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-

The male and female genital morphologies of the tribe Aphractini are presented in this study. Four species
are included: Aphractus acuminatus, Paraphractus abbreviatus, Polycleptidella chilensis and Polycleptis
scutellifera. A dichotomous key to the genera is provided. The lengths between the female spermathecal
duct and titillatory articulated processes are similar within species but differ between them. Therefore, we
propose that the function of these organs could be associated with the sperm removal strategy.
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BACKGROUND

The katydids of the tribe Aphractini (Beier 1962),
constitute a small taxonomic group with four genera
and seven species, all endemic to Chile and distributed
between Illapel and Chiloé (Elgueta et al. 1999;
Cigliano et al. 2021). Mugleston and collaborators (2018)
in a phylogenetic study included 15 of the 19 tribes of
Pseudophyllinae, identified as paraphyletic in clades
of the Old World and New World, but did not include
Aphractini in their analysis.

The genus Polycleptis Karsch 1891 includes four
species: P. gracilis Beier 1962; P. inermis Karsch 1891;
P, rugulosa Beier 1962 and P. scutellifera Karsch 1891.
Males and females have been described for all but one,
P. gracilis, for which no female has been described.
The monotypic species Aphractus acuminatus Brunner
von Wattenwyl 1895 and Paraphractus abbreviatus
Brunner von Wattenwyl 1895 were described only with
female holotypes, and for Polycleptidella chilensis
Beier 1962 both female and male were described. The

last taxonomic contribution was the redescription of
Aphractus acuminatus, for which the eggs and the male
genitalia were described (Vera 2010).

The titillator is a very differentiated structure in
the male genitalia of Tettigoniidae and has been used
to accurately identify species (Rentz 1985 1993 2001).
However, the role it plays during mating has been
controversial. The Tettigoniinae Roeseliana roeselii
roeselii (Hagenbach 1822) has been studied in detalil,
identifying two titillator functions during copulation
(Wulff et al. 2017). At an early stage of copulation,
the titillator enters the female genital chamber and
rhythmically stimulates specific regions on the dorsum
of the female subgenital plate (Wulff et al. 2015), and the
female nervous system has been experimentally shown
to respond to stimulation (Wulff et al. 2018). Then, the
titillator participated in the transfer of the spermatophore
(Wulff and Lehmann 2016). Wulff and Lehmann (2020)
extended this analysis to two other Tettigoniinae species
with morphologically similar titillators. The response
of the females was different: in Pholidoptera littoralis
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littoralis the titillator works as an anchor, mechanically
positioning the female genital chamber.

Chamorro-Rengifo and Lopes-Andrade (2014)
reviewed the nomenclature associated with the phallus
in Tettigoniidae and homologized the contributions from
Vahed et al. (2011) and Lehmann et al. (2017), creating
a ranked classification system from zero to six to reflect
titillator complexity. Zero was defined as the absence
of processes in the titillator, and six as two pairs of
titillators, longer sclerotized processes and conspicuous
spines. However, these studies omitted Vera (2010),
in which the titillator of Aphractus was described as
presenting long articulated processes.

Vera (2010) suggested that Aphractus males
may use the titillatory articulated processes to remove
the previous sperm from the female spermatheca
during mating. While this modified structure has not
been described for other Tettigoniidae, the sperm
removal strategy has been identified in the bush-cricket
Metaplastes ornatus Ramme 1931; this species uses its
subgenital plate to simulate an egg, causing evacuation
of the spermatheca (Helversen and Helversen 1991).
This study describes and compares Aphractini male
and female genital morphologies for known genera
belonging to this tribe. We identified diagnostic traits
for both sexes in each taxa, and the male genitalia
of Paraphractus are described for the first time.
A taxonomic key is provided, showing a specific
relationship between the spermathecal duct length
of females and the titillatory articulated processes of
males.

MATERIALS AND METHODS
Specimen collection

The specimens described were obtained by active
collection during the night, following the audible
song of males, and observing bushes and trees with a
flashlight to find females. The specimens were kept alive
until copulation was observed. This helped pair males
and females from each species. After this, specimens
were conserved in 90% ethanol. Additionally, dry and
pinned insects were studied from the Entomological
Collection of the Instituto de Entomologia of the
Universidad Metropolitana de Ciencias de la Educacion,
Santiago, Chile (IE-UMCE).

Studied material

Aphractus acuminatus 48, 6 $: CHILE,
Cauquenes, Los Ruiles, 3-X11-2004 (1 5, 1 ¢ in etanol),
23-1-2004 (3 8, 5% in etanol), col A. Vera.
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Paraphractus abbreviatus 48, 5% : CHILE,
Cauquenes, Los Ruiles, 5-XI1-2005 (3 8, 2 % in etanol),
col A. Vera. Araucania, Lican Ray, 1-11-2016 (13 in
etanol), col A. Vera. Llanquihue, Frutillar Bajo, I-1965
(1%), 7-11-1966 (1 %), col Silva IEUMCE. Chiloé,
Cucao, 4-11-2001 (1 %), col A. Vera.

Polycleptis scutellifera 58 , 5% : CHILE, Talca,
Vilches Alto, 1-V-2006 (58, 5% in etanol), col A. Vera.

Polycleptidella chilensis 58, 5% : CHILE,
Llanquihue, Anticura, 2-11-2009 (1 §, 2 ¢ in etanol),
19-11-2002 (28, 1 % in etanol), col A. Vera. Chiloé,
Cucao, 4-11-2001 (1 %), col A. Vera. Isla Redonda, 30-1-
1987 (13), 1-11-1987 (1 &), col. Solervicens IEUMCE.
Palena, Caleta Gonzalo, 4-11-2001(1 %), col Vera &
Toledo.

Morphological methods

Morphology was studied using a Nikon
stereomicroscope (10X eyepieces, 0.7X to 3X zoom
lenses) with an integrated digital camera. Samples for
SEM were coated with palladium-gold and images
obtained with a Hitachi TM 3000 scanning electron
microscope. For the study of genitalia, apical parts
of the abdomen were removed and treated with 10%
NaOH for 12 hours without heating. The morphological
terminology of genitalia followed Ander (1970) and
Chamorro-Rengifo and Lopes-Andrade (2014).

RESULTS
TAXONOMY

Family: Tettigoniidae Krauss, 1902
Subfamily: Pseudophyllinae Burmeister, 1838
Tribe: Aphractini Brunner von Wattenwyl, 1895

Morphology of the apical part of the abdomen

Male (Figs. 2A-L, 3A-B and 4A—F): Tergum X
sclerotized. Epiproct with posterior margin variable.
Cercus cylindrical, sclerotized and hirsute, with apical
our sub-apical spine. Paraproct bilobulated. Subgenital
plate trapezoidal and flat. Styles digitiform (absent
in Polycleptis). Epiphallus conical. Titillator dorsally
reversible. Titillator sclerites together at the middle
line, keel-shaped, with sheet-shaped lateral apodeme.
Titillatory processes articulated, stick-shaped and
asymmetric apex, with variable apical spines (absent in
Polycleptidella).

Female (Figs. SA-H and 6A-D): Tergum
X, epiproct, cercus and paraproct as in male, but
less developed and without specializations such as
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protuberances, spines and pronounced curvatures.
Ovipositor ensiform, slightly sharp at the apex
towards its dorsal margin. Subgenital plate transverse,
trapezoidal, with variable marginal processes.
Spermatheca is a flexible capsule, oval or spherical.
Spermathecal duct of variable length. Accessory gland
is a single duct folded towards the capsule.

Aphractus acuminatus Brunner von Wattenwyl,
1895
(Figs. 1A, 2A—C, 4A-B, 5A-B and 6A)

Male: Tergum X depressed in the midline.
Epiproct as a prominent triangular sheet, with acute
apex; 1.5 times as long as tergum X (Fig. 2B). Cercus
cylindrical, slender, extended, sometimes with the distal
half slightly dorsal, length 2.5-3.0 mm; apex rounded,
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with small subapical medial spine (Fig. 2A, B and
C). Paraproct with elongated trapezoidal dorsal lobe;
ventral lobe small, as sclerotized tubercle. Subgenital
plate elongated, posterior margin narrow, triangular
emarginated; style cylindrical, elongated, 0.3 as long as
cercus, length equal or greater to the distance between
them (Fig. 2A). Epiphallus with titillator sclerite (TS)
apodemes rounded; middle keel ensiform, base with
triangle not sclerotized, TS as long as middle keel (Fig.
4A). Articulated titillatory processes elongated, three
times as long as the width of sclerite TS; apex acute,
dorsal curved, with abundant subapical spines (Fig. 4B).

Female: Ovipositor length 12—15 mm; dorsal
valvulae toothed on the first third; ventral valvulae
with small basal process (Fig. 5B). Subgenital plate
transverse, posterior margin truncated, with two
marginal processes rounded and folded forward

Fig. 1. Live habitus of Aphractini genera, females and males: A, Aphractus acuminatus (Los Ruiles); B, Polycleptis scutellifera (Vilches Alto); C,
Paraphractus abbreviatus (% Los Ruiles, & Lican Ray); D, Polycleptidella chilensis (Anticura). Scale bars = 10 mm.
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Fig. 2. Male abdominal apex. A, B, C, Aphractus acuminatus; D, E, F, Polycleptis scutellifera; G, H, 1, Polycleptidella chilensis; J, K, L,
Paraphractus abbreviatus. A, D, G, I ventral view; B, E, H, K dorsal view; C, F, I, K lateral view. Scale bars =2 mm.
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Fig. 4. Micrographs of male titillator and apex process. A, B, Aphractus acuminatus; C, D, Polycleptis scutellifera; E, F, Polycleptidella chilensis; G,
H, Paraphractus abbreviatus. Scale bars: A, C =500 um; E, G =250 um; B, D, F, H= 50 um.
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(Fig. 5A). Sternites II-VI with two parallel and
rectangular plates, sternite VII with divergent plates
(“’V”). Genital chamber with spermathecal pore in its
posterior margin. Spermatheca with spherical capsule,
diameter 1.5-3 mm; spermathecal duct wavy (Fig. 6A),
length 2.47-3.64 mm.

Polycleptis scutellifera Karsch, 1891
(Figs. 1B, 2D-F, 4C-D, 5C-D and 6B)

Male: Tergum X depressed. Epiproct posterior
margin rounded and dorsally folded; 0.3 as long as
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tergum X (Fig. 2E). Cercus conical, wide, length
2.3-2.5 mm; strongly curved towards the middle line
with its apex sclerotized in a conical spine (Fig. 2D,
E and F). Paraproct dorsal lobe tongue-shaped, with
round apex; ventral lobe small, as a sclerotized tubercle.
Subgenital plate transverse, posterior margin wide,
broadly emarginated; style absent (Fig. 2D). Epiphallus
with titillator sclerites (TS) apodemes truncated; middle
keel not sclerotized; middle keel smaller than TS length
(Fig. 4C). Articulated titillatory processes smaller than
the width of TS; apex rounded, laterally curved, with
subapical spines rings (Fig. 4D).

Fig. 5. Female abdomen. A, C, E, G, ventral view of subgenital plate, scale bar = 1 mm; B, D, F, G, lateral view of subgenital plate and ovipositor,
scale bar: 3 mm. A, B, Aphractus acuminatus; C, D, Polycleptis scutellifera; E, F, Paraphractus abbreviatus; G, H, Polycleptidella chilensis.
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Female: Ovipositor length 18—21 mm; dorsal
valvulae with small tooth on the second third; ventral
valvulae with prominent basal process (Fig. 5D).
Subgenital plate transverse, posterior margin with medial
triangle and two lateral tubercles (Fig. 5C). Sternites
II-VII with a transverse and rectangular plate, sternite
VII with two posterior tubercles. Genital chamber with
spermathecal pore in its anterior fold. Spermatheca with
spherical capsule, diameter 1.8-2.5 mm; spermathecal
duct straight (Fig. 6B), length 1.88-2.17 mm.

Paraphractus abbreviatus Brunner von
Wattenwyl, 1895
(Figs. 1C, 2J-L, 3A-B, 4G-H 5E-F and 6C)

Male: Tergum X convex. Epiproct posterior
margin rounded or acute, as long as tergum X (Fig. 2K).
Cercus cylindrical, apex laterally flat, with dorsal apical
spine, length 1.5-2.0 mm (Figs. 2J-L, 3B). Paraproct
dorsal lobe with triangular-tongue shape; ventral lobe as
a prominent cylindrical process (Fig. 3A, B). Subgenital
plate elongated, posterior margin narrow, triangular
emarginated; style small, cylindrical, length equal to
the distance between them (Fig. 2J). Epiphallus with
TS apodemes truncated; middle keel not sclerotized,
with sclerotized scale-like microstructures; middle keel
smaller than TS length (Fig. 4G). Articulated titillatory
processes smaller than width of TS; apex acute, dorsal
curved, with few dorsal subapical spines (Fig. 4H).

Female: Ovipositor length 8—11 mm; dorsal
valvulae not toothed (Fig. 5F); ventral valvulae with
small basal process. Subgenital plate transverse,
trapezoidal, divided in two obvious sclerites, posterior
margin with U-shape emargination and prominent
vertices; between them the margin of the ventral
valvulae fits (Fig. 5E). Sternites II-VII not sclerotized.
Genital chamber with spermathecal pore in its posterior
margin. Spermatheca with spherical capsule, diameter

A B

AcGld
Spt
Spt Det B AcGld
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Dct
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odl 0dl
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1.3-2.0 mm; spermathecal duct small (Fig. 6C), straight,
length 0.16-0.58 mm.

Polycleptidella chilensis Beier, 1962
(Figs. 1D, 2G-1, 4E-F, 5G-H and 6D)

Male: Tergum X convex. Epiproct with posterior
margin truncated or bilobed, as long as tergum X (Fig.
2H). Cercus cylindrical, lightly dorsally curved, apex
with small subapical medial spine length 1.3—-1.8 mm
(Figs. 2J-L, 3B). Paraproct with dorsal lobe thick
rectangular; ventral lobe as small tubercle. Subgenital
plate elongate, posterior margin narrow, triangular
emarginated or truncated; style small, length equal
to the distance between them (Fig. 2G). Epiphallus
with TS apodemes rounded; middle keel sclerotized,
smooth; middle keel smaller than TS length (Fig. 4E).
Articulated titillatory processes smaller than width
of TS; apex acute, dorsally curved, without subapical
spines (Fig. 4F).

Female: Ovipositor length 8—12 mm; dorsal
valvulae not toothed (Fig. 5H); ventral valvulae with
small basal process. Subgenital plate transverse,
trapezoidal, posterior margin with quadrangular
emargination, and two digitiform processes, between
them the margin of the ventral valvulae fits (Fig. 5G).
Sternites II-VII not sclerotized. Genital chamber with
spermathecal pore in the middle. Spermatheca with oval
capsule, diameter 1.8-2.5 mm; spermathecal duct small
(Fig. 6D), straight, length 1.2-1.47 mm.

Key for Aphractini genera based on abdominal
terminalia

1. Tergum X with prominent epiproct in triangular sheet. Male with
cylindrical cercus, extended, rounded apex, with small subapical
spine; long articulated titillatory processes (larger than the width
of TS); style long, equal or greater to the distance between them.
Female subgenital plate with marginal processes rounded and

AcGldi s
c

Fig. 6. Lateral view of the female spermathecal. A, Aphractus acuminatus; B, Polycleptis scutellifera; C, Paraphractus abbreviatus; D,
Polycleptidella chilensis. AcGld, accessory gland; Dct, duct of the spermatheca; GC, genital chamber; Odl, lateral oviduct; Sgp, subgenital plate; Spt,
spermatheca; St, abdominal sternite; VI, ovipositor blade. Scale bars = 1 mm.
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folded forward .........cccoeeevvccnncce. Aphractus acuminatus
- Tergum X without prominent epiproct in triangular sheet. Male
with cylindrical or conical cercus, curved differently, apex
different than above; short titillatory articulated processes (smaller
than the width of TS); style smaller than distance between them.
Female subgenital plate without marginal processes or present
but not folded .........ociiiiiiiiiiiie 2
2. Medially curved cercus with acute large spine-shaped apex. Male
subgenital plate without style; articulated titillatory processes
with round apex and subapical spine rings. Female with
prominent basal process in ventral valve; ovipositor more than
seven times the length of the subgenital plate ..... Polycleptis ssp.
- Cercus lightly dorsally curved, with small apical spine. Male
subgenital plate with digitiform styles; articulated titillatory
processes with acute apex. Female without prominent basal
process in ventral valve; ovipositor less than seven times the
length of the subgenital plate ...........cocoverieirienririieirereeee 3
3. Male epiproct rounded or acute; cercus apex laterally flat, with
dorsal apical spine; paraproct ventral lobule as a prominent
cylindrical process; articulated titillatory processes with few
dorsal subapical spines. Female subgenital plate with divergent
U-shape emargination in its posterior margin ...........coeceoeveeveenene
............................................................. Paraphractus abbreviatus
- Male epiproct truncated; cylindric cercus apex, with small medial
apical spine; paraproct ventral lobule small; articulated titillatory
processes without subapical spines. Female subgenital plate with
quadrangular emargination in its posterior margin, and with two
digitiform processes ............coceveerennnnee Polycleptidella chilensis

DISCUSSION

Our results from the male genitalia showed that
the titillator is sclerotized in TS and # components. The
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epiphallus can extend while the ectophallus is rolled
back and vice versa (Vera 2010); this mechanism was
confirmed in the four species studied. We propose that
the first copulation movement could grant access to
the articulated titillatory processes to the spermathecal
pore. If the sperm removal strategy were to occur, the
length between the articulated titillatory processes and
spermathecal duct should be similar. Our results showed
similar lengths in male and female components in each
species (Table 1). In the females of the four species the
values did lengths spermathecal duct not overlap, while
in males it only occurred between Paraphractus and
Polycleptidella; these species presented the smallest
titillatory processes and spermatic ducts. Furthermore,
except for Paraphractus, the titillatory processes
presented subapical spines opposite to the apex in all
species.

Our findings suggest a direct relationship
between the lengths of the male-female components.
This could be an important mechanism of mechanical
incompatibility during genital coupling, if we consider
the Lock-and-key reproductive isolation hypothesis
(Masly 2012). However, the meaning of this pattern
must be supported by experimental evidence studying
copulatory behavior (Wulff and Lehmann 2020). Thus,
Aphractini could be a good model for the study of
these morphofunctional and reproductive isolation
hypotheses.

From the perspective of taxonomy, the male

Table 1. Female spermathecal duct and male titillator process lengths in Aphractini species

Species Female coding ~ Spermathecal duct Male coding Titillator Titillator
length (mm) right process length (mm) left process length (mm)

Paraphractus abbreviatus 26 0.16 21 0.75 0.74
25 0.17 30 0.77 0.76
22 0.48 20 0.80 0.80
23 0.56 29 1.03 1.00
34 0.58

Polycleptidella chilensis 35 1.20 28 0.83 0.83
11 1.30 24 0.84 0.92
38 1.30 37 0.85 0.90
32 1.32 27 0.90 0.90
10 1.47 36 0.94 0.91

Polycleptis scutellifera 6 1.88 12 1.87 1.88
9 2.10 15 2.00 2.03
7 2.16 14 2.16 2.16
5 2.17 39 2.30 2.30
8 2.17 13 2.36 2.36

Aphractus acuminatus 2 2.47 18 2.83 2.83
3 2.75 17 3.00 2.96
4 3.00 31 3.05 3.00
1 3.00 19 3.06 3.00
33 3.64 16 3.23 3.45
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phallus and the female genital camera allow specific
discrimination; in addition to external abdominal
morphology in the four species studied.

CONCLUSIONS

Based on the genital morphology of four
Aphractini genera, it was possible to discriminate all
studied taxa; with diagnostic characters found in each
species. The classic structures such as cercus, epiproct,
paraprocts, subgenital plate and ovipositor are also
good enough to diagnose the Aphractini species. The
two articulated titillator processes were present in all
species and had differences between them in apex shape
and length. For each species, the spermathecal duct and
articulated processes were similar in length, suggesting
an interaction during mating.
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