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On the structure of stridulatory organs in jumping plant lice
(Homoptera: Psyllinea)
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ABSTRACT. Stridulatory organs on meso- and
metascutellum in 14 species of jumping plant lice were
investigated under the scanning electron microscope.
Denticulate areas on axillary cords are developed to the
same extent both in species, producing vibratory sig-
nals and in ones in which no signals were registered.
No significant difference in structure of axillary cords
between males and females was found. Aphalaridae
and Psyllidae are similar in the shape of axillary cords,
but differ in this character from Triozidae.

PE3IOME. CtpuaynauuoHHbIe OpraHbl HA Me30- U
MeTacKyTeJuryMme y 14 BUAOB nucTOOIONIEK OBITH MC-
CJIEZI0BaHBI IPH TOMOIIY CKAHUPYIOIIETO IEKTPOHHO-
ro MUKpockomna. [IokpbIThIe 3yOUnKaMy y9acTKH Ha aK-
CHJUISIPHBIX TSDKaX Pa3BUTHI B OJAMHAKOBOM CTETICHN KaK
y BUJIOB, U3/IAIOLIMX BUOPALIMOHHBIE CUTHAJIBL, TaK U Y
(opM, y KOTOPBIX CUTHAIIBI 3apETrUCTPUPOBAHbI HE ObLIIH.
3HAaYMMBIX Pa3INIUN B CTPOCHUH aKCHIUISPHBIX TSOKEH
y CaMIIOB ¥ caMOK He HaineHo. Aphalaridae u Psyllidae
HMEIOT CXOJHYI0 (OPMY aKCHIUIIPHBIX TSDKEH, HO OTIIH-
YaroTCs 110 3TOMY Npu3HaKy oT Triozidae.

Stridulation by jumping plant lice was first reported
by Ossiannilsson [1950]. He observed wing vibrations
associated with sound production in both sexes of
Trioza nigricornis Forster, 1848. The amplitude of wing
movements did not exceed 10-15°. Heslop-Harrison
[1960] detected sounds produced by representatives of
six genera of British psyllids and offered rather complex
hypothesis concerning the functioning of sound-pro-
ducing mechanism in these insects. Two years later
Taylor [1962] described and illustrated fine corruga-
tions on axillary cords of meso- and metascutellum and
corresponding hard flange at the base of the second
anal vein on both fore and hind wings in five Australian
species of Hyalinaspis Taylor, 1960 (Spondyliaspid-

idae). He supposed that the flanges could be drawn over
the axillary cords during appropriate wing movements, i.
e. they are two parts of frictional mechanism (plectrum
and pars stridens respectively). Similar structures were
reported in several other genera of Spondyliaspididae
[Taylor, 1985].

Closer examination of these organs in two species of
Schedotrioza Tuthill & Taylor, 1955 (Triozidae) under the
scanning electron microscope was performed by Taylor
[1985]. The structures on the SEM photographs presented
in the paper do not differ principally from these in Hyali-
naspis. It should be noted, that notwithstanding the fact
that certain authors have heard faint buzzing sounds pro-
duced by psyllids, neither oscillograms nor sonograms of
signals were available in literature until 1986. For this
reason the structures described by Taylor [1985] were
referred to as “possible stridulatory organs” in his paper.

First descriptions and oscillograms of acoustic sig-
nals of a number of species of psyllids were published
later by Yang etal. [1986] and Tishechkin [1989, 2005].
Clear association between wing vibrations and signals
produced supports the opinion that the structures on
wings and thorax, as describer by Taylor [1962, 1985]
are stridulatory organs. Singing insect holds the wings
closed as in the resting position, but moves them up
and down rapidly in an almost vertical plane so that the
margins of anal veins could be drawn over the denticu-
late surface of axillary cords [ Tishechkin, 2005].

During the course of recent studies of vibratory com-
munication in Psyllinea I have made recordings of sig-
nals of about 30 species of Aphalaridae (including Livi-
idae), Triozidae and Psyllidae. In most species from first
two families males readily sing both in isolation and in
the presence of conspecific specimens of either sex. On
the contrary, only one species of Psyllidae, namely, Livilla
ulicis Curtis, 1836 produced signals in my experiments,
whereas in six other species studied, as well as in repre-
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Table. List of studied species of jumping plant lice with data on collecting sites and acoustic activity
Tabana. ClmMcOK M3YIEHHDBIX BUAOB AMCTOBAONIIEK CO CBEACHMSIMU O MECTaX cbOpa 1 aKyCTUIECKOi aKTUBHOCTI

Yibratory signals
Species Localits vwere regisrered ‘not
registerad {——]
Family Aphalaridze
Livie juneorim (L2Im] South Siberia, South Twva, eny. Erzin Village, Surcus sp. in the ¥
SHREORIR LT fload-lend of Erzin Riv,
Cravpedolenia compesirella Oss Mescow Area, Serpukhoy Dhstriet. env. Luzhki Yillage, +
PRAPERNEDIE COMPESTER > | Artemisia compestis L. on the bank of Oka River.
. Irboacske Area, Kosava Sep' Village about 20 km E of
. dractncefi Log, ;. ,} <k h +
= Bayanday, 4. drizcumculus T
, Moeseow Area, Serpukhov District, eny. Pushchino-na-Oke
C. gloriosa Loz, o - 2CIP i ~ +
= Tawn, 4. abrofanum L.
ce o . Moescow Area, Serpukhoy Distriet, env. Luzhki Village, 4.
C. mlackifica {Dhih) S " e = +
schilica | i ahzinthivm L. on the bank of Oka River.
. . Voelzograd Axea, env. Sheherbatovka Villape abonr 5 km N of
. mraisne Wagn, S ; - +
= Kamyshyn Town, A, valearis L
N L. Astrekhan' Area, western skore of Baskunchale Lake, Anabasis
CafHardia anabasidis Log. T e ® TR +
= apfndla L. in steppe.
_ P Mescowe Area, Serpukhoy Dhstriet, env. Pushehino-na-Oke
Riinocola areris (L) —
- Tawn
Famnily Psvilidae
drviging maclag (L] WVolgograd Avea, env. Sheherbatovka Willage abour 54t km N of
Arvraing maculata e - , . . . -
- pER Kamyshyn Town, Crifsus rufhenicys Fisch.ex Woloszcz,
. L . Merth of Samtev Area, steppe on hills about 15 xm SE of
il Rorvarfd [Scotr) . , B ) Br o —
: ’ Khvelvnsk Town, Geadsia fiacioria L.
c e . Moseow . Serpukhoy Dhstriet, env. Luzhki Village, &
7. ulics Cutis 'f»llc-a_uo'..x Area, Serpukhoy Dhstriet, env. Luzhki Yillage, & +
fFctora.
o B Moscow Area, Chashnikovo in the environs of Lelenograd
Prella alwi L. o o -
- Tawn, Al fmegaa (L] Moench,
Family Triczidaz
. . . Merth of Samatev Area, steppe on hills about 15 <m SE of
Frichaehermes walkerd (Farst.) o @ SLEP L_, v ° * —
- ’ Khvelvnsk Town, Rhameus caffariica L.
Buactericern pervisi Pul Dosang railway station sbout 60 km ™ of Astrakhan', drfemisig ¥
goraricern pery . < - e S
- il arenaric DU and A, scoparia Waldst, et Kt in deses,

sentatives of Trichochermes Kirkaldy, 1904 (Triozidae)
and in Rhinocola aceris (L., 1758) (Aphalaridae) no sig-
nals were heard. This raises the question of whether
such species are capable of signals production, i.e. do
they possess stridulatory mechanism. The main task of
the present study was to ascertain this problem. In addi-
tion, comparative investigation of stridulatory organs in
different groups makes it possible to elucidate potentials
of application of characters of their structure in taxono-
my on species and superspecies level. Moreover, only
Australian species were investigated until now, and no
information on sound-producing organs of Palaearctic
psyllids exists in the literature.

14 species in total from 3 families of jumping plant
lice mentioned above were studied. For investigation
on SEM dry material was used. In all species attempts
to register vibratory signals were undertaken, but in
certain ones I failed to hear any signals. The list of
species with data on collecting sites and acoustic activity
recorded is given in the table.

Every frictional sound-producing mechanism neces-
sarily consists of two parts. One part is a row of pegs or

denticles usually referred to as “file” or “pars stridens”,
another is a matching hard ridge or knob, so called,
“scraper” or “plectrum”. Moving of plectrum over pars
stridens results in producing sounds or/and vibrations.
According to Taylor [1985], denticulate areas on axil-
lary cords of meso- and metascutellum in psyllids play
the role of pars stridens, whereas sclerotized area on
the second anal veins act as a plectrum.

In all species studied axillary cords are covered with
scale-like denticles. They are developed to the same
extent both in species, producing vibratory signals and
in ones in which no signals were registered (Figs 1-49).
For investigation on SEM specimens were placed so,
that sclerotization on the second anal veins cannot be
seen on photographs, still in certain cases it is clearly
visible, that veins can be drawn over denticulate sur-
face of axillary cords during wings movements (Figs 5—
6, 13,20, 35). Therefore, all species possess morphologi-
cal structures, which can be used for producing of
signal.

Do they actually use this mechanism, this is a ques-
tion, however. Unlike most other insects, producing of
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Figs 1—18. Stridulatory organs of jumping plant lice: 1—4 — Livia juncorum; 5—8 — Craspedolepta omissa; 9—11 — Calliardia
anabasidis; 12—15 — Rbinocola aceris; 16—18 — Arytaina maculata; 1, 5, 9, 12 — female, dorsal view of thorax, both wings on
the left side are removed (ax.c. — axillary cords); 2, 6, 10, 13, 16 — same, male; 3, 7, 14, 17 — same, axillary cord of mesoscutellum;

4, 8,15, 18 — same, axillary cord of metascutellum; 11 — same, axillary cords of mesoscutellum and metascutellum. Scale bars:
1, 56,910, 12—13, 16 — 300 um; 2 — 200 pm; 3—4, 7—8, 14—15 — 80 pm; 11 — 150 pm; 17, 18 — 100 pm.
Puc. 1—18. Crpupayasgmonnste opraust amucrobsomex: 1—4 — Livia juncorum; 5—8 — Craspedolepta omissa; 9—11 —

Calliardia anabasidis; 12—15 — Rbinocola aceris; 16—18 — Arytaina maculata; 1, 5, 9, 12 — camxa, TpyAHOT OTA€A, cBEpXy, oba
KPBIAQ C ACBOM CTOPOHBI YAAA€HBI (@X.C. — akCHMAASIpHBIE TsKN); 2, 6, 10, 13, 16 — 10 3Ke, camew; 3, 7, 14, 17 — 70 ke, aKCMAASIPHBIT
TSDK Me30ckyTearyma; 4, 8, 15, 18 — 1o ke, akemAASpHDBIN TSR meTackyTeaayma; 11 — To SKe, aKCHMAASPHBIE TSDKU ME30CKYTEAAYMA
M MertackyTeaayma. Macurrab: 1, 5—6, 9—10, 12—13, 16 — 300 pm; 2 — 200 pm; 3—4, 78, 14—15 — 80 um; 11 — 150 um; 17,
18 — 100 pm.
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Figs 19—37. Stridulatory organs of jumping plant lice: 19—22 — Livilla horvathi, 23—26 — L. ulicis; 27—30 — Psylla alni; 31—
34 — Trichochermes walkeri; 35—37 — Bactericera perrisi; 19, 23, 27 — female, dorsal view of thorax, both wings on the left side are
removed (ax.c. — axillary cords); 20, 24, 28, 31, 35 — same, male; 21, 25, 29, 32, 36 — same, axillary cord of mesoscutellum, 22, 26, 30,
33, 37 — same, axillary cord of metascutellum; 34 — fore part of axillary cord of mesoscutellum. Scale bars: 19—20, 23—24 — 300 pumy;
21-22, 25, 34, 37 — 80 pm; 26 — 60 pm; 27, 31 — 400 pm; 28 — 600 pm; 29—30 — 120 pm; 32—33, 35 — 150 pm; 36 — 100 pm.

Puc. 19—37. Crpuayasumonsste opraubl aucrobromex: 19—22 — Livilla horvathi, 23—26 — L. ulicis; 27—30 — Psylla alni; 31—
34 — Trichochermes walkeri; 35—37 — Bactericera perrisi; 19, 23, 27 — camxa, IPyAHOI OTA€A, CBEPXY, 0ba KPbIAA C A€BOVL CTOPOHBI
yaanenst (ax.c. — akeuanspusle Tsoin); 20, 24, 28, 31, 35 — 1o ke, camer; 21, 25, 29, 32, 36 — 10 5Ke, aKCUAAIPHBIN TSDK ME30CKYTEAAYMA;
22, 26, 30, 33, 37 — TO >Ke, AKCUAASPHDIN TSXK METACKYTEAAYMa; 34 — TO JKe, IIEPEAHSSI YaCTh AKCMAASIPHOTO TSKA METACKYTEAAYMA.
Macrra6: 19-20, 23—24 — 300 pm; 21—22, 25, 34, 37 — 80 pm; 26 — 60 pm; 27, 31 — 400 pm; 28 — 600 pm; 29—30 — 120
pum; 32—33, 35 — 150 pm; 36 — 100 pum.
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Figs 38—49. Stridulatory organs of males of jumping plant lice of the genus Craspedolepta (sstr.). 38—40 — C. campestrella;
41-43 — C. dracunculi; 44—46 — C. gloriosa; 47—49 — C. malachitica; 38, 41, 44, 47 — dorsal view of thorax, both wings on
the left side are removed (ax.c. — axillary cords); 39, 42, 45, 48 — same, axillary cord of mesoscutellum; 40, 43, 46, 49 — same,
axillary cord of metascutellum. Scale bars: 38, 41, 44, 47 — 200 um; 39, 40 — 60 pm; 43, 45—46, 48—49 — 100 pm.

Puc. 38—49. Crpuayasymonnsie opransl camyoB aucrobromex posa Craspedolepta (sstr.): 38—40 — C. campestrella; 41—43
— C. dracunculi; 44—46 — C. gloriosa; 47—49 — C. malachitica; 38, 41, 44, 47 — rpyaHOi1 OTA€A, CBEPXY, 062 KPbIAA C ACBOV CTOPOHBI
yaanenpr (a@x.c. — axcuanspble TsoKkn); 39, 42, 45, 48 — To 3Ke, aKCMAAIPHBIL TsDK mesockyTeaayma; 40, 43, 46, 49 — To ke,
AKCMAASIPHBIN TSDK MeTackyTeaayma. Macmrab: 38, 41, 44, 47 — 200 pm; 39, 40 — 60 pm; 43, 45—46, 48—49 — 100 pm.



340

acoustic signals in psyllids is not a necessary stage of
mating behaviour. Normally, male spontaneously pro-
duce calling signals when ready for copulation. Recep-
tive conspecific female sings in reply to calling male
remaining stationary, whereas male after hearing reply
signals immediately starts searching her emitting call-
ing from time to time. In such a way partners find each
other. Nonetheless, under experimental conditions at
high density of insects on the plant male can find fe-
male and mate successfully not producing calling sig-
nals [Tishechkin, 2005]. Many species of Psyllinea live
in dense aggregations, so it is not unlikely that this
situation can exist in nature. Maybe, in certain species
acoustic communication was fully reduced, but obser-
vations of mating behaviour under different conditions
are necessary for solving the question.

There is no any significant difference in structure of
axillary cords of males and females (Figs 1-2, 5-6,9-10,
12-13,19-20,23-34,27-28). This agrees well with the
fact that receptive females sing actively and their sig-
nals are similar in temporal pattern with these of con-
specific males [ Tishechkin, 2005].

In certain taxa the structures associated with sound-
producing organs provide reliable taxonomic charac-
ters on species level. For example, in Gomphocerinae
grasshoppers (Orthoptera: Acrididae) the number and
density of pegs in stridulatory file on hind femur are
often species-specific. Comparison of photographs of
axillary cords in males of four species of Craspedolepta
(s.str.) Enderlein, 1921 does not revealed any distinct
species-specific characters, however (Figs 38—49). Num-
ber of denticles in longitudinal rows is approximately
equal in all four species. Moreover, denticles in periphe-
ral part of axillary cords are reduced to some extent and
are difficult to count for certain. The shape of axillary
cords is also similar both within the genus Craspedolep-
ta and within Aphalaridae as a whole (Figs 1-15, 38—49).

Aphalaridae (including Livia Latreille, 1804 — Figs
1-4) are rather similar with Psyllidae in structure of
stridulatory organs. In representatives of both families
(Figs 1-15,38-49 and 16-18, 19-30) axillary cords are
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more or less straight and wide and as a rule possess at
least 3—4 longitudinal rows of teeth on the dorsal sur-
face. In studied representatives of Triozidae, axillary
cords are more narrow (Figs 31-37); moreover, axillary
cord of metascutellum is strongly arched (Figs 33, 37).
This fact is in agreement with viewpoint of Burckhardt
[1987] uniting Psyllidae and Aphalaridae, but regarding
Triozidae as a separate family.
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