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Sites and Time of Oviposition of Euphyllura phillyreae Foerster on

Olive Trees and on Phillyrea latifolia’

D.A. PROPHETOU-ATHANASIADOU and M.E. TZANAKAKIS

Laboratory of Applied Zoology and Parasitology,
Faculty of Agriculture, University of Thessaloniki, 540 06, Greece

ABSTRACT

The distribution of eggs of Euphyllura phillyreae Foerster (Homoptera:
Aphalaridae) was recorded on twigs of olive trees and of Phillyrea latifolia L. in
various locations of the Thessaloniki and Halkidiki prefectures of coastal northern
Greece. On olive, the first eggs were observed in the last ten days of March and
oviposition was intensified and became abundant only when the apical bud and the
axillary leaf and flower buds started to swell. Eggs were laid mostly on swollen buds
and on developing inflorescences. Oviposition preference was related to the stage
of development of a bud and not to its location on the olive twig. On swollen leaf
buds. most eggs were laid on the inner (upper) surface of the middle (second) pair
of developing leaves, and fewer on the inner surface of the outer (first) pair and on
the innermost (third) pair of leaves. On Phillyrea. eggs were deposited much earli-
er than on olive, on developing inflorescences. In choice and no-choice laboratory
experiments, more eggs were laid on olive twigs bearing developing inflorescences,
fewer eggs on twigs bearing only swollen terminal or axillary buds, and no eggs at

all on twigs with only fully developed leaves of the previous year.

Introduction

Euphyllura  phillyreae  Foerster (Homoptera:
Aphalaridae) is the main, if not the only, psyllid
species infesting olive trees (Olea ewropea L.) in
northern Greece, and the most frequent species
of Euphyllura infesting olive in central and
southern continental Greece (Lauterer et al.,
1986). Its geographic distribution is known to
cover the Mediterranean, the Black Sea coast,
and the Caucasus; it is an oligophagous insect
feeding only on plants of the genera Olea (wild
and cultivated), Phillyrea and Osmanthus, all
Oleaceae,

! Received for publication October 15, 1993,

In northern Greece E. phillyreae completes
only one generation per year on olive and over-
winters as a reproductively immature adult on
the trees. Its reproduction is limited to a brief pe-
riod in spring. On olive trees the eggs are laid
mainly in April, on the young apical leaves, on
swollen leat and flower buds and on developing
inflorescences (Prophetou & Tzanakakis, 1977;
Stavraki, 1980). Lauterer et al., (1986) concluded
that the species studied by Prophetou and Tza-
nakakis (1977) in N. Greece and found to have a
single generation annually, was E. phillyreae al-
though misidentified as £. Olivina.

In N. Greece E. phillyreae was also found on
Phillyrea latifolia 1. (Lauterer et al., 1986), an
evergreen bushy perennial plant which blooms
from March to May (Athanasiades, 1986). The
present paper presents the specific sites eggs are
laid on various parts of olive and Phillyrea, and
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differences in the time of oviposition on these
two host plants.

Materials and methods

In the spring of 1981, 1982 and 1983, twigs were col-
lected from olive trees of low-elevation locations of
the prefectures of Thessaloniki and Halkidiki of
northern Greece (Fig. 1). The twigs were collected
at random from a height of 1-1.8 m. Depending on
the location, up to three local varieties were sam-
pled: Koroneiki, Megaritiki and Hondrolia (Halkid-
ikis). Samples from two or more varietics of a given
locality were pooled together.

Unpublished observations by the senior author
had shown that no eggs are deposited basal of the
first ten knots from the tip of an olive twig. Thus, on-
ly the distal 12 to 21 em part of each twig, bearing ten
pairs of last year’s leaves, terminal bud, and axillary
leaf or flower buds, was examined under a binocular
microscope to record eggs. On the first date of sam-
pling, March 20 of all three years, buds had not start-
ed to swell. On the following three sampling dates,
March 30 and later, at least some twigs had swollen
buds. In 1981 and 1982, only twigs having at least
some swollen leaf or flower buds (Fig. 2A) were col-
lected, whereas in 1983 twigs with only unswollen
buds. as well as twigs with at least some swollen buds.
In 1983 twigs were collected also from Phillyrea lati-

® Thermi
Micra
o
Vassil kao Galatista
© Vavdos
0P Tavrolakas

A0. Pavlos Polygyros

N. Moudania

FIG. 1. Locations sampled in the prefectures of Thessalo-
niki and Halkidiki. Olive trees (@): Phillyrea (o).

FIG. 2. A: Axillary buds of the Hondrolia olive variety as
sampled on 8. IV, 1983 (x 2.64): st: swollen (developing)
flower bud; sl: swollen (developing) leaf bud; u: unswollen
bud. B: Developing inflorescences as sampled on 20. TV,
1983 and used in the choice and no-choice oviposition
experiments. (x 3.25).

FIG. 3. Branch with twigs of Phillyrea latifolia bearing
inflorescences as sampled on 12. V1. 1983 (x 0.34).
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folia, (Fig. 3) in low-elevation and hilly locations of
the same general area (Fig. 1).

For the laboratory choice and no-choice oviposi-
tion experiments, reproductively mature adults were
collected from olive trees by beating twigs into a net.
They were brought to the laboratory and maintained
as described by Prophetou and Tzanakakis (1986).
The adults were examined to make certain that they
all belonged to the species phillvreae. which is the on-
ly species of Euphyllura we have encountered in the
study area before and after our 1981-1983 survey
(Lauterer et al., 1986). The laboratory experiments
were carried out at 2442 °C, 65+5% RH, and natu-
ral daylight coming from a northeastern window.
The photoperiod did not differ substantially from the
one outdoors. The cages used in the choice experi-
ment were wooden ones, 30 x 30 x 30 cm, with wires-
creen top and sides and a glass front side facing the
window. Six olive twigs, one of each treatment. as de-
seribed below, and 11 pairs of adult insects were in-
troduced in each cage. Each twig, of the variety Hon-
drolia, was positioned with its base in a vial with wa-
ter, its free part above the vial being 6-8 cm. The eggs
deposited were counted once at the end of the fourth
day. In the no-choice experiment, one twig and one
pair of adult insects were housed in a cylindrical 6 x
7.5 em wide-mouth jar of transparent hard plastic,
with its top side of white nylon organdie and its bot-
tom perforated by the water vial holding the twig.

The eggs deposited were also counted once at the
end of the fourth day. To count eggs, buds or inflo-
rescences were gently removed from cach experi-
mental twig using forceps. The treatments consisted
of twigs with leaves of the previous year, terminal
bud and developing inflorescences (A). leaves and
developing inflorescences (B). leaves, terminal bud
and axillary leaf buds (C), leaves and terminal bud
(D), leaves and axillary leaf buds (E) and leaves on-
ly (G). The buds, were swollen and the inflorescenc-
es in the stage of developing, as seen in Fig 2B,
There were 6 replicates per treatment. Analysis of
variance (ANOVA) was used to test the effect of the
growth stage of the twig on the oviposition. Then the
Duncan-test was used to test the differences between
the mean numbers. Further details are given in the
Results section.

Results

Field sampling, olive trees

The distribution of eggs on twigs taken at ran-
dom in March and April from trees of four varie-
ties, pooled together, is given in Table 1. In all
three years, the first eggs were found in the
March 30 samples. In 1983, from March 30 on-
wards, twigs with as well as twigs without swollen
buds were sampled, while in 1981 and 1982 only

TABLE 1. Distribution of £. phillyreae eggs on randomly collected olive twigs of three varieties in low-elevation locations
of Thessaloniki and Halkidiki, 1981-1983

Percent
Date twigs Mean no. eggs
of collection No. of bearing Total per twig that was
Location twigs eggs egps Collected Oviposited
20.111. 81 Thermi 25 0.0 0 0.0 0.0
30.001. 81 a5+ 8.0 8 0.3 4.0
8.1V. 81 B3 0.0 0 0.0 0.0
18.1V. 81 109% 68.8 208 1.9 2.8
20.111. 82 Thermi 30 0.0 0 0.0 0.0
30.111. 82 30" 33 12 (.4 12.0
8.1V. 82 i 2.6 15 0.2 5]
18.1V. 82 4 75.0 680 17.0 22.7
20L111. 83 Thermi 30 0.0 0 0.0 0.0
30LI11. 83 34® 8.8 10 (.3 33
52 0.0 4] 0.0 0.0
8.1V, 83 30 53.3 457 152 28.6
42 4.8 4 0.1 2.0
8.IV. 83 Micra 26* 46.2 43 1.7 3.6
30 0.0 0 0.0 (.0
5.IV. 83 Ag. Pavlos A5 3604 174 7.0 19.3
40 5.0 3 0.1 1:5
5.IV. 83 N. Moudania 55% 38.2 327 5.9 15.6
40 5.0 4 0.1 2.0
181V, 83 Thermi 38 760.3 867 22.8 299
51 5.8 7 0.1 23

* These twigs had each at least some swollen leaf or flower buds. The rest, without an asterisk, had only unswollen buds.
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twigs bearing at least some swollen buds. The
1983 data show that on any given sampling date,
the twigs with swollen buds received many more
eggs than the twigs with unswollen buds. This
shows that females had a definite preference to
oviposit on swollen buds. The developmental
stages of buds and inflorescences on which eggs
were found are seen in Fig. 2 and the location of
eggs on swollen (developing) buds and develop-
ing inflorescences in Fig. 4.

In 1983, the number of eggs in each bud was
also recorded. In the case there were two buds
per node, the mean number of eggs per bud was
calculated and presented in Fig. 5. For this rea-
son the total number of eggs per sampling date
seems to be smaller in Fig. 5 than in Table 1. Itis

FIG. 4. Oviposition sites on swollen (developing) bud (A)
and on developing inflorescences (B) of the Hondrolia
olive variety, as recorded in April 1983 (x9). 1: leaf of the
first (outer) pair; 2: leaf of the second pair; 3: leaf of the
third (inner) pair. b: bract; ¢: corolla: e: eggs: s: sepal. One
leat of the second pair of the terminal bud was removed to
show the eggs on the inner pair of leaves.

seen (Fig. 5) that on the first two dates the eggs
were found only or mostly on the terminal bud
(T) and on the buds of axillae 1, 2 and 3, while on
April 18 they were more or less evenly distribut-

60
] 30. lIl. 83
40 10 eggs
20 —
@ E
- 04 - y
[
-4
60 5
® B. IV. 83
§ 300 eggs
¥
§
60
18. IV. 83
40 479 eggs

20

Position of node on the twig

FIG. 5. Egg distribution on olive twigs of the varieties
Megaritiki and Hondrolia in the spring of 1983 in Thermi.
K: terminal bud: 1: next-to-the-terminal pair of axillary
buds, and so on.

TABLE 2. Distribution of eggs of E. phillyreae in various parts of developing terminal and axillary buds, collected at
random from olive trees of the variety Hondrolia in Thermi. Thessaloniki

Percent eggs per pair of bud leaves

Buds with
Date cggs Total eggs Outer pair Middle pair Inner pair
30. 1. 83 2 10 30.0 70.0 0.0
8.1V. 83 +4 353 7.9 78.5 13.6
18. 1V. 83 93 519 1.2 52.4 16.4

* See Fig. 5.
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ed along the whole twig. On this last sampling
date, swollen leaf and flower buds were found on
all the axillas, from 1 to 10. This was not the case
on the previous two sampling dates. Of the buds
bearing eggs on April 18, 12 were terminal, 29
pairs were axillary leaf buds, and 6 pairs were ax-
illary flower buds.

Fig. 4 shows where the eggs are deposited on a
developing leaf bud and on a developing inflores-
cence. Of the 882 eggs found on leaf buds of va-
riety Hondrolia (Table 2), whether terminal or
axillary, most were laid on the inner (upper) sur-
face of the middle (second) pair of developing
leaves. Fewer eggs were laid on the inner surface
of the outer (first) pair of leaves and on either
side of the inner (third) pair of leaves. Of the
leaves of the middle pair, 37.29% had 1-3 eggs
each, 39.4% had 4-6, 13.9% had 7-9, 7.3% had
10-12, and 2.2% had 13-15 eggs each, the mean
being 5.1+3.03 eggs per leal.

Field sampling, Phillyrea

Oviposition on Phillyrea latifolia was earlier
than on olive, not only in the low-elevation loca-
tions of Vasilika but also in the hilly and cooler
ones of Galatista, Tavrolakas, Polygyros and
Vavdos. In late March 1983, while olive flower
buds had not yet started to swell and no oviposi-
tion taken place on olive, Phillyrea on Seih Sou
(Thessaloniki) were already in full bloom, egg

hatch had been completed and immatures were
in the third and fourth instar. Two weeks later,
samplings in other locations, mostly of a higher
elevation, gave the data scen in Table 3. It is
worth noting, that on that date all females had
ovaries at stages I'V and beyond. It is seen that on
plants which had no developing inflorescences,
no eggs were laid, despite the fact that most fe-
males collected from those plants had oocytes in
the last stage (V) of development. ready to be
laid. On the contrary, in locations where the
plants had developing inflorescences, eggs were
recorded. and where the plants were in full
bloom egg hatch had been completed and the
larvae were in various instars, including the last
one.

A total of 300 eggs were found on 79 oviposit-
ed still closed flowers. The eggs were found on
the sepals and the outer surface of the still closed
corolla, as well as on the inner surface of bracts.
Of all flowers on which oviposition occurred,
51.9% had 1-3 eggs each, 39.2% had 4-6, 7.6%
had 7-9 and 1.3% had 10-12 eggs each, the mean
number being 3.9+1.82 eggs per flower.

Oviposition preference in the labora-
tory

Both choice and no-choice experiments (Ta-
ble 4) show that significantly more eggs were laid

TABLE 3. Adult female ovarian condition and immature stages of E. phillyreae recorded on Phillyrea in various locations
of Halkidiki on 12.1V. 1983, Twenty four adult females and 4 infested Phillyrea twigs per location.

Percent fema-

Develop- les with ovaries  Presence (+) or absence (-) of
Alti- Exposure Neighbouring mental in stages immatures of the filial generation
tude of site perennial stage of
Location inm vegetation Phillvrea v WV Eges E1 L2 L3 L4 15
Polygyros A 500 Northern  Arbuius andrachne Without 833 67 - - - - - =
Lrica verticillata - developing
Pistacia terebinthus infloscences
Vavdos 938 Southern  Quercus coccifera Without 1.0 9.0 - = = = = —
developing
infloscences
Tavrolakas 480  Northern Q. coccifera With 0.0 1w 4+ - = = = -
developing
infloscences
Polygyros B 500 Southern Q. coceifera With 00 1Wo + = = = = =
Q. pubescens developing
infloscences
Polygyros C 500 Northern A, andrachne In full bloom 00 1w + + + 4+ 0+ =

E. verticillata
P. terebinthus
Q. coccifera
Q. coccifera

Southern
Southern

Galatista 450
Vasilika 70

In full bloom 0.0
In full bloom (.0

100.0) e TS R - +
100.0 - = = = + =+

 Last stage of oocyte maturation (fully formed oocytes).
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TABLE 4. Eggs of E. phillyreae laid in April 1983 in choice and no-choice tests, on olive twigs of the variety Hondrolia,
from which certain categories of buds were removed. (n=6).

Twigs left with

Mean percent of eggs laid = SD
No-choice Choice
(1102 eggs) (1951 eggs)

Leaves®, terminal bud™*,

developing inflorescences

Leaves. developing inflorescences
Leaves, terminal bud, axillary leaf buds
Leaves, terminal bud

Leaves, axillary leaf buds

Leaves only

amorwg >

34.5 = 3.8 (a)y*™* 41.8 = 14.1 (a)

40.5 + 4.1 (a) 47.7 % 18.8 (a)
14,9 £ 6.5 (b) 6.1 £ 112 (b)
5.7%32(c) 29+ 43(b)
44 +58(c) 1.5+ 2.6(b)

0.0 (d)

= Fully developed, of the previous year.
“* Most terminal and axillary leal buds were swollen.

“**Values on the same column followed by the same letter not significantly different from one another at 1%.

Duncan-test.

on olive twigs which had developing inflorescenc-
es than on twigs which had swollen leaf buds (no-
choice test: Fs0=69.638, : choice test:
Fs0=24.153, P=0.0001). There were no signifi-
cant differences between twigs having terminal
(D) and twigs having axillary leaf buds (E). The
additional presence of either terminal or axillary
buds (C) gave significantly more eggs in the no-
choice but not significantly so in the choice test.
We have no explanation for this. No eggs were
laid on twigs which had only leaves of the previ-
ous year. No eggs were found on unswollen buds.

A total of 1971 eggs were found on 138 ovipos-
ited still closed flowers. The eggs were found on
the sepals and the outer surface of the still closed
corolla, as well as on the inner surface of bracts
(Fig. 5B). Of oviposited flowers, bracts included,
29.7% had 1-3 eggs each, 19.4% had 4-6, 17.4%
had 7-9, 12.3% had 10-12, 8% had 13-15, 2.2%
had 16-18, 2.9% had 19-21, and 8% had 22-30
cggs each.

Discussion

In interpreting the results of field sampling, we
shoud bear in mind that the counts in the figures
and tables are in essence cumulative, each count
including the eggs laid to that date. The field
samplings showed that, in all three years, oviposi-
tion on olive trees started in the last ten days of
March and became intense only when the apical
bud and the axillary leaf or flower buds started to
swell, sometime between late March and mid
April. Once buds started to swell, eggs were laid
only on swollen buds and not on still unswollen
ones of the same twig. On leaf and flower buds,

oviposition preference was not related to a cer-
tain site (axilla) of the twig. For example, on
March 30, the eggs were laid only on the distal ax-
illac which then had swollen buds. Later, on April
18, when all the buds along the twig were swol-
len, the buds of all axillae were found oviposited,
oviposition having been extended also to the ba-
sal buds of the twig. Therefore, when buds at a
suitable developmental stage are available on all
or most axillae along the twig, there seems to be
no preference for distal versus basal axillary buds.
This is one of the findings of the present work.
The laboratory choice and no-choice experiments
showed a preference for developing olive inflo-
rescences as compared to swollen leaf buds.

In the area sampled, the reproductive dia-
pause of . phillyreae is known to be terminated
for most females overwintering on olive trees af-
ter mid December, and for those overwintering
on Phillyrea much earlier in mid November (Pro-
phetou-Athanasiadou, 1993), Most females on
olives are known to have mature oocytes, ready
to be laid, in mid March or shortly thereafter
(Prophetou and Tzanakakis, 1977; Prophetou-
Athanasiadou and Tzanakakis, 1986; Prophetou-
Athanasiadou, 1993). On the contrary, females
on Phillyrea have mature oocytes much earlier, in
mid February and, in certain locations on earlier-
blooming shrubs, even in late December. Also,
eggs on Phillyrea are laid much earlier than on
olive, as observed by Prophetou-Athanasiadou
(1993), who concluded that the time of oviposi-
tion differs between olive and Phillvrea and coin-
cides with the proper stage of growth of the host
plant on which the adults reside. Our data pro-
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vide both field and laboratory experimental evi-
dence in support of this conclusion. They also
show that preference for oviposition is expressed
for certain organs when at a given stage of devel-
opment and that oviposition sites on a plant may
change with time, depending on the suitability of
each organ, as it develops. The fact that, on olive.
on all three dates, most eggs were laid on the sec-
ond pair of leaves of the developing leaf buds,
whether terminal or axillary, also supports this
conclusion.

The period we recorded eggs on olive trees
falls within the known periods oviposition occurs
in the same general area of coastal northern
Greece, as reported by Prophetou and Tzanaka-
kis (1977). Oviposition on Phillyrea needs further
work to be elucidated.

The infestation of Phillyrea by the immatures
of E. phillvreae we observed on the Seih Sou hill,
near Thessaloniki, in 1982 has many similarities
with that of olive as was described by Prophetou
and Tzanakakis (1977). After hatching, the young
nymphs formed colonies and produced a white
waxy secretion and spherical honey-dew droplets.
The waxy secretion was abundant mainly during
the 5th (last) nymphal stadium.

Another species of the same genus long
known to infest olives and Phillyrea is E. olivina
Costa. It is multivoltine in such regions as the
Sfax of Tunisia, completing two spring and nor-
mally one autumn generation there. There are
many similarities with our species as to the olive
organs it selects for ovipositon as given by Silves-
tri (1934) and supplemented by Arambourg
(1964). It is not known, however, which are the
preferred oviposition sites on each particular or-
gan and the pattern of egg distribution for fe-
males of each of the spring and autumn genera-
tions of £. olivina.
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Ofoerg v Emoyn moroxiag tov Euphyllura phillyreae Foerster
o€ eharodevopa rav oe Phillyrea latifolia

AA. TTPOPHTOY-AGANAZIAAOY zat M.LE. TZANAKAKHZ

Eopyaotijoto Eqaoupoouévns Zwoloyiag xai Hapaoiroloyiac,
Tijua Fewmoviag, Aptotoréieto Havemorio Qecoaiovirngg

HEPIAHWH

Ze nhadiorovg eraodévopwy ral Phillyrea latifolia L. Siagpdpmy tomoleaay tov vopwy Qeooa-
Lovinng son XahzrtOumg, €y1ve »otayougy] TS »uTavouns Tmv auyay tov Euphyllura phillyreae
Foerster (Homoptera. Aphalaridae). Ze ehaiddevdoa, 1o mpotd ovyd :rtczgurngnﬂnfu,c\' TO
TeLEVTUIO bsym]uago Tou Mouotiov #at 1) wotoxia evrabnze puvm' 0TIV 0 OQUGUIOS ®OLL Ol TAA-
yor gukhogogol 1 avbogépor ogplukpol oyloay va qovozavouy. MOovo g8 pouvormIEvous
opbakpoic nal oe avantuaooueves avbotalies olamototnuay auyd. Ta Onivrd anéBeooy hiva
HOVO (uyd OF [ q'uovcmupfmm ucpﬂui\pm’?- omAady ae ogpbakpoic Twv omoiwy dev elye rmxl' OEl
1 ExwTuEn. H mpotiumon yuo wotoria eiye ay€on He T0 OTAdL0 avATTUENS TOU 0gHUAIOT ®uL Gy e
™ BE To oToV RAUdIoZ0. ZTOUS POVORMUEVOLS 0@buiuos, Ta TAEIOTE cuyd aroTédnray oty
EOMTEQLHY] (GV) Emcp('wau TOU HECion (65(!18@01‘} Celyoug TV UVUITTUOOOUEVOY QUALIV KLl
?wuzsga OTNV EOWTEQIAN ETUPAVELD TOV TOWTOV (EEmTEQIROU) Cewouc AL OTO E0WTERLAO (TOITO)
Cevyoc. Zm Phillyrea, ta vy amotéBnuray moht evoptepa and 6Tt ato. EAOdEVOQU, O EXTTUO-
aopevee avlotasisc.

g BOYAOTNOWUK TEIQAUATC E ETIAOYI] KO YMOIS ETLAOYY, TEQLOOOTERX Guyd amoténxay o
rAUOIOROVE EALGE TTOV ENYUY AVOUITTUYREVO (UALC TOU TTOONYOUHEVOU ETOUS %Ol UVUTTUOOOUEVES
(exmrvoooneveg) avborakieg, Myoteoa 08 ®AAOIOROVE TOU E(UY PUALL UL POVOHMILEVOUS
arOio 1} TAAYL0VS OPOUALOVC RUL RAVEVH O RAUOIOZOVE TTOV ELY(Y HOVO UVUITTUYHEVHL (PUALCL.
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