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Abstract
& Key message Gonipterus platensis is an important insect pest of eucalypt plantations. Despite biological control by the
egg parasitoid Anaphes nitens, economic losses remain high in several areas outside its native range where susceptible
eucalypt species are grown in commercial plantations. The susceptibility to G. platensis of 17 Eucalyptus species was
evaluated and possible alternatives for reforestation in high pest incidence areas were identified.
& Context Gonipterus platensis is an important pest of Eucalyptus worldwide. Despite biological control, it causes significant
losses to Eucalyptus plantations in several areas, requiring alternative management options.
& Aims We analysed host preference ofG. platensis towards 17 Eucalyptus species to identify less susceptible plant materials that
could be used in areas of high pest incidence.
& Methods Feeding damage was assessed in field trials in three consecutive years. No-choice and choice tests were conducted
with Eucalyptus species of contrasting susceptibility.
& Results Within subgenus Symphyomyrtus, all species from section Maidenaria were used by G. platensis for feeding. Within
this section, E. globulus was always the preferred species, while E. nitens was the least preferred. Differences in susceptibility
were less pronounced at high attack intensity byG. platensis. Eucalyptus saligna (section Latoangulatae) was the least preferred
species among Symphyomyrtus. All species from subgenus Eucalyptus had low susceptibility to G. platensis, particularly
E. regnans, which was never attacked under field conditions. The results were confirmed by choice and no-choice laboratory
and semi-field tests.
&Conclusion Significant differences in susceptibility toG. platensiswere found between the 17Eucalyptus species tested, which
could be explored for reforestation with less susceptible plant materials.

Keywords Tree susceptibility . Defoliation .Eucalyptus snout beetle . Reforestation

1 Introduction

Eucalypts (Eucalyptus L’Hér., Myrtaceae) are among the most
used tree species in plantations worldwide, primarily because
of their fast growth and adaptability to environmental condi-
tions (Campinhos 1999; Wingfield et al. 2008). In Europe,
eucalypts are mainly cultivated in Portugal and Spain for the
pulp and paper industry, with an overall area of roughly
810,000 ha in Portugal (ICNF 2013) and 630,000 ha in
Spain (SECF 2010). Eucalyptus globulus Labill. is the most
planted species in these two countries because of its high
quality for pulping (Costa e Silva et al. 2009; González-
García et al. 2009). Eucalyptus snout beetles, Gonipterus
spp. (Coleoptera: Curculionidae), are among the most severe
pests of Eucalyptus.Gonipterus platensisMarelli in particular
is the most widespread species found outside Australia
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(Mapondera et al. 2012). This pest is present in New Zealand,
eastern and western South America, southwestern North
America, and southwestern Europe (Mapondera et al. 2012).

Soon after its detection in Spain in 1991, G. platensis be-
came the most serious pest of E. globulus plantations in
Galicia (Spain) and northern Portugal (Mansilla-Vázquez
and Pérez-Otero 1996; Sousa and Ferreira 1996). The snout
beetle feeds on eucalypt leaves, with marked preference for
growing shoots with developing leaves, for both feeding and
oviposition. Adults will preferably feed along the edges of
leaves but they will also feed on the soft bark of fresh shoots
during periods of heavy infestation. The larvae, which cause
most damage, feed on the entire leaf lamina, leaving only the
harder fibres (Loch 2006; Tooke 1955). Severe and repeated
defoliation can lead to thinning of the upper crown or ‘broom-
topping’, reduced growth, tree deformation, and tree decline
(Echeverri-Molina and Santolamazza-Carbone 2010; Loch
2006; Loch and Matsuki 2010; Tooke 1955). Biological con-
trol was one of the first strategies used to control G. platensis.
The Australian egg parasitoid Anaphes nitens Girault
(Hymenoptera: Mymaridae) has been introduced into all con-
tinents where the snout beetle is present, with good results
(Arzone 1985; Cordero-Rivera et al. 1999; Hanks et al.
2000; Lanfranco and Dungey 2001; Tribe 2005). However,
the parasitoid has not been efficient in reducing the damage
caused by G. platensis below economically sustainable levels
in several regions, in particular in cooler regions of countries
such as Portugal, Spain, or Chile (Cordero-Rivera et al. 1999;
Lanfranco et al. 2011; Reis et al. 2012; Valente et al. 2018). In
Portugal, reductions in wood volume are estimated to be as
high as 86% in high altitude regions where parasitism rates by
A. nitens are low during winter and early spring (Reis et al.
2012), resulting in estimated losses of 648million euros over a
20-year period (Valente et al. 2018).

Faced with significant economic losses, stakeholders
are searching for alternative management strategies, such
as biological control with alternative natural enemies or
using eucalypt species that are less susceptible to
G. platensis (Jactel et al. 2009; Richardson and Meakins
1986; Valente et al. 2017). Although several authors have
focussed on host susceptibility to Gonipterus spp., such
studies often dealt with distinct species within the snout
beetle complex (Mapondera et al. 2012), resulting in dis-
crepancies in literature (Newete et al. 2011). In countries
where G. platensis is present, E. globulus is consistently
found to be a preferred host, even though several other
species have also been identified as susceptible, such as
Eucalyptus camaldulensis Dehnh., E. grandis W.Hill,
E. longifolia Link, E. obliqua L’Hér., E. propinqua
Deane & Maiden, E. robusta Sm., and E. viminalis
Labill. (Cordero-Rivera and Santolamazza-Carbone
2000; Hanks et al. 2000; Huerta-Fuentes et al. 2008;
Lanfranco and Dungey 2001).

In the present study, we analysed the susceptibility of 17
Eucalyptus species to G. platensis, including E. globulus, in
order to identify potential alternative species for reforestation
in the areas most affected by the pest. Because these areas are
mostly located in cool high altitude regions, the Eucalyptus
species were pre-selected for their ability to withstand low
temperatures. Host plant susceptibility to G. platensis was
tested under field conditions by evaluating naturally occurring
defoliation and insect abundance in field trials for 3 years. In
addition, no-choice and choice tests with selected Eucalyptus
species of contrasting susceptibility were conducted under
semi-field and laboratory conditions.

2 Material and methods

2.1 Study sites and plant materials

Sixteen alternate Eucalyptus species to E. globulus were pre-
selected for their adaptation to low temperatures. The seeds
were obtained from CSIRO (Commonwealth Scientific and
Industrial Research Organization, Australia). One to three
provenances of each species were used (Table 1) to assure that
each species was well represented. One seedling provenance
and four commercial clones of E. globulus were also used,
totalling 47 distinct provenances. All plants were produced
in RAIZ and Viveiros Aliança nurseries (Pegões, Portugal).
Field studies were conducted in three trials in Portugal, locat-
ed in Carregal do Sal, hereafter Carregal (40° 47′ 00″N, 8° 04′
30″ W), Pampilhosa da Serra, hereafter Pampilhosa (40° 06′
30″ N, 7° 47′ 38″ W), and Arouca (40° 58′ 04″ N, 8° 07′ 14″
W), planted in May 2010, October 2010, and April 2011,
respectively. Seventeen species were planted in Carregal (47
provenances) and Pampilhosa (45 provenances), and fifteen
species were used in Arouca (39 provenances), due to lower
plant availability for later trials. In each trial, eight randomized
blocks consisting of five plants of each provenance were used
(1880, 1800, and 1375 plants per trial in Carregal,
Pampilhosa, and Arouca, respectively). The number of plants
available for the evaluation of G. platensis defoliation was
variable due to mortality in the months following planting.
For the purpose of evaluating susceptibility to the pest, all
provenances of a single species were used in the analyses.

2.2 Field trial evaluation

The level of defoliation caused by G. platensis feeding by
both adults and larvae was evaluated after spring feeding (be-
tween July and November in 2012, 2013, and 2014) in the
Arouca and Pampilhosa trials. The snout beetle was not de-
tected in Carregal in any year. Defoliation was evaluated by
visual estimate of the leaf area consumed by G. platensis lar-
vae and adults in recent foliage, in the upper third of the crown
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Table 1 Eucalypt species and provenances used in field trials (ACT, Australian Capital Territory; AUS, Australia; BR, Brazil; NSW, New SouthWales;
PT, Portugal; QLD, Queensland; SA, South Africa; TAS, Tasmania; VIC, Victoria)

Subgenus1 Section2 Series2 Species Provenance

Eucalyptus Cineraceae Fraxinales Eucalyptus delegatensis R.T.Baker Rubicon, VIC (AUS)

Mount Ewen Dargo-Bright, VIC (AUS)

Bulls Head, ACT (AUS)

Eucalyptus fraxinoides H.Deane & Maiden Southeast of Canberra, NSW (AUS)

Nimmitabel, NSW (AUS)

Badja, NSW (AUS)

Eucalyptus oreades R.T.Baker Newnes State Forest, Lithgow, NSW (AUS)

Eucalyptus Regnantes Eucalyptus fastigata H.Deane and Maiden Tallaganda State Forest, NSW (AUS)

Brown Mountain Nimmitabel, NSW (AUS)

Errinundra Plateau, VIC (AUS)

Eucalyptus regnans F.Muell. Lisle, TAS (AUS)

Traralgon, VIC (AUS)

Moogara, TAS (AUS)

Symphyomyrtus Latoangulatae Transversae Eucalyptus saligna Sm. Blackdown Tableland, QLD (AUS)

Styx River SF339, NSW (AUS)

Richmond Range, NSW (AUS)

Maidenaria Benthamianae Eucalyptus benthamii Maiden & Cambage SSO Crossley, NSW (AUS)

Embrapa Florestas, Paraná (BR)

Bridgesianae Eucalyptus dunniiMaiden Wallaby Creek, NSW (AUS)

Boomi Creek, NSW (AUS)

CSO Southern NSW (AUS)

Compactae Eucalyptus badjensis Beuzev. & M.B.Welch Glenbog, NSW (AUS)

Brown Mountain, NSW (AUS)

Deua National Park, NSW (AUS)

Eucalyptus smithii R.T.Baker Tallaganda State Forest, NSW (AUS)

Wingello State Forest, NSW (AUS)

Mount Dromedary, NSW (AUS)

Foveolatae Eucalyptus macarthurii H.Deane & Maiden Pietermaritzburg (SA)

Long Swamp Creek, NSW (AUS)

Paddys River, NSW (AUS)

Globulares Eucalyptus bicostata Maiden, Blakely & Simmonds Narrow Neck, NSW (AUS)

Wee Jasper, NSW (AUS)

Nullo Mountain State Forest, NSW (AUS)

Eucalyptus globulus Labill. 4 clones and 1 seedlot, Viveiros Aliança (PT)

Eucalyptus maidenii F.Muell. Yambulla State Forest, NSW (AUS)

Myrtle Mountain, NSW (AUS)

Monga, NSW (AUS)

Eucalyptus nitens Maiden Blue Range Road, VIC (AUS)

Tallaganda State Forest, NSW (AUS)

Ebor, NSW (AUS)

Viminales Eucalyptus dalrympleanaMaiden Mount Canobolas Orange, NSW (AUS)

Eucalyptus viminalis Labill. Otway, VIC (AUS)

Canobolas State Forest, NSW (AUS)

Glenbog State Forest, NSW (AUS)

1 Sensu Hill and Johnson (1995)
2 Sensu Brooker (2000)
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where insect feeding is strongly concentrated. Tree height (on
average 6.7 m in 2014) was an impediment to the use of a
more classical Crown Damage Index (e.g. Stone et al. 2003,
developed for young eucalypt plantations), and therefore de-
foliation intensity was assessed using the following classes: 1
(no evidence of insect feeding); 2 (< 25% of the leaves with
evidence of insect feeding); 3 (25–50% of the leaves with
evidence of insect feeding); 4 (50–75% of the leaves with
evidence of insect feeding); 5 (> 75% of the leaves with evi-
dence of insect feeding and at least one fourth of the leaves
having more than 50% of their area intact); 6 (> 75% of the
leaves with evidence of insect feeding and less than one fourth
of the leaves having more than 50% of their area intact); and 7
(100% defoliation). Mean defoliation class values were then
assigned to each sampled tree as follows: 1 (0%); 2 (12.5%); 3
(37.5%); 4 (62.5%); 5 (81.3%); 6 (93.5%); and 7 (100%).
Because some of the eucalypt species tested are heteroblastic,
i.e. they produce juvenile foliage early in their development,
which is replaced by morphologically and physiologically
distinct adult foliage (Gosney et al. 2014; Steinbauer 2002),
the presence of juvenile foliage in the upper third of the crown
was recorded for each tree in 2012 and 2013. Trees were
classified as having fully transitioned to adult foliage or as
retaining juvenile foliage (totally or partially).

The abundance of G. platensis was evaluated in May and
June 2012, in Pampilhosa and Arouca trials, respectively. Five
trees (1.5 to 2.0 m in height) of each Eucalyptus provenance
were selected and the number of snout beetle adults, larvae,
and egg capsules was visually estimated in the canopy accord-
ing to the following categories: 0 (no insects); 1 (1–10 in-
sects); 2 (11–20 insects); and 3 (more than 20 insects).

During field evaluations, the presence of biological agents
other than the snout beetle was recorded, but neither was
found to reach damaging levels.

2.3 No-choice and choice tests

Adults of G. platensis were collected from an infested
E. globulus stand near São Pedro do Sul (40° 47′ 00″ N, 8°
04′ 30″ W) and taken to RAIZ laboratory where they were
weighed and sorted by sex.

No-choice tests were performed at the Carregal field trial
site, as no G. platensis adults or larvae were present in this
location. Five eucalypt species were selected based on differ-
ences in susceptibility to G. platensis observed at the Arouca
and Pampilhosa trials, namely E. globulus, E. badjensis
Beuzev. & M.B.Welch, E. smithii R.T.Baker, E. nitens
Maiden, and E. regnans F.Muell.. Branches with similar
length and number of newly expanded adult leaves were
enclosed in 1 × 1-mm mesh sleeves (55 cm in length ×
18 cm in diameter). One sleeve was placed in each of ten trees
per eucalypt species. For each eucalypt species, trees of sim-
ilar size in at least two different blocks were selected. Eight

randomly selected and previously weighedG. platensis adults
(four males and four females) were placed inside each sleeve
in March 2013. Insect weight at the beginning of the trial was
confirmed not to differ between eucalypt species (Wald χ2 =
1.6; df = 4; p = 0.803). One month later, the snout beetles were
removed, counted, and transferred to a new branch of the same
tree. At the end of each month, the sleeved branches were
removed and taken to the laboratory where their leaves were
scanned. The leaf area consumed by G. platensis adults was
then determined using Image J version 1.48 software
(National Institute of Health, Bethesda, MD, U.S.A.). Total
leaf area lost due to feeding was estimated by adding the area
consumed in both periods. The surviving adult snout beetles
were counted and weighed.

Choice tests were performed in the forest entomology lab-
oratory in Instituto Superior de Agronomia (University of
Lisbon). Three Eucalyptus species with contrasting suscepti-
bility were selected, based on field experiments, namely
E. globulus (high susceptibility), E. nitens (moderate suscep-
tibility), and E. regnans (low susceptibility). Three host com-
binations were used: E. globulus vs E. nitens, E. globulus vs
E. regnans, and E. nitens vsE. regnans. Trials were performed
in a cylindrical see-through cage (60 cm length × 25 cm di-
ameter) closed with a net at the top to allow airflow. Ca. 15 cm
long branches with newly expanded adult leaves were collect-
ed from trees in the Carregal trial. For each species combina-
tion, one branch of each host species was placed on opposite
sides of the cage. Branches were inserted in water soaked
floral foam to maintain leaf turgor. Two G. platensis adults
(one male and one female) were placed in the middle of the
cage, and the number of feeding and contact with leaves
events were recorded at 5 min intervals for 30 min. Forty
replicates were used for each host combination. Before each
trial, adults were starved for 24 h. Experiments were carried
out in room conditions, between 11 am and 4 pm, over several
consecutive days. The cylindrical cage was rotated after each
replicate to avoid external effects (e.g. light).

2.4 Statistical analysis

Differences in G. platensis defoliation in the field between
Eucalyptus species and years (fixed factors) were tested with
Linear Mixed Models (LMM), considering provenance and
leaf stage as random factors and trees as subjects. Leaf stage
was included as a categorical variable with two levels: trees
that had fully transitioned to adult foliage and trees that totally
or partially retained juvenile foliage. Eucalyptus species with
no evidence of defoliation in the field were excluded from the
analysis. Least significant differences (LSD) were used for
multiple comparisons. Abundance classes of adults, larvae,
and egg capsules were converted as follows: 0 = 0 insects;
1 = 5 insects; 2 = 15 insects; and 3 = 30 insects. Mean values
were then used to compare between Eucalyptus species using
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non-parametric Kruskal-Wallis tests for the Arouca and
Pampilhosa trials independently followed by pairwise com-
parisons with Mann-Whitney tests. In no-choice tests,
G. platensis initial and final weight was compared among
Eucalyptus species by Generalized Linear Model (GLM),
with Gaussian distribution. Individual trees were considered
subsamples nested within species. GLM with gamma distri-
bution was used to test differences in leaf area consumed, and
GLM with binomial distribution (alive/dead) was used to test
differences in mortality. GLM tests were followed by pairwise
comparisons. In choice tests, insect preference was analysed
with Wilcoxon signed-rank test. Homoscedasticity and nor-
mality were confirmed with Levene and Kolmogorov-
Smirnov tests, respectively, for the LMM test (Zar 1996).
All analyses were performed with SPSS statistics package
22.0 (SPSS 2013) with a 5% (α = 0.05) significance level.

3 Results

3.1 Field trials

Levels of defoliation by the snout beetle differed significantly
between Eucalyptus species at both Arouca (F12,24 = 26.9;
p < 0.001) and Pampilhosa (F15,29 = 63.3; p< 0.001). The level
of tree defoliation also differed between years at both Arouca
(F2,2823 = 599.5; p < 0.001) and Pampilhosa (F2,3525 = 759.7;
p < 0.001). In Arouca, defoliation levels decreased along the
3 years (Fig. 1), with overall mean values of 27.2 ± 1.0%, 13.1
± 0.7%, and 0.7 ± 0.1% for 2012, 2013, and 2014, respectively.
In Pampilhosa, an opposite increasing trend in defoliation levels
was found, with mean values of 23.2 ± 0.9%, 35.2 ± 1.0%, and
66.4 ± 1.1% for 2012, 2013, and 2014, respectively. All species
in which defoliation occurred at the Pampilhosa site displayed a
similar increasing tendency (Fig. 1).

Overall, Eucalyptus species in section Maidenaria were more
defoliated than species belonging to any other section. In both
trials, E. globulus was the most defoliated species, followed by
E. viminalis and E. smithii. When damage byG. platensiswas at
low-medium intensity, some species within Maidenaria section
were less attacked, particularlyE. benthamiiMaiden&Cambage
and E. nitens. However, at high densities, such differences were
no longer evident (Fig. 1 and Table 2). All species from subgenus
Eucalyptus as well as E. saligna Sm. (section Latoangulatae)
displayed low susceptibility to G. platensis, even though
E. fraxinoides H.Deane & Maiden and E. oreades R.T.Baker
were moderately defoliated in Pampilhosa in 2014. Eucalyptus
regnans was not attacked by G. platensis, whereas
E. delegatensis R.T.Baker and E. fastigata H.Deane and
Maiden were only slightly defoliated (less than 3% defoliation),
even when snout beetle populations caused the highest defolia-
tion values in 2014 in Pampilhosa (Fig. 1 and Table 2).

Insect abundance in the canopies was found to differ signifi-
cantly between Eucalyptus species in both Arouca (χ2 = 90.3,
χ2 = 142.0, and χ2 = 146.7 for adult, larva, and egg capsule
abundance, respectively; df = 14; p < 0.001) and Pampilhosa tri-
als (χ2 = 109.4, χ2 = 145.9, and χ2 = 146.8 for adult, larva, and
egg capsule abundance, respectively; df = 16; p < 0.001). Five
Eucalyptus species consistently hosted the highest numbers of
insects of all life stages in both trials, namelyE. dunnii,E. smithii,
E.macarthurii,E. globulus, andE. viminalis (Fig. 2). Particularly
in the Arouca trial, more than 20 egg capsules or 20 larvae were
frequently found in canopies of these species. Eucalyptus
badjensis, E. bicostata, E. maidenii, and E. dalrympleana were
found to host intermediate numbers of G. platensis egg capsules
and larvae in the Arouca trial, but not in the Pampilhosa trial.
Small numbers of insects were found in E. nitens and E. saligna,
whereas no insects were found in any of the tree species belong-
ing to subgenus Eucalyptus.

3.2 No-choice and choice tests

In no-choice tests, G. platensis adult weight at the end of the 2-
month experiment differed significantly between the five
Eucalyptus species tested (Wald χ2 = 122.6; df = 4; p < 0.001;
Table 3). Insect weight was highest for G. platensis fed on
E. smithii and E. badjensis leaves, and was lowest for those
feeding on E. regnans. Intermediate values were found for
E. globulus and E. nitens. Leaf area consumed by snout beetle
adults was also affected by host species (Wald χ2 = 16.8; df = 4;
p < 0.01; Table 3). The amount of leaves consumed was signif-
icantly greater on E. badjensis, E. globulus, and E. smithii than
on E. regnans, while E. nitens displayed intermediate levels of
leaf consumption. Within the 2-month trial period, adult mortal-
ity ofG. platensiswas highest onE. regnans (40%), intermediate
on E. nitens (24%), and lowest on E. badjensis, E. smithii, and
E. globulus (6% or lower) (Wald χ2 = 46.4; df = 4; p < 0.001;
Table 3).

In choice tests (Fig. 3), G. platensis preferred to feed on
E. globulus rather than on E. nitens (U = 7.3; p < 0.001) or on
E. regnans (U = 10.6; p < 0.001), while E nitenswas preferred
to E. regnans (U = 6.9; p < 0.001). With regard to contact
events between G. platensis and host plants, no significant
difference was found between E. globulus and E. nitens
(U = 1.2; p = 0.22), while the frequency of contacts with
E. regnans was lower than with either E. globulus or
E. nitens (respectively U = 4.6 and U = 5.6; p < 0.001).

4 Discussion

Gonipterus platensis fed on 16 Eucalyptus species out of the
17 tested, from both subgenera. Within subgenus Eucalyptus,
low levels of feeding by G. platensis were typically found,
particularly on host species from series Regnantes
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(E. regnans and E. fastigata) and on E. delegatensis. In this
study, E. regnans was found to be an unsuitable host for the
snout beetle. Within subgenus Symphyomyrtus, species from
sectionMaidenaria were consistently attacked byG. platensis,
although variable levels of defoliation were recorded, while
E. saligna (section Latoangulatae) displayed low levels of
defoliation. A similar pattern was found in a previous study
with G. platensis in Spain (Cordero-Rivera and
Santolamazza-Carbone 2000), with most species belonging

to subgenus Symphyomyrtus being moderately to heavily
attacked, with the exception of E. saligna and E. rubida
Deane & Maiden (Table 2). Four species were addressed si-
multaneously in both the present study and the one by
Cordero-Rivera and Santolamazza-Carbone (2000), namely
E. globulus, E. fastigata, E. saligna, and E. viminalis, with
consistent results (Table 2). Our study thus provides informa-
tion on 13 additional Eucalyptus species regarding the host
range and feeding preference of G. platensis.
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Fig. 1 Defoliation by Gonipterus platensis (mean ± SE) on 17
Eucalyptus species in the field trials at Pampilhosa da Serra (top) and
Arouca (bottom), between 2012 and 2014. The number of sampled
trees is indicated in parenthesis. Different letters indicate significant
differences between species for each trial (LMM and LSD multiple
comparisons, p < 0.05) (Series/section abbreviations: Bent.,
Benthamianae; Brid., Bridgesianae; Fove., Foveolatae; Tran.,

Transversae; and Lato., Latoangulatae). Notes: * after species names
indicates that, on average, 35.2% and 7.8% of trees had not fully
transitioned to adult foliage in 2012 and 2013, respectively,
underestimating defoliation; ** after species name indicates that, on
average, 94.2% and 65.0% of the trees had not fully transitioned to
adult foliage in 2012 and 2013, respectively, underestimating defoliation
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The Tasmanian nativeG. platensis fed on several host species
that are native to other parts of Australia, mostly within section
Maidenaria. Closely related plants are likely to share traits that
make them similarly acceptable to a particular phytophagous
insect (Bertheau et al. 2010; Branco et al. 2014a; Östrand et al.
2008) and this seems to hold true for the snout beetle. In South
Africa, Newete et al. (2011) found thatGonipterus sp. n. 2 (sensu
Mapondera et al. 2012) also preferred to feed on eucalypts from
section Maidenaria. In addition, while this Gonipterus species
was found to accept some hosts within the Latoangulatae section,

namely E. grandis and Eucalyptus propinqua H.Deane &
Maiden, it also displayed low levels of feeding on E. saligna.
Similar results were described for G. platensis by Cordero-
Rivera and Santolamazza-Carbone (2000) in Spain. Gonipterus
platensis and Gonipterus sp. n. 2 therefore share considerable
overlap in host range. Other Gonipterus species display quite a
different host range, such as Gonipterus notographus Boisduval
(sensu Mapondera et al. 2012), which was found to prefer hosts
belonging to subgenus Eucalyptus rather than Symphyomyrtus
(Clarke et al. 1998). This is not surprising, as G. platensis and

Table 2 Damage level by Gonipterus platensis feeding on eucalypt
species in two studies: (1) Cordero-Rivera and Santolamazza-Carbone
(2000) and (2) present study. Damage level categorized as: 0: no

feeding; *: low (first quartile); **: medium (second and third quartiles);
and ***: high (fourth quartile)

Genus (subgenus)1 Section2 Series2 Species (1) (2) Low pest
intensity

(2) High pest
intensity

Corymbia Notiales Disjunctae C. ficifolia (F.Muell.) K.D.Hill &
L.A.S.Johnson

0 – –

Septentrionales Maculatae C. citriodora (Hook.) K.D.Hill &
L.A.S.Johnson

** – –

Eucalyptus
(Eucalyptus)

Aromatica Insulanae E. amygdalina Labill. 0 – –

Radiatae E. dives Schauer * – –

Cineraceae Fraxinales E. delegatensis R.T.Baker – * *

E. fraxinoides H.Deane & Maiden – * **

E. oreades R.T.Baker – * **

Pauciflorae E. pauciflora Spreng. ** – –

Eucalyptus Eucalyptus E. obliqua L’Her. 0 – –

Regnantes E. fastigata H.Deane and Maiden 0 0 *

E. regnans F.Muell. – 0 0

Pseudophloius – E. pilularis Sm. * – –

Eucalyptus
(Nothocalyptus)

– – E. microcorys F.Muell. * – –

Eucalyptus
(Symphyomyrtus)

Bisectae Cornutae E. cornuta Labill. 0 – –

Latoangulatae Lepidotae-Fimbriatae E. propinqua H.Deane & Maiden *** – –

Transversae E. grandis W.Hill *** – –

E. saligna Sm. * * *

Maidenaria Benthamianae E. benthamii Maiden & Cambage – * **

Bridgesianae E. dunnii Maiden – ** **

Compactae E. badjensis Beuzev. & M.B.Welch – ** **

E. smithii R.T.Baker – ** ***

Foveolatae E. macarthurii H.Deane & Maiden – ** **

E. ovata Labill. ** – –

Globulares E. bicostata Maiden, Blakely &
Simmonds

– ** ***

E. globulus Labill. *** *** ***

E. maidenii F.Muell. – ** ***

E. nitensMaiden – * **

Viminales E. dalrympleana Maiden – ** **

E. rubida H.Deane & Maiden * – –

E. viminalis Labill. ** *** ***

Similares – E. longifolia Lindl. *** – –

1 Sensu Hill and Johnson (1995)
2 Sensu Brooker (2000)
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Gonipterus sp. n 2 are related species within the Gonipterus
scutellatus Gyllenhal complex, while G. notographus is placed

in a sister-group (Mapondera et al. 2012) and related insect spe-
cies often use related hosts (Morse and Farrell 2005;Winkler and
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Mitter 2008). Nevertheless, considerable differences between
G. platensis and Gonipterus sp. n. 2 have been found regarding
economically important Eucalyptus species. While G. platensis
has been shown to prefer E. globulus over other host species
(Cordero-Rivera and Santolamazza-Carbone 2000; Hanks et al.
2000; Lanfranco and Dungey 2001; Tooke 1955), this
Eucalyptus species was only moderately attacked by
Gonipterus sp. n. 2 (Newete et al. 2011). Inversely, E. nitens
was moderately attacked by G. platensis while it was one of
the species preferred by Gonipterus sp. n. 2.

Semi-field and laboratory tests mostly confirmed the results
obtained under field conditions. Traits like pest survival, food
consumption, or weight gain were consistently higher in host
species preferred under field conditions, such as E. globulus,
E. smithii, or E. badjensis, and lower in the least preferred spe-
cies. However, under experimental conditions, when insects are
forced to feed on a particular plant species, they may use hosts
that they would normally not use in the field (Newete et al. 2011;
Palmer and Goeden 1991). Indeed, in our study, G. platensis
never fed on E. regnanswhenever an alternative host was acces-
sible, but some consumption occurred in the no-choice test. A
similar effect was found under field conditions when pest pres-
sure increased. In the Pampilhosa trial, E. nitens, E. benthamii,
E. fraxinoides, andE. oreades displayed low levels of defoliation
when pest pressure was low (2012 and 2013), but defoliation
increased disproportionately when pest pressure was high
(2014). An increase in the realized host range due to intraspecific
competition at high population densities has been observed for
other species (Branco et al. 2014b; Castagneyrol et al. 2016;
Svanbäck and Bolnick 2007). Under high densities of
G. platensis, it seems likely that decreased availability of foliage

of themost susceptible hosts due to intense defoliation caused the
snout beetle to feed on less preferred species.

Laboratory choice tests against a preferred host such as
E. globulus seemed adequate for screening susceptibility to
G. platensis and can precede more laborious field testing.
One interesting aspect was that the number of contacts with
the host plant often did not indicate evidence of host discrim-
ination, suggesting that feeding was induced by physical and/
or chemical cues resulting from direct contact with leaves, as
observed in other eucalypt pests (Ohmart et al. 1985;
Steinbauer and Matsuki 2004).

Furthermore, during the course of field evaluations,
Eucalyptus species in series Globulares were shifting to adult
foliage. Differences in the response of herbivorous insects to
juvenile and adult leaves within Eucalyptus species are widely
recognized (Gosney et al. 2014; Steinbauer 2002). Gonipterus
species in particular have been shown to display strong prefer-
ence for expanding and newly expanded adult leaves (Branco
et al. 2016; Loch 2006; Tooke 1955). Therefore, it seems likely
that G. platensis defoliation of Eucalyptus species in series
Globulares within the first years following plantation may not
accurately characterize long-term susceptibility.

5 Conclusion

AlthoughG. platensis is currently under biological control by the
egg parasitoid A. nitens, it still causes severe damage in several
regions in Portugal where large E. globulus plantations are locat-
ed (Reis et al. 2012; Valente et al. 2018). In these regions,
Eucalyptus genetic materials less susceptible to G. platensis
can be a viable option. Here we tested 16 alternative
Eucalyptus species for potential use in forest plantations in the
areas most affected byG. platensis. Overall, feeding by the snout
beetle was low on species from subgenus Eucalyptus and on
E. saligna. Within subgenus Symphyomyrtus, all of the tested
species in section Maidenaria were susceptible to G. platensis,
even though some may be good alternatives to E. globulus, pro-
vided that snout beetle populations are low to moderate.

Table 3 Dry weight, leaf area consumed, and adult mortality (mean ±
SE) by Gonipterus platensis adults kept on sleeved branches with five
Eucalyptus species for 2 months (10 replicates per species) in a semi-field
no-choice test. Different letters indicate significant differences between

host plants (GLM with normal distribution for dry weight; GLM with
gamma distribution for leaf area consumed; and GLM with binomial
distribution for adult mortality, p < 0.05; all tests followed by pairwise
comparisons)

Species Dry weight (mg) Leaf area consumed (cm2) Adult mortality (frequency)

E. badjensis 27.1 ± 0.8 a 62.3 ± 16.9 a 0.03 ± 0.02 c

E. globulus 23.9 ± 0.6 b 48.4 ± 6.4 ab 0.06 ± 0.03 c

E. nitens 23.5 ± 0.7 b 32.6 ± 5.5 bc 0.24 ± 0.05 b

E. regnans 19.2 ± 0.5 c 19.5 ± 3.3 c 0.40 ± 0.06 a

E. smithii 27.8 ± 0.7 a 36.3 ± 6.2 ab 0.03 ± 0.02 c
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�Fig. 2 Frequency of Gonipterus platensis abundance classes for egg
capsules, larvae, and adults on 17 Eucalyptus species in the field trials
at Pampilhosa da Serra (top) and Arouca (bottom), in 2012. Abundance
classes used are 0 (no insects); 1–10 (1 to 10 insects); 11–20 (11 to 20
insects); and > 20 (more than 20 insects). Different letters indicate
significant differences between Eucalyptus species for each variable and
trial (non-parametric Mann-Whitney U test, p < 0.05). (Series/section
abbreviations: Bent., Benthamianae; Brid., Bridgesianae; Fove.,
Foveolatae; Tran., Transversae; and Lato., Latoangulatae)



However, before many of these species can be used in
commercial plantations, additional information is required
on growth and survival under local climatic conditions, and
on wood properties for pulping. Moreover, further studies are
required on the susceptibility to other pests and diseases, and
on how they may affect eucalypt growth in single-species
commercial plantations.
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combination, respectively
(Wilcoxon signed-rank test, *
p < 0.001, ns not significant)
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