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ABSTRACT

Marchalina hellenica, Gennadius (Hemiptera: Margarodidae) is the main honeydew
producing insect of pine trees in Greece. Its behavior during oviposition, the repro-
ductive capacity, oviposition period, pre-hatching period, and life span of the ovi-
posited female and other aspects of its reproductive behavior in the field and in the
laboratory, have been recorded in a three-year research. M. hellenica completes one
generation per year. It is mainly parthenogenetic. The adult female appears on the
trees, looking for an oviposition site from late March to late April. Its oviposition pe-
riod in the field lasts about 20 days, while the hatching period lasts about 30 days.
Live females can be found on the trees until the end of May, so there is a coexistence
of three stages of M. hellenica, adult, eggs and 1% stage nymphs, in the field for about
one month. M. hellenica is able to oviposit in the laboratory in room conditions. Its
ovipositing period is as long as 16 days, while the total number of eggs laid is on av-
erage 262. Body weight was significantly correlated with the total number of eggs
laid.

Introduction for honey bees (Apis mellifera) (Kailidis,

1965; Avtzis, 1985; Ciirkan, 1989). How-

Marchalina hellenica Gennadius (Homopte-
ra: Margarodidae) is endemic in the Mediter-
ranean countries, with large populations oc-
curring in Greece and Turkey. In Greece, it
mainly occurs on Pinus halepensis (allepo
pine), and P. brutia (calabrian pine), but it is
also found on P. sylvestris (scots pine), P.
pinea (stone pine), P. maritima (maritime
pine) and on P. nigra (black pine) in small
populations (Kailidis, 1965; Avtzis, 1985). In
Italy, it is also reported on Pinus leucodermis
(bosnian pine) and P. maritima (maritime
pine) (Fimiani & Solino,1994). In Greece
and Turkey, M. hellenica is considered bene-
ficial for beekeepers because it provides food

ever, in Italy it is considered as a dangerous
pest of pine trees.

M. hellenica feeds on the sap of pines and
excretes the excess sugars as droplets of hon-
eydew, which is attractive to honey bees.
Honeybees collect, enrich and store this hon-
eydew, and produce the characteristic pine
honey. The only countries in the world where
pine honey is produced are Greece and Tur-
key. The annual pine honey production in
Greece is estimated between 60-65% of the
total annual honey production. The economic
importance of the presence of this insect for
Greek beekeeping is high; however, informa-
tion about its ecology, biology and reproduc-
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tion is surprisingly scarce. Such data on ovi-
position, number of eggs, duration of the 1%
stage nymphs to hatch and behavior of the
adult during oviposition, are given by Niko-
lopoulos (1965), Kailidis (1965), Santas
(1979) and Bikos (2000). However, this data
does not agree on the date on which each
stage appears; on oviposition period, number
of eggs laid, and lifespan of the adult female.

Beekeeping in Greece means wandering.
For honeybees to be able to take advantage
of honeydew, it is necessary to be in large
uniform forests at particular time and place.
The amount of insect honeydew honey har-
vested each year varies, as does the exact
timing of the maximum honeydew flow. The
ability to forecast the availability of honey-
dew would be very valuable in minimizing
the cost of honey produced. This has been
studied by Pechhacker (1988) who counted
the number of 2™ stage nymphs of P.
hemicryphus, the main honeydew producing
insect of fir tree, Abies cephalonica, in win-
ter on particular trees and then compared this
with the rate of infestation by young adults,
both of which were found to provide good
data as to where to place the bee hives. So
the knowledge of the biology of M. hellenica
and the parameters that influence its seasonal
abundance will provide a firm basis for a
forecast model of honeydew flow. In the pre-
sent study, we provide data of three-year
observations on the biology and reproduction
behavior of M. hellenica.

Materials and methods

This study was carried out from March to
June of 2001 to 2003 in the pinewood of Seih
Sou, in Thessaloniki, northern Greece. An
area of 100m” was delineated. The trees were
15 years old and their height reached 6-8 m.
In this area five trees, at a distance of 2-3
meters each to another in a square, were se-
lected based on the population density of M.
hellenica. From these trees samples of pine,
branches of 30 cm long and different diame-

ter were collected. The samples were always
cut from the lower parts of the western side
of the trees. Previous observations (Gounari
et al., unpublished data) have shown that the
density of M. hellenica colonies was similar
among different trees and occupied the
lower parts of the western side of the trees.

The first samples were taken in April of
each year and were then collected weekly
between April and the end of June in each of
the three years (2001, 2002, 2003). In the
laboratory, pine branches were cut into
smaller pieces of 10-15cm to facilitate obser-
vations under a dissecting Olympus micro-
scope. The observations were recorded with
a digital Olympus camera, using the software
Camedia C2000Z. Data relating to reproduc-
tive behavior of M. hellenica were collected
from observations made in the field and also
from pine cuttings transferred and kept in the
laboratory.

Behavior during oviposition

Observations on the behavior of M. hel-
lenica were made before and during oviposi-
tion in vivo on the samples of branches just
as they were transferred to the laboratory,
and also on braches with insects kept in the
laboratory. In April and May 2002, four
branches of pine of the weekly collections,
10 cm long, with a big number of M. hel-
lenica attached, were placed in four wooden
cages having at least one side made of glass.
At this time, the insects were in 3"-stage
nymph. Daily observations were made and,
when the insects had reached maturity, the
number of insects dispersing to look for an
oviposition site and the number of those that
did not disperse were counted.

Observations on field collected branches
The data were collected from the samples
of pine branches transferred to laboratory
every week from April to the end of June
during a three year period (2001, 2002,
2003). The time of oviposition, the number
of eggs per ovisac (in each of four samples
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from 50 ovisacs), the number of ovisacs con-
taining females, eggs and 1% stage nymphs
(crawlers), the duration of oviposition period,
the life span of ovipositing female, the pre-
hatching period and the time taken by I*-
stage nymphs to disperse from the ovisac
were considered.

Observations on branches kept in the labora-
tory

In 2001, 2002 and 2003 females of M.
hellenica (Tabl. 1) were placed individually
in Petri dishes and kept in the laboratory. On
these females the following observations
were made: Percentage of M. hellenica lay-
ing eggs in vitro; time between collection of
females and start of oviposition (pre-
oviposition period); ovipositing rate; total
number of eggs laid per female; duration of
oviposition; lifespan of ovipositing females
and correlation between body weight and
total number of eggs laid per female.

Each female collected during 2001 and
2002 (Tab. 1) was weighed before placed in
Petri dish. During 2003, the nymphs were
also placed in Petri dishes, but they were
weighed just as they had completed their last
ecdysis. In each case, the number of days
until the begining of oviposition, the number
of eggs laid and the ovipositing period were
measured.

The lifespan of the ovipositing females
was recorded during 2001 and 2003, whereas
in 2002, the daily pattern of egg production
of 50 females (Tab. 1) was studied using the
following procedure: In group A (20 fe-
males), all eggs produced were counted and
removed every day. In group B (30 females),
the females were left to oviposit undisturbed
until the time that females of group A have
stopped ovipositing for 2 consecutive days.
The total number of eggs was counted at this
point then.

To check the viability of the eggs, a ran-
dom number of eggs was placed into seven
Petri dishes, which were kept at room tem-

perature (18°-19°C) in a dark place until the
1* stage nymphs hatched.

Results

General observations on behavior during
oviposition

Generally from about the end of March
and during the first 10 days of April, M. hel-
lenica is found on pine branches as 3" stage
nymphs, feeding on the sap of the pine and
producing large droplets of honeydew.
Honey bees collect this honeydew mostly
from the end of February onwards, depend-
ing on the weather conditions. After the 25t
March and up to about one month later, on
20" of April, the 3" -stage nymphs reduce
feeding and undergo their last ecdysis,
emerging as adult females.

Twenty four hours before the beginning
of ecdysis, the 3"_stage nymphs stay mo-
tionless, discards any excess of honeydew,
and the outer layer of the integument begins
to slough off. The ecdysis (Fig.1) can last
from 3 to 48 hours, depending on whether
the insect is disturbed or not. The female is a
non-feeding stage, as during ecdysis, its
mouthparts are shed with the outer integu-
ment (Fig. 2) and they are never replaced. No
honeydew is therefore produced by the fe-
males. Immediately after ecdysis, the body of
the female is smooth and shiny, with no sign
of wax secretions. At this time, about 60 to
90% (Table 2) of the females disperse from
where they moulted towards the lower parts
of the tree, searching for an oviposition site.
This explains why the old cast exuvia are
found in the previously attached places. The
remaining 10-40% settled close to where
they moulted.

The dispersing females can travel large
distances on the branches or trunk of the host
tree. Since they settle most frequently on the
base of the trunk, they can be found almost
anywhere nearby where there are sites which
offer suitable protection during oviposition.
These females, just before the beginning of
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oviposition, show great ability to disperse,
but are also strongly negatively phototaxic,
so they prefer small dark niches. Since their
body is very elastic at this stage, they can get
into tiny cracks or crevices in the bark - in-
deed, anywhere away from light. After its
settlement the female begin to secret long
waxy filaments by ventral wax glands,
formed a white ovisac, which encloses the
whole body of the insect. Within this ovisac
the female laid its eggs in a series, stuck to-
gether (Fig. 3).

Observations on field collected branches

The date when the adult females dis-
persed to lay their eggs was not the same in
the three years (Fig. 4). It is considered that
this was probably due to the environmental
conditions but this needs further investiga-
tion. In 2001 and 2002, the dispersing fe-
males appeared on the trees after the 25"
March. This dispersal phase lasted 10 days
(until 5™ April), during which all females had
found sites for oviposition. This is more or
less in agreement with the observations of
other researchers (Nikolopoulos, 1965; San-
tas, 1979). However, in 2003, the dispersing
females had not appeared until the 20" of
April, although the period of dispersing
lasted 10 days. By the 30" of April, all the
insects had settled in the ovipositing site
(Fig. 4, ¢). In all three years, all females had
died by the 30" of May, irrespective of the
date of their appearance. Thus, the females
were present on the trees for about two
months in 2001 and 2002 (from 25™ March
to 30" May), but for about one month in
2003 (from 20™ April to 30" May). Oviposi-
tion began on early April in 2001 and 2002.
However, in 2003, the ovisacs containing
eggs appeared after 26" April, almost a
month later.

An indication of the number of eggs a
female might lay in field conditions was
gained by counting the eggs in the egg-sacks
of pine cuttings of four consecutive samples.
However, since the females died as a result

of this disturbance, egg production probably
stopped prematurely. However, from this ob-
servation we estimated that each female could
lay about 262 eggs on average (Table 3).

The pre-hatching period of the eggs was
about 30 days (from 4" Apr.-7 "™ May 2002,
and 26 ™ Apr.-9 ™ June 2003) (Fig. 4, b,c).
Egg laying had already begun before the
beginning of observations in 2001. The I*-
stage nymphs had dispersed by 9" June, in
2001; by 29" May,in 2002, and by 20" June,
in 2003.
Observations on branches kept in the
laboratory

In 2001 and 2002, dispersing females were
taken to the laboratory, while in 2003 females
and 3™ stage nymphs in pre-adult stage. Almost
100% of the adults oviposited successfully. The
time between collection and beginning of egg-
laying was in all cases very short. More specifi-
cally in 2001 and 2002, 80% and 60% of the
females respectively started laying cggs in the
third day. It also took three days for all the fe-
males to begin oviposition in 2003. The body
weight of the female (39,46 mg in average in
2002) is in correlation with the time needed to
start oviposition (Fig. 5). The rate of oviposi-
tion of 20 females (2002) — group A- under
laboratory conditions is given in Fig. 6. A per-
centage of 67.7 of the total number of eggs was
laid in the first five days. Some females laid
eggs for 16 days and the total number of egg
laid ranged between 133-394 (mean 262). The
daily counting and removing of the eggs seems
not to affect the total number of eggs laid.
Thus, after 17 days the total number of laid
eggs by insects of the two groups did not differ
significantly at P<0,05 using the Duncan test.
The number of eggs that the individuals of
group B were oviposited ranged between 68-
408 in a 17 days period. A positive correlation
was found between the weight of the female
(20mg: 2001, 39,4 mg: 2002, 37,3 mg: 2003, in
average) and the total number of eggs laid in
all the tree years of observations (Figs7 a, b,

c).
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TABLE 1: Procedure for the in vitro study of the
oviposition behavior of M. hellenica

Number of Siagsat
year date ; development
mnsects
when collected
2001 9 April 15 Dispersing adults
2002 4 April 50 Dispersing adults
2003 22 April 10 Pre-adult stage

TABLE 2: Proportion of M. hellenica, to move
looking for a new site of oviposition

Date Number of insects
Total Dispersal Not dispersal
11/04/2002 18 16 (89%) 2 (11%)
25/04/2002 50 31 (62%) 19 (38%)
18/05/2002 50 46 (92%) 4 (8%)
21/05/2002 50 39 (78%) 11 (22%)

TABLE 3. Number of eggs / ovisac in collected pine braches
in four consecutive samples

Number of eggs/ovisac

Date (n=50)
Min-Max Meanzse
10/04/01 60 - 351 198 +46,9
17/04/01 23-271 123 +77,4
24/04/01 92-313 222 +41,4
02/05/01 78 - 302 192 +37,5

31
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FIG. 1. The last ecdysis of M. hellenica and the
emerge of the adult

FIG. 2. Exuvia with the mouthparts of the last ecdysis
of M. hellenica

FIG. 3. The ovisac of the adult M. hellenica with eggs
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Body weight (mg)
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FIG. 5. Relation of the body weight of the adult M. hellenica to the time
needed to begin oviposition, under laboratory conditions (2002).
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The total number of eggs laid was on average
111, 222 and 258 in 2001, 2002 and 2003
respectively. The mean oviposition period
was 30.6 days (range 20-37 days) in 2001
and 26.7 days (range 18-39 days) in 2003.
This period is completely different from that
determined by other researchers. More spe-
cifically, Nikolopoulos (1965) stated that M.
hellenica females lay eggs for three days and
then die, while Santas (1979) stated that the
oviposition period is a few days.

A high percentage (60.2%-97.6%, mean
81.4%) of crawlers hatched succefully in
vitro at 18°-19°C without being in an ovisac
which, in the field, would have protected the

eggs.
Discussion

This three-year study indicated some new
data on biology of M. hellenica which enrich
our knowledge and will help us to reach our
goal, which is the ability to forecast the tim-
ing and quantity of honeydew flow. There
are two main periods in which honey bees
tap the honeydew secretions of M. hellenica,
in autumn (September — October), and in
spring (March-April). As the female is not
able to feed, it cannot also produce honey-
dew. So the appearance of the female on the
trees in spring indicates the end of the spring
period of production of honeydew secretions.
This time is not distinct for each year. In the
three years of the study, it ranged from the
25™ of March to the 25" of April. The biotic
and non- biotic parameters influencing this
must be investigated in order to be capable to
determine every year the timing in which the
spring honeydew flow will stop and the bee-
keepers will have to move their beehives
from the forests.

It is interesting to point out that the de-
layed appearance of adult M. hellenica on the
trees in 2003 appeared to shorten only the
oviposition period of one month instead of

two months and the life span of the female
(from about 30 days in 2002 to 14-22 days in
2003), but no significant effects were noted
on the reproductive capacity of the insect
(total number of eggs/female in average in
2002, 222 and in 2003, 258), nor on the date
of the settlement of the new generation, the
crawlers, to their new feeding sites.

During this study, no males of M. hel-
lenica were observed, matching the descrip-
tion given by Nikolopoulos (1964). Yet, a
number of insects with male morphological
appearance collected from the branches of
the samplings were sent to the National Mu-
seum of Wales in Cardiff, UK for identifica-
tion. So, it is to be investigated whether M.
hellenica is exclusively parthenogenetic or
not. The great ability of the female to dis-
perse to long distances, far away from the
previously attached site, on another part of
the tree or to another tree, and also the form
of the ovisac which can easily be taken away
with the air seems to be the two the main
ways of expansion in the trees of a forest.
The appearance of M. hellenica on neighbor-
ing trees of other species, such as cypress
(Cupressus sp.) seems to be coincidental.
Female M. hellenica use Cupressus sp. as an
alternative oviposition site, like other sites on
the ground, on benches and walls.
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Emoyuc] eEEMEN Ko copTEPLPOPE MOTOKIG TOV
Marchalina hellenica (Hemiptera: Margarodidae)

ZOPIA TOYNAPH

Epyactipio Haloivyiug Médiooug, Ivorrtotbio Kopviatpucdv Epeovay E@. 1. AT E., Nearéldewg 25,
) 15341 AGrva.

HNEPIAHYH

To Marchalina hellenica, Gennadius (Hemiptera: Margarodidae) eivor to xOplo peAattoyovo
£vtopo tov mehkov otv EALGSa. v mapodoo epyasic mopovsidlovial ta anotedéopato
£PEVVOG TPUDY ETAV OYETIKG [LE TI] GUUTEPLPOPE TOV EVIOHOV KOTd TV woTokia, v mepiodo
EKKOROYTG TV EPTOVCHY, T1 Sudpkel Lofg ToV woTokovvTeg BNAcog, kobmg Kat GALL oToL-
YEIOL GYETIKG PE TNV CUUTEPLPOPA TOV KOTA THV UVOTapoywyr| , 6To Hnabpo Kul 6To £pYaoT)-
plo. To M. hellenica &yg pia yeved to €tog. H umdbeon ot sivan kotd kavovo mopBevoyevetind
depevvarar. Ta dpue mpog wotokia ORAen napovordlovial oto. SEvVIpa, KIVOUHEVR TIPOG U-
vedpeon Béceng wotokiag kutd Tig 25 Maprtiov N kot éva piva apydtepa Katd Tig 25 AnpiAi-
ov, H nepiodog wotokiag oto tmoubpo eivan mepimov 20 nuépes, evdd n mepiodog exkdAoymg
Suapkel 25-30 quépec. Tpw v wotokia to axuaio mapdyet vijpata KNpddoug cHGTACTG IE To
omoio keAdRTEL 0AOKATPO T0 cdpa tov. H HYpaven autdv eivar mo cupmayfc oto nicm pépog
TOD GARATOC TOV, STUIOVPYHVTHG EIKOVE «olikovy, Léca oTov omofo omoBEiTel Ta b KOAANUE-
v KoTd oepés. Zdvto motokodvra Oihea propovv va Ppebody ota dévipa £ng Kot To TEAOG
Maoiov. ‘Etot mapovotdletor cuvinapén tpubv otadlov Tov gviopov, axpaion, mdv kal epmov-
omv 110 pia wepiodo wepinov evog wiva. To M. hellenica pmopei vo woTokcEL KL 0€ GUVET-
Keg spyactnpion, ywpig Wwitepes aroarmoelg. H nepiodog wotokiag 610 epyactiplo oy Katd
70 2002 16 nuépsc, evd 0 cLvolkds oplBpdg TV ndV Tov arotEédnkay fTav Kotd pico 0po
262. Katé ta tpio. £ Tapatnpiceny Topouctdotnke cLoYETIoN Hetald Tov Papovg Tov oh-
potog Tov BAeog evtdpon KoL TOL ¥pAVOD TPO-MOTOKIAG, OTMG KAl ToV cuvokikoh apifon
o®v, Tov propei vo amobicel. H Sidpreio Lonig Tov wotokobvtog 6ieog kopaivetol petashd
26-30 nuépeg, ywpig va cvoyetileton pe 10 Papog Tov odpatodg Tov. Katd m didpxelo [onfg
Tov 10 Ol dev tpépetan kubdg dev Srabétel cTopOTIKG PopLaL.
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