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Introduction

The harlequin ladybird, Harmonia axyridis (Pallas,
1773) (Coleoptera: Coccinellidae), is native to China,
Japan, Korea, Mongolia, Eastern Russia, southern Si-
beria, northeastern Kazakhstan (Altai mountains), and
Northern Vietnam (Roy et al. 2016). It was intentionally
introduced as part of biological control programs into
North America, and one western and one eastern North
American population served as bridgehead populations
for further invasion to South America, Europe (genetically
admixtured with a European biocontrol strain), and Africa
(LomBAERT et al. 2010, 2014). Nowadays, it is quickly
spreading, often unintentionally, in all continents except

| NATIONAL MUSEUM

Antarctica and Australia (Roy et al. 2016, CAMACHO-
CERVANTES et al. 2017).

Harmonia axyridis has become a concern and also a
threat; it competes with native predators and parasitoids
for common food resources and is efficient in intraguild
predation (Roy et al. 2016). With increasing density of H.
axyridis, the diversity of native species is reduced (Katsanis
et al. 2013, Grez et al. 2016, Honek et al. 2016). KocH et
al. (2006) reported that H. axyridis can be a pest in food
production, particularly by tainting the wine flavor as in-
dividuals get into the winemaking process. Moreover, in
some regions, populations of H. axyridis choose conspicuous
buildings for hibernation causing disturbance for humans.

§ sciendo
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Because of these negative effects, it is relevant to study na-
tural enemies that could potentially have a role in regulating
invasive populations of H. axyridis (CERYNGIER et al. 2018,
HaeLEwaTERS & DE KESEL 2017, HAELEWATERS et al. 2017).

Harmonia axyridis generally lives in temperate and
subtropical regions (NEDVED et al. 2011, Grez et al. 2016).
Physiological limits of a European invasive population of
H. axyridis suggest that it should not survive or develop
at high temperatures (Knapp & NepvED 2013). Only small
numbers have been found in tropical countries, for example
Kenya (NepvED et al. 2011) and Tanzania (NEDVED & HAvA
2016), where the establishment of viable populations in the
wild is unlikely.

Here, the faunistic information about H. axyridis from
the Middle East region is updated and new areas are added
to the distribution range of this invasive alien ladybird
species. Moreover, distribution data are provided for the
other Harmonia species known from the Middle East: H.
quadripunctata (Pontoppidan, 1763). An identification
key to the Harmonia species in the Middle East region
and illustrations of morphological characters are presented.

Material and methods

Study area. The Middle East comprises 17 countries mainly
located in southwestern Asia, including countries with a
coastline on the Persian Gulf, Yemen and Oman that are lo-
cated south of Saudi Arabia, Asian countries located nearby
the Mediterranean Sea, parts of Turkey known as Anatolia or
Asia Minor, and also part of Egypt called the Sinai Desert.
In other words, the Middle East includes countries located
between Egypt in the west and Iran in the east, and between
Turkey in the north and Yemen in the south. Middle East
countries are located between 25°00" E and 63°00" E longi-
tude and between 12°36’ N and 42°00" N latitude.

Mean temperatures in Middle Eastern cities range
between 0.1°C (Ankara, Turkey) and 17.9°C (Abu Dhabi,
United Arab Emirates) in January, and between 22.9°C
(Ankara) and 37.7°C (Kuwait City) in July (WorLD METE-
OROLOGICAL ORGANIZATION 1998). Mean precipitation ranges
between 3.9 mm (Abu Dhabi) and 190.9 mm (Beirut, Leba-
non) in January, and between 0.0 mm (8 cities, Table S1) and
37.2 mm (Saiq, Oman) in July. In Saudi Arabia, the annual
mean temperature is 25.6°C, with temperatures ranging
from 14.0°C in January to 35.0°C in July. Precipitation in
January is 11.3 mm (max. 111.1 mm), and in July 0.4 mm
(max. 8.8 mm) (WORLD METEOROLOGICAL ORGANIZATION
1998). See also the Online supplementary material: Table S1.
Collection and morphological study. Adults of ladybirds
were collected using an entomological net. Specimens
were dissected under a stereomicroscope. Specimens were
boiled in 10% KOH for a maximum of 20 min, depending
on the body color (sclerotization), in order to dissect the
genitalia. Dissected parts were rinsed in water for 10 min,
and then mounted in Canada balsam onto microscopic
slides. Morphological examination happened under a com-
pound microscope (Olympus CX21, Tokyo, Japan) with
digital camera. Taxonomic classification is in accordance
with KovAr (2007). Morphological terminology follows
Suipskr (2007). Studied specimens are deposited in the
following collections: (1) Insect Museum of Faculty of

Agriculture, Lorestan University, Iran; (2) Plant Protection
Laboratory, Faculty of Agriculture and Natural Sciences,
Bilecik Seyh Edebali University, Turkey; and (3) King
Saud University Museum of Arthropods, Saudi Arabia.

Results

Two species of the genus Harmonia are recorded from
various countries of the Middle East region in the present
study: H. axyridis and H. quadripunctata. We report
H. axyridis from Saudi Arabia for the first time. This also
represents the first record of the genus for this country.

Harmonia Mulsant, 1846

= Leis Mulsant, 1850; Ballia Mulsant, 1853; Callineda Crotch, 1871;
Stictoleis Crotch, 1874; Ptychanatis Crotch, 1874; Rhopaloneda
Timberlake, 1943 (sensu Supiiski 2007).

Diagnosis. Length 4-8 mm. Elytra moderately to strongly
convex, glabrous; elytral color pattern variable. Clypeus
anteriorly straight between lateral projections. Antenna
composed of 11 antennomeres, slightly shorter than the
width of head capsule, with club moderately compact,
composed of three antennomeres (Fig. 9). Terminal maxil-
lary palpomere securiform (Fig. 11). Pronotal disc evenly
convex, transverse with narrowly upturned and/or slightly
thickened external borders. Prothoracic hypomeron without
fovea near anterior angles; prosternal process without or
with distinct lateral carinae extending anteriorly (Figs 6-7).
Anterior margin of mesoventrite weakly foveate medially to
straight. Elytral lateral margins narrowly raised; epipleuron
not foveate. Apices of middle and hind tibiae without spurs
(Fig. 8). Abdominal postcoxal lines not recurved, incomplete
laterally (Fig. 12). Penis stout, consists of basal sclerite and
additional apical piece. Ovipositor with coxites club-handle
type; infundibulum present; spermatheca C-shaped.

Key to species of Harmonia in the Middle East

1 Body strongly convex. Pronotum white with 4 or 5
black dots in M shape, or with large trapezoid black
patch in center leaving only lateral margins white.
Elytra black, each elytron with 2 or 4 yellow-reddish
spots; or elytra yellow to red, each elytron with maxi-
mum 10 black spots in 4 rows (2%4-3-3-1) (Figs 1-4).
Prosternal process carinate (Fig. 6). Male genitalia as
in Figs 14-16. Penis with tip after constriction about
two times longer than wide. Penis guide from lateral
view with apex clearly bent upwards. Body length 6.5-
28 14V o W H. axyridis (Pallas, 1773)

- Body slightly convex. Pronotum white to yellowish,
with 11 black dots; 5 large in M shape in center, 6 small
laterally. Elytra yellow, each elytron with maximum 8
black spots in 4 rows (1-3-3-1) (Fig. 5). Prosternal
process without carinae (Fig. 7). Male genitalia as in
Figs 17-19. Penis with tip after constriction about four
times longer than wide. Penis guide from lateral view
straight. Body length 5.1-6.6 mm. ......ccccooeovvvernevincrnennen.

................. H. quadripunctata (Pontoppidan, 1763)*

*Elytral background color is a complicated mixture of reddish brown
and cream in European specimens. Prosternal carinae can be found in
Central European specimens, but not in Middle Eastern populations.
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Harmonia axyridis (Pallas, 1773)
Figs 1-4, 6, 14-16, 20

Coccinella axyridis Pallas, 1773.

Material examined. IRAN: GiLaN ProvINcE: Rudsar County, Rudsar,
37°8'11.739"N, 50°16'55.037"E, vi.2016, 2 spec., ex Corylus sp., Z. M.
Haghghadam leg., A. Biranvand det.; Rasht County, Rasht, Melat Park,
37°1727.151"N, 49°35'47.65"E, iii.—ix.2016 + 2017, 85 4, 230 22,
ex Corylus sp., Hibiscus sp., Lagerstroemia sp., Nerium sp., Populus,
sp., Prunus sp., Robinia sp., Z. M. Haghghadam & M. Mardani-Talace
leg., A. Biranvand & O. Nedvéd det.; Fuman County, Fuman, Shahr
Park, 37°13'51.45"N, 49°19'6.134"E, viii.2017, 1 spec., ex Lagerstro-
emia sp., Z. M. Haghghadam leg., A. Biranvand det.; Langarud County,
Langarud, 37°11'33.1"N, 50°09'09.2"E, vii.2017, 5 spec., ex Citrus sp.,
Z. M. Haghghadam leg., A. Biranvand det.; Lahijan County, Lahijan,
37°1122.652"N, 50°1'10.229"E, viii.2017, 2 spec., ex Quora sp., Z.
M. Haghghadam leg., A. Biranvand det. MAZANDARAN PROVINCE: Nur
County, Chamestan, vii.2017, 1 spec., E. Shafiee & E. Dehghan leg.,
M. Z. Khormizi det.; Ramsar County, Sadat Shahr, 36°53'21.449"N,
50°41'45.658"E, vii.2017, 1 spec., E. Shafiee & E. Dehghan leg.,
M. Z. Khormizi det. SAUDI ARABIA: Rivapu Province: Diriyah,
24°48'43.39"N 46°31'17.27"E, v.2005, 1 spec. (forma conspicua),
S. A. Turkestani leg., A. N. Al Ansi det. TURKEY: BILECIK PROVINCE:
Bilecik Central District, Pelitozii, 40°11'6.9756”°N, 29°58'5.5704"E,
x1.2014, ix.—x1.2015, iii.—viii.2016, 55 spec., ex Cydonia sp., Juglans sp.,

Figs 1-5. Comparison of dorsal habitus of H. axy-
ridis (Pallas, 1773) (1-4) and H. quadripunctata
(Pontoppidan, 1763) (5). Harmonia axyridis: 1,2
— forma succinea (which we collected in Iran and
Turkey); 3 — forma spectabilis (Iran and Turkey);
4 — forma conspicua (Saudi Arabia and Turkey).

Malus sp., Medicago sp., Morus sp., Phaseolus sp., Prunus sp., weeds,
inside buildings, D. Senal leg. et det.; Osmaneli District, Sariyazi village,
40°27'19.188"N, 29°56"22.56"E, xi.2014, xi.2015, vi.2016, 10 spec., ex
Abelmoschus sp., Cvdonia sp., Paliurus sp., Solanum sp., Triticum sp.,
D. Senal leg. et det.; Yenipazar District, 2.5 km NW Yenipazar, Golpazari
Yenipazar Yolu, 40°11'30.048"N, 30°30'5.184"E, vi.—xi.2015, vi.—x.2016,
46 spec., ex Helianthus sp., Medicago sp., Paliurus sp., Prunus sp., Pyrus
sp., Triticum sp., Vitis sp., D. Senal leg. et det.; Sogiit District, Kiire,
40°5'14.892"N, 30°9"2.7936"E, vii.—xi.2015, vi.—viii.2016, 20 spec., ex
Abelmoschus sp., Capsicum sp., Cucurbita sp., Juglans sp., Medicago
Sp., Mentha sp., Phaseolus sp., Prunus sp., Solanum sp., weeds, D. Senal
leg. et det.; Pazaryeri District, Arapdede, 39°59'40.92"N, 29°52'44.328"E,
viii.—xi.2015, vi.—viii.2016, 25 spec., ex Humulus sp., Juglans sp., Malus
sp., Medicago sp., Pinus sp., D. Senal leg. et det.; Boziiyiik District, 1.6 km
NW Cokgapinar, Cokgapinar Ecekdy Yolu, 39°46'19.2"N, 29°58'3.9"E,
ix.2015, viii.2016, 4 spec., ex Medicago sp., Quercus sp., D. Senal leg.
et det.; Golpazari District, 4.2 km SW Golpazari, Resadiye Mahallesi,
40°15'53.2764"N, 30°1626.5044"E, viii.—xi.2015, vii.2016, 25 spec., ex
Helianthus sp., Malus sp., Prunus sp., weeds, D. Senal leg. et det.; inhisar
District, Karaaga¢ Mahallesi, Mihalgazi — Inhisar Yolu, 40°2'42.36"N,
30°24'9.684"E, vii.—xi.2015, vi.2016, 67 spec., ex Capsicum sp., Paliurus
sp., Punica sp., Solanum sp., weeds, D. Senal leg. et det.

Notes. The specimen of H. axyridis from Saudi Arabia
was already collected in 2005 but remained unidentified
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Figs 6-13. Morphological characters of Harmonia species: 6 — H. axyridis (Pallas, 1773), prosternum. 7—13 — Harmonia quadripunctata (Pontoppidan,
1763): 7 — prosternum; 8 — hind leg; 9 — antenna; 10 — meso- and metaventrites; 11 — maxillary palp; 12 — abdominal ventrite 1 with postcoxal lines;

13 — mandible.

until now. As a result, this is the first formal report of H.
axyridis from Saudi Arabia.

The first published reports of this species in Turkey were
from 2011, collected in the European part of the country,
in Tekirdag Province (AysaL & Kivan 2014). Other recent
collections were made in several localities in the provinces
of Bartin (TorErR KayGIN & SoBuTAY KAPTAN 2017), Canak-
kale (BastuG & Kasap 2015), Diizce (Ozremiz & YAyLA
2018), Isparta (OGuzoGLu 2017), Tekirdag (AvsarL & Kivan
2014), and Yozgat (Tirrikct 2017). A single specimen has
been found in Nevsehir Province, in the vicinity of Géreme
(Bukess & TeLNov 2015). This was suggested to be the first
report of H. axyridis for Turkey but it was only collected in
July 2013, whereas several specimens from Tekirdag Pro-
vince were collected in 2011-2012 (AvsaL & Kivan 2014).

In Iran, H. axyridis was for the first time collected
in April 2016, from the city of Rasht in Gilan Province
(MaARDANI-TALAEE et al. 2019). Similar to what these au-
thors found, we collected many adults from various host
plants. Moreover, H. axyridis was reported from Israel
based on a single specimen (forma succinea) collected
in 2017 from Kibbutz Netzer Sereni (Mients 2017). All

known records of H. axyridis from the Middle East are
summarized in Fig. 20.

Harmonia quadripunctata (Pontoppidan, 1763)
Figs 5, 7-13, 17-19
Coccinella quadripunctata Pontoppidan, 1763; C. albida Gmelin, 1790;
C. marginella Miiller, 1776; C. marginepunctata Schaller, 1783; C.
notata Olivier, 1791; C. sedecimpunctata Fabricius, 1781.

Material examined. IRAN: NortH KHORASAN PROVINCE: Bojnord
County, Bojnurd, Baba Aman Park, 37°29.338'N, 57°26.123'E, vi.2013,
433499 333299 ex Hordeum sp.), E. Hamidi leg., O. Nedvéd
& C. Canepari det. SEMNAN ProvINCE: Shahrud County, Bastam,
36°30.314'N, 55°00.290'E, v.2014, 2 44 19, M. Toozandejani leg., A.
Biranvand det. TURKEY: BiLecik ProvincE: Bilecik Central District,
Pelitozii, 40°11'06.9756"N, 29°58'05.5704"E, iv.—xi.2015, vii.2016, 31
spec., ex Malus sp., Pinus sp., Prunus sp., weeds, D. Senal leg. et det.;
Osmaneli District, 2.6 km NE Diizmese, 40°23'55.5"N, 29°56'40.092"E,
vi—ix.2015, vi.—viii.2016, 5 spec., ex Olea sp., Paliurus sp., Prunus spp.,
D. Senal leg. et det.; Inhisar District, Giiner Orbay Mahallesi, 1.9 km NW
Inhisar, 40°03'37.116"N, 30°22'5.088"E, vi.2016, 1 spec., ex Paliurus
sp., D. Senal leg. et det.

Notes. Harmonia quadripunctata was originally descri-
bed from Denmark (PoNToPPIDAN 1763). It is native to the
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Figs 14-19. Comparison of male genitalia of H. axyridis (Pallas, 1773) (14-16) and H. quadripunctata (Pontoppidan, 1763) (17-19): 14, 17 — tegmen;

15, 18 — penis; 16, 19 — penis apex. All in lateral view.

Palearctic Region, distributed especially in Europe and
eastern Asia — Russia, China, and Korea (BIELAwsKI 1963,
1980; VANDENBERG 1990; PANG et al. 2004; KovAr 2007).
However, there are some reports of this species from other
countries of the Palearctic Region including Syria (KHALIL
& Mourab 20006), Israel (HALPERIN et al. 1995), Lebanon
and Turkey (GUNTHER 1958, BieLawski 1963). Harmonia
quadripunctata was introduced into the USA and reported
there since 1924 (VANDENBERG 1990). In southern Ameri-
ca, introduced populations have only been reported from
Argentina and Chile so far (GonzALEz 2006).

The earliest record of H. quadripunctata in Turkey was
provided by GUNTHER (1958). Since then, many studies
reported H. quadripunctata in 22 of Turkey’s 81 provin-
ces: Ankara (GONTHER 1958, Uycun 1981, ULGENTURK &
Toros 2000), Kayseri (GUNTHER 1958), Konya (GUNTHER
1958, SanBaz & UysaL 2006), Adana, Afyon, Bursa,
Denizli (UyGcun 1981), Isparta (UyGun, 1981, AsLaN &
Karaca 2005, Karaca et al. 2006, Kaya BASAR & YASAR
2011, OGuzoéLu 2017), Amasya, Samsun, Tokat (KiLi¢
& Avkac 1989), Erzurum (Ozexk & CEeTIN 1991), izmir,

Manisa (Tezcan & UyGun 2003), Kahramanmarag (ASLAN
& UyaGun 2005), Balikesir (VURAL VARLI et al. 2013), Art-
vin (PORTAKALDALI & SATAR 2010), Canakkale (BastuG &
Kasap 2015), Bartin (TorEr KavGIN & SoBUTAY KAPTAN
2017), Yozgat (Tirtikct 2017), Diizce (Ozremiz & YAvyLA
2018), and Bilecik (this study).

InIran, H. quadripunctata was first reported from North
Khorasan Province in 2013 (BiraNvAND et al. 2017). It
was subsequently reported from Mazandaran Province, in
northern Iran (PAHLAVAN YaL1 et al. 2017). Here, we present
the first report from Semnan Province.

Discussion

Predatory insects, especially members of the family
Coccinellidae, play a principal role in natural pest control
regulating the population density of insect pests. Someti-
mes, however, the introduction of invasive predators into
new ecosystems, either accidentally or through biological
controlling programs, can induce unanticipated and unde-
sirable effects (Koch et al. 2006, Roy et al. 2016). These
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Fig 20. Currently known distribution of H. axyridis in the Middle East region, with reports in Iran, Israel, Saudi Arabia, and Turkey.

include unwanted impact on endemic natural enemies.
Monitoring of new (alien or invasive) species in the Mid-
dle East is important for biosecurity — considering their
either detrimental or beneficial role in agriculture — and
for ecosystem services.

Until now, two species of the genus Harmonia were re-
corded from various countries in the Middle East region: H.
axyridis and H. quadripunctata. RAIMUNDO & VAN HARTEN
(2000) also reported H. pardalina (Gerstacker, 1871) from
Yemen but we are convinced that this species is incorrectly
classified in the genus Harmonia based on morphological
characters. For example, species of Harmonia are characte-
rized by the lack of tibial spurs (see Fig. 8) but H. pardalina
clearly shows tibial spurs (O. Nedvéd et al., unpubl. data).
The formal reclassification of this species in another genus
based on morphological and molecular data will be done
in a subsequent study.

A recent study (Grez et al. 2017) reported H. axyridis
at high altitudes in the Chilean Andes between 2790 and
3578 m a.s.l. The authors highlighted two important
issues: 1) the presence of H. axyridis in an extreme
environment, and 2) the dispersal of H. axyridis during
summer from alfalfa crops in central Chile to higher
altitudes, where temperatures are lower and more favo-
rable. Here, we reported H. axyridis in arguably one of
the hottest and driest areas on Earth (Saudi Arabia, with
a hot desert climate; PEeL et al. 2007). The single record
from Diriyah is most likely the result of high volume
of international trade in this area. The introduction of
invasive species — as well as the co-introduction of their
natural enemies — in non-native areas has become a se-
rious concern with ever-expanding world trade practices
and climate change (e.g., PIMENTEL et al. 2005, RossmaN
2009, PFLIEGLER et al. 2018).

BENELLI et al. (2015) found that both fecundity and fer-
tility of Italian H. axyridis were significantly lower at 30°C
than at 25°C. Similarly, Knarp & NEDVED (2013) showed
that exposing Central European H. axyridis specimens to
33°C significantly decreases hatching and survival rates
of different developmental stages (except for fourth instar
larvae and pupae). The average temperature in July is 35°C
(with average maxima up to 48°C) in Saudi Arabia’s capital
Ryadh, of which Diriyah is located at the northwestern
outskirts. Even when multiple individuals are unintentio-
nally released, these high summer temperatures likely limit
successful spreading of H. axyridis in Saudi Arabia (but see
AMEIxA et al. 2019). Another factor in halting the southern
spreading of H. axyridis is scarcity of prey (HonEK et al.
2017, Soares et al. 2017). Aphids in abundance only seem
to occur in large patches of major crops (e.g., cereals, alfal-
fa, sugar beet) and weeds, typical for temperate regions. To
date, we have not observed other adults or individuals of
other developmental stages (eggs, larvae, pupae) in Saudi
Arabia. This is contrary to MARDANI-TALLAEE et al. (2019)
who collected all developmental stages in Gilan Province,
Iran where H. axyridis is considered established for this
reason. According to our surveys, the species is spreading
in most cities of Gilan Province along the Caspian Sea. In
Turkey, the dominance of H. axyridis in Bartin Province
(82 specimens, total n = 137) (Torer KayGin & SoBuTay
KapTan 2017), in combination with the 100s of specimens
collected in Bilecik Province (this study), leads us to
hypothesizing that this species is fastly spreading in the
Asian parts of Turkey.

Strong bias of sex ratio in the invasive population of
H. axyridis in Rasht (Iran) suggests high prevalence of
male-killing bacteria in the population. These are bacterial
endosymbionts in the genera Rickettsia, Spiroplasma,
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and Wolbachia, which are common among ladybirds but
generally only infect a small proportion of populations
(WENNERT et al. 2007). GoryAacHEVA et al. (2017) found
no infection of invasive populations (in Czech Republic,
Germany, Italy, Russia, and the USA) with Spiroplas-
ma, wheras all native populations were found with the
bacterium. Rickettsia and Wolbachia, on the other hand,
were found in both invasive (1.12% of females infected
for both bacteria, n = 179) and native populations (0.51%
and 1.02% of females infected, respectively; n = 196).
Continued collecting efforts in the Middle East region
will be accompanied by efforts to screen female ladybirds
for presence of bacteria using amplification of the fhpA
(for Wolbachia) and gitA (for Rickettsia and Spiropla-
sma) genes with specific primers (Barpo et al. 2006,
GORYACHEVA et al. 2017).

Online supporting information

Additional Supporting Information may be found in
the Zenodo Archive under the DOI reference https://doi.
org/10.5281/zenodo.2641797.

Table S1. List of Middle Eastern cities with available
temperature and precipitation data, usually from between
1961 and 1990.
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