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Abstract. 1. Harmonia axyridis has invaded many regions of the world, with negative
effects on local biodiversity, and thus it is of global concern for biological conservation.
Recently it has invaded central Chile, one of the world’s biodiversity hotspots, where
the abundance and richness of ladybird species, particularly native species in

agroecosystems, have declined following its arrival.

2. Harmonia axyridis is particularly abundant in spring in the valleys of central Chile,

but there is a dramatic decline in its abundance during the hot summer months.

3. This study reports the occurrence of this invasive alien species in the summer at
high altitudes (3578 m asl) in the Andes, which is the highest record worldwide.

Individuals were observed on native cushion plants, in a unique environment rich in
endemic species. Harmonia axyridis were active, reproducing and co-occurring with

three other species of coccinellids.

4. The dispersal of H. axyridis and other coccinellids from the valleys to high altitudes
could represent a mechanism to escape the adverse high temperatures during the
summer, returning to the valleys in autumn. Our study highlights the need to study the
impacts of invasive alien species across a range of habitats, including not only

agricultural landscapes, but also extreme ecosystems.

Key words. Altitude, Coccinellidae, extreme ecosystems, harlequin ladybird, multi-

coloured Asian ladybeetle, non-native species.
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Introduction

The rate of translocation of species by humans beyond their native ranges is increasing
and, for most taxa, there appears to be no indication of deceleration (Seebens et al.,
2017). The effects of alien species on biodiversity and ecosystem functioning are
widely recognised (Simberloff et al., 2013). Invasive alien species, the subset of alien
species that threaten biodiversity, society or the economy, are in part defined by their
ability to spread rapidly within invaded regions. Some studies have suggested that
natural habitats are resistant to invasion and evoke mechanisms related to the resident
community structure and specifically species diversity (Lyons & Schwartz, 2001; Shea
& Chesson, 2002).

One invasive alien species of global concern is Harmonia axyridis (Pallas)
(Coleoptera: Coccinellidae), the harlequin or multicoloured Asian ladybeetle, that has
invaded many regions of the world, with negative effects on local biodiversity,
particularly native coccinellids (Alyokhin & Sewell, 2004; Harmon et al., 2007; Brown et
al., 2011; Roy et al., 2012). In the last 25 years it has expanded its distribution to five
continents, with Oceania (New Zealand) being added in 2016. Notably, this species
reaches high population numbers in temperate regions of the northern and southern
hemispheres, particularly in anthropogenic habitats (Roy et al., 2016).

In Chile, the first wild populations of H. axyridis were recorded in 2003 in the
central zone, 100 km north of Santiago, but populations started to rise in 2010-2011,
spreading rapidly throughout the country. More recently H. axyridis has reached very
high abundance in crops and has also invaded natural habitats, such as the
sclerophyllous matorral (Grez et al., 2016). This is of concern because central Chile is
one of the world’s 35 biodiversity hotspots, an important reservoir of biodiversity
(Mittermeier et al., 2011). Also, this region has the highest number of endemic
coccinellids in the country (Alaniz & Grez, unpublished data) which could be negatively
affected by H. axyridis. Indeed there has been a decline in abundance and richness of
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ladybird species, particularly native species, within alfalfa crops following the arrival of
H. axyridis (Grez et al., 2016).

In Chile it has been observed that H. axyridis reaches sustained high
abundance in alfalfa crops during early spring. Noticeably, in summer its populations
decline and it becomes almost absent within these crops until autumn, when it
recolonizes for a short period of time before the onset of winter (Grez & Zaviezo,
unpublished data). The phenology of H. axyridis within central Chile could be explained
by the Mediterranean climate of this region, with wet and cold winters and hot and dry
summers (Di Castri & Hajek, 1976), and by the low tolerance of H. axyridis to high
temperatures (Benelli et al., 2015; Barahona-Segovia et al., 2016). The behavioural
responses of H. axyridis under these unfavourable field conditions is unknown. One
hypothesis is that during the summer it migrates towards places where temperatures
are lower, for example high altitudes. This note reports the colonization by H. axyridis

in the high Andes of central Chile, an extreme native habitat, during summer.

Study site

Two surveys were conducted during summer 2017 (29 January and 12 March), in the
high Andes of central Chile, in the surroundings of Valle Nevado ski resort (UTM
WGS84 19S 384386 E; 6313663 S), approximately 50 km east of Santiago (Appendix
S1). This area has an alpine climate, with very cold winters (mean air temperature ~
1.7°C, minimum of -15°C) and mild summers (mean air temperature ~ 6.8°C, and
maximum 17°C) (Molina-Montenegro et al., 2006). In these two surveys, coccinellids
were searched in an altitudinal gradient, from 2700 to 3600 m asl. In this area there are
no trees or bushes, and the vegetation is very patchy, dominated by two native cushion
plants (Apiaceae): Azorella madreporica Clos and Laretia acaulis (Cav.) Gill. et Hook
(Fig. 1A). Azorella madreporica is a very flat and tightly knit cushion species, extending
from 33°S to 50°S, and growing from above 3200 m asl in the Andes of central Chile
(33°S) and close to sea level in its southern distribution (Hoffmann et al., 1998). Laretia
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acaulis is a hard resinous cushion plant native of the high Andes of Chile and
Argentina, extending from 28°S to 35°S and most abundant between 2100 to 3100 m
asl (Hoffmann et al., 1998). Cushion plants are one of the best-adapted growth forms in
this habitat, generating more suitable micro-habitats for other plants and insects

(Cavieres et al., 1998; Molina-Montenegro et al., 2009).

Results and discussion

In total, 37 adult H. axyridis (succinea form, the only recorded form in Chile so
far; Grez & Zaviezo 2015) were found distributed from 2790 to 3578 m asl, all of them
on patches of the cushion plants (Table 1). In lower altitude samples H. axyridis was
absent, and the highest altitude where it was found coincides with the highest places
with cushion plants in this area. Previous to this survey, from a citizen science
observation reported through http://www.chinita-arlequin.uchile.cl/ (Grez & Zaviezo,
2015), one record at high altitudes was known in Chile (3086 m asl, 150 km north of
the current records, Cordillera de Cuncumén; 372642 E 6460876 S) on Eleocharis
pseudoalbibracteata Nes & Meyen ex Kunth. (Cyperaceae), another native plant.
These records are the highest of H. axyridis worldwide. Other records of this species in
high altitudes are from around 2500 m asl (Lesotho, southern Africa), and 1800 m asl
(South Africa) (Stals 2010) in autumn-winter. In Europe it has been found in a range of
altitudes up to 2280 m asl in Carinthia (Austria) (Roy et al., 2016). Additionally, H.
axyridis is known to overwinter at moderate altitudes (e.g. on rocky mountains) in its
native range (Wang et al., 2011). In contrast to these other high altitude records from
around the world, data of this study were collected in summer. It has been reported that
some ladybirds estivate at high altitudes (Stewart et al., 1967), but in our observations
the majority of individuals were active and reproducing. Therefore, the high Andes
would represent a refuge for H. axyridis during the summer, escaping from the high

temperatures in the valley.
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Together with H. axyridis, three other ladybirds were present: the native (and
endemic) Eriopis chilensis Hofmann and two other non-native species, Hippodamia
convergens (Guerin-Meneville) (a North American species first introduced to Chile in
1903, but only established in the early 90’s) and Hippodamia variegata (Goeze) (a
Eurasian species introduced from South Africa in 1967) (Fig. 1B - D). Additionally, the
native Adalia deficiens Mulsant was found, but only at the lowest altitude samples
(Table 1). Mainly larvae and adults of these species were observed, but also a few
eggs and pupae. Previously, in summer 2003 and 2006, the first three species were
also found in the same area of the present survey, associated with the same species of
cushion plants, which were suggested to provide more suitable microclimatic conditions
for the ladybirds in this habitat (Molina-Montenegro et al., 2006; 2009). Notably, in the
previous studies at these high altitude sites H. axyridis was not observed, suggesting
that this invasive alien species has only recently colonized the high Andes, considering
that it had arrived in the adjacent valleys near Santiago in 2008.

Co-occurrence of H. axyridis with these other species may represent a threat to
biodiversity as it has been documented in other regions, including the nearby valleys
(Grez et al., 2016; Roy et al., 2016). It has been reported that H. axyridis is a strong
competitor and intraguild predator of other coccinellids due to its larger size (H.
axyridis: up to 8 mm; H. convergens: up to 6.5 mm; H. variegata and E. chilensis up to
6 mm; Gonzalez, 2006) and strong physical and chemical defences (reviewed within
Roy et al., 2016). The asymmetry of these interactions in favour of H. axyridis, coupled
with its recent colonization of this unique habitat, could result in the displacement of the
other species. Additionally, H. axyridis could contain high numbers of obligate parasitic
microsporidia and Laboulbeniales fungi (Vilcinskas et al., 2013; Roy et al., 2016),
potentially impacting the health of the other species they interact with. Observations
during the survey of mating attempts between a male H. variegata and a female H.

axyridis may indicate that parasite transmission between species is plausible. The
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potential of H. axyridis of negatively impacting biodiversity in the high Andes is worthy
of further study.

Apart from the species reported here, only two other ladybirds have been
recorded at altitudes in excess of 3000 m: Coccinella septempunctata L. at up to 3475
m (Rice, 1992) and Hippodamia quinquesignata (Kirby) at up to 3354 m (Edwards,
1957), both in the USA. Also, in invertebrate surveys at the summit of Mauna Kea,
Hawaii, H. convergens was found at a number of very high altitude sites up to 4226 m
and C. septempunctata at a single site at the same altitude (Englund et al., 2010).
Nevertheless, these insects were considered aeolian, i.e. not resident of the area
where they were collected, but rather blown up from lower elevations (Englund et al.,
2010).

In summary, this note provides evidence of the occurrence of the invasive alien
species H. axyridis at high altitudes in the Andes near Santiago, in a unique
environment rich in endemic species (Arroyo & Cavieres, 2013), which constitutes the
highest report worldwide. This is unique not only because of the high altitude and
associated extreme environment, but also because it highlights the way in which H.
axyridis can survive adverse high temperatures during the summer within an invaded
region through dispersal to elevated positions, a further mechanism explaining the
success of this invading species. This report also highlights the importance of including
landscape scale factors (i.e. altitude) into models predicting establishment, spread and
ultimately impacts of invasive alien species to ensure that the diversity of habitats and

associated niche opportunities for invading species are considered.

Conflict of interest

Authors have no conflict of interest.

Acknowledgements



185

186

187

188

189

190

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

This study was supported by the Chilean government through FONDECYT 1140662.
HER receives co-funding from the Natural Environment Research Council (NERC) and
the Joint Nature Conservation Committee (JNCC). PMJ Brown also thanks Anglia

Ruskin University.

Supporting Information

Appendix S1. Map of central Chile and surveyed location.

References

Alyokhin, A. & Sewell, G. (2004) Changes in a lady beetle community following the

establishment of three alien species. Biological Invasions, 6, 463-471.

Arroyo, M.T.K. & Cavieres, L.A. (2013) High-Elevation Andean Ecosystems.
Encyclopedia of Biodiversity (Second Edition) (ed by Levin, S.A.) pp. 96-110. Academic

Press, San Diego.

Barahona-Segovia, R.M., Grez, A.A. & Bozinovic, F. (2016) Testing the hypothesis of
greater invasive eurythermality in ladybugs: from physiological performance to life

history strategies. Ecological Entomology, 41, 182-191.

Benelli, M., Leather, S.R., Francati, S., Marchetti, E. & Dindo, M.L. (2015) Effect of two
temperatures on biological traits and susceptibility to a pyrethroid insecticide in an

exotic and native coccinellid species. Bulletin of Insectology, 68, 23-29.

Brown, P. M., Frost, R., Doberski, J., Sparks, T. I. M., Harrington, R. & Roy, H. E.
(2011) Decline in native ladybirds in response to the arrival of Harmonia axyridis: early

evidence from England. Ecological Entomology, 36, 231-240.



289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

Cavieres, L.A., Pefialosa, A., Papic, C. & Tambutti, M. (1998) Efecto nodriza del cojin
Laretia acaulis (Umbelliferae) en la zona alto-andina de Chile central. Revista Chilena

de Historia Natural, 71, 337-347.

Di Castri, F. & Hajek, E.R. (1976) Bioclimatografia de Chile. Ediciones Universidad

Catdlica de Chile, Santiago, Chile.

Edwards, J.G. (1957) Entomology above timberline: Il. The attraction of ladybird

beetles to mountain tops. Coleopterists Bulletin, 11, 41-46.

Englund, R.A., Preston, D.J., Myers, S., Englund, L.L., Imada, C. & Evenhuis, N.L.
(2010) Results of the 2009 Alien Species and Weékiu Bug (Nysius wekiuicola) Surveys

on the Summit of Mauna Kea, Hawaii Island. Final Report, Honolulu.

Grez, A.A. & Zaviezo, T. (2015) Chinita arlequin: Harmonia axyridis en Chile.

www.chinita-arlequin.uchile.cl.

Grez, A.A., Zaviezo, T., Roy, H., Brown, P.M.J. & Bizama, G. (2016) Rapid spread of
Harmonia axyridis in Chile and its effects on ladybeetle biodiversity. Diversity and

Distributions, 22, 982-994.

Harmon, J.P., Stephens, E. & Losey, J. (2007) The decline of native ladybirds
(Coleoptera: Coccinellidae) in the United States and Canada. Journal of Insect

Conservation, 11, 85-94.



315 Hoffmann, A., Kalin Arroyo, M., Liberona, F., Mufoz, M. & Watson, J. (1998) Plantas
316  Altoandinas en la Flora Silvestre de Chile. Ediciones Fundacién Claudio Gay,

317  Santiago, Chile.

318

319 Lyons, K.G. & Schwartz, M.W. (2001) Rare species loss alters ecosystem function —
320 invasion resistance. Ecology Letters, 4, 358-365.

321

322  Mittermeier, R.A., Turner, W.R., Larsen, F.W., Brooks, T.M. & Gascon, C. (2011)
323  Global biodiversity conservation: the critical role of hotspots. Biodiversity hotspots:
324  Distribution and Protection of Conservation priority Areas (ed by Zachos, F.E. &

325 Habekl, J.C.). pp. 3-22. Springer Publishers, London.

326

327  Molina-Montenegro, M.A., Briones, R. & Cavieres, L.A. (2009) Does global warming
328 induce segregation among alien and native beetle species in a mountain-top?

329  Ecological Research, 24, 31-36.

330

331  Molina-Montenegro, M.A., Badano, E.I. & Cavieres, L.A. (2006) Cushion plants as
332  microclimatic shelters for two ladybird beetles species in Alpine zone of Central Chile.
333  Arctic, Antarctic, and Alpine Research, 38, 224-227.

334

335 Rice, M.E. (1992) High altitude occurrence and westward expansion of the seven-
336  spotted lady beetle, Coccinella septempunctata (Coleoptera: Coccinellidae), in the
337 Rocky Mountains. Coleopterists Bulletin, 46, 142-143.

338

339 Roy, H. E., Adriaens, T., Isaac, N. J., Kenis, M., Onkelinx, T., Martin, G. S., Brown,
340 P.M.J., Hautier, L., Poland, R., Roy, D.B., Comont, R., Eschen, R,, Frost, R., Zindel, R.,

341  Van Vlaenderen, J., Nedved, O., Ravn, H.P., Gregoire, J-C., de Biseau, J-C. & Maes,

10



342  D. (2012) Invasive alien predator causes rapid declines of native European

343 ladybirds. Diversity and Distributions, 18, 717-725.

344

345 Roy, H.E., Brown, P.M.J., Adriaens, T., Berkvens, N., Borges, I., Clusella-Trullas, S.,
346  De Clercq, P., Eschen, R., Estoup, A., Evans, E.W., Facon, B., Gardiner, M.M., Gil, A.,
347 Grez, A., Guillemaud, T., Haelewaters, D., Herz, A., Honek, A., Howe, A.G., Hui, C.,
348 Hutchinson, W.D., Kenis, M., Koch, R.L., Kulfan, J., Lawson Handley, L., Lombaert, E.,
349 Loomans, A., Losey, J., Lukashuk, A.O., Maes, D., Magro, A., Murray, K.M., San

350 Martin, G., Martinkova, Z., Minnaar, 1., Nedved, O., Orlova-Bienkowskaja, M.J.,

351 Rabitsch, W., Ravn, H.P., Rondoni, G., Rorke, S.L., Ryndevich, S.K., Saethre, M-G.,
352  Sloggett, J.J., Soares, A.O., Stals, R., Tinsley, M.C., Vandereycken, A., van Wielink,
353 P, ViglaSova, S., Zach, P., Zaviezo, T. & Zhao, Z. (2016) The harlequin ladybird,

354  Harmonia axyridis: an inspiration for global collaborations on invasion biology.

355 Biological Invasions, 18, 997-1044.

356

357  Seebens, H., Essl, F. & Blasius, B. (2017) The intermediate distance hypothesis of
358 biological invasions. Ecology Letters, 20, 158-165.

359

360 Shea, K. & Chesson, P. (2002) Community ecology theory as a framework for

361  biological invasions. Trends in Ecology and Evolution, 17, 170-176.

362

363 Simberloff, D., Martin, J.L., Genovesi, P., Maris, V., Wardle, D.A., Aronson, J.,

364  Courchamp, F., Galil, B., Garcia-Berthou, E., Pascal, M., PySek, P., Sousa, R.,

365 Tabacchi, E. & Vila, M. (2013) Impacts of biological invasions: what's what and the way
366 forward. Trends in Ecology and Evolution, 28, 58-66.

367

11



368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Stals, R. (2010) The establishment and rapid spread of an alien invasive lady beetle:
Harmonia axyridis (Coleoptera: Coccinellidae) in southern Africa, 2001-2009.

IOBC/WPRS Bulletin, 58,125-132.

Stewart, J.W., Whitcomb, V.H. & Bell, K.O. (1967) Estivation studies of the convergent

lady beetle in Arkansas. Journal of Economic Entomology, 60, 1730-1735.

Vilcinskas, A., Stoecker, K., Schmidtberg, H., Réhrich, C. R. & Vogel, H. (2013)
Invasive harlequin ladybird carries biological weapons against native competitors.

Science, 340, 862-863.

Wang, S., Michaud, J.P., Tan, X.L., Zhang, F. & Guo, X.J. (2011) The aggregation
behavior of Harmonia axyridis in its native range in Northeast China. BioControl, 56,

193-206.

12



383

384

385

386

387

388

FIGURE CAPTIONS

Fig. 1 A) Surveyed habitat at Valle Nevado, Andes Mountains; B) Harmonia axyridis
with a larva of Hippodamia convergens; C) male Hippodamia variegata mating with a

female Harmonia axyridis; D) the native Eriopis chilensis;
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Table 1. Harmonia axyridis records from surveys on summer 2017 on an altitudinal

gradient in the Andes Mountains, east of Santiago.

Date Grid ref
H. axyridis
(UTM Altitude
abundance
WGS84 19S) (m asl) Other coccinellid species
29 376341 E; 1952 0 > 10 Adalia deficiens, 1 Eriopis
January 6308900 S chilensis
2017
376721 E; 2200 0 1 Hippodamia convergens
6308240 S
381665 E; 2467 0 >10 Hippodamia convergens
6307303 S
382954 E; 2790 2 3 Eriopis chilensis, 2 Hippodamia
6308428 S variegata, 5 Hippodamia convergens.
383788 E; 3025 1
6308770 S
384127 E; 3230 21 5-10 Eriopis chilensis, > 30
6311547 S Hippodamia variegata, > 30
Hippodamia convergens
12 383664 E; 3340 1 > 30 Hippodamia convergens; > 10
March 6311320 S Hippodamia variegata; 5 Eriopis
2017 chilensis
383574 E; 33508 9 > 30 Hippodamia convergens, > 30
6311097 S Hippodamia variegata and 5 Eriopis

chilensis



385411 E; 3578 3 > 10 H. convergens, > 10 H. variegata

6313115 S
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