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Abstract. Thesensilla of themaleposebdomerof the Mediterranean Katydithanepptera nanavereinvestigatedyy scanning electron
microscopein order to study their involvemein copulatory behaviourThe externally visiblgpartsat the abdominal extremitgre the
dorsalepiproctandthe ventral subgenital platehich together forna kind of pincer, anthe highly developederciwhich are curved like
a hook.The more internal partse the paraprocts and the genitalia. The epiprocslileare types of aporous sensilla chaetind sensilla
campaniformiaon its external surfacendonly aporoussensilla filiformia on its internal surface. The subgenital plaegispped with
aporous sensilla chaetiead aporous sensilla filiformiaresenon its external surface whereas its inteswaface is without sensilla. The
cercal sensillaare composed daporous sensilla filiformiaf two sultypes,aporous sensilla chaetica and sensilla campaniforfiie
surface of the paraprodsendowed witlaporous sensilla fiormia, two sultypes of aporous sensilla chaetica and sensilla campiauigfor
The genitalia comprise uniporous sensilla basiconica with the abruptly narrowethgy.are joined together by median small tongue
providedwith uniporoussensillabasiconta and are edged with a pad beargsagsilla campaniformid-he possiblednctions of the above
sensilla areproposed in thdight of prevusly published literatte: a tactile mechanoreceptive functidar sensilla chaetica, a
vibroreceptive function for sensilla filiformia, a proprioceptive function for sensilla campanifcamdaa gustative function for uniporous
sensilla basiconica gustative function appears not to have been mentiforatie male genitalia of Orthopter@ even on thosef other
insects.
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La structure du postabdomen du méle et les sensilles associéesRimneroptera nanarieber 1853 et remarques sur les sensilles
unipores des genitalia (Orthoptera: Tettigoniidae: Phaneropterinae).

Résumé Les sensilles préstes sur le postbdomen du méle du Phanéroptere méridi®haneropteranana nt ®t ® ®t udi ®e s
microscope électronique a balayage afin de rechercher leur implication lors du comportement copluésop&cesvisibles
ext®rieur ®ment® abldoexnmal e sont | -géimlivenrabqueinsambiecaonstimednt unelsarte gelpiace,e a L

et les cerques tredeveloppés et courbés en forslee cr ochet . Les pi ces plus internes so
porte trois types de sensilles chétiformes sans pore et des sensilles campaniformes sur sa face externe, et uniquesiéeg des se
filiformes sur sa face interne. Le plateau sgu®n i t a | ersseul tRpg deisgndllebetdormes sans pore gewnt présentes sur sa

face externe tandis que sa face interne est dépourvue de sensilles. Les sensilles cercales sont composées derseesiiandilifore de

deux soudypes, de sensilles chétiformes sans pore et de sensilles campaniformes. deadrsfparaproctes est pourvue de sensilles
filiformes sans pore, de deux setypes de sensilles chétiformes sans pore et de sensilles campaniformes. Les genitalia comportent des
sensill es basi cextréemig uist@d brusquenment régéci&lles sdnbréunies par une languette médiane, pourvue de
sensilles basiconiques ° | dapex ®mouss® et perfor ®nidrinesnLespor e
fonctions possibles des sensilles précédentes sont proposélesniere de la littérature scientifique: une fonction mécanoréceptrice tactile
pour les sensilles chétiformes, une fonction vibroréceptrice pour les sensilles filiformes, une fonction proprioceptiésesgosilles
campaniformes et une fonctiongative pour les sensilles basiconiques unipores. Cette fonction ne semble pas avoir été mentionnée en ce
qui concerne | es genitalia m©les des Orthopt res ni m° me sur

Mots-clés: Phaneroptera, Orthoptére, pasidomen, genitalianale, sensilles, sans pore, unipore.

INTRODUCTION 1972, EpilaOtara& Triplehorn 1990, Kimret al 1999,Kim
& Sota 2004, 2006, Hubwebé&rSchmitt 2005, Diingelhoef
In insects, the morphology of the female genitalia and& Schmitt 2006, 2010)EphemeropteréGainoet al 2009)
their sensilla has often been studied because research of thepidoptera (Chovet 1982,Davis 1975, Faucheuxd
egglaying substrat constitutes the final stage ofChauvin 1981, Faucheux 1982, 1999Hymenoptera
reproductive behaviour. In thirespect, ifferent types of (Schlegel 1967)In Coleoptera Phytophaga, Dungelhoef &
sensilla have been describieddifferent orders of insects Schmitt(2010) mention contact chemoreceptors sgveral
chronolaically, firstthe tactile mechanoreceptoteenthe  aedeagi In all the other species, onlythe tactile
gustatory chemoreceptorsand finally the olfactory  mechanoreceptors nd the proprioceptorshave been
chemoreceptors. On the other haliterature concering revealed and not a single chemoreceptor.
the male genitalia is less commadBoleopteralHammond
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Figure 1. Male postabdomen Bhaneroptera nandine drawingsa, ventral view;b, lateral view;c, dorsal view. C, cercus; E, epiproct;
Gv, genital valve; P, paraproct; Sgp, gehital plate; S8,"8sternite; S9, 9 sternite; T8, 8 tergite; T9, &' tergite; T10, 18 tergite.

However, in the course of the study of the sensory  The cerciare inserted in a laterodorsal pasi, near
equipment of a grasshoppéthaneroptera nanaFieber the 10" temite; in the male, they possess a short, sharp
1853 (Phaneropterinaeyye have been led to sbrve the point which abruptly narrowgDefaut 1988) They are
posterior end of the males (cerci and genitalia) and havenisegmented andstensibly curved ithe form of a hook
discovered an usual sensillum type in this positibmese  (Fig. 2a).
data obtained wittthe scanning electron microscopyll
subsequently be verifieavith ultrastructural descriptions The genitaliavhich protrude fronthe subgenital plate,
and electropysiological techniques. are always symetrical and areduced to4 membranous

valvesarrangedaround thegonopore the twoupper valves

are rounded and more or less lop#tke lower valves are
MATERIAL AND METHODS triangular Only the upper valves are visible on the

micrographs (Fig2h). These parts are joined together by a

The specimens dPhaneropterawere capturedn the  membanous small tongue In Tettigoniidae, there also
littoral dunes of Essaouira (Macco) in 2008. Their exists a chitinous element situated between the genital
determination has been verified ByancoisDusoulier(Gap, valves and the paraprocts. This element or epiphalle which
France).For the study with scanning electromcroscope is often divided into two parts named titillators is missing
(SEM), the postbdominal parts of inseci®m = 5) were  from many Phaneropterinae amu particular inP. nana
dissected, dehydrated in a graded ethanol series, mountddhere is no real penis and the copulation takes place
on specimen holders and coated with a thin layer of goldvithout the introduction of a coputaty organ.
and palladium in a JFC 1100 sputter coater. Preparations
were examined ira Jeol JSM 6400 SEM at 10 kWhe Cercal sensilla
terminology of Zacharuk1985)is used in naming the types
of sensilla. Three types of sensilla are found the cercisensilla

filiformia, s. chaetica, s. campaniformia.

RESULTS Aporoussensilla filiformiaare long, very flexible and
delicately as well as longitudinallyrooved aporous sensilla,
General morphology ofthe postabdomen insertedin a very large cuticular cavityvhich permits

ample displacement of the h&iFig. 3a) Two morphe
In Phaneropterathe laststernite visiblein the maleis logical subtypes are distinguishedcording their length.
the 9", it is the subgenital platehichis elongated, pointed, Sensilla filifomia of subtypel are very long sensillevhich
curved upwards and bifid at its apéxig. 1a). The stylj measure 20@50um in length and 3-3.5um in width at
present in other Ensiferhave disappeare@he 10" tergite  the baseThe inner diameteof the cavity measures6 pm
pushes back a procedbe epiproctwhich formswith the  and the outer diameter of the alveoB% um (Figs 3 b, c).
subgenital plate kind of pincer(Fig. 1b). The epipoctin They are more numerous than short sensBlansilla of
the shape of a compressed blade in the sagittal plane &ibtype2 are short sensilla of 30 um in length and
clearly separated from the" tergitein Phaneroptera(Fig. 1.7pm in width at the baseThe basalsocket has an
1c). Two paraproctareplaced on each sidd the epiproct.  exterior diameter of 2Qm and an interior diameter
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Figure 2. Male postabdomen Bhaneoptera nanaa, dorsal view;b, dorsal view with folded epiproct and subgenital
plate severed. C, cercus; E, epiproct; Gv, genital valve; P, paraproct; Sgp, subgenital plate.

100Mm

Figure 3. Cercus of malPhaneroptera nanaa, basal part showing numerouensilla; b, long sensilla filiformia F1, short sensilla
filiformia F2, sensilla chaetica @; detail of sensillagl, distal part of cercus with sensilla chaetica (arrogs3ensillum campaniformium
with ecdysial pore.

of 12 um(Fig. 3c). The two subtpesare disposed in circles In contrast to the previous sensillae aporous sensilla

of 12-14 sensillasituated close to one another. They arechaeticaare nearly straight and extend out from the cercal
more numerous on the upper surface of cédoist of them  surface so that their long axis tends to famight angle
occupy the proximal half in which the two subtypes arewith the long axis of the cercus. Their surface is grooved
mixed but, in the median region, only the short senailta  longitudinally. They are of variable lengi{30-110 pm)and
present. We estimate at 200 the total number of sensillaavea basal diameter &.3-5.5 pm.They are inserted in a
filiformia for each cercus. flexible socketof 12 umfor the outer diameteand have an
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Figure 4. Epiproct oPhaneroptera nanaa, dorsal view of epiproct E showing sensilla chaeticé,Gensilla chaetica of 3 subtypes C1,
C2, C3; the arrows show sensilla campaniforrojdgase of sensillum chaeticum Gi;sensillum campaniformium Ce; folded epiproct
showing sensilla filiformia F on the inner fade;distal part of epiproct showing outer face with sensilla chaetica C and inner face with
sensilla filiformia F.

inner diameterof 6.0-6.5 pm which permits only minor  Sensilla ofepiproct, paraprocts and subgenital plate
displacementsf the hair(Fig. 3c). They are sensillaith a
thick wall of 2.3 um and with a lumen of0.9 pum in The external face of thepiproctbearsaporoussensilla
diameter Their number per cercus is abdl80. They are  chaetca whose hair shaft is evenly tapertowards the
longer and more numeroos the lateral edges of ceréhe  distal part that forms a pointed t{pig. 4a) Three subtypes
sensilla chaeticaare mingled withsensilla fliformia on are distinguished: long sensila 1, 80-100um in length,
some proximaPR/3 of the cercusbut they subsist alone and with longitudinal ridges median sensilla45-60 pum long,
in large number@ the distal regiorfFig. 3d). with obliqueridgesC 2 short sensillal5-30 pm long with
longitudinal ridges C 3. All these sensillaare distributed
Aporous snsilla campaniformighough raretthan the  mainly on the latera regions of theepiproct (Fig. 4a).
previous sensillare frequently met witlon the distal half ~ Sensilla campaniformiare spread out onetdistaledge of
of the cercus and &y are more numerous on the internal the epiproct (Fig.4d). The internal faceompiisesaporous
face than on the external face. They are oval in shape argbnsilla filiformig 250-300um long(Figs4e, f).
their main axis is orientated in the longitudinal sense of

cercus. Their elliptical domef 6 um in length and2.5 pum Aporous sensilla filiformia, chaetica and sdiasi
in width is surrounded by laulgeof 8 pmin diameter(Fig. campaniformia exist on the surface of the paraprocts.
3e). Sensilla filiformig 100-150 pm in length are distributed
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Figure 5. Paraprocts #haneroptera nanaa, paraprocts P with two types of sensilla chaetica C1 and C2 and sensilla filiforimia F;
sensillum chaeticum CZ;, sensilla chaetica C1 and sensillum campaniformium Ca.

Figure 6. Subgenital plate 8haneroptera nanaa, subgenital plate Sgp partly covered by cerbyslistal part showing sensilla chaetica

C and filiformia F.

over the wiole surfacgFig. 5a) Two subtypes o$ensilla
chaetica are present: the first conipes long and stout
sensilla 60-100um in length locatedn the internal edge of
paraproct§C 1) (Figs 5a, c) the second consgstof short
sensilla 6670 pm long scatteed on the paraprocts (C 2)
(Fig. 5b). Somesensilla campaniformi@ccur on the distal
edge(Fig. 5¢).

The external face of thsubgenital platés visible on
the Fig.6aon whichthe distal region of the plais folded
dorsally This face bears slendaporous sensilla chaetica
whose length varies fror0 pm to 85 pum, and aporous
sensilla filiformia110-160 um in length All these sensilla
are evenly spaceaver the whole surface of the platand
occurpredominantlyon the distal panivhere they are mar
numerous (Fig$a, b) The internal facés smooth, without
sensilla.

Sensilla of genitalia

The surface ofthe valves(Fig. 7a) bearsuniporous
sensilla basiconicgsubtypel) whoseconewhich measures
1.8um in height andL.7 um in basal widthis prdonged by
a narrow procesgFig. 7b). The cone is surrounded by a
socket of11 umin diameter.Laterally, some tensensilla
are presenpervalve

The triangular median small tong(f&g. 7a)comprises
two types of sensilta sensilla basiconica and setssil
campaniformiaUniporous sensilla basiconicésubtype?2)
possess cones 8f5 pmin height with a basal diameter of
4 um, surrounded by socketof 16 pm in diameteand of6
pm in height(Fig. 7d). The cone is broadly rounded at its
tip with a definiteterminal poreof 0.3 umin diameter
Some30 sensillaare situated on the largest part of the small
tongue(Fig. 7c). About a dozen o$ensilla campaniformia
arefound on the swollen lateral edges of the small tongue
(Fig. 7e). They have the shape of aatfened dome of
0.7um in height, with a basal diameter equaBtpum; their
basal sockehas a diameter df1 pmand measures 3 pm in
height (Fig. 7f ). The ecdysial pore visible here has a
diameter 00.15 pum.

DISCUSSION

The sensilla chaetica witlut pores[NP (no pore)
sensilla, aporous sensillajJof insects are tactile
mechanoreceptomshereasa gustative functiors attributed
to sensilla witha terminal pore and an inflexible sock&P
(terminal poreysensilla, uniporous sensillgpltner 1977
Zacharuk 1980, 1985)Aporous sensilla filiformia are
deflected by faint air currents and low frequgisounds or
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Figure 7. Genital valves dthaneroptera nanaa, whole view showing genital valves Gv and small tongué S¢ensillum basiconicum
sultype 1 on the genital valve (arrove); sensilla basiconica subtype 2 on the small tongue (arrdwsgnsillum basiconicum subtype 2;
e, sensilla campaniformia (arrows) on the edge of small torfgsensillum campaniformium.

medium vibrations and tterefore, are considered as spermatozoor{Chopard 1952)The spermatophore which
vibroreceptors (Gnatzy & Schmidt 1971, Dumpert& contains the sperm is setting at the base of the oviscapt, in
Gnatzy 1977)Sensila campaniformia perceive stress in the relation to the spermatheca.
cuticle resulting from mechanical deformatiorfMclver
1985, Zacharuk 1985). In Blattodeaand OrthopteraGryllidae in which the
male cercihave no prehensile rgl¢he sensilla filiformia
The intervention of tactile mechanorecepwrand are uniformly distributed over all the ceraf cerci In P.
vibroreceptors of cerci and genitalimay be explained nanga they are present onlgn the proximal halbf cerci
during copulatory behavioufThere is no real mating in the the distal halfbeing devoid of them whever they are
Ensiferabut simplya juxtaposition of the s@al orifices as  replacedby sensilla chaeticaSincethe sensilla filiformia
a result of which thespermatophorés introduced at the are stimulated by slight draughts, their displacement causes
baseof the oviscapt in relation to the female spermatheca the insects to take to flighDumpert abd Gnatzy 197.7)
(Chopard 1920)In the course of mating iRhaneropterinae, They probably assume the same function in the maf. of
the male takes place under the female lying on her back, theanabut they do not intervene during matingn the other
heads of the two individuals being lined up in the samehand,it is the sclerotized distal paof cerci, transformed
direction The male cerci used asepensile organs form an into hooks which allows males to grasp the female
authentic pincer which seizébe female subgenital plate subgenital plate. In this respect, on the internal face the
The latter possess tubercles which facilitate hold by theaporous sensilla chaetica aremstlated by the contact
male. Subsequentlhe male straightens up with a leap. He between the two individualsSome sensilla chaetica have
then emits a voluminous spermatophore comprising twdikely a terminal pore and therefore might be involved in
small spherical bulges and a mucous mass, theontact chemoeption processeéYu et al 2011) The
spermatophylax which contains a liquidevoid of sensilla campaniformia of cercimonitor the pressure
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exertedby the cerci on the subgenital plate. The importancewithin a field comprising about0 pegs. The whole cuticle

of cerci during copulation in Tettigoniidae was pointed outof the field is flexible and held conveky henolymph

by Chopard (Chopard 1938).Subsequently, the male pressure, making it elastic when it conie® contact with

subgenital plate with its sensilla chaetica is pressed againgthie substrate The contact with the substrate is not

the base of oviscapt. The eppt and the paraprocts enter cont r ol | e d (Altmerd 19%7). Knovdelddde yob a

firmly into contact with the posterior margin of thd' 7 previous copulation is essential as it is generally considered

female sterniteThe sensilla chaetica and campaniformia of that the last maleo fecundate the female has the advantage

these three pieceperceive this contactand transmit  (Parker 1970).All the preceént hypotheses presuppose

positional information to the male. All the available contact between theenitalia bearing sensilla anthe

information on the copulatory behaviourRfnanaindicate  glandular secretions of the femaleroi v spérrd. s

the predominance of tactile stimuli recording by male and

female postabdominal structures. A preliminary researctof uniporous sensilla onhé

male genitalia of two other grasshoppetgptophyes

The intervention of gustative sensilla during mating ispunctatissima (Bosc, 1792) (Phaneropterinae) and

original and does not appear to have mentionedny  Meconema thalassinufDe Geer, 1773jMeconematinae)

insect. Their presence in the maleRofnanais difficult to has been fruitles@pers. obs.)

explain. Nevertheless, several hypotheses may be offered.

In Gryllidae, the titillators appear to play an important role

in fixing the spermatophore in the female genitébasch CONCLUSION

1979). As well asa mechanical role, we think that these

parts are capable of recognising female secretions by means The majority of sensilla situated ornhe male

of contact chemoreceptors. The titillators are absem.in postdodominal structureshow amorphology compatible

nana but the genitalia with their uniporous sensilla may with a mechanosensory function, particularly tactiet

perhaps assume this function. also related to pressure stimulations. The presence of

mechanoreceptors is coherent with the necedsitythe

Copulatory attempts between different species ormale to receive mechanosensory inforioratabout the

between two conspecific males are frequent ith@tera female during matingThe proprioceptors arrequenton

(Chopard 1938)If this is the case foPhaneropterathe  the cerci, the epiproct, the paraprocts and the genifdiia.

uniporous sensilla basiconica of the male probably perceivintervention of presumably gustativesensilla is more

the gustatory qualities of gldaolar secretions specific to difficult to explain. Precise observations of partners in

females (glands situated at the base of oviscapt with a ducibpula maycontribute to a bettennderstanding of the role

emerging above the female gonop@@hopard 1949)and  played by theyustatory stimuli.

allow mating to continue (in the case of a conspecific

female) or, on the contrary, put an end to it if the dkamis

of a different species. In the case of an attempt at matingcknowledgements
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