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Abstract The presence of the South African
Obscure Scale, Melanaspis corticosa (Brain) (Hemip-
tera, Diaspididae), was detected infesting olive trees,
in Portugal. The identity of the scale insect was con-
firmed based on both morphological and molecular
studies. Until now, this species was only known in
a few African countries, including Guinea, Mozam-
bique, South Africa and Zimbabwe. This is the first
record of this species in Europe and in the Palearctic
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region. The scale was observed in 15 different loca-
tions, in the Algarve, since its first detection at the
end of 2016. Samples were collected between 21
December 2016 and 10 March 2022, covering all
seasonal periods. Most of the sampling sites resulted
from private requests from farmers and proprietar-
ies received by the Plant Protection Division of the
Regional Directorate of Agriculture. Although it
is considered a polyphagous species, it was not
observed in other plant species, besides olive trees.
The actual dispersion in the region suggests that M.
corticosa became established and has been expanded
its distribution since its arrival. This scale insect is a
potential injurious pest of olive trees and needs to be
studied to clarify its pest status and develop effective
pest management strategies.

Keywords Scale insects - Coccoidea - Olea
europaea - Alien pests - Algarve - Portugal

Introduction

Scale insects (Hemiptera, Coccomorpha) are small
and cryptic, soft-body, piercing-sucking insects,
that feed on plant sap. They include more than 8400
described species, distributed among 56 families.
Armored scale insects (Diaspididae) are the larg-
est family, with about 2700 species, including many
economically important pests of agricultural crops
and ornamentals (Garcia Morales et al., 2016). Miller
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and Davidson (1990) published a list of 199 armored
scale insect pests, of which about 20% were consid-
ered serious pests in different regions of the world.
Economically important scales are often alien species
(Miller & Miller, 2003; Miller et al., 2002; Pellizzari
& Germain, 2010; Pellizzari & Porcelli, 2014).

Pellizzari and Germain (2010) estimated that the
number of scale species present in Europe was about
400-450. According to the same authors, there were
129 alien-scale species reported in the region, up to
2007. More recently, other non-native scales invaded
Europe, such as Delottococcus aberiae (De Lotto)
(Beltra et al., 2015), Paracoccus hakeae (Williams)
(von Ellenrieder et al., 2016), Toumeyella parvicornis
(Cockerell) (Garonna et al., 2018), and Phenacoccus
solenopsis Tinsley (Ricupero et al., 2021). In Portu-
gal, 48% of the reported 168 species of scale insects
are alien (Franco et al., 2011). Armored scales are the
largest group of alien scales in Europe, representing
about 47% of the total number of species (Pellizzari
& Germain, 2010).

Olive tree, Olea europaea L. is the most exten-
sively cultivated fruit crop in the world (Migliorini,
2011). Mediterranean countries are responsible for
about 93% of the world production of olive oil, and
Spain, Italy, Greece and Portugal are the most impor-
tant producers (IOC, 2022). In the Mediterranean
region, 15-20 insect species are permanent or occa-
sional pests of olive trees and about 50% of these
species are scale insects (Pellizzari, 1997). The key-
pest of olive trees worldwide is the olive fruit fly,
Bactrocera oleae Gmelin (Daane & Johnson, 2010).
The olive moth, Prays oleae Bern and, among scale
insects, the black scale, Saissetia oleae Bern are
examples of secondary pests (Haniotakis, 2005; Man-
sour et al., 2011).

Olea europaea has been reported as the host plant
of about 100 scale insects worldwide, mostly belong-
ing to Diaspididae (70 species), Coccidae (14), and
Pseudococcidae (11) (Garcia Morales et al., 2016),
43% of which in the Mediterrancan basin (Panis,
1986). Argyriou (1990) presented a list of 18 armored
scale insects that have originated damage or out-
breaks in olive trees, including two species widely
distributed, i.e., Parlatoria oleae (Colvée) and Aspid-
iotus nerii Bouché. Other armored scale insects may
be of economic importance, at regional level, such as
Pelionella cycliger (Leonardi) and A. nerii in Tuni-
sia (Mansour et al., 2011), Pollinia pollini (Costa),
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Parlatoria oleae and Lepidosaphes ulmi (L.) in
Italy (Longo & Suma, 2008), Leucaspis riccae Tar-
gioni Tozzetti and P. oleae in Egypt (Abd-Raboou &
Ahmed, 2011), and Hemiberlesia rapax (Comstock),
A. nerii, P. pollini, Lichtensia viburni Signoret in the
Maltese Island (Haber & Mifsud, 2007).

In 2016, new damage symptoms were observed on
branches of ornamental olive trees in an urban area,
in the Algarve, Portugal. The causal agent was rec-
ognized as an unknown armored scale insect. Since
then, several detections of this scale have been regis-
tered. Here, we report the results of the morphologi-
cal and molecular studies carried out on samples col-
lected on olive trees from different types of habitats,
in the Algarve, which allowed the identification of
the causal agent as the South African Obscure Scale,
Melanaspis corticosa (Brain). This scale insect is a
potential injurious pest of olive trees and is reported
for the first time in Europe, as well as in the Palearc-
tic region. Until now, M. corticosa was only known in
a few African countries, including Guinea, Mozam-
bique, South Africa (where it was described), and
Zimbabwe (Garcia Morales et al., 2016).

Material and Methods
Sampling and field observations

Samples were collected in different locations and
habitats, in the Algarve (Table 1). Most of the sam-
pling sites resulted from private requests from farm-
ers and proprietaries received by the Plant Protection
Division of the Regional Directorate of Agriculture,
in the Algarve. In each sampling site, 40-30 cm ter-
minals of up to 5 damaged branches were collected
from symptomatic olive trees and transported to the
laboratory for study. Samples were kept in the fridge
(ca. 5 °C), until observation. Adult-female specimens
of the scale were collected and preserved in 80-90%
alcohol within Eppendorf tubes for morphological
and molecular studies.

Morphological studies

Infested shoots were studied in the laboratory under
magnification (10-70x; EMZ13TR Meiji Techno) and
photos of the nymphs and adult females were taken
(software ProgRes CT5 USB Color, Meiji Techno).
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Table 1 Location of the sampling sites, in the Algarve, type of habitat and dates of sampling

Site geographical coordi-  District Municipality Type of habitat Date

nates

37.011535  -8.941884  Sagres Vilado Bispo  urban trees 21/12/2016
- - S. Gongalo Lagos garden 22/11/2017
37.111675  -8.158622  Boliqueime Loulé orchard 22/05/2019
37.095050  -7.677362  Santa Luzia Tavira private garden 09/09/2019
37.182069  -8.173121  Paderne Albufeira hedge in plant nursery 08/10/2019
37.071281  -7.874603  Conceicéo e Estoi Faro dispersed trees in agricultural land 24/10/2019
37.113870  -7.657366  Santa Maria e Santiago Tavira orchard 02/12/2019
37.052326  -7.833345  Quelfes Olhdo orchard 06/01/2020
37.139257  -7.592165  Conceicao e Cabanas de Tavira  Tavira private garden 13/02/2020
37.034450  -7.813044  Olhdo Olhdo dispersed trees in a private property  05/08/2020
37.095121  -7.725530  Luz de Tavira e Santo Estevao Tavira orchard 11/09/2020
37.080372  -8.115320  Quarteira Loulé private garden 15/09/2020
37.139073  -8.680084  Siao Sebastido Lagos dispersed trees in agricultural land 22/09/2020
37.023028  -8.925025  Sagres Vilado Bispo  urban trees 18/11/2020
37.077233  -7.750450  Moncarapacho e Fuseta Olhdo orchard 10/03/2022

ldata not available

A total of 25 adult females were slide-mounted
in Canada balsam after being prepared following the
method described in Watson (2002). The specimens
were examined using a compound Nikon Labophot
microscope at magnifications between 40 and 1000x,
and compared with descriptions, illustrations, and keys
to known species of the genus Melanaspis and other
allied genera (Balachowsky, 1951, 1958; Brain, 1919;
Ferris, 1938, 1941, 1942; Lupo, 1954; Normark, et al.,
2019; Williams & Watson, 1988). Further information
was also obtained from the ScaleNet database (Garcia
Morales et al., 2016). Pictures of slide-mounted speci-
mens were taken with a Zeiss Axiophot microscope.
Vouchers of the studied specimens were deposited at
the Scale Insect Collection of the Department of Agri-
culture, Food and Environment, Section of Applied
Entomology, University of Catania (Italy) (10 speci-
mens) and Department of Agronomy, Food, Natural
resources, Animals and Environment, University of
Padua (Italy) (15 specimens).

Molecular studies
DNA extraction, amplification and sequencing

Two collected samples were used for molecular char-
acterization. The first sample was composed of adults

and the second sample, in addition to the adults, had
also egg masses. Altogether six specimens were sub-
sampled out of the samples for molecular analysis
and all of them also undergone on morphological
studies.. The insects were conserved in 100% ethanol
until being used for DNA extraction.

The insects were briefly washed with sterile dis-
tilled water to remove residues of ethanol and to
remove surface contaminants. The specimens from
the different samples were individually extracted at
the correspondent time of sampling which ensured the
absence of cross-contamination among DNA extracts.
Total genomic DNA was extracted from single adult
specimens and from eggs using the DNeasy Blood
and Tissue kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol. DNA extracts were
stored at -20 °C until posterior use.

The mitochondrial cytochrome ¢ oxidase subunit I
locus (COI) gene was chosen as it has been designated
as a DNA barcode for insect species suitable for popu-
lation genetics and phylogenetic studies (Savolainen
et al., 2005), but the commonly used 658 bp fragment
produced with the primers HCO1490/HC0O2198 (Fol-
mer et al.,, 1994) was not efficiently amplified under
our conditions. The PCR amplification of the 3’ region
of the COI gene fragment was done by using the prim-
ers PCO-F1 (5-CCTTCAACTAATCATAAAAATATY
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AG-3")/ Lep-R1 (5-TAAACTTCTGGATGTCCAAAA
AATCA-3) (Amouroux et al., 2017).

The reaction master mix contained 1 X PCR buffer,
2.5 mM MgCl,, 0.08 mM of each dNTP, 0.5 uM of
each primer, 4 Units of BIO-X-ACT short DNA poly-
merase (Bioline, London, UK), 5 pL of the extracted
DNA and PCR grade water up to the final volume of
50 uL. The reactions were performed under the cur-
rent conditions of the laboratory (initial denaturation
of 2 min at 95 °C followed by 35 cycles of 20 s at
95 °C, 40 s at 48 °C and 30 s at 72 °C, with a final
extension of 10 min at 72 °C, ended at 10 °C using
a T-one Thermocycler instrument (Biometra, Got-
tingen, Germany). The amplified products were
observed after electrophoresis of 8 pL in a 1.5% (w/v)
agarose gel stained with GelRed®Nucleic Acid Gel
Stain (Biotium, Fremont, USA). When a fragment of
the expected size of 649 bp was observed, the remain-
ing product was used for Sanger sequencing. Prior
to sequencing, Exo-Sap enzymes (Applied Biosys-
tems: Thermo Fisher Scientific, Waltham, USA) were
used to remove non-used nucleotides and primers.
The sequencing reactions were done using BigDye
Terminator v3.1 Cycle sequencing kit and run on an
8-cappilary array for the ABI 3500xL Genetic Ana-
lyzer (Applied Biosystems: Thermo Fisher Scientific,
Waltham, USA).

The obtained forward and reverse sequences
were processed to remove the primers sequences
prior to the assembling and alignment using
the BioEdit Sequence Alignment Editor 7.2.5.3
(RRID:SCR_007361) (Hall, 1999). These sequences
were compared with each other and also with the ones
available in the National Centre of Biotechnology
Information (NCBI) Genbank database (Geer et al.,
2010) and in the Barcode of Life Database System
(BoldSystems V4) (Ratnasingham & Hebert, 2007)

Fig. 1 Infested olive
trees showing dieback of
branches: brownish leaves
(a); leaf abscission (b)
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with Clustal Omega (Geneious Prime®2022.2.1.).
In the latter, the databases “Species Level Bar-
code Records” and “All barcode Records on Bold”
were the consulted. As no similarity was found, the
sequences generated for M. corticosa were deposited
in the NCBI GenBank with the accession numbers
0OP442082 up to OP442087.

Phylogenetic analysis

A phylogenetic tree based on 1000 bootstrap repli-
cates was built with Geneious Prime®2022.2.1. using
the Neighbour Joining method (NJ) (Saitou & Nei,
1987) and the Tamura-Nei Genetic Distance Model
which are followed as general protocols for barcod-
ing study. One DNA sequence for Aspidiotus excisus
(HM474079.1) as an outgroup taxon was obtained
from GenBank.

Results and discussion
Observed symptoms and damage

Severe damages were observed in many olive trees
in the studied locations, in which the scale originated
dieback of branches, with leaf browning, followed by
leaf abscission (Fig. 1). In most of the collected sam-
ples, the branches and shoots were completely cov-
ered by aggregated individuals of the scale, including
adult females and nymphs (Fig. 2). This corresponds
to the highest intensity level of infestation by scale
insects, according to the classification proposed by
Kosztarab (1990), with five categories (0—4), i.e.,
“4=general or layered infestation (scales completely
cover the infested parts of the plant)”.
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The scale was present only on the bark. The
observed pattern (Fig. 2) corresponded to that
described by Brain (1919) for the attack of M. corti-
cosa. According to Brain (1919), “Female scale vary-
ing greatly on different host-plants; on smooth-barked
plants it is very large and flat, reaching 3.2 mm in
diameter, brownish to black in colour with the black-
ish exuviae covered; as a rule, however, the scale is
almost or entirely covered by the outer layers of bark
of the host-plant; on Rhus this is usual, and it has been
submitted on many occasions as a browning scale; on
Robinia the scale takes the greyish appearance of the
bark, but the black exuviae are very conspicuous with
a greyish white concentric ring; on the wild olive, on
the other hand, it forms a thick crust of blackish or
greyish black scales, which easily flake off; the scale
itself, without any admixture of tissues, is pitchy
black, with concolorous exuviae; seen from below the
scale is domed and very glossy; the ventral scale is
delicate and usually remains on the host-plant”.

Morphological studies

All adult females examined showed a remarkable
matching with descriptions and illustrations of M.
corticosa by Brain (1919) and Balachowsky (1958)
and particularly they showed a perfect match with
drawing of posterior dorsal area of pygidium of M.
corticosa (= Chrysomphalus (Pseudischnaspis) corti-
cosus) by Brain (1919), i.e.: the shape and proportion
of the pairs of lobes (median, second and third lobes);
the arrangement of orifices of dorsal ducts; the pres-
ence of plates; shape, proportion and arrangement of
paraphysis (always 7 in number for each half of the
pygidium, all of which are found to be arranged on
segments VI, VII, and VIII) (Fig. 3).

Fig. 2 Aggregation pattern
of the scale in an infested
branch: adult females and
nymphs (a); body perspec-
tive of an adult female (b)

However, the specimens examined showed some
differences attributable to the intra-specific morpho-
logical variability of this species, concerning the
position of the tubercles present on the mesothorax
(1 on each side), which is generally closer to the pro-
thorax than that indicated by Balachowsky (1958).
In addition, differences emerged from what has been
described by Balachowsky (1958), concerning the
number of notches present on the lateral-external mar-
gin of lobes (in bracket the numbers indicated in the
description): median lobes with 0-2 notches on exter-
nal lateral margin (1); second lobes sometimes with 3
notches (2); third lobes sometimes with 1-2 notches
(3—4). All specimens have small, rather short and
sometimes not perfectly visible plates between the
lobes and outside of third lobes; they always show the
presence of a single plate between median and second
lobes, detail that as Balachowsky (1958) points out
distinguishes M. corticosa from other African Mela-
naspis. The arrangement of clusters of dorsal ducts
remains constant and correspondent to description by
Balachoswky (1958) with the total number of clus-
ters sometimes lower, i.e.: 16-26 on segments VI-VII
between median coupled paraphysis and third lobe
(25-35); 8-19 with an anteriorly placed row of 6-12
elements in segments V-VI (18-20 with an upper row
of 12-14 elements). Finally, the 5 distinct groups of
perivulvar pores in the specimens examined respond
to the formula 1-7 (11-17) 5-13, while Balachowsky
(1958) indicates the formula 4-6 (12-16) 8-10 and
Brain (1919) 6-9 (17-24) 9-16.

Molecular studies
For the first time COI sequences for M. corticosa were

generated as during the Blast analysis that we per-
formed, no sequences could be retrieved either from
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Fig. 3 Slide-mounted adult female of Melanaspis corticosa (left); groups of perivulvar pores (right top) and pygidium showing

lobes and paraphysis (righ bottom)

the GenBank or from the BoldSystems. The sequences
obtained were aligned with full length COI fragments
(>649 bp) available for species of the Melanaspis
genus. The genetic distances expressed in percent iden-
tity (Table 2) reveal significant interspecific variation.

The identity variation between M. corticosa and other
species varies from 34.7% to 89.4% and all specimens
collected in Portugal could be grouped in one clade
supported by a bootstrap value of 99.7%. The intraspe-
cific distance in this population ranged from 0% to 0.3%

Table 2 Identity between the accessions retrieved from GenBank and the specimens of Melanaspis corticosa used in this study,

expressed in percentage.

LC1753.. LC1754.. KF4613.. KF4614.. KR1538.. HMA474.. HM474.. KY0850.. KYOBS0.. HM474.. 22022 12022 32022 42022 20781 20782 KY2210.. JX677893 KY2208.. KY2208.. MHO16.. AB4395.. ABA395.. GQ424.. GQ424.. GQ425.. KY2208..
LC175385 94.1% | 362% | 362% | 37.4% | 359% | 359% | 347% | 347% | 368% | 350% | 350% | 350% | 35.0% | 350% | 35.0% | 397% | 41.3% | 41.6% | 41.6% | 80.0% | 437% | 437% | 413% | 425% | 425% | 40.8%
LC175403 94.1% 359% | 359% | 37.1% | 350% | 350% | 34.1% | 34.1% | 365% | 347% | 347% | 347% | 347% | 347% | 347% | 39.9% | 405% | 404% | 404% | 800% | 42.8% | 428% | 402% | 41.6% | 41.6% | 39.9%
KF461346.1 | 362% | 35.9% 100% | 869% | 87.2% | 87.2% | 88.3% | 883% | 87.7% | 86.1% | 86.1% | 862% | 862% | 862% | 86.2% | 43.6% | 47.0% | 446% | 446% | 444% | 47.6% | 47.6% | 465% | 47.3% | 47.3% | 47.3%
KF461429.1 | 362% | 359% | 100% 86.7% | 86.7% | 86.7% | 87.8% | 87.8% | 87.0% | 855% | 855% | 862% | 862% | 856% | 856% | 424% | 47.0% | 427% | 427% | 444% | 460% | 46.0% | 450% | 456% | 45.6% | 45.6%
KRIS3875.1 | 374% | 37.1% | 86.9% | 86.7% 87.5% | 875% | 87.9% | 87.9% | 89.6% | 87.4% | 87.4% | 88.2% | 88.1% | 87.5% | 87.5% | 427% | 47.3% | 445% | 445% | 456% | 46.1% | 461% | 446% | 455% | 455% | 458%
HM474233.1 | 35.9% | 350% | 87.2% | 867% | 87.5% 100% | 88.9% | 88.9% | 88.9% | 88.3% | 88.3% | 88.8% | 88.8% | 88.5% | 88.5% | 423% | 463% | 448% | 448% | 467% | 452% | 452% | 443% | 46.1% | 461% | 45.0%
HMA474234.1 | 359% | 35.0% | 87.2% | 867% | 87.5% | 100% 88.9% | 88.9% | 839% | 883% | 883% | 88.8% | 88.8% | 88.5% | 88.5% | 423% | 463% | 448% | 448% | 467% | 452% | 452% | 443% | 46.1% | 46.1% | 450%
KY085067 347% | 341% | 883% | 87.8% | 87.9% | 88.9% | 88.9% 100% | 89.1% | 858% | 85.8% | 86.0% | 86.0% | 86.0% | 86.0% | 43.0% | 47.5% | 434% | 434% | 472% | 456% | 456% | 44.6% | 462% | 462% | 45.6%
KY085068 347% | 341% | 883% | 87.8% | 87.9% | 88.9% | 88.9% | 100% 89.1% | 858% | 858% | 86.0% | 86.0% | 86.0% | 86.0% | 43.0% | 47.5% | 434% | 434% | 47.2% | 45.6% | 456% | 44.6% | 462% | 462% | 45.6%
HM474079.1 | 368% | 365% | 87.7% | 87.2% | 89.6% | 88.9% | 88.9% | 89.1% | 89.1% 893% | 893% | 89.8% | 89.8% | 89.4% | 89.4% | 445% | 485% | 450% | 450% | 456% | 46.5% | 46.5% | 454% | 467% | 467% | 461%
2.2022 35.0% | 347% | 86.1% | 855% | 87.4% | 88.3% | 88.3% | 858% | 858% | 893% 99.7% | 99.8% | 99.8% | 99.8% | 99.8% | 424% | 469% | 44.1% | 44.1% | d6.1% | 44.8% | 448% | 44.9% | 452% | 452% | 456%
12022 35.0% | 347% | 86.1% | 855% | 87.4% | 883% | 883% | 858% | 858% | 893% | 99.7% 99.8% | 99.8% | 99.8% | 99.8% | 421% | 466% | 439% | 439% | 46.1% | 445% | 445% | 44.6% | 44.9% | 44.9% | 454%
3.2022 35.0% | 347% | 862% | 862% | 88.2% | 888% | 88.8% | 86.0% | 86.0% | 89.8% | 99.8% | 99.8% 100% | 100% | 100% | 436% | 463% | 452% | 452% | 436% | 463% | 463% | 456% | 461% | 461% | 467%
42022 35.0% | 347% | 862% | 862% | 88.1% | 888% | 88.8% | 86.0% | 86.0% | 898% | 99.8% | 99.8% | 100% 100% | 100% | 43.7% | 464% | 453% | 453% | 442% | 464% | 464% | 457% | 463% | 463% | 468%
20781 35.0% | 347% | 862% | 856% | 87.5% | 88.5% | 88.5% | 86.0% | 86.0% | 894% | 99.8% | 99.8% | 100% | 100% 100% | 423% | 467% | 43.9% | 43.9% | 46.1% | 447% | 44.7% | 448% | 451% | 451% | 455%
20782 35.0% | 347% | 862% | 85.6% | 87.5% | 88.5% | 88.5% | 86.0% | 86.0% | 894% | 998% | 998% | 100% | 100% | 100% 423% | 467% | 439% | 43.9% | 46.1% | 447% | 447% | 448% | 451% | 451% | 455%
KY221081 397% | 399% | 436% | 424% | 427% | 423w | 423% | 430% | 430% | 445% | 424% | 421% | 43.6% | 437% | 423w | 423% 791% | 786% | 786% | 833% | 81.5% | 81.5% | 81.5% | 822% | 822% | 813%
1X677893 413% | 405% | 47.0% | 47.0% | 47.3% | 463% | 463% | 475% | 47.5% | 485% | 46.9% | 46.6% | 463% | 464% | 467% | 467% | 79.1% 825% | 825% | 793% | 84.1% | 841% | 823% | 830% | 830% | 813%
KY220868 41.6% | 404% | 44.6% | 427% | 445% | 448% | 448% | 434% | 434% | 450% | 44.1% | 43.9% | 452% | 453% | 43.9% | 43.9% | 786% | 825% 100% | 84.4% | 840% | 84.0% | 829% | 832% | 832% | 826%
KY220874 416% | 404% | 44.6% | 427% | 445% | 448% | 448% | 434% | 434% | 450% | 44.1% | 43.9% | 452% | 453% | 43.9% | 43.9% | 786% | 825% | 100% 844% | 840% | 84.0% | 829% | 83.2% | 832% | 826%
MH916379.1 | 80.0% | 80.0% | 44.4% | 44.4% | 456% | 467% | 467% | 47.2% | 47.2% | 456% | 461% | 46.1% | 436% | 44.2% | 46.1% | 46.1% | 833% | 793% | 84.4% | 84.4% 85.0% | 850% | 77.8% | 833% | 833% | 79.4%
ABA39524.11 | 437% | 42.8% | 47.6% | 46.0% | 461% | 452% | 452% | 456% | 456% | 465% | 44.8% | 44.5% | 463% | 464% | 447% | 447% | 81.5% | 841% | 840% | 840% | 850% 100% | 854% | 87.7% | 87.7% | 85.0%
ABA39524.12 | 437% | 428% | 47.6% | 46.0% | 46.1% | 452% | 452% | 456% | 45.6% | 465% | 448% | 445% | 463% | 464% | 447% | 447% | 81.5% | 841% | 84.0% | 84.0% | 85.0% | 100% 854% | 87.7% | 87.7% | 85.0%
GQ424985.1 | 413% | 402% | 465% | 450% | 446% | 443% | 443% | 446% | 446% | 454% | 44.9% | 44.6% | 456% | 457% | 448% | 448w | 81.5% | 823% | 829% | 829% | 77.8% | 854% | 854% 88.0% | 88.0% | 947%
GQ424998.1 | 425% | 41.6% | 47.3% | 45.6% | 455% | 461% | 46.1% | 462% | 462% | 467% | 452% | 44.9% | 46.1% | 463% | 45.1% | 45.1% | 822% | 830% | 832% | 832% | 833% | 87.7% | 87.7% | 88.0% 100% | 88.2%
GQ425005.1 | 425% | 41.6% | 47.3% | 45.6% | 455% | 461% | 46.1% | 462% | 462% | 467% | 452% | 44.9% | 46.1% | 463% | 45.1% | 451% | 822% | 830% | 83.2% | 83.2% | 833% | 877% | 87.7% | 880% | 100% 882%
KY220803 408% | 399% | 47.3% | 456% | 458% | 450% | 450% | 456% | 456% | 461% | 456% | 454% | 467% | 468% | 455% | 455% | 81.3% | 81.3% | 826% | 826% | 794% | 850% | 850% | 947% | 882% | 882%
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for COI. The latter value was derived from the variation
of the total length of the sequenced fragments rather
than the variation within the nucleotide sequence. For
the specimens 3-2002 and 4-2002, due to limitations
of the sequencing process, the obtained sequences were
shorter than expected, 612 bp and 610 bp, respectively.
The COI sequences were not differentiated potentially
reflecting the low extent of selection pressure that the
specimens of this emerging species, currently repre-
senting a new entry in Europe, suffered to adapt to the
new environment. Melanaspis corticosa can clearly be
distinguished from other armored scales (Fig. 4).

Geographical distribution and host plants

The scale was detected for the first time at Sagres, in
2016 (Table 1). Since then, it was observed in differ-
ent locations, between Sagres and Tavira (Fig. 5), and
different habitats, most often in urban trees and gar-
dens (Table 1). Data suggest that M. corticosa estab-
lished and has been expanding its distribution in the
Algarve. It was not detected outside this region.

All samples were collected in olive trees. The pres-
ence of M. corticosa was not detected yet in other
host plants in the Algarve. However, this armored
scale insect is considered a polyphagous species,
reported from host plants of different families,

including Schinus molle, Sclerocarya birrea (Anac-
ardiaceae), Celastrus, Ebenaceae, Diospyros pallens
(Celastraceae), Erythrina caffra, Robinia, Virgilia
oroboides (Fabaceae), Juglans spp. (Juglandaceae),
Olea spp. (Oleaceae), Platanus (Platanaceae), Pru-
nus, Prunus persica, Pyrus (Rosaceae), and Populus
(Salicaceae) (Garcia Morales et al., 2016). This is
the first time this species is reported to originate eco-
nomic damage in olive trees.

Conclusion

Both morphological and molecular studies indi-
cate that the identity of the armored scale insect
observed infesting olive trees in different locations,
in the Southern region of Portugal (Algarve), cor-
responds to the South African Obscure Scale, M.
corticosa. This is the first time this scale insect spe-
cies is reported outside Africa and it is a first record
in Europe and in the Palearctic region. Its presence
in Portugal was reported to the National Plant Pro-
tection Organization. Due to the intraspecific vari-
ability observed in Melanaspis genus (Ramasubra-
manian et al., 2016), the DNA barcoding sequence
generated in this study will constitute an important
practical tool to help in the correct identification of

Aspidiotus excisus

Fig. 4 Phylogenetic tree
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Fig. 5 Geographical
location of the sites where
Melanaspis corticosa

was identified in Algarve.
The presence of the scale

is marked with different
symbols according to the
year of detection (O—2016,
®—2019, B—2020,
0—2022)

M. corticosa. The observed level of damage indi-
cates that the scale is a potential injurious pest of
olive trees. Further studies are needed to clarify its
pest status and develop effective pest management
strategies.
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