4–14) acrocentric
pairs and the X acrocentric chromosome (Fig. 23a–c). In chro-
mosomes, heterochromatin in the form of thick C-bands (oc-
cupying in the region next to the centromere) in the
paracentromeric region was visualized with thick bright ho-
mogenous DAPI-positive (DAPI+, AT-rich) and bright
CMA3-positive (CMA3+, GC-rich) signals located close to
each other (not shown). One rDNA cluster is located intersti-
tially near the paracentromeric region on the second pair of
autosomes (Fig. 23b), coincident with active NOR (Fig. 23c)
and thick C-bands (Fig. 23a) as well as a DAPI- and GC+
block (Fig. 23b). The signals produced by FISH with the
(TTAGG)n probe were stronger than those observed in
Parapyrrhicia species.

Discussion

Morphology

Parapyrrhicia is a genus in which all males exhibit very com-
plicated structured genitalia. The subgenital plate is deeply

lobed, forming a Bgap^ medially in most species while the
two lobes are running together apically again and are attached
to each other. Laterally, the cerci are situated like clamps,
complicated branched in P. abdita n. sp., P. niloensis n. sp.
and hatchet-like expanded in P. acutilobata. In P. diamantina
n. sp., no gap is formed by the subgenital plate but it is also
deeply divided and the cerci are stretched downwards, the
tips curved inwardly. At present mating could not be ob-
served in species of this genus but it is likely that the
male genitalia are used to lock the ovipositor of the fe-
male into place during mating. The valves of the ovipos-
itor are probably placed between the two branches of the
subgenital plate while the cerci fix the ovipositor laterally.
In P. diamantina n. sp., P. zanzibarica and P. globulata n.
sp., they grab the ovipositor below the subgenital lobes,
possibly similar as in Pleothrix conradti (Bolívar, 1906)
which has similar positioned male cerci and a subgenital
plate with laterally expanded lobes shaped like a clamp.
Similar subgenital plates are found in the Asian genus
Letana.

Ragge (1980) had little material (ten specimens belonging
to two species) when he reviewed the genus Parapyrrhicia. P.
zanzibarica was only known by Brunner von Wattenwyls de-
scription, since the type was lost. Ragge (1980) assigned a
female specimen as Parapyrrhicia zanzibarica but stated that
the specimen of Brunner von Wattenwyl described as
P. zanzibaricamay not be conspecific with the assigned spec-
imen of Ragge (1980). When describing a second African
species in this genus, P. acutilobata, Ragge chose a female
as holotype since he was not sure whether the male and the
females he studied really belonged to one species. The female
holotype Ragge selected came from southern coastal Tanzania
near Mtwara, while the male paratype and two further female
paratypes were collected from Dar es Salaam – near
Kazimzumbwi forest reserve (the male), and Kenya, Rabai
(the two females). Although no mating was observed by us
the number of specimens from Kazimzumbwi forest reserve
on the coast suggest that the female holotype of P. acutilobata
is conspecific with the male from around Dar es Salaam. All

Fig. 23 Female (a) and male chromosomes of Letana inflata (b, c); C-
banded (a), FISH with both 18S rDNA (green) and telomeric DNA (red)
probes (b), silver staining (c); metaphase (a, b) and diakinesis (c). Arrows
indicate second pair of autosome with interstitially located C-bands (a)

coincident with cluster of rDNA (b) and single active NOR (c). In bottom
photo (b) selected second bivalent demonstrate a correspondence
between posi t ion of C-band (a ) , DAPI- (b ) and CMA3+
heterochromatin (c). X, sex chromosome
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females from Kazimzumbwi forest reserve were males as de-
scribed by Ragge and all females from the same locality agree
morphologically with the female holotype of P. acutilobata.
Further no other species was collected from this area at
present.

Ragge (1980) mentioned that P. acutilobata is the only
African Phaneropterinae with open tympana having titillators
(in Parapyrrhicia thorn-like elongated structures protruding
between supra-anal and subgenital plate). This structure was
found in all Parapyrrhicia species and thus seems to be a
structure typical for this genus. Titillators are inserted into
the female abdominal opening during mating for
stabilization while the spermatophore is transferred. Wulff
and Lehmann (2015) showed for an European bushcricket
species, Roeseliana roeselii (Hagenbach, 1822), that titillators
function as tools to stimulate the females and accurately place
the spermatophore during mating.

Despite the similarity in the male genitalic organs (complex
subgenital plates, presence of titillators) between
Parapyrrhicia and the name-giving Pyrrhicia Stål, 1873
(now Letana) both genera are obviously not closely related.
Neither in general morphology (e.g., fore coxa armed vs.
unarmed; Brunner von Wattenwyl 1891), file structure (for
Letana see Ingrisch 1990), song nor in chromosomes
(below) any derived common characters were observed.

Evolution

Similar as described for Eurycorypha Stål, 1873 (Hemp et al.
2013b) morphological sister pairs also exist in Parapyrrhicia
suggesting recent speciation processes in the area. Thus
P. niloensis n. sp. and P. abdita n. sp. are morphologically
very similar with only minor differences in the male genitalic
system. P. niloensis n. sp. is so far known only from lowland
wet forest of the East UsambaraMountains and P. abdita n. sp.
seems to be common in central Tanzania in the mountain
block of the Udzungwas. However, slight morphological dif-
ferences are seen even between populations coming from the
northern part of the Udzungwa block aroundMangula and the
southern part around Kihansi forest reserve. These differences
are also expressed in a slightly different song pattern (see
bioacoustics). More bioacoustical and molecular studies are
necessary to further investigate differences between the
Udzungwa populations and in relation to the morphologically
related P. niloensis n. sp. further north. Another sister pair
exists with P. litipo n. sp. at the southern border of Tanzania
withMalawi and P. acutilobatawhich is reported from several
localities along the Kenyan and Tanzanian coast. Both species
share morphologically highly modifiedmale cerci, shaped like
hatchets. Also the subgenital plate is similarly shaped in both
species, with rather short and acute tipped lobes. At present
only one male specimen is known for P. litipo n. sp. and
neither song nor chromsomes are investigated for this species.

The female is not known and further material will show
whether P. acutilobata overlaps in its distribution with
P. litipo n. sp. The third morphological sister pair consists of
P. zanzibarica occurring on Zanzibar and coastal Tanzania and
P. globulata n. sp. at present only known from the Uluguru
Mountains of Tanzania (see map Fig. 24). Both species share a
stout subgenital plate with a small gap between the lobes and
downwards oriented male cerci. The biogeographical pattern
of these morphological sister pairs suggest that Parapyrrhicia
Brunner von Wattenwyl, 1891 is in recent radiation.
Mechanisms behind this recent radiation are still unknown
and further data on the ecology, biogeography, song and chro-
mosomes have to be collected as well as a molecular phylog-
eny of the group prepared to understand drivers of speciation
in the area.

Bioacoustics

The calling song of all four species of Parapyrrhicia consists
of very short, cricket-like, resonant pulses. Such songs are
quite rare among Phaneropterinae (as discussed in Hemp
et al. 2013b; Heller et al. 2015). Parapyrrhicia species are
similar to the few other species of this group in producing
only one pulse per wing movement like Ectomoptera
nepicauda Ragge, 1980 (Heller and Hemp 2014) and
Eurycorypha resonans Hemp, 2010 (in the polysyllabic
song; Hemp et al. 2013b). Parapyrrhica signals also like
Eurycorypha in the low ultrasonic range. While rare in
Phaneropterinae, such short resonant syllables are found quite
frequently in Pseudophyllinae, another plant-eating subfamily
of Phaneropteridae (Montealegre-Z. 2009; Braun 2016).

Since these short syllables are separated by large intervals,
the duty cycle of the songs (percentage of time with actual
sound emission) is obviously very low, even when only the
time within one calling bout is considered. So the singing
males are certainly difficult to detect by acoustically orienting
predators or parasitoids. The narrow frequency range of the
signals supports the impression of a hidden or secret commu-
nication. However, females ready to mate must be able to
detect and recognize the songs. In the time domain they prob-
ably can use only the timing of the onsets of the syllables -
changing the duration of the short signals may only change the
perceived intensity. Such an event based pattern is certainly
also transmitted by vibrations quite clearly together with the
airborne sound. The ears of males and females are expected to
be tuned to the species-specific frequencies. However, the
differences between the species are probably too small to be
important for differentiation, especially if a large variation as
observed in P. abdita n. sp. is taken into account. It will be
very interesting to get data on the timing, pattern and frequen-
cy range of the acoustic responses of Parapyrrhicia females
equipped with such distinct stridulatory organs.
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The structure of the file may give an indication how the
sound is produced during stridulation. Most tettigonioids pro-
duce sound during the closing movement (e.g., Heller 1988).
Following a hypothesis of Montealegre-Z (2012) decreasing
tooth intervals from anal to basal - as found in Parapyrrhicia -
could indicate that sound is produced during opening of the
wings. However, we cannot confirm two other characters also
typical for sound production during opening of the tegmina
(called reversed stridulation by Montealegre-Z 2012).
Parapyrrhicia species do not possess a lump on either end
of the file. Such a structure, however, is found only in
Ischnomela gracilis Stål, 1873 (see Montealegre-Z 2012)
but not in the other species producing sound during opening.
On the other hand, in all these species the steep side of the
asymmetric teeth are directed to the basal side, and thus facing
opposite to the direction of the scraper during sound produc-
tion. In Parapyrrhicia the teeth were too small to confirm this
with the light microscope, so the question must remain unan-
swered at the moment. InGonatoxiaKarsch, 1889, however, a
phaneropterine genus with basically similar song and file
structure (Hemp et al. in prep), the steep side of the teeth is
directed to the anal side indicating ‘normal’ sound production.

Cytotaxonomy

The basic model karyotype of Phaneropterinae, present also in
most tettigoniids, consists in males of 31 acrocentric

chromosomes, with the X0 sex determination system and is
probably plesiomorphic for the whole of Tettigoniidae (for a
review see Warchałowska-Śliwa 1998). Like most other hith-
erto African genera investigated – Lunidia Hemp, 2010
(Hemp et al. 2010a), Altihoratosphaga Hemp et al., 2010,
Horatosphaga Schaum, 1853, Monticolaria Sjöstedt, 1910
(Hemp et al. 2010b), and Tropidonotacris Chopard, 1954
(Hemp et al. 2014) – the six analyzed species of
Parapyrrhicia possess this karyotype as well. This ancestral
chromosome number is reduced to 2n = 29 in Letana inflata as
result, probably by tandem fusion between medium and small-
sized autosomes. This number with only acrocentric chromo-
somes has also been reported for four African species of

Fig. 24 Distribution of
Parapyrrhicia species. Black
squares: P. acutilobata. Black
circle: P. diamantina n. sp. Black
pentagon: P. zanzibarica.
Rounded black square: P. abdita
n. sp.White square: P. niloensis n.
sp. White circle: P. globulata n.
sp.White pentagon: P. litipo n. sp.

Fig. 25 Disturbed lowland wet forest near the Udzungwa Nationalpark
headquarters at Mangula
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Eurycorypha Stål, 1873 (Hemp et al. 2013b). In an attempt to
better investigate chromosomal markers and compare cytoge-
netic features of African Phaneropterinae we performed a de-
tailed cytogenetic analysis using both molecular – FISH
(rDNA and tDNA) and classical (C-banding technique,
NOR Ag-staining) methods. The chromosomes of
Parapyrrhicia revealed discrete differences between the spe-
cies within this genus but also compared to other African
Phaneropterinae genera. A single bivalent (3th/4th) carrying
18S rDNA clusters was a typical karyotype feature of the
representatives of the genus Parapyrrhicia. In P. globulata
n. sp., P. diamantina n. sp., and P. acutilobata this site was
found in the paracentromeric region, whereas in P. abdita n.
sp. it was located interstitially. Probably some cryptic rear-
rangements (e.g. translocation or inversion) could have caused
a change in the rDNA location from paracentromeric to inter-
stitially in the 3th/4th autosome pair of Parapyrrhicia abdita
n. sp. and the 2nd pair of Letana inflata (Brunner von
Wattenwyl, 1878). The presence of preferentially located
paracentromeric rDNA loci only on a single bivalent
was previously discovered also in other African
Phaneropterinae, e.g. in the genera Lunidia Hemp,
2010 (Hemp et al. 2010a), Eurycorypha Stål, 1873
(Hemp et al. 2013b) and Plangia Stål, 1873 (Hemp
et al. 2015). Our results demonstrate a coincidence be-
tween the location of rDNA loci and active NOR and
C/GC-rich heterochromatin regions, which indicates the
presence of multiple repetitive DNA sequences.
However, present data indicate different intensities of
rDNA hybridization signals on the 3th/4th autosome
pair; very weak in P. acutilobata and in one individual
of P. diamantina n. sp. of which only one chromosome
showed a FISH-signal, whereas its homologue did not
and bright ones in P. abdita n. sp. These differences
were detected consistently with all the banding tech-
niques and suggest the occurrence of polymorphism in
the number of copies of rDNA sequences maybe due to
unequal meiotic crossing overs, tandem duplication of
ribosomal genes, translocation rearrangements or homol-
ogous recombinations (e.g. Cabral-de Mello et al. 2011;
Warchałowska-Śliwa et al. 2013; Grzywacz et al. 2014).
The repetitive tDNA (telomeric) sequences were located
mainly on the chromosome termini. The present study
demonstrates that the telomeric regions of the chromo-
somes in Parapyrrhicia and Letana are composed of the
(TTAGG)n telomeric repeats similar to the African gen-
era Lunidia Hemp, 2010 (Hemp et al. 2010a) and
Plangia Stål, 1873 (Hemp et al. 2015) and other
tettigoniids (e.g. Warchałowska-Śliwa et al. 2013;
Grzywacz et al. 2014). However, these weak signals at
the ends of chromosomes in Parapyrrhicia Brunner von
Wattenwyl, 1891 could be due to a low copy number of
the telomeric repeats, sometimes too low for the

detection by standard FISH techniques. In conclusion,
t h e d i s c r e t e d i f f e r en c e s be tween spe c i e s o f
Parapyrrhicia and differences in chromosome numbers
as well as the distribution of major rDNA clusters for
Parapyrrhicia and Letana constitutes the next step to-
wards a better understanding of chromosomal organiza-
tion and evolution within African Phaneropterinae gen-
era and species.

Conservation Status

All East African species known at present in the genus
Parapyrrhicia Brunner von Wattenwyl, 1891 are bound to
lowland to submontane forests along the Kenyan and
Tanzanian coast and some further inland situated lowland for-
ests in Tanzania (Fig. 24). These forests are highly under pres-
sure from deforestation. Along the Kenyan and Tanzanian
coast only few forest patches remained from a former contin-
uous belt. Kazimzumbwi forest reserve is almost surrounded
by human settlement these days, the forest remains heavily
disturbed and selectively logged for timber. In the East
Usambara and Udzungwa Mountains some lowland forest
patches are protected as nature reserves or national park.
However, also these forest areas are heavily disturbed and
were selectively logged for timber before protected as reserves
or national parks (Fig. 25). Parapyrrhicia Brunner von
Wattenwyl, 1891 species only occur in closed lowland and
submontane forests and disappear as soon as the canopy is
opened up too much. Therefore species of this genus are ideal
organisms indicating the quality of a habitat and can be used
identify areas for priority conservation measures.
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