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Abstract. New data concerning geographical distribution of the tortricid moth Epinotia cedricida Diakon-
off, a significant insect pest affecting cedars in France, are presented. The species was discovered in Tur-
key, in two stands of Cedrus libani, where it causes considerable damage. The results of reciprocal
crosses between Turkish specimens and specimens native to France and North Africa have confirmed the
specific identity of the tortricid. On Cedrus atlantica, E. cedricida is present everywhere in Algeria. In
Morocco, it has only been found in three stands of cedar in the Atlas Mountains. With regard to Europe,
where the cedar is an introduced species, the tortricid moth has been reported only in France where it has
colonized practically all the cedar stands of the Rhone valley, as far as Dijon towards the north, but is not
yet present in those of the Garonne valley or the Poitiers area. Some of these data raise the question of the
geographical origin of the strain (either north Africa or Turkey) which was introduced into France
accidentally.

INTRODUCTION

The tortricid moth Epinotia cedricida (Lepidoptera: Tortricidae) is the main defoliating
insect in French cedar stands. It was described by Diakonoff (1969) using adult specimens
from the south-east of France in 1968 in an Atlas cedar stand of artificial origin located on
the mountain mass of the Petit Luberon, Vaucluse (Leclant & Remaudicre, 1969). Subse-
quently, it was found in North Africa: Morocco (Middle Atlas) in 1971 (Fabre, 1976) and
in 1976 (Leclant et al., 1977) and in Algeria (Aures) in 1981 (Cavalcaselle, 1985). In the
latter case, identification of the tortricid moth was confirmed by Diakonoff.

E. cedricida is monophagous on Cedrus, the latter consisting of four species: C. atlan-
tica Manetti, indigenous to Morocco and Algeria; C. libani A. Richard, indigenous to
Lebanon and Turkey; C. brevifolia Hooler, indigenous to Cyprus and C. deodara G. Don,
indigenous to Afghanistan and Pakistan. These species (except C. brevifolia) have been
quite widely introduced into Europe into parks and gardens as ornamental trees. They are
rarely used in reforestation, except in France, where forests of C. atlantica cover quite
large areas (about 15,000 ha); the oldest stands were planted in the second half of the last
century but the great majority were planted during the last twenty or thirty years.

The aim of this article is to present the information concerning the geographical distri-
bution of E. cedricida, especially those recorded during investigations in the natural and
artificial ranges of C. atlantica and in the main part of the natural ranges of C. libani.
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MATERIAL AND METHODS

In the field, a visual examination was carried out of damage caused to low branches of the trees in the
stands visited. Affected boughs were removed and observed under a binocular lens. Caterpillars, thus dis-
covered, were examined thoroughly and raised individually, at temperatures varying from 10 to 15°C, in
cylindrical boxes of transparent polystyrene, measuring 40 mm in diameter and 10 mm in height. The bot-
tom of each box was lined with a piece of tissue paper on which a small branch of C. atlantica, with nee-
dles attached, was placed. The rearing-boxes were put in series into a transparent polystyrene box
measuring 260 mm x 135 mm x 65 mm which contained three layers of tissue paper kept humid. Once a
week each rearing box was examined and given a fresh supply of needles for food. Pupation occurred on
the spot inside a silky cocoon. As soon as the adults emerged, their sex and identity were determined. The
genitalia of various male specimens were examined and compared*. Furthermore, in certain cases cross-
ings of specimens of several different geographical origins were made in laboratory conditions, to confirm
the results of the morphological examinations. Specimens of both sexes and male genitalia mounted on
micro slides were retained and listed.

RESULTS

Biological prospecting in the field

Several investigations took place, first in a large part of the natural range of cedars in
the Atlas and Lebanon: in Morocco (4 missions), in Algeria (8 missions), in Turkey (2
missions), in Lebanon (2 missions**) and second, in their European artificial range;
France, where most of the reforestation areas more than fifty years old were examined, in
Italy (1 mission), and Spain (1 mission). The geographical location of the stands visited
(apart from the Italian and Spanish stands) is shown in Fig 1.

DistriBUTION IN EuropE. In France, E. cedricida is widespread (Table 1). The cedar
stands located in the Rhone valley (in a broad sense), where they extend northward as far
as Dijon (Cote-d’Or), and those located in Languedoc are indeed all infested, apart from a
few exceptions which remain to be confirmed, these being 4 stands located in the depart-
ment of Sadne-et-Loire, the stand of Vals-les-Bains, in the Ardeche, and the stand of
Arles-sur-Tech, in the Pyrénées-Orientales. However, the tortricid does not yet appear to
have reached the west of France, since it has been found neither in the valley of the Ga-
ronne (Gers), nor in four stands spread out among the departments of the Charente, Vienne
and Deux-Sévres.

The presence of the tortricid moth in Europe, outside France, has never been reported in
the literature except in Austria on right banks of the Rhine delta (Huemer & Tarmann,
1993; Huemer, 1994). In Italy, a census revealed the presence of 56 plots of C. atlantica
found totaling 436 ha. E. cedricida was not found on small clumps of cedars in the Flor-
ence area, nor in the Forest of Valombrosa. In Spain there are no stands, apart from ap-
proximately thirty hectares, about 15 years old in the Géronne area. Observations were
made without any positive result on old park trees; there being 6,000 to 7,000 of these in
the Madrid area alone.

DISTRIBUTION WITHIN THE NATURAL RANGE OF C. ATLANTICA. E. cedricida was found in each
of the Algerian stands (Table 2). In contrast, its presence was only detected in two stands

* These examinations were carried out by J.P. Chambon (INRA, Laboratoire de Biosystématique de 1'In-
secte, 78000 Versailles).

** Undertaken by M. Bariteau (INRA, Unité de Recherches Foresti¢res Méditerranéennes, Avignon), in
charge of the program “Genetic improvement of cedars”.
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In Lebanon on C libani

In Algeria on C. aflantica

Fig. 1. Natural range (in black) of C. arlantica and C. libani and known distribution area of E. cedri-
cida. The numbers indicate the cedar stands investigated (see Tables 1-6). Those with a black circle refer
to the presence of the tortricid moth.

in Morocco (Table 3), situated in Michlifen in the Middle Atlas and Tounfite in the Great
Atlas. The fact that the tortricid was not found elsewhere is perhaps an artifact, due to the
limited level of its populations. Indeed in Algeria, we observed a decreasing gradient of its
ravages from east to west in favour of another species, E. algeriensis Chambon, recently
described from this country (Chambon et al., 1990) and widespread in Morocco, where we
found it in all the cedar stands visited. Thus, the presence of E. cedricida in North Africa
is confirmed and its distribution classified.

DISTRIBUTION WITHIN THE NATURAL RANGE OF C. LiBANI. Systematic investigation of the ma-
jority of stands of C. libani led to the discovery of E. cedricida at Catalan and Akincilar,
two small stands (20 and 70 ha respectively) located in Northern Anatolia on the southern
slope of the Pontic Range, in the Amasya area (Table 4). Damage caused by the tortricid
was very extensive particularly at Catalan, where the trees appeared to have suffered from
its presence. In addition, a species of tortricid, probably E. cedricida, was found in large
numbers, at Gokyurt Saglik, another cedar stand located in southern Anatolia near Konya.
Unfortunately, the caterpillars collected and raised from this stand failed to produce adults
and so the identity of the species is unconfirmed. Furthermore, the other Turkish stands lo-
cated in the Taurus and the Lebanese stand of Mount Lebanon appear uninfested (Tables 4
and 5), but the extensive damage caused by another tortricid, Acleris undulana (Walsing-
ham), perhaps concealed the presence of E. cedricida. The last proliferation of A. undu-
lana in the western Taurus occurred in 1990-1991 (Alptekin et al., 1997). The stands of
the Amasya area, discovered by Savas in 1946 (Selguk, 1962) are considered to be
relictual (Mayer & Aksoy, 1986; Ansin & Kiigiik, 1990). Indeed, the writings of Theo-
phrastus (between 372-287 BC) and Strabo (58-23 BC) indicated that cedars were wide-
spread in Anatolia (Aksoy & Ozalp, 1990) and pollen analyses confirm this (Beug, 1967).
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The discovery of E. cedricida in Turkey were so unexpected that we attempted reciprocal
crosses with the specimens from other geographical areas in order to confirm the specific-
ity of the find.

TaBLE 2. Stands of C. atlantica visited in Algeria.

Area Sub-area No.' Name of stand Altitude Dates of Presence of
(m) investigation  E. cedricida
Tellien Atlas Massif of 1 Ain Antar 1200 12.89 yes
Ouarsenis
Tellien Atlas Massif of 2 Theniet-el-Haad 1350-1500 12.89, 10.91, 11.91 yes
Quarsenis
Tellien Atlas Blidéen Atlas 3 Chréa 1450, 1550 07.87, 12.89, 11.91 yes
Tellien Atlas Mountain of 4 Tikjda 1500 06.87, 06.88, 12.89, yes
Djurdjura 07.91
Tellien Atlas Mountain of 5 Tala Guilef 1600-1800 06.88, 07.91 no
Djurdjura
Tellien Atlas Mountain of 6 Babor 1900-2000 06.87, 06.88, 06.89, yes
Babors 0691, 11.91
Saharien Atlas Mountain of 7  Ouled Tebben 1600 11.91 yes
Hodna
Saharien Atlas Mountain of 8 Bouthaleb 1650 06.88, 11.91 yes
Hodna
Saharien Atlas Mountain of 9 Guethian 1700-1850 12.90 yes
Tachrirt
Saharien Atlas Massif of 10 Bélezma 1700-1900 12.81% 06.87, yes
Aurés 06.88, 12.90, 11.91
Saharien Atlas Massif of 11 Sgag 1850 12.90 yes
Aures
Saharien Atlas Massif of 12 Taghda 1700 12.90 yes
Aures
Saharien Atlas Massif of 13 Le Chélia 1700, 1900 12.90 yes
Aures
Saharien Atlas Massif of 14 Ouled Yacoub 1450 06.87, 12.90 yes
Aures

' These numbers refer to the map (Fig. 1).
? Cavalcaselle, 1985

Reciprocal cross experiments between specimens of E. cedricida of different origins

Caterpillars collected in Turkey in October 1991 were reared individually in quarantine
conditions at the Mediterranean Forestry Research Unit in Avignon. Adults of both sexes
were obtained from specimens collected at Catalan and Akincilar. In the summer 1992,
some of these specimens were crossed with others originating from cedar stands of the
Luberon (Vaucluse, south of France). Four of the eight females used were fertilized and
laid eggs, some of which were sterile and other viable (Table 6). The results are practically
identical to those obtained from a control couple “Turkey x Turkey” and are roughly
equivalent to those found when adults of E. cedricida of French origin were reared under
laboratory conditions.

The caterpillars resulting from the hybrid eggs “Turkey x France” were placed in indi-
vidual rearing at 10°C. Adults obtained were crossed during the summer of 1993 with oth-
ers originating this time from the caterpillars collected in November 1992 in North Africa,
and then raised individually, in quarantine conditions, at the Mediterranean Forestry Re-
search Unit in Avignon. Of the four females used, three mated and laid eggs which were
mostly viable (Table 6).
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TaBLE 3. Stands of C. atlantica visited in Morocco.

Area Sub-area No.! Name of stand’ Altitude Dates of Presence of
(m) investigations E. cedricida
Rif Bab-Taza 1 Talassemtane 1800 11.92 no
Rif Bab-Berd 2 Tiziren 1800 11.92 no
Rif 3 Kétama (M.F. de 1700 11.92 no
Khandak Laanasseri)
Rif 4 Tizi-Ifri (M.F.) 1800 11.92 no
Rif Djbel Tazzeka 5 Tazzeka (relais télévision) 1900, 1950 11.92 no
Middle-Atlas Ifrane 6 Azrou 1800 11.71 yes
Middle-Atlas Ifrane 7 Ras-Al-Ma 1600 11.92 no
Middle-Atlas Ifrane 8 Ich Ouharouk 1800 11.92 no
Middle-Atlas Ifrane 9 Mtaljaste 1900 11.92 no
Middle-Atlas Michlifen 10 Michlifen 2000 11.71 yes
Middle-Atlas 11 Col du Zad 2100 11.92 no
Great-Atlas Tounfite 12 Tounfite 2100 11.92 yes
Great-Atlas 13 Sidi-Yahya-ou-Yousef 1750 11.92 no
" These numbers refer to the map (Fig. 1).
* M.F. — forest house.
TasLE 4. Stands of C. libani visited in Turkey.
Area Sub area No.! Name of stand  Altitude Dates of Presence of
(Forester district) (m) investigations E. cedricida
Pontic Chain Amasya (Niksar) 1 Catalan 800-1200 10.91 yes
Pontic Chain Amasya (Niksar) 2 Akincilar 600-900 10.91 yes
Anatolia Mt. Eskisehir (Afyon) 3 Sultandagi 1400 10.91 no
Anatolia Mt. Isparta (Sarki 4 Kizildag 1400 10.91 no
Karaagac) Milliparki
Anatolia Mt. Isparta (Sarki 5 Belcegiz 1550 10.91 no
Karaagac)
Anatolia Mersin (Konya) 6 Saglik 1500 10.91 unconfirmed
Internal Eastern Adana (Pozanti) 7 Cakit 1300 10.91 no
Taurus
Internal Eastern Adana (Pozanti) 8 Pozanti 1400-1600 10.90 no
Taurus
Central Eastern Kharamanmaras 9 Elmadagi 1300-1550 10.91 no
Taurus (Andirin)
Central Eastern Kharamanmaras 10 Kalekaya 950 1091 no
Taurus (Andirin)
External Eastern Antakya (Iskanderun) 11 Hassa 670-1500 10.91 no
Taurus, Amanos
Central Taurus Mersin (Mersin) 12 Arslankoy 1800 10.90, 10.91 no
Central Taurus Mersin (Mersin) 13 Cehennemdere 1050-2000 10.90 no
Central Taurus Mersin (Anamur) 14 Abanoz Diiden 1350-1500 10.90, 10.91 no
Western Taurus Antalya (Elmali) 15 Ciglikara 1350-1860 10.91 no
Western Taurus Antalya (Elmali}) 16 Sevindik 1650 10.91 no
Western Taurus Antalya (Finike) 17 Giilmez 450-1200 1091 no
Western Taurus Antalya (Kas) 18 Lengume 1200-1900 10.91 no
Western Taurus Mugla (Fethiye) 19 Arpacik 1400- 10.91 no
Western Taurus Mugla (Denizli) 20 Konak 1300-1900 10.91 no

' These numbers refer to map (Fig. 1).

491



TaBLE 5. Stands of C. libani visited in Lebanon”.

Area Sub area No.! Name of stand Altitude Dates of  Presence of
) (m) investigation E. cedricida
Mount Lebanon Akkar 1 Kammouah 1350-1800 10.92 no
Mount Lebanon Ehden 2 Ehden 1300-1900 10.92 no
Mount Lebanon Hadeth 3 Bcharre 1950 10.92 no
Mount Lebanon Hadeth 4 Arz El Hadeth  1200-1800 10.92 no
Mount Lebanon 5 Jaje 1400-1600 10.92 no
Mount Lebanon Barouk 6 Barouk 1500-1700 10.92 no
Mount Lebanon Barouk 7 Maasser-chouff  1400-1650 10.92 no

' These numbers refer to the map (Fig. 1).
? Bariteau, 1992.

TaBLE 6. Results of the reciprocal crosses between adults of E. cedricida originating in Turkey and
France, then between these hybrids and specimens originating in North Africa.

Cross No. of No. of No. of eggs No. of caterpillars
couples  females fertilized laid hatched

3 “Turkey” x € “France” 4 2 240 109

3 “France” x ¢ “Turkey” 2 226 75

3 “Turkey” x @ “Turkey” (control) 1 1 140 70

3 hybrid x ¢ “Algeria” 1 1 72 72

3 “Algeria” x @ hybrid 2 1 13 5

3 “Morocco” x @ hybrid 1 1 69 43

& “France” x ¥ “France” (control) 54 16 941 928

Comparative morphology of the genitalia

Examination of the male genitalia revealed no morphological differences between
specimens from the geographical areas (North Africa, Turkey, France) (J.P. Chambon,
pers. comm.).

DISCUSSION

The discovery of E. cedricida in 1968 in the south of France on Atlas cedars introduced
from Algeria last century suggested that this tortricid was of North-African origin. This
hypothesis, presented by Leclant & Remaudigre (1969), was furthermore in accordance
with the then rudimentary knowledge of two other Atlas cedar pests which appeared to
have followed this species when it was introduced into France. The first, the torymid
Megastigmus pinsapinis Hoffmeyer (Hymenoptera: Torymidae), discovered by Berland
(1950) at Apt in the Vaucluse, had been reported in North Africa by Milleron (1949). The
second, the aphid Cedrobium laportei Remaudiére (Homoptera: Aphididae), described
from specimens collected in Algeria in 1954, demonstrated its presence in France from
1967 onwards by causing considerable damage, which resulted in the death of park trees
(Emmonot et al., 1967). The discovery of E. cedricida in Morocco and Algeria was in fa-
vour of the above hypothesis (Fabre, 1976; Leclant et al., 1977).

The hypothesis must now be reconsidered, since the presence of E. cedricida in several
Turkish stands of C. libani no longer allows us to be sure of the North-African origin of
the French populations, as they might equally originate from Turkey. At first, such a
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hypothesis appears less likely in view of the greater proximity of North Africa. However it
is known that another tortricid moth Acleris undulana, which originates from the natural
range of C. libani, where it is present everywhere, was accidentally introduced into Mo-
rocco, in both Atlases, where it caused considerable damage (Fabre & Mouna, 1983).

A certain number of conclusions can be drawn from the discovery of E. cedricida in
Turkey:

— The search for natural enemies of this tortricid, with a view to introducing them into
Europe, must not be limited to North Africa, but should also include the stands of C.
libani.

— E. cedricida is not specific to C. atlantica. Furthermore, the levels of its populations
in Turkey were such that it does not permit great hope for a significant difference in natu-
ral resistance in both C. libani and C. atlantica.

— Of all the tortricids attacking cedars, E. cedricida is that with the greatest geographi-
cal distribution, both in the natural ranges of these conifers and their secondary range in
Europe.

CONCLUSION

The discovery of E. cedricida in certain relictual cedar stands in Turkey represents an
important step forward in our knowledge of this species. It challenges the hypothesis of a
North African origin for the strain, accidentally introduced into France. It also leads to an
appreciable adjustment in the context and strategy of the studies which have occurred for
several years at the Mediterranean Forestry Research Unit of Avignon. The thought that
the tortricid would be unable to colonize C. libani has disappeared and the search for its
natural enemies in Turkey is essential. The absence of E. cedricida in the other Turkish
cedar stands, in particular that of Mount Amanus, a relictual stand, in those of Lebanon
and in the majority of the Moroccan stands is still to be confirmed, and there remains also
the question of its possible presence in certain stands which have not yet been visited.
These are located in Turkey (in the inner Eastern Taurus, for some authors the anti-Taurus,
which is an inaccessible area), in Syria (in the Alaouites) and in Cyprus, (in the Trodos)
this time on C. brevifolia (Bariteau & Ferrandes, 1992; Alptekin et al., 1997). The recent
identification of the sex pheromone of the tortricid (unpublished data) will permit precise
answers to these questions. In addition, it would be interesting to indicate the different
geographical origin, firstly, by means of a comparative study of the development and the
reproductive potential of the specimens and, secondly, by investigating and then utilizing
molecular markers.
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