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Determining the suitability of a European 
cone weevil, Pissodes validirostris, 

for biological control of invasive pines in 
South Africa
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Summary 

Several Mediterranean pine species introduced to South Africa have become invasive plants which
displace native flora and deplete limited water resources. A proposal to release host-specific, seed-
destroying insects to arrest these pine invasions has created a potential conflict with the lucrative forest
industry which is predominantly based on pine species from North America. A survey of European cone
insects revealed that pine cones are heavily damaged by larvae of a cone weevil, Pissodes validirostris
(Coleoptera: Curculionidae). To determine the host specificity, weevils were collected on 10 pine
species throughout Europe. Adult responses to European and North American Pinus species were
recorded using both natural choice tests and no-choice tests. Cone use was significantly dependent on
the larval host of the weevils with adults originating from northern and alpine pines ( P. sylvestris group)
being incapable of developing on Mediterranean pines (P. pinaster and P. pinea) and vice versa. Neither
group of beetles utilized cones of five-needle pines or P. patula. Observations of adult maturation-
feeding on seedlings produced similar patterns of host specificity. Morphometric and genetic (mitochon-
drial DNA) analyses on the different populations confirmed that P. validirostris probably consists of a
complex of sibling species specialized on different host pines rather than a single generalist species.
Therefore, cone weevils originating from P. pinaster appear to be suitable for release in South Africa. 

Keywords: biological control, cones, host specificity, insect damage, invasive Pinus, 
Pissodes validirostris, South Africa.

Introduction

With one exception, there are no native conifers in the
genus Pinus in the Southern Hemisphere, but pines
mostly originating from Europe and North America are
extensively planted in many countries throughout the
region. During the late 17th century, Mediterranean
pine species, notably P. pinaster Aiton and P. pinea L.,

were introduced into South Africa to develop commer-
cial plantations. Within a short time span, P. pinaster in
particular started to invade natural vegetation around
plantations (Richardson and Higgins 1998). Today,
several pine species, including P. pinaster and another
Mediterranean pine, P. halepensis Mill., as well as
several North American species, are extremely prob-
lematic in conservation areas, where native plant
species are displaced, and in water catchments, where
the large trees diminish water-flow in rivers (Rich-
ardson et al. 1996). There is therefore a pressing need
to remove pines from areas that have been invaded and
to prevent the reinvasion of these areas, or at least slow
the rate at which this happens. 

The best option for combating problems caused by
invasive pines is classical biological control. However,
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South Africa has a lucrative timber industry based
mainly on pine species from North America, including P.
elliotti Engel., P. patula Sch. et Deppe and P. taeda L.
and to a lesser extent P. radiata D. Don. The prospects
for the biological control of alien invasive Pinus species
must therefore take into account this potential intersec-
toral conflict. Similar conflicts have been successfully
managed in South Africa. An example is mesquite
(Prosopis spp.), a North American leguminous tree,
which invades dry areas in South Africa, but which has
also many uses as an agro-forestry plant (Zimmermann
1991, Moran et al. 1993). The release of two seed-
feeding bruchids, which have become widely established
and abundant, led to the destruction of copious quantities
of seeds without affecting the useful attributes of
mesquite plants (Hoffmann et al. 1993, Coetzer & Hoff-
mann 1997). Similarly, seed-feeding insects have been
used against Australian acacias that are both invasive and
exploited in South Africa (e.g. Dennill & Donnelly 1991,
Dennill et al. 1999) and there are precedents in which the
invasiveness of alien perennial tree species has been
reduced by suitable, host-specific, seed-feeding insects
(Hoffmann & Moran 1991, 1998). 

The situation requires one or more biological control
agents that: (i) are associated entirely with cones and
seeds; (ii) are monospecific or attack only a limited
number of pine species; (iii) do not affect either produc-
tivity or growth of the economically important pine
species; and (iv) do not transport pathogens between
plants. The arthropod fauna exploiting the cones and
seeds of Pinus pinaster, P. pinea and P. halepensis in the
native Mmediterranean habitats consists of 16 species (15
insect species and 1 mite species) of which 13 (i.e. 81%)
are cone-specific (Roques & El Alaoui 2004). Among
these species, a cone weevil, Pissodes validirostris Gyll.
(Coleoptera: Curculionidae), was considered as the most
promising candidate for biological control of invasive
pines because it frequently destroys >80% of the annual
cone crop in parts of Europe, and 2–3 weevil larvae are
enough to destroy a cone and all its seeds (Roques 1976). 

Pissodes validirostris is widely distributed
throughout the Palaearctic region, from Portugal and
Scandinavia to north-eastern China, and has been
recorded as attacking both the target Mediterranean
pines as well as species in the section silvestris (Pinus
sylvestris L., P. mugo Turra, P. uncinata Mill., P. nigra
Arnold and P. leucodermis Antoine), and some North
American pines that have been introduced to Europe (P.
contorta Doug. ex. Loud.) (Roques 1983). This apparent
lack of host specificity, and the fact that adult weevils
feed on pine shoots for maturation before females lay
eggs on two-year-old cones (Roques 1976), cast doubts
on the potential usefulness of P. validorostris. To clarify
the situation, a combination of behavioural experiments,
morphometric analyses and genetic analyses were used
to determine how adult weevils from different larval
hosts and geographical origins responded to cones and
shoots of target and non-target pine species. 

Material and methods

Surveys of cone weevils

From 1998 to 2002, a total of 116 cone samples were
collected from 90 different sites in 10 countries
throughout Europe and North Africa (Finland, 2;
France, 28; Greece, 8; Italy, 2; Morocco, 3; Portugal,
44; Romania, 1; Spain, 23; Switzerland, 3; Turkey, 2).
The samples were selected to cover the known range of
P. validirostris (Fig. 1) but they were also extended to
areas where the host plants were growing without
records of cone weevils. Collections primarily focused
on the three targeted Mediterranean pines (Pinus
halepensis: 18; P. pinaster: 44; P. pinea: 7), but they
were extended to four other native pine species (Pinus
brutia Tén. 2; P. nigra: 11; P. sylvestris: 21; P. unci-
nata: 5) and 3 exotic, introduced species (P. contorta:
2; P. radiata: 5; P. taeda: 1). At ten sites, cones were
sampled on pine species growing sympatrically to
examine differences in natural levels of damage. Cones
were collected during late summer (from 5 August to 5
September, depending on location), just before adult
emergence commenced. Wherever possible, up to 100
cones were collected from 10 different trees. 

Cone preferences of adult weevils

Two different experiments were performed to deter-
mine the range of species that the weevils would use for
oviposition and larval development. In one set of exper-
iments, adult weevils were released in an arboretum
(Bormes) in southern France, where 34 native and exotic
pine species had been planted for trials to compare
growth performances. Before the experimental releases,
P. validirostris did not occur in the arboretum. More than
3000 adult weevils were released during October 1998
(2800) and 1999 (320). Only the pine species known to
produce cones regularly in the arboretum were used.
Batches of 100 weevils were put near the trunk base of
five trees of Pinus patula, P. pinaster, P. pinea, P.
radiata and P. taeda, and batches of 50–60 weevils were
put near P. brutia, P. coulteri D. Don, P. eldarica
Medw., P. flexilis James, P. nigra, P. ponderosa Laws.,
P. rudis Endl., P. stanckewiezii Sukacz., P. rigida Mill.,
and P. pseudostrobus Lindl. About half (1450) of the
weevils originated from a stand of Scots pine in the Alps
(Briançon area) and the remainder came from a stand of
Pinus pinea near Valladolid in Spain. Trees in the arbo-
retum were surveyed for signs of cone damage during the
summer from 1999 to 2002. As far as the annual cone
crop permitted, up to 100 cones (10 per tree on 10
different trees) were randomly collected on each of the
15 pine species used for the weevil’s release. The
following variables were then measured: percentage of
cones with feeding punctures; percentage of cones with
egg-laying punctures; percentage of cones with
successful larval development; and percentage of dead
cones. Cone length, cone width, and total number and
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quality (percentage of filled seeds) of surviving seeds
was also measured using X-ray inspection of the cones. 

The second experiment consisted of no-choice tests in
which weevils were confined in gauze sleeves enclosing
one or several branches bearing second-year cones. An
adult couple (1 male and 1 female) was placed in each
sleeve during early May; when the beetles were normally
mating and ovipositing. The adult weevils originated
from four different pine species (P. pinaster from
Buçaco, Portugal; P. pinea from Valladolid, Spain; P.
sylvestris from Briançon, France; and P. nigra from
Orléans, France) and each couple was offered cones of
one of the following pine species: P. pinaster, P. pinea,
P. halepensis, P. taeda, P. radiata or P. patula. Sleeves
without insects were used for controls in each pine
species. Originally, 20 replicates per test were planned,
but large fluctuations in cone production on the different
pine species prevented a balanced design. The tests were
carried out at the Bormes arboretum in 1999, 2000 and
2001. The same variables as measured in the free choice
surveys described above were measured to assess insect
responses.

Response of adult weevils during 
maturation feeding

Tests were carried out at INRA Orléans within large
(2 × 2 × 2 m) outdoor cages. Each cage enclosed 25,
80–100 cm-tall potted pine seedlings and was supplied
with beetles from a single origin, either Pinus pinaster
from northern Portugal, P. pinea from central Spain, or
P. sylvestris from the southern French Alps. To test
weevil preferences during maturation feeding on
leaders, five species (P. pinaster, P. pinea, P. elliotii, P.
patula and P. halepensis – the latter replaced by P.
sylvestris in cages with weevils originating from that
species) were randomly arranged in each cage and 200
to 295 newly emerged adult weevils were released in
the centre of the cage, during October in 2000 and
2001. In May of the following year, the number of
feeding punctures per trunk and branch, and the number
of dead shoots were recorded on each plant.

Variation in adult morphology
Length of snout and total body length along the

midline were measured in individuals from 12 popula-
tions originating from seven pine species (P. pinaster,
P. pinea, P. nigra, P. contorta, P. halepensis, P. sylves-
tris, and P. uncinata) and different geographical areas
(France, Portugal, Spain, Finland). 

Genetic variability of weevil populations
The same populations that were used in the morpho-

metric study, plus 14 additional populations from the
same host trees, were subjected to molecular examina-
tion. This set covered the European range of P. validi-
rostris. Genomic DNA was extracted using the
phenol–chloroform method. Only the wing muscles

were used in order to prevent any contamination with
parasites, fungi and nematodes. This DNA was used as
a template for amplification of mitochondrial DNA
(mtDNA) fragments by polymerase chain reaction
(PCR) using the primers designed by Simon et al.
(1994) and Langor and Sperling (1995). A segment ca.
900 base pairs long of the cytochrome oxidase I (COI)
gene (mtDNA) was amplified. PCR-amplified frag-
ments were digested with 13 endonucleases in restric-
tion fragment length polymorphism (RFLP) analysis. 

Results

Survey and samples of cone weevils
More than 22,000 weevils were obtained from the

cone collections, including some from areas where they
had not previously been observed, e.g. southern Portugal
and northern Greece (Fig. 1). Pissodes validirostris was
not found in North Africa, Corsica, far-southern Spain,
and southern Greece. No weevils were found to be asso-
ciated with the native species, P. brutia. On exotic, intro-
duced pines, damage was observed on P. contorta but
not on P. taeda. Weevil-like damage was observed on
one occasion on P. radiata in Spain but no weevils
emerged from the cones.

Cone preferences of adult weevils
In the arboretum, the percentage of cones attacked

(i.e. those with egg-laying punctures) by weevils was
higher than 35% in both years in the Mediterranean
pines but no damage was observed at all on P. patula
and P. radiata as well as on five-needle pines (P.
cembra, P. strobus). Pinus taeda was attacked but the
cones were never killed, in contrast to the situation on
the Mediterranean pines where 15–35% of the cones
were dead. Dissections revealed that the weevil larvae
were apparently not capable of penetrating into the
cones of P. taeda after hatching. 

Figure 1. Known range of Pissodes validirostris (pale
grey) compared to that of Mediterranean pines
(dashed line), and new weevil records (dark
grey).
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In the no-choice tests, all the pine species were used
by weevils but damage patterns differed with both the
weevil origin and the pine species (Fig. 2). There was no
significant difference in the number of feeding punctures
per pine species whatever the larval host (Fig. 2A).
However, weevils originating from P. pinaster and P.
pinea laid significantly more eggs than those from P.
sylvestris except on P. sylvestris (Fig. 2B). Weevils from
P. sylvestris laid very few eggs on Mediterranean pine
cones and there was no larvae development (Fig. 2C). 

Larvae of weevils from P. pinaster and P. pinea
developed equally well 0n the Mediterranean pines but
usually failed to develop on P. sylvestris. On P. radiata,
larval survival was higher for weevils from P. pinea
than from P. pinaster. The decrease in percentage of
filled seeds per attacked cone did not differ between
weevils from P. pinea and P. pinaster, but the impact of
these two provenances was significantly higher than

that caused by beetles from P. sylvestris, except on P.
sylvestris (Fig. 2D).

Response of adult weevils during 
maturation feeding 

Regardless of number of feeding punctures, no seed-
lings or leader shoots were killed in any pine species
during both years. Weevil damage expressed as the mean
number of feeding punctures per cm of branch did not
differ significantly between years but damage was signif-
icantly different between pine species and weevil origin.
Figure 3 presents the average results for 2000 and 2001. 

The weevils that originated from the Mediterranean
pines fed significantly more on P. pinaster than on
P. elliotti and P. patula (ANOVA followed by Tukey’s
test: F4,21 = 24.41, P = 0.0000 for weevils from P.
pinaster; F4,21 = 14.1, P = 0.0000 for weevils from

Figure 2. Response of adult cone weevils to pine cone species in no-choice tests according to larval host.
A – feeding activity on cones; B – egg-laying; C – success in larval development; D – damage to
seeds.
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P. pinea). In contrast, weevils from P. sylvestris did not
show preferences in feeding except on P. patula, which
in all cases had few feeding punctures.

Variation in adult morphology according 
to host and geographic origin

Table 1 presents the results for 12 populations
sampled in 1999. The insects emerging from cones of

Mediterranean pines (P. pinaster, P. pinea, P.
halepensis) were significantly larger for the two meas-
ured traits than those emerging from cones of pines of
the sylvestris section (P. sylvestris, P. nigra, P. unci-
nata). Insects from P. contorta were smaller than these
of the latter group. No difference was observed among
the Mediterranean pines as well as among the pines of
the sylvestris group. Frequently, females have a longer
snout (except in sylvestris) but a smaller body.

Genetic variability of weevil populations

Four of the 13 tested enzymes revealed similar
restriction sites for all populations, and thus nine
appeared to be polymorphic. Two enzymes (Mspl and
Bsp1431) separated the populations into two main
groups, corresponding to those developing on northern
and alpine pines, plus P. halepensis and those devel-
oping on Mediterranean pines (P. pinaster, P. pinea),
respectively. An enzyme (ACCI) discriminated
between P. pinaster (Portugal) and P. pinea (Spain)
whereas all the sampled Portuguese populations devel-
oping on P. pinaster did not differ from the south to the
north of the country. We also observed a large within-
population variability, probably due to heteroplasmy
(DNA composition differing between mitochondria
within the same specimen) as has been shown in some
other Pissodes species.

Discussion

Species in the genus Pissodes are all associated only
with conifers on which, with one exception, they
inhabit either boles or terminals. Pissodes validiros-
tris is the only species whose larvae develop within
cones – an association that requires a high degree of
specialization (Turgeon et al. 1994). Convergent
results from studies of adult behaviour, morphometry
and genetics suggest that P. validirostris probably

Figure 3. Response of adult cone weevils to seedlings of
different pine species according to larval host.
Results for 2000 and 2001 combined. Columns
with the same letter are not significantly
different by Tukey’s test at P = 0.05).

Table 1. Variation in adult morphology of cone weevils according to host and location.

Pinus host Country Site No. Rostrum length
(1/10 mm)

Body length
(1/10 mm)

P. contorta France Orléans 12 10.7a1 60.7a

P. halepensis France Montpellier 12 16.2bc 86.3cd

P. pinaster Portugal Alto Espinho 12 17.3c 90.4d

P. pinaster Portugal Ansaies 12 17.9c 92.0d

P. pinaster Portugal Buçaco 12 18.4c 93.5d

P. pinaster Portugal Pardelhas 12 16.6bc 88.9d

P. nigra France Orléans 22 15.3b 78.5bc

P. pinea Spain Valladolid 20 17.8c 93.1d

P. sylvestris France Briançon 25 14.8b 76.7b

P. sylvestris France Fontainebleau 25 15.1b 78.6bc

P. sylvestris France Orléans 20 14.8b 78.6bc

P. uncinata France Montgenèvre 10 15.7bc 76.4bc
1 Numbers in the same column followed by the same letter are not significantly different following by Tukey’s test at P = 0.05).
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incorporates discrete taxa (species, subspecies, strains
or biotypes) that may be monophagous. In a related
species, the white pine weevil, P. strobi (Peck), Phil-
lips and Lanier (2000) showed similar differences in
the host specificity of the insects from different
geographical regions and genetic divergence with host
associations of weevil populations. Unacceptability of
eastern white pine for western populations of weevils
from Sitka spruce was shown to be under genetic
control, rather than influenced by prior host experi-
ence. These authors suggested that P. strobi can exist
as small breeding populations which facilitate host
specialization. 

Differences in adult size of P. validirostris are
possibly dependent on the host resource, the cones of
Mediterranean pines being much larger than these of the
sylvestris group, but preliminary measurements on
progeny produced from cross-rearings indicate that these
differences are at least partly genetically based. In
Pissodes species from North America, Williams and
Langor (2002) also showed that bole-inhabiting species
tend to be larger, with proportionally longer and more
slender snouts than the terminal-inhabiting ones. A
strong preference of adults of P. validirostris for the
larval host has been shown for oviposition as well as for
sexual maturation feeding. Successful larval develop-
ment followed the same patterns of host specificity. As a
result, the weevil populations obtained from P. pinaster
and P. pinea demonstrated the greatest potential to
decrease the seed yield of Mediterranean pines. In addi-
tion, apart from restricted amounts of egg-laying,
complete larval development was never observed, even
under no-choice conditions, in cones of three of the pine
species that are of economic importance in South Africa
(P. patula, P. taeda, and P. radiata; no cones of P. elli-
ottii were available in Europe while this study was under
way). Adult maturation feeding on pine leaders and seed-
lings was insignificant in P. patula and P. elliottii at least.
It would be informative to compare the volatile profiles
of these pine species with those of the native hosts.
Dormont and Roques (2002) suggested that weevil host
choice is mediated by olfactory cues (cone volatile
monoterpene profile) which explained why Pinus
cembra, a European five-needle pine, did not suffer any
damage by the weevils. 

Further genetic analysis is needed to confirm that
populations from P. pinea are really separate from P.
pinaster or whether the observed differences only
correspond to a geographical pattern because the popu-
lations off P. pinea that have been analyzed so far came
from Spain, while those off P. pinaster came from
Portugal. Regardless, the cone weevil taxa originating
from the Iberian Peninsula show traits that make them
suitable and safe candidates for biological control of
Mediterranean pines. Preliminary analyses on several
hundred adults did not reveal any pathogenic fungi
attached to the body. 
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