Chapter 4
The Biology and Ecology of Drosophila b
suzukii (Diptera: Drosophilidae)

Daniel S. Kirschbaum, Claudia F. Funes, Maria J. Buonocore-Biancheri,
Lorena Suarez, and Sergio M. Ovruski

Abstract Preference of egg laying in ripe (or in ripening process), healthy, soft,
small fruits (berries and stone fruits) still attached to the plant makes Drosophila
suzukii (spotted wing Drosophila, SWD) a severe, harmful pest, capable of produc-
ing huge food and economic losses to Asia, Europe, and America. The high degree
of polyphagy shown by SWD either in their native region, Eastern and Southeastern
Asia, or in the invaded continents, besides its seasonal phenotypic plasticity that
allows it adaptations to adverse thermal periods, greatly favors SWD establishment
and dispersion into new environments. In view of its high-damaging profile and
rapid adaptability to settle in different world regions, several authors have focused
on the study of biological and ecological features of this invasive pestiferous insect.
In this regard, the chapter provides summarized information on life cycle, oviposi-
tion preference, larva feeding effects on fruits, crop and non-crop host plants world-
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wide range, host preference, continental dispersal, seasonal biology, population
dynamic, thermal susceptibility, reproductive behavior, interspecific and interge-
neric interactions with other frugivorous dipterans, and relationships with natural
enemies in native and introduced regions. A deep knowledge of the relationships
between SWD and ecological components of newly invaded landscapes is critical
for designing effective, environmental-friendly, SWD management strategies.

Keywords Spotted wing Drosophila - Biological invasions - Host range - Fruit
pests - Seasonal biology - Natural enemies

4.1 Introduction

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae), commonly known as the
spotted wing Drosophila (SWD), is a major invasive global pest of small, soft, and
stone fruits. Originally from Eastern and Southeastern Asia, SWD causes significant
economic damage to fruit production in invaded regions of Europe and the American
continent (Lee et al. 2019). From the earliest records on a specific invaded continent,
SWD was characterized by its rapid range expansion within fruit-growing areas
(Asplen et al. 2015). Based on this fact, and taking into account the very damaging
profile of SWD, several authors have been giving special attention to biological and
ecological features of SWD to understand its adaptation and dispersal strategies to
invade and settle in different world regions. Thus, this chapter reviews over a large
number of publications and provides summarized information on: (1) life cycle, ovipo-
sition preference, and feeding effects; (2) crop and non-crop host plants worldwide
range, host preference and continental dispersal; (3) seasonal biology and population
dynamics; (4) adult and immature stages thermal susceptibility; (5) mating behavior
and sex ratio; (6) interspecific and intergeneric interactions with other frugivorous dip-
terans; and (7) relationships with natural enemies in native and introduced regions.

4.2 Life Cycle, Oviposition Preference, and Feeding Effects

Two exclusive features of SWD make it an economically dangerous pest: its prefer-
ence for healthy, ripening fruit and the powerful, sclerosed, and serrated ovipositor
of the female, which penetrates the fruit epidermis causing physical damage.
Frequently, these oviposition wounds provide access to secondary fruit-feeding
organisms, both insects (i.e., other frugivorous drosophilids) and pathogens (fungi
and bacteria), which together cause additional losses (Walsh et al. 2011). Eggs
develop into larvae within the fruit mesocarp, causing its rapid softening and rot-
ting, bringing as consequence enormous yield losses, with significantly negative
economic impact. Nevertheless, SWD may also lay eggs in wounded and/or fer-
menting fruit (Kienzle et al. 2020). The SWD may thrive well in fallen fruit, when
the preferred fruit stages are unavailable or scarce (Bal et al. 2017; Kienzle et al.
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2020). As a result, SWD individuals can emerge from eggs laid on berries either
intact or injured (Mazzetto et al. 2020; Kienzle et al. 2020).

SWD females lay eggs with an erratic distribution pattern across fruits, which can be
explained by random visits of females to fruits and the production of clutches of mostly
single eggs (Mitsui et al. 2006; Schlesener et al. 2017). SWD females tend to oviposit at
softer parts of the fruit, which imply that they examine fruits very carefully to locate the
most suitable parts for egg laying (Kinjo et al. 2014). Tests carried out with different
Vaccinium spp. cultivars showed more egg laying in softer fruit blueberry varieties than
in firmer fruit varieties (Kinjo et al. 2013). A SWD female may lay 20419 eggs in a
lifetime, depending on the environmental conditions (Hamby et al. 2016). Once the
larva hatched, it feeds inside fruit pulp. SWD larvae develop through three instars; the
mature larva tends mainly to migrate out of the fruit to pupate in the soil (Woltz and Lee
2017; Lee et al. 2019). A total of 13—14 days is needed for the fly to develop from egg
to adult at 22 °C (egg stage duration 1.4 day, larval stage 6 days, and pupal stage 6 days)
(Tochen et al. 2014). Adults of both summer and winter morphotypes may live up to
30-179 days in the lab when provided food depending on temperature (Shearer et al.
2016; Rendon et al. 2019; Stockton et al. 2019). Females have a short pre-ovipositional
period, during which they mostly feed. After first mate, 1- to 5-day-old females start
laying eggs under standard lab conditions (Hamby et al. 2016).

4.3 Host Plants and Continental Dispersal

The SWD has a broad crop and non-crop host plants range, mainly throughout Asia,
Europe, and America (Asplen et al. 2015), and with potential for adaptation and estab-
lishment in Oceania and Africa (Dos Santos et al. 2017). Soft-skinned and stone fruits
such as berries and cherries are highly susceptible to infestation (Mitsui et al. 2010;
Cini et al. 2012; Bellamy et al. 2013; Burrack et al. 2013; Lee et al. 2015). In addition
to cultivated host species, the SWD can develop in both native and exotic fruit of wild
and ornamental non-crop hosts. This occurs in various habitats, such as forests, forest
edges, meadows, hedges of agricultural areas, urban gardens and parks, whereby this
insect may switch among host plants and environments when ripe fruits are available
(Lee et al. 2015; Asplen et al. 2015; Kenis et al. 2016). This feature, besides other
biological factors, greatly facilitates its dispersion in invaded fruit-growing regions
(Lee et al. 2011a, b, 2012; Cini et al. 2012, 2014; Kenis et al. 2016).

4.3.1 Asia

A total of 58 host plant species, belonging to 11 families, were recorded in Asia
(Table 4.1). This complete list includes crop and non-crop fruit species from south-
eastern Asia, including China, Japan, South Korea (the region where SWD is native),
and Turkey. Four species were cited only at the generic level, such as Prunus sp.,
Rubus sp., Morus sp., and Vaccinium sp. About 16% of the host plant species are
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cultivated, while the majority are non-crop fruits, upon which SWD multiplies.
Most of the SWD host plant species belongs to the Rosaceae (53.4%), in which 55%
and 26% belong to Prunus L. and Rubus L., respectively. All of the host plant spe-
cies cited for Asia had naturally SWD-infested fruits (Table 4.1). Additionally, two
of them, Prunus donarium Siebold (Mitsui et al. 2006) and P. avium L. (Kasuya
etal. 2013), were infested under lab conditions as well. The SWD has mainly caused
economic damage in cherry (Prunus tomentosa Thunb. and P. avium), blueberry
(Vaccinium spp.), wax-myrtle (Myrica rubra Sieb. Et Zucc.), and autumn olive
(E. umbellate Thunberg) crops (Asplen et al. 2015).

4.3.2 Europe

From the first report of D. suzukii in Europe during 2008 in both Spain (Calabria
etal. 2012) and Italy (Cini et al. 2012), the SWD widely spread in 6 years across the
continent (Asplen et al. 2015). Severe damage in several small fruit crops, such as
sweet cherry (Prunus avium), sour cherry (Prunus cerasus L.), strawberry (Fragaria
x ananassa Duch.), raspberry (Rubus idaeus L.), blackberry (Rubus fruticosus
aggr.), and blueberry (Vaccinium spp.), was mainly recorded at numerous European
locations (Cini et al. 2012; Weydert and Mandrin 2013; Asplen et al. 2015; Weydert
et al. 2016; Mazzi et al. 2017). SWD infestations have also been reported in culti-
vated peach (Prunus persica (L.) Stokes), apricot (Prunus armeniaca L.), plum
(Prunus domestica L.), apple (Malus domestica (L.) Borkh.), and fig (Ficus carica
L.), although without economically significant damage (Grassi et al. 2011; Weydert
and Mandrin 2013; Asplen et al. 2015; Kenis et al. 2016). Similarly, infestations in
grape (Vitis vinefera L.) varieties were recorded in both Italy (Grassi et al. 2011;
Cini et al. 2012; Kenis et al. 2016) and Germany (Asplen et al. 2015). Although
grape cultivars with soft-skinned berries are more susceptible for egg laying
(Mazzetto et al. 2020), successful SWD adult development is limited (Asplen et al.
2015). Late-ripening grape varieties were mainly infested by SWD in Italy, proba-
bly because of an increase in the number of flies and/or the reduction of alternative
hosts (Mazzetto et al. 2020). In fact, surrounding wild vegetation suitable for SWD
oviposition increased the capture of flies inside vineyards as well as in other crops
(Poyet et al. 2015; Kenis et al. 2016; Mazzetto et al. 2020).

In Europe, 126 species of crop and non-crops fruits belonging to 27 families
were recorded as SWD hosts (Table 4.2). From a total of SWD host species cited in
Table 4.2, 91 were found producing natural infestations, while the remaining 35
were infested only under lab conditions. However, in 13 of these lab-infested fruit
species, D. suzukii laid eggs, but there was no adult emergence (Table 4.2). The
highest percentage of host species (41%) belongs to the Rosaceae family, with
Prunus as the genus with more host species (24%), followed by Cotoneaster Medik.
(14%) and Rubus (12%). Caprifoliaceae, Ericaceae, Solanaceae, Adoxaceae, and
Cornaceae also have numerous SWD host species (Table 4.2). Several non-crop
host plants such as Rubus spp., Sambucus spp., Prunus spp., Lonicera spp., Arbutus



45

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

(panunuoo)

(9°q “e8107) ' 10 POIID (STOT) T8 12 9] —| S9A df| S°A - ds sniop
(0107) '8 12 INSUIA “(S661) OIBS Pue Djeses —| SeA dl| S°A - ZpI0Y] $124quioq SnLop
(S107) TR 10997 - SoA dr|  sex - (s108quioq =) 10110 S1DLISND SNLO
(ST0T) TR 1R 29T - sox dr|  sox - 1 pqp snLop QRIRIOIA
(9°q ‘®8107) Te 10 po1n
‘(0102) 'Te 30 MSHA “(S661) OJeS pue peses RS drf| SA -
(ST0T) T8 10 ua[dsy —| SeA ND - S9A “ds wimiu12ovp
(£107) ‘T8 10 eAnsey - SOX dr SOx - WS WNIOfIIPAO WNIUIIIDA
(£107) T8 10 eAnsey - sox dr| sex - Ke10) "y 17puls wniu1dImp
UOTAOWIXEBIAL
(S100) 1812 9977 (010T) ‘Te 10 MSHA —| S9A df| S9A - (‘byA) x11y10UpY DLGYINVD QBIOBILIg
(ST0Z) ‘T8 10 uadsy - sox RO - sox Srequnyy, 21pjjaquin snusvav)y
(STOT) T8 19 297 (S66T) OIBS pue IeseS - sox dr| Sex - SroqunyJ, niojfiynus snusvap)y | deadeudedeq
(STOT) Te 12 99T ((010T) ‘Te 12 SN —| S df| S9A - Sraqunyy, 1ypy soiddsorq Qeadeuaqy
(S102) T8 12 29T “(0107) ‘T 32 MSHA - sox dr| Ssex - ‘brjAl X0 10810ng ] PSnOY sNULO)
(ST07) T8 12997 (0T0T) T 19 MSUN - sox dr|  sex - urerq X0 ‘[SWOY DSLIA0LU0D SNULOD)
(STOT) T 12 99T ((010T) T8 12 SN —| SA dlf| S°X - Sxaquny, voredpl vgnony
(ST02) 'Te 12 297 (0107) ‘T 32 MSHN - sox dr| sex - (-0on7 19 “qo1g) wnijofiuviv)d wnSuvyy QBIOBUIOD)
(9 ‘q “e8107) ‘Te 12 poin - sox ND | Sox - ‘[IeAM S1sU2Ipdou pLIDILOY QBAORLIBLIO))
(9‘q ‘e8107) 'Te 12 poIln - sox ND | Sox - 1op1oy (xdny) ryovvw vaaduoy | seaderjojude))
(ST0T) T8 12997 *(010T) ‘T8 12 MSIA - SeA df|  S°A - Sroquny [, wpInjIp WNUNGIA
(0°q *e8107) T8 19 poIID - SeA ND| S°A - 9OUBH HSWUDIIM SNONGUIDS
(6107) 'Te 3° TuIdI01D - sox ND | Sox - J[[opuR)) X2 YDI[[RAN DIDUPD SHONGUIDS JBAOBXOPY
90In0S§ ‘qe T 1N LAnunod | doxo| doi) soroads jue[q Aqrurej jue[q
UOIOQ[[0d | -UON
2d£y uoneysoyuy i snje)s
juerd jsog

RISY UI pApI0daI 11yn2ns vjiydosoi(y Jo saroads isoy doxv-uou pue do1) T°p d[qeL



D. S. Kirschbaum et al.

46

(S107) T8 19997 N dr,  sex - " qappyvuus snunig
(S107) Te 10997 ). dr|  sex - Srequny, voruodpl snunag
(9007) "T& 10 MSHA S - dr| SA -
(ST0T) T2 10 2977 “(E107) 'T& 10 eAnsey N dr| S - PIOQQIS wnLivuop Snund
(S107) Te 1099 - sx dr| sex - ] SNSDADD SNUNL
(9‘q “e8107) "[¢ 12 poIID - sox ND | Sk — uo( 'p Xg ‘WeH-NDNg SaP10SD.L20 SNUnLJ
(ST10T) T8 10 9977 *(S661) O1BS PuE Deses - sk dr|  sex - [onbiN puvLI28IoNqg SNUNLY
(S107) T2 10 uodsy i NO|  —| A
(S10T) 'Te 32 997 (S661) OIS pue Deses i S df] SA] -
(£107) ‘T8 10 eAnsey Y - dr|  sex -
(0107) eINWIY pue MSIA N dr - sk T WNIAD Snundg
(ST07) T 12 997 —| SeA dl|  S9X - ] DIDIUIULID SNUNAJ
(09 ‘®8107) T8 10 poit) —| SeA ND| SeA - o[A0y syun vidodutid
(S100) 'Te 10 291 )\ dlf | SoA - Q[N ppwund snppp
(9107) ‘Te 30 aueeq - SOX I —|  sox (yprog) vousauop snp
(6107) T& 10 TUISI0ID) - SeA ND| S - jopae)) sisuaurdnous v
(8100) 194 *(9107) ‘Te 10 UeyIQ - Sk AL - sk Yo pSSDUDUD X DLIDEDL]
Koppury
(S100) 'Te 10 2971 = sox dr| sk - (3133810quny 1) voruodpl pLijoqorig
(€107) Te 10 vAnsey| - SOX dr SOA — | ('zp103] X2 P[0qRIS) DANYPSLWDL SNSDD) QBAIBSOY
(ST0T) ‘T8 12 997 “(S661) 0IES pue 1yeses - SOX dr SOX - T DUPILIZWD DIIV]OIYJ | JBAIBIIR[OIAYJ
(0°q “e8107) T& 10 poIn - %A NO| SA -
(ST0T) 'Te 10 uadsy - sx dr = sox *00NZ 1 "qRIS DUqILL DILISHY QBOOROUATA
90In0S§ ‘qe T 1N LAnunod | doxo| doi) soroads jue[q Aqrurej jue[q
Uuond[[0d | -UON
2d£y uoneysoyuy - snjels
juerd jsog

(Ponupuod) Ip AqBL



47

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

Aoyang, = Y.L ‘(ea103] YIN0S) vaI10Y Jo o1[qnday] = Y ‘ueder = 41 ‘eury) = ND :$9po) Anuno) OSIe

(S10T) 'Te 10 uadsy —| S9A A - S9A 1 nadfiura syIp QBAIRIIA
(ST0T) T8 19997 (0102 ‘T8 1 MSIA - sox dr| sox — | 1uLedONZ 2 PloqeIs (“) viafionu vlaLiof, ELERCH ]
(0107) eInWTY] pue MSHIA - sox dr|  sex - TULIROONY 29 P[OQRIS spo1uodpl xv.i1§ JraORORIAIS
(9‘q “e8107) 'Te 12 PoIID) - Ssox ND | SoA - T WnAS1 Wnupjog
(S100) 1810997 - sk dr|  sex - ] uno1s.12dos] wnupjog 9B2ORUR[OS
(9107) Te 10 Sueeq - sk i DN noYdS snijofiuum sngny
(9107) Te 10 dueeq —| SeA A - S9A
(9°q 8107 Te 19 poIn —| SeA NO | S°A - “ds sngny
(S107) ‘T8 12997 (S661) OIeS puk Ieses - SOA dr SOX - (snpkydiiy =) -1 snyjofiaand sngnyy
(610T) 'Te 12 IUISIOLD) - sx NO| soX - QUYL SnaAU snqny
(S100) T8 12 9977 (010T) Te 10 MSHA - sk dr|  sek - 71 sy doustu snqny
(6107) 'Te 10 TIsiorn N NO| Sk - SUIOM S1S010f Snqmy
(0°q “e8107) 'Te 30 poID - sx NO| sex - ‘wig snoudijja sngny
(ST0T) T8 1R 99T (0102) ‘T8 32 MSUN - SR ERS - agung snijofiSavind snqny
(ST0T) ‘T2 30997 “(S661) OIeS pue Iyeses - s dr|  sex - eINWNSIRIN S1SU20paL SHunLg
(S107) T8 10 usdsy - SOX Il —|  sox ‘quUNY ], PSOJUIULO] STUNLJ
(0102) T& 10 MSIN —| SA df| S9X - ds snunig
(9‘q ‘e8107) ‘Te 12 poID) - SOX dr SOX - [PUI] DID]NALIS SNUNLJ
(STOQ) 'Te 19 99T - sox dr| sex - IOPYY 1MUISADS SNUNLJ
(S107) TR 1R 99T - sox dr sex - (vaopfiay J =) ASIpur puIdIDS SNUNLJ
(ST0T) T8 19 99T “(S661) O1BS puE Dyeses —| S9A dlf| S°A - yosyeq (") porsuad snuniq
(9°q ‘e8107) ‘Te 19 poIID) - Sox dr|  sex - 1 snpod snunag
(ST0T) T 12 99T “(010T) ‘T8 12 IMSHIN —| SeA dl| S°A - vINWNSIBIA Do1uoddiu snuntd




D. S. Kirschbaum et al.

48

(ST07) T2 101040d | ¢Sk - dd SIA - 1 X12Y viopaH SLERI L
(P107) ‘T8 10 OyjorRg | SOX - HO 2 [
(S10Q) '[e 19 10K0d | S9K - A SOK - “ wngpmovUL Wy
(9107) 'Te 10 Sty - SOX "IN SOX - TN wWno1vg1 winay, QBIORIY
(STOT) T8 1919404 | ¢Sk - e SOX. - 1 winijofinby xajp Jedoerojinby
(9100) 'Te 10 stuay| - Sk IN SR - ‘[swoy winjjlydopndy. wnuingip
(S100) Te1219K0d | 489K - KB SO -
(¥100) T 10 oyjoreg | SK - HO 13 ¢ 1 smndo wnunqip
(P107) e 10 Oyjoreg | SOX - HD 8 &
(9107) T8 19 stuay] —| SOk LI SOX - ] DUDIUD] WINUINGIA
(ST0Q) 'Te 10 uordsy —| sox N ‘Ad IV SO | Sox “dds snonquing
(100 'Te 10 Oyjoreq | S - HD 8 13
(9100) 'Te 10 STUaY - Sk HD “IN ‘LI S9N - 1 DSOWODL SNINQUIDG
(S10T) 'Te1010k0d | sek - a4 LN -
(9100) 'Te 10 STy —| SeA HD “IN SOA -
(9107) eI QUIV | SOA | SIA sd SOK -
(9100) 'Te 10 STuay] “(110T) T8 19 ISSe1) - Sk LI SIA - T D4S1U SNONQUIDS
(S10T) 'Te1010K0d | sak - A SIA -
(9107) 'Te 10 sty = SoA LI SOX - 1 Snnga SNoNquIng QBIORXOPY
(9102) 'Te 32 stuay] —| seX LI - SOX “YOuR[] SISUUIYD DIPIUIDY
byl xo youelg
(ST0T) ‘T8 10 uSdsy - SR IV - sox ("o0nyZ 29 PIOqaIS) VNSV PIPIUILIY QBAORIPIUNOY
Q0IoS | "qeT| 1eN Lnunod | dox-uoN | doi) saroads juelq Aqrurej jue[q
odKy UondIOd-)nL] | smyeys jueyd JsoHg
uone)sayuy

adoing ur popiooar nynzns vjydosos Jo sa133ds 1soy doxd-uou pue do1) 7'p qeL



49

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

(STOT) T8 1919404 | ¢S°A - NE SOk 1Py mmouayd x sodiporioyduids
(ST07) Te1030K0d | soX - ad SoX
(9107) "Te 12 stuay] —| Sk IN SOX (' 1) snqv sodavorioydus
(¥107) Te 10 oyjoreq | SOx - HO 8
(S107) Te1030K0d | sox - 4 SOX
(9102) 'Te 30 stuay] = Sk LI SOX ] WnaisojAx pL221UOoT
(9107) T8 19 Sy - SeA IN &
(1T0Q) T8 10 Isse1) - SeA LI SOA SH p4201u07]
($102) '[e 10 oyjoreq | SOX - HD L 1 wnuawik]or4ad v122107
(ST0T) Te1010K0d | sox - e SOX
(9102) "[e 30 SIUdY | S9X - IN SOX UOS[IA "H "d PpUIU DA221U0T
(9107) T8 10 Sy - SeA LI SIX ] DASIU DAIIIUOT
(9102) 'Te 30 sty - SX IN SOX Youel NpupuUIpL2f DL2IIUOT
(9107) 'Te 30 stuay —| SA N SO T winijofiadpd iad1moT
(9107) e 19 sy = S LI SOX ] DAJNIIDI DA2IIUOT
(P107) ‘T8 10 Oyjoreg | SOX - HO 8
(9107) 'T& 19 s1uay —| S LI SOX 1 puasidip viaduoy
(9107) TeR OUIY | S9X - SH SOX (‘boer) vonato viuofsg | sedoerjojude)
(9107) T8 19 Sty —| SeA LI SOX SH pruoyvpy
(S107) ‘Te 10 10k0g | sox - NE| SOA [[9¥oLIg PIpawi X DIUOYDIY
(ST07) ‘210 10K0g | Sax - qd SOA
(9107) 'Te 10 SIUaY | SoK - IN SOX. NN (ysing) wnijofinbp viuoyvpy | edRPLIAQIIY
(ST0?) 210 10K0d | ¢SOk - ud SOX " SMID2NOD SNOSMY
(S107) Te101240d | (SoA - el SOA 1 sypurdiffo sndvapdsy Jeooederedsy



https://es.wikipedia.org/wiki/John_Brickell
https://es.wikipedia.org/wiki/Caprifoliaceae

D. S. Kirschbaum et al.

(9102) 'Te 30 sty = S9X IN SOA - ] Pap1-S1IA WNIUIDIDA
(S107) Te 1010404 | SOk - A A A ] Wnsou1S N wniu1IIvA
(9102) 'Te 30 stuay] —| SoX IN SOX - ‘quie| supgsanid wnauidInA
(9107) "2 32 Stuay —| sox N SOK | saX “[nbrN 1umypjo winiuiopp
(9107) 'Te 19 sty
(9100) - Sk HD SOA | S9A
‘Te 30 sy (110T ‘6007) ‘T8I ISSeID) | SOX | SO 1I SO | SOR " Snpp1AKu wniudImA
(9102) 'Te 3o stuay] = SX IN SOA SOX XUOIA S2p10]1134K1 WnIu1dImA
(T102) "Te 30 Isse1D - Sk LI - sax T wnsoqui102 W12\
(9107) 'Te 10 stuay] - SR IN SOX - N 2 A S1SUCIISIN X DLIdYIINDL)
(S107) Te101240d | (SoA - A SR - " saquindo.d vLiaynpo
(9102) "Te 30 Stuay - SA 11 SR -
(T100) Te 10 ouIy “(Z107) T8 10 Bleqen - Sk Sd S9N - ] opaun sninq.ly JrooROLIg
(S107) ‘Te1010h0d | ok - a4 S9A -
(#100) Te 10 oyjoreq (910T) Te 19 STUAY | SoX |  SIK HD S9N | SeA " saprouwvyt avydoddipy
(8102) 'Te 10 [oueq - sox N SOX - (puqAy) 128u19q2 X snusvavyy Jeoorudeae[g
(9107) 'Te 10 S1uay - SA HD ‘LI SOA — 1 SIUNWUOD SNUDJ, QBAIBAIOISOI(]
(ST07) 'Te1919h0d | Sox - A4 SOX - ] P2I1AIS SNULO))
(S10T) 'Te1010K0d | Sok - A4 SOX -
(¥100) Te 10 oyjoreg | SO - HD 2 [
(9107) "Te 10 stuay| —| Sox “IN ‘LI SOX - ] P2UINSUDS SNULO))
(P107) 'Te 10 Oyjoreg | SOX - HD A 1A
(9107) 'Te 10 sty - sx HO "IN ‘LI SOK - 1 Spwt snio)
(9107) "Te 10 stuay] —| seA IN SoX - QOURH DSNOY SNUIO))
(9100) 'Te 10 sy —| SR “IN S9N - 1 DY SNULOY) JBAORUIO))
20In0S | "qeT | 1N Lnunoo | dor-uoN | doi) saroads juelq A[muuey jue[q
adKy UONIMIOd-1NL] | snyeys jued 3s0H
uone)sayuy

50

(Ponunuod) 'p AqeL,



51

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

(ponunuod)
(ST07) Te 191940 | ¢SOk - A SOA - "YOURL] SN1]Of101]DS 12]SDIU0IO))
(9107) 'Te 30 stuay] = SK IN SOX. - aelod Lapyat 121sD2U0107)
(9107) 'Te 10 stuay] - sx Il SOA - IWS “AAA S1210D] 12ISDIU0IOT)
(ST0T) "B 1210404 | ¢SOK - qd SOA -
(#102) ‘Te 10 oyjoreq | Sk - HD A A "INO9( S1PIUO2LIOY 2ISDIUOJO)
(9107) "Te 32 stuay] - sox 1IN SOX - 'SS10q 11121oUn.Lf 42]SDU0IO)
(ST07) Te1010kod | Sox - RE ¢ ¢ "SS10g SMIDJING 12)SDIU0IO)
(9102) 'Te 30 sty —| SoA LI SOA - NIPAA S1]DAO A21YIUD]IULY
(9107) "Te 10 stuay] = sox 1IN SOX - TS "D NYIUDUID] A21YIUD]IULY BAOBSOY
(ST07) 2101040 | ¢SoX - qd SOX -
(9107) T8 10 Stuy —| SeA “IN SIX - 1 DIRADYIDI SNUUDYY]
(S107) ‘Te1010K0d | sax - qd SOX -
(9100) T8 10 stuay - SA HD SA -
(9100) T8 10 stuay —| SeA “IN SX -
(9107) T8 19 SISy “(6007) & 10 1SseID - Sk 11 SOX - IO snupp pnsun.q “oBAIRUMIRYY
(9107) 'Te 10 sty N IN SOk - ANOH UBA DIU[NISD DIID]OISY J
(¥100) 'Te 10 Oyjoreq | SIX - HO ¢ &
(ST07) ‘Te1010K0d | sax - ud SOk -
(9102) T 19 s1udy - sk HD “IN ‘LI SOX - ] DUDOLIIWD DIID]OIAYJ | dBAOBIIR[OIAYJ
(ST0T) Te1010K0d | sox - R e ¢ 1A SH pIsyony seaoeISeu)
(ST0T) 'Te 1210404 | K - ad SOA - Sq sniopy
(1107) T 10 ISSBID) | SaK - 11 SOX - ] DS SNIOP
(9102) 'Te 32 stuay - SR HOD IO
(9107) '8 19 S “(1107) T8 19 1sse1 —| SeA LI - sX "] POLIDD SNIL] QBIORIOIN
(9107) 'Te 10 stuay| = sk HD ‘11 SOA — 1 v1jofiippnb SLDG | JRIIRIYIUB[IIN
(9100) e sway | - Sk HD “IN SO - 1V (D) winopfiynut unipuossjod 9v0RII']
(S107) ‘B 10 10hog | S9K - Rl SO - "quny, poruodpl pgnony JBAORLLIED)




D. S. Kirschbaum et al.

52

(9100) 'Te 10 STuay] —| SeA "IN SOA - "0d (‘quny) vsojjia vy
(9102) T 12 S1udy = Sk IN SOA - uyos Y D PUDIPL2AND2qG DIUIOYJ
(€10T) ULIPUBIAL PUE 1IpAIA —| sk U —-| sk “UyIog pousauop snpy
(9100) 'Te 10 STUaY —| SX "IN SOA - “priog () piv2onqg SMDY
(9107) 'Te 10 Su0D | K - qd SOX -
(#107) ‘Te 10 ogjoreq | sox - HD 2 1
(S107) 819 19hog | s9x - RE| SOk -
(9100) 'Te 10 suay] - Sk HD “IN ‘LI SOX - 7] 2§24 DIUDEDL]
(€107) UHPUBIAL pue 119pAIM
(9107) 'Te 32 oUIV “(T107) 'Te 10 elreqen —| SX dd - SeA
‘(1T0T) sequuOS pue o)eg | S9X | SOk Sd - SeA
(1102) T 10 1sse1D —| SoX 1I - SOX yon( vSSvUDUD X DIDIDL]
(9107) "Te 19 stuay] —| seA LI SOA - ‘Tpury (‘qunyy,) porodpl pijoqorig
(S107) ‘81 19h0g | s9x - Rl i &
(9107) Te 10 SOy | SOK - HD “IN ‘LI S9A - Y00 (1IpUY) pIIpUl PIUSIYINC
(S107) T8 1919K0d | 439K - Rl o -
(9107) T8 19 suay] - SOA IN SOA - ‘boer vudSouow snsavip.i)
(9107) e 19 stuay] - SOX IN SOA - QUSY Pdapo0sLiyd SnSavin.a)
(S107) Te101K0d | Sox - A {, PA TIOXH L242]DM X A2ISDIUOJO))
0InN0S | ‘qe] | 1BN LAnunod | doxd-uoN | doi) saroads jueq K[wuey jue[d
adKy UonNIA[OdNI] | smyeys jueld ISoH
uorne)soJu[

(ponunuod) 'p AqeL


https://en.wikipedia.org/wiki/Moritz_Balthasar_Borkhausen

53

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

(panunuoo)
(S10T) 'Te10104k0d | sok - a4 SO
(9107) Te 39 Sty - sox 1I SOX - ] DOIUDIISN] SNUNLJ
(9100) 'Te 10 STuay] —| SeA HD “IN ‘LI SO -
(1102) ‘B9 ISSRID) | SOX - LI SOX - ] SNSDAID0IND] SNUNA]
(ST0?) "Te 10 UR[dsy —| SeA NH - SeA
(9102) ‘TB 10 S1uay] — | Sox HD - sox ] DOUSIULOP SNUNLJ
(ST0?) "Te 10 UR[dsy - Sk q4d - SA
(9102) ‘& 10 s1uay] - sox LI SOA SOA 1 SNSDA2D SNUNAg
(9107) ‘& 12 Stuay| - sox LI SOA - YIYH D42J1SDL2D STUNLJ
(L10D) 'Te 10 12ZBIN
(9107) "Te 10 11pAoM “(STOT) - Sk HO - SeA
‘[ 32 19A0d ‘(€107) ULIPURIA] PUB JIOPASA, | SOK | SOX A SOL | SOA
(9102) 'Te 19 sty - Sk HD "IN SOA | SeA
(2T102) Te 10 1D “(T107) T8 19 Isse1n - SR LI SIA SOA T wniap snunid
(£107) ULIpURIAl pue 110pAIM BN a4 - SeA
(9107) ‘TR 19 stuay “(1107) ‘Te 10 Isseln) —| sox LI - sox 1 DODIUIULID SNUNLJ
(9100) 'Te 10 STy - Sk "IN SR - ‘[pur] vijofiunid viunoyd




D. S. Kirschbaum et al.

54

(9102) 'Te 3o stuay] - SX IN SOA - IPUTT SLIDINI1OD DSOY
(S107) ‘Te101040g | Sk - ¥ SO - “ysIng wnuiSuns saqry
(ST07) ‘210 10K0g | Sax - qd SOA -
(9107) Te 10 STUOY | SOK - HD "IN - S9A Tl wnagnt saqry
(ST0?) 210 10K0d | ¢SOk - a4 SOA - ] WS SaqIy
(ST0T) T8 1919404 | Sk - R SO - Quoa( Punkuagd snikg
(9100) 'Te 10 stuay] - SA N SOX - SH py1upovILg
(ST0T) T8 1919404 | ¢Sk - AA SOX - WROY N P2ULII0D DYIUDIDILT
(ST0?) "Te 10 UA[dsY - Sk a (e SX -
(§100) '[21919h0d | Sk - A o -
(9107) Te 10 SUAY] | SOK - HO “IN ‘LI SOX - "] vsouids snunig
(9100) 'Te 10 stuay] - Sk IN LN -
(STOT ‘€107) ‘[e1932h0d | SK | SAK A4 SIA - YUY punodas snunid
(§102) "2 19 udydsy - sx NH - s
(€107) utpuely pue 1apAop - sx N - sox SOIS (") pasuad snunig
(ST0Q) '[e 12 1940d | ¢SOk - ud SOk -
(9107) ‘Te 10 SWUAY | SOX - HD “IN SOA - 1 snpod snun.ag
(ST07) ‘Te1010K0g | Sax - dd SOA -
(9100) 'Te 10 stuay] - Sk LI LN -
(9100) Te 10 ouIy - Sk Sd SOK - 1 qappyvut snunig
20In0S | "qeT | 1N Lnunoo | doxo-uoyN | dox) saroads juelq A[muuey jue[q
adKy UONIMIOd-1NL] | snyeys jued 3s0H
uone)sayuy

(Ponunuod) 'p AqeL,



55

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

(panunuoo)
(S107) ‘Te 10 10kod | sox - ¥4 SOA - “ Wnqyp wnosip orooR[BIURS
(ST0T) ‘Te 10 10K0d | SoX - ¥ SO - " win.iopu vigny orooRIqIY
(9107) ' 10 stuay - sk IN SO - “q pLDANIND $NQIOS
(9107) 'Te 10 sty - sox 1I SOX - (") pLw snqLog
(9107) T8 10 Uy —| S SH S9K - N0YOS snijofiugn sngny
(9107) T 19 Sty —| SoA LI SOA - 1 SUDXDS SNQIY
(9107) 'Te 10 sty - SK HD —|  sox TWIXBIA Snspjoduaoyd sngny
(S107) "Te 10 uR[dsy
(#102) 'Te 10 oyjoreg - SeA NH 4d IV - S9A
(9107) ‘T2 10 11pAoM “(STOT) | SAK - H & &
‘[8 1939404 ‘(€107) ULIPUBJA] PUR JIOPAAY | SOK | SOX REl SOR | Sox
(9100) 'Te 10 STUay - SeA HO “IN SOA | SA
(910T ‘T107) Te 10 ouIy - SeA SH —| S
(9100) T8 10 SWUAY “(110T) T8 19 1sse1) —| SA LI SO | SoX " snapp1 sngny
(S100) 'Te 12 uopdsy
(9107) 'Te 10 112pAap “(ST0T) - SeA 44 1LV —| SeA
‘[© 1939404 ‘(€107) ULIPURJA] PUR JIOPAAN | SOA | SOA qd SO | Sox
(9102) T8 19 S “(2107) T8 19 1) —| SA HD “IN ‘LI SOA | S9A 133e snsooyn.f sngny
(9102) 'Te 10 Sty —| S°K 7IN ‘LI SOk - 1 Sn1SaDd Snqny
(9107) 'Te 10 stuay —| S°k IN SOA - ‘quny [, PSOSNL DSOY
(9102) 'Te 10 stuay] HER DN IN SOA - 1 vrjofiyjeurduird psoy
(9107) T8 19 Stuay —| S°K IN SX - "1IN0J ponvys psoy
(9107) 'Te 19 stuay —| Sk IN SIA -
(9107) 'Ter0 oury | SOX - el SO - T DUIUDI DSOY




D. S. Kirschbaum et al.

56

Q0UQSIOWN J[Npe OU SeM I9Y) INq $TT0 1yN2Ns (7 PIM NN,
spuepIayloN = "IN ‘A8 = L ‘AreSuny = NH ‘@ouel] = Y ‘uredg = S ‘AupwiIon = g(J ‘PUBMIZIMS = HD BIISNY= [Ve.

($102) 'Te 10 udrdsy
(9100) 'Te 10 stuay] —| sox ada RN
(T107) Te 10 WD) (TT0T) eI ISSBID | SOX | SOk LI - SeA 1 D42fiuia SHIA
(¥100) 'Te 10 oyjoreg
(T107) Te 10 WD) (TT0T) B9 ISSBID | SOX | SOk HD ‘LI S9A - (1) prjofonbuinb snssoudyvg
(GT0T) TR 19 10K0d | «Sx N A SOX — | LA (UIQY] "Y) DLI2SUl SNSS100UdYIID] QBADBIIA
(9107) 'Te 19 stuay| — | sox LI SOX - ] wnadazow auydp(q | deddBIR[QWAY],
(P102) 'Te 10 Oyjoreg | SOX - HO 8 1
(S107) ‘Te1010K0d | sok - Rl SO -
(9107) Te 30 Sty —| sox HD “IN ‘LI SOX - 1 PIPIIDG SNXD] QBAOEBXE],
(T100) Te 10 ouIy “(Z107) T8 10 Bleqen —| SeA NEl S9N - (wnany g =) [N WNsojj1a wnuvjog
(F107) ‘Te 10 oyjoreq | SOk - HD 8 13
(ST07) ‘T2 10 10K0d | sox - a4 BN -
(9100) "8 10 StuaY| - sA HO "IN SO -
(9107) ‘B0 OULY | SOX - et SOA - T WIS WNUn]og
(S107) T 1919K0d |  SOx - A SOA - a[p40131] *f T DAPWDIINP WNUD]OS
(S107) 219 10h0g | s9K - ¥d - -
(9107) 'Te 10 Sty | A HO “IN SOK -
(9102) ‘[B1ROULY |  SQX - Sq SOX - ] DADWDIINP WNUD]OS
(9107) ‘[B@OULY | SOX - Sq SOA - “We ] $ap101podoudyd wnuvjog
(ST0T) Te1010K0d | Sok - ud SOX - 1 18udy2y[v SDSKY
(9102) ‘& 10 Sy - sox LI SOA SOX ] Wnnqang wnidl
(S107) Te1010K0d | Sox - A SOA = 1 puopnjjaq vdoyy JeddRUR[OS
20In0S | "qeT | 1N Lnunoo | doxo-uoyN | dox) saroads juelq A[muuey jue[q
adKy uondI[od-NnL] | smyeys juerd JsoH
uone)sayuy

(Ponunuod) 'p AqeL,



4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae) 57

unedo L., and Frangula alnus Mill. (Table 4.2) have been constantly found through-
out Europe with high natural infestation rates, and SWD switch between these hosts
depending on the fruit seasonality (Arné et al. 2012, 2016; Asplen et al. 2015; Poyet
et al. 2015). Those host plants could be potential resources for SWD population
increase in Europe (Asplen et al. 2015; Arné et al. 2016; Kenis et al. 2016). Green
fruits of the wild host Rubus ulmifolius Schott collected at an altitude of 1273 m in
Spain were highly infested (Arné et al. 2016), which shows that SWD can be found
within a broad range of altitude.

4.3.3 North America

SWD was first recorded on berry crops in California (USA) in 2008 and from that
year it was dispersed through the soft and stone fruits-producing regions of main-
land United States and Canada (Table 4.3) (Asplen et al. 2015). The most important
economically affected crops in these countries include blueberries, raspberries,
blackberries, strawberries, and cherries (Lee et al. 201 1a, b; Bellamy et al. 2013). In
2011, SWD was detected in traps in Mexico (Garcia-Cancino et al. 2015), but then
it was found infesting Psidium guajava L. (Myrtaceae) crops (Lasa et al. 2017). A
total of 85 crop and non-crop fruit species belonging to 21 families were recorded
as SWD hosts in North America (Canada, United States, and Mexico) (Table 4.3).
Four host plant species were only recorded at the generic level, e.g., Sambucus sp.,
Lonicera sp., Morus sp., and Rubus sp. The 93% of recorded SWD host plant spe-
cies was naturally infested, while six fruit species were infested only under lab
conditions. Most SWD host species are non-crop fruits, while 23% are cultivated
species. The main SWD host plant family is Rosaceae, which includes 27% of the
total fruit species recorded as hosts. Both Prunus and Rubus species represented
39% and 31%, respectively, of all Rosaceae species. Other important plant families
with numerous SWD host species are Caprifoliaceae, Cornaceae, Adoxaceae, and
Ericaceae (Table 4.3).

4.3.4 South America

SWD was first recorded in Brazil in 2013 (Deprd et al. 2014), and then in other
South American countries, such as Uruguay (Gonzales et al. 2015), Argentina
(Santadino et al. 2015), and Chile (Morales 2020). In 7 years, 31 crop and non-crop
fruit species belonging to 10 families were recorded as SWD hosts in South America
(Table 4.4). Two host plant species were only recorded at the generic level, such as
Butia sp. and Rubus sp. All host fruit species recorded in Table 4.4 were naturally
infested by SWD. Most SWD host species (58%) are crop fruits of economic impor-
tance. Damage caused by SWD in Rubus idaeus L., R. fruticosus, R. ulmifolius
Schott, Vaccinium corymbosum L., V. myrtillus L., and Fragaria x ananassa has
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been reported for Argentina, Brazil, Chile, and Uruguay (Table 4.4). All of these
fruit species are primary SWD hosts (Deprd et al. 2014; Andreazza et al. 2016a;
Lauyé 2017; Funes et al. 2018a, b; Bezerra Da Silva et al. 2019; SAG Servicio
Agricola y Ganadero 2019; Wollmann et al. 2016, 2019; Morales 2020).

Other cultivated plant species, such as Malus domestica L., Prunus persica L.,
Prunus cerasus L., Pyrus communis L., Citrus sinensis (L.) Osbeck, Carica papaya
L., Psidium guajava L., Ficus carica L., and Vitis vinifera L. can be used by SWD
as secondary hosts or reservoirs (Nunes et al. 2014; Oliveira et al. 2015; Geisler
et al. 2015; Andreazza et al. 2015, 2016¢, 2017; Borba et al. 2016; Lauyé 2017;
Junior et al. 2018; Morales 2020). However, at least for some apple (Oliveira et al.
2015) and peach (Andreazza et al. 2017) cultivars, SWD females showed low ovi-
position frequencies, without economic damage in the fruit. Interestingly, V. vinif-
era varietal susceptibility studies carried out under lab conditions in Brazil showed
that only some cultivars were vulnerable to SWD attack (Andreazza et al. 2016a).
In field studies, the SWD has showed preference for different species within the
genus Rubus, being R. idaeus much more attractive to SWD than R. fruticosus
(Funes et al. 2018a). Furthermore, preference for determined R. fruticosus varieties
has been detected for other frugivorous dipeterans (Funes et al. 2017), which could
also be the case for the SWD.

Rosaceae is the plant family with the most SWD host species (45.2%) followed
by Myrtaceae (23%) and Ericaceae (10%) (Table 4.4). Wild myrtaceous species
(Table 4.4) are particularly alternative SWD hosts in South America (Miiller and
Nava 2014; Geisler et al. 2015; Alexandre 2016; Andreazza et al. 2015, 2016c¢;
Lauyé 2017; SAG Servicio Agricola y Ganadero 2019; Morales 2020). SWD pupae
were usually recovered from healthy fruit, but there were some exceptions, e.g.
SWD pupae were also found from damaged, over-ripen, or decayed Vaccinium
ashei Reade fruit (Gonzales et al. 2015) or P. guajava fruit (Escobar et al. 2018),
and from Carica papaya rotting fruit on the ground (Junior et al. 2018).

4.3.5 Africa and Oceania

SWD’s potential for further invasions to Africa and Oceania is predicted, due to the
environmental suitability of these areas for this species (Dos Santos et al. 2017). In
Africa, SWD has been found on berry crops since 2013 in Morocco (North Africa)
and on Reunion Island (EPPO European and Mediterranean Plant Protection
Organization 2019). Only three crop fruit species were recorded as hosts of the
SWD in this continent (Table 4.5). In Oceania, SWD was introduced into Hawaii in
the 1980s (Kaneshiro 1983), and recorded in traps in the French Polynesia since
2017 (EPPO European and Mediterranean Plant Protection Organization 2019).
Only two crop and two non-crop fruit species were cited as SWD hosts in Hawaii
(Table 4.5).



67

4 The Biology and Ecology of Drosophila suzukii (Diptera: Drosophilidae)

eMEH = TH-S() ‘PUBIS] UOTUNY = IY-Y] ‘090010 = Vs

(0202) '8 10 Y20y - SA IH-SN —| S°A 1 Snavpl snqny|
(0202) T8 12 Yooy —| sox TH-SN | SoX - | KelD) S1SUIIDMDY SNGNY | dLAILSOY
aulqes
(0202) ‘T8 12 Yooy —| sox TH-SN - sox WNUDI2JIIP WNIp1Sd | ALAIRUAIN
(0200) T8 10
ooy {(L107) ‘Te 12 sojues so( {(91(g) UonezIueSI() Uord)oid jue[d
UBQURLIAIPIIA pue ueadoiny [BUONBUIdIU] dOUIISOIY [BINM[NILISY
10y anua) Oddd 19V (S10T) 'Te 19 moweL] ([(7) uoneziuesio
uo199)014 Jue[d ueduelIIpIA pue ueadomnyg Oddd {110 JosneHq (prug)
£(8007) 'Te 12 Bo2RUSRIA (2007) ‘T8 12 ApRID O {(£861) OIIysauey| - Sox IH-SN | SoA —| w2l wnuIdOA | LRI
VINVAIO
(6102)
uoneziuesIiQ uorddjold Jue[d UeaueLIpaJA pue ueddoing Oddd — | sox | TY-¥4 VI - Sk ] Snavp1 snqny
(910¢) uonezuesio
uo0199)01 JUB[d UBURLIAIPIA pue ueadoinyg ‘[euoneuraiuy
Q0uRIOsOIY [BIM[NILIY 0] anud) Oddd 19V (610T ‘8102 yong
uoneziuesIiQ Uonod)old Jue[d UeaueLIpIA pue ueddoinyg Oddd —| sox -4q - SR DSSDUDUD X DLIDSDA] | 9BI0BSOY
(6100)
uoneziuesIiQ uoodjold Jue[d UeaueLIpaJy pue ueddoinyg O0ddd —| sox -4q — | SOR | T smpuadw wimiuioon) | QBAJROLIF
VOIdAV
20In0S ‘qe T 1BN LAroye) | doxo | doi) soroads juelq Aqrurey
10 9JB)S | -UON ueld
‘ANuUnod
odAy uoneisoquy | UONOI[0O snje)s
miy | juerd jsog

BIUBOD() PUB BOLIJY UL PApI0dal nynzns vjiydoso.(q Jo saroads 1soy doro-uou pue do1) ¢ IqeL,


https://www.google.com/search?rlz=1C1CHBD_esAR783AR783&q=Ericaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MMopN17EyulalJmcmJyamAoAAd0rGRgAAAA&sa=X&ved=2ahUKEwip--2x1-joAhVaGrkGHdI8AaUQmxMoATAaegQIERAD
https://www.google.com/search?rlz=1C1CHBD_esAR783AR783&q=Rosaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MEvJzVjEyhGUX5yYnJqYCgC4UxFAFwAAAA&sa=X&ved=2ahUKEwjI-Kf25eboAhWoHrkGHcUcBOUQmxMoATAUegQIERAD

68 D. S. Kirschbaum et al.
4.4 Seasonal Biology and Population Dynamics

In temperate climate regions, such as Asia, Europe, and North America, adult SWD
populations markedly decrease from winter onward (Kinjo et al. 2014; Wang et al.
2016a, b, c; Grassi et al. 2018). In Europe, SWD adult populations frequently reach
peaks in spring and autumn, to decline again in the early winter (Weydert and
Mandrin 2013; Asplen et al. 2015; Mazzetto et al. 2015; Zerulla et al. 2015; Arné
et al. 2016; Rossi-Stacconi et al. 2016; Zengin and Karaca 2019). This population
dynamic is too similar to that reported in California, USA (Harris et al. 2014;
Wiman et al. 2014; Wang et al. 2016a, b, ¢c) where SWD populations increase in
early spring, decrease during the hottest months of the year but increase again in
autumn. Thus, cherries are usually the first commercial fruits available to SWD in
Europe (Grassi et al. 2011; Cini et al. 2012; Poyet et al. 2015; Kenis et al. 2016;
Mazzi et al. 2017). Damages to cherry crops during spring can be mainly explained
by two SWD’s biological abilities. Firstly, SWD adults can adapt to seasonal cli-
mate changes and survive harsh conditions through physiological and morphologi-
cal adaptations (Shearer et al. 2016). These winter adaptations involve: (1) a
reproductive diapause in which females have undeveloped ovaries and males pro-
duce very few sperm (Zerulla et al. 2015; Rossi-Stacconi et al. 2016; Shearer et al.
2016; Grassi et al. 2018), and (2) a phenotypic plasticity that allows a specific sea-
sonal morphological change, which produces differences between a winter morpho-
type fly and a summer morphotype fly. The former has higher cold tolerance
(10-15°C), darker pigmentation, and a larger body and longer wings than the latter
(Asplen et al. 2015; Shearer et al. 2016; Fraimout et al. 2018; Stockton et al. 2018).
Seasonal morphologies of SWD adults are unalterable, whereas reproductive dor-
mancy is not; females can develop mature eggs when weather conditions are favor-
able (Rossi-Stacconi et al. 2016; Wallingford et al. 2016). Therefore, winter
morphotype females that mated in autumn and overwintered may have mature eggs
in early spring to infest the earliest ripening cherries and any other suitable non-crop
fruits occurring at the same time (Panel et al. 2018), which facilitate the develop-
ment of the summer morphotype SWD first generation, increasing pest population
in late spring (Panel et al. 2018). Secondly, winter SWD survivors can use several
early spring fruiting non-crop host plants for food and reproduction (Kenis et al.
2016; Grassi et al. 2018). Cases in point as Viscum album L. in Germany (Briem
etal. 2016), Hedera helix L. in Italy (Grassi et al. 2018), and Aucuba japonica Thnb.
in The Netherlands (Panel et al. 2018) are believed to be the earliest SWD reproduc-
tive hosts in early spring. Even though fitness of SWD adults emerging from these
non-crop host species is poor, they could potentially attack the first available com-
mercial crops (Grassi et al. 2018; Panel et al. 2018).

In subtropical climate regions like southern Brazil, a fruit-growing area invaded
by SWD quite recently, SWD pattern of occurrence and population peaks were
similar to those observed in berry-producing areas of the USA in late spring and
mid-autumn (Wollmann et al. 2019). Probably, the growth of SWD population in
autumn was determined by the occurrence of cooler conditions than in summer,
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with temperatures within a similar range than that of the fly’s native region (Depra
et al. 2014). The gradual temperature increase in spring favored not only SWD
activity but also triggered the onset of the fruiting season for both, commercial berry
crops and non-crop fruits, such as strawberry guava (Psidium cattleianum Sabine)
and Surinam cherry (Eugenia uniflora L) in southern Brazil (Wollmann et al. 2019).
Although some SWD population peaks occurred during the spring-summer period,
a significant decrease in the pest activity was detected at temperatures near 30°C,
which are considered limitant for SWD oviposition (Wiman et al. 2014). In south-
ern Brazil, SWD can survive at low population levels in alternative hosts such as
loquat (Eriobotrya japonica Thunb.) even in winter, with thermal variations between
9 and 10.7°C (Wollmann et al. 2019). Alike in North America and Europe, SWD
winter morphotypes were found in subtropical regions of South America, such as
southern Brazil, demonstrating that seasonal phenotypic plasticity allows SWD to
remain in the same habitat year after year. Similar SWD seasonal activity was found
in blueberry crops in northwestern Argentina, another subtropical, South American
fruit-growing region. High population peaks were detected in late spring, but the
permanence of SWD in blueberry orchards was verified throughout the year, regard-
less of the presence of blueberry fruit in the area (Funes et al. 2018a). During the
fruitless period, from early summer to mid-winter, there were low levels of SWD
adult catches in traps (Funes et al. 2018b), which would indicate that SWD females
use alternative host fruits, such as P. guajava, in wild vegetation areas between mid-
summer and late-autumn (Escobar et al. 2018). SWD winter morphotypes were
caught in peach crops in fruit-producing areas of the central-eastern region of
Argentina as well (Gonsebatt et al. 2017).

4.5 Thermal Susceptibility

Seasonal temperature variations affect SWD population abundance (Wiman et al.
2014; Zengin and Karaca 2019), as well as daily temperature variations influence
SWD adult dispersal between different habitats (Tait et al. 2020). In addition, tem-
perature substantially influences SWD developmental, survival, and reproduction
periods (Tochen et al. 2014). High temperatures would be responsible for SWD
population summer decline in several temperate and subtropical regions (Arné et al.
2016; Wollmann et al. 2019). SWD’s activities are null or reduced when tempera-
tures are out of the 10°-31°C range (Kimura 2004; Kinjo et al. 2014; Tochen et al.
2014; Zerulla et al. 2015; Rossi-Stacconi et al. 2016; Grassi et al. 2018). Although
SWD adult detection is often difficult in Europe’s and North America’s winter, win-
ter trapping has caught wild SWD individuals despite temperatures below 0°C
(Hamby et al. 2016; Rossi-Stacconi et al. 2016; Thistlewood et al. 2018). This is a
clear evidence of SWD’s ability to overwinter locally (Rossi-Stacconi et al. 2016;
Grassi et al. 2018; Stockton et al. 2018). Thus, these SWD winter morphotype adap-
tive features allow adult insects to absorb and retain heat throughout the winter
(Kimura 1988; Tonina et al. 2016). Furthermore, in contrast with summer



70 D. S. Kirschbaum et al.

morphotypes, winter morphotypes may reduce water loss, improve immune func-
tion, and extend their longevity at cold temperatures (Stephens et al. 2015; Shearer
et al. 2016; Toxopeus et al. 2016; Wallingford et al. 2016) through physiological
changes that prevent ice crystals formation within the hemocoel, and fly death (Lee
1991; Shearer et al. 2016; Toxopeus et al. 2016).

Several studies on SWD thermal tolerance have used static and/or dynamic accli-
mation protocols in order to learn more about this biological capacity, taking into
account closer approximations to natural temperature changes (Kimura 2004;
Dalton et al. 2011; Kellermann et al. 2012; Jakobs et al. 2015; Stephens et al. 2015;
Shearer et al. 2016; Wallingford et al. 2016; Stockton et al. 2018). In the static accli-
mation procedure, SWD individuals are kept at a single constant cool temperature
for the duration of the acclimation period prior to testing, while a dynamic acclima-
tion process involves gradually subjecting the insect to cold hardening temperatures
(Stockton et al. 2018). Static acclimation procedure induces cold tolerance in SWD
adults, which survived to temperatures below 0°C for up to 1 h and reached a lower
lethal limit at —7.5°C (Jakobs et al. 2015). However, dynamic acclimation signifi-
cantly improved SWD winter morphotype adults’ survival since the survival rate
was 50% after 72 h at —7.5°C (Stockton et al. 2018). Therefore, both acclimation
and a suitable overwintering site may allow the survival of small founder popula-
tions of SWD winter morphotypes in the spring (Wallingford et al. 2016). Some
models of D. suzukii potential distribution relate temperature with pest spread
(Dos Santos et al. 2017). According to these models, annual mean temperature,
maximum temperature of the warmest month (values >33°C), mean temperature of
the coldest quarter (values <—10°C), and annual precipitation are the environmental
variables with more influence on SWD distribution. Consequently, SWD potential
geographical distribution range includes world subtropical regions with high rain-
fall throughout the year or during part of it.

There are no records on SWD overwintering as larva or pupa. Both immature
stages have lesser cold tolerance compared to adults, and show little survival at
temperatures below 5°C (Dalton et al. 2011; Stephens et al. 2015; Aly et al. 2017,
Enriquez and Colinet 2017). Pupal survival drops noticeably below 0°C regardless
of the dynamic acclimation procedure (Stockton et al. 2018).

Temperature is crucial for SWD development and establishment. According to
studies carried out by Schlesener et al. (2020) in Brazil, for egg-to-adult survival,
the lowest thermal threshold was 7.8 °C and optimum temperature was 23-25
°C. No SWD emergence occurred at 30-33 °C. The shortest egg-to-adult develop-
ment time (10 days) was observed at 25-28 °C. The intrinsic rate of population
increase was the highest at 23-25 °C. SWD body size is strongly affected by tem-
perature, with 13°C and 28 °C causing the largest and the smallest body sizes,
respectively. The annual number of generations ranged from 17.1 to 27.2 in cold
and warm regions, respectively.
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4.6 Reproduction

A high reproductive potential is one of the strongest reasons for the rapid worldwide
spread of the polyphagous SWD. Courtship in drosophilids might involve aerial
vibrations, visual displays, substrate-borne vibrations, and sex pheromones (Hamby
et al. 2016). SWD sexual behavior is characterized by distinct facts of male court-
ship leading to female acceptance for mating. Furthermore, it has been reported that
time of day and male age modulate D. suzukii mating activity (Revadi et al. 2015).
The SWD displays characteristic courtship behavior, but to what extent the different
sensory modalities are involved remains unclear. The importance of substrate-borne
vibrations produced during male courtship has been demonstrated (Mazzoni et al.
2013), but the role of pheromonal and visual components in courtship remains
unknown. Unlike most other drosophilids (e.g., Drosophila melanogaster Meigen),
D. suzukii does not produce the male pheromone cis-vaccenyl acetate (Dekker et al.
2015). In this direction, female pheromones such as cuticular hydrocarbons (CHCs)
were also studied in SWD since female sexual maturity is accompanied by a quan-
titative increase in these olfactory signals (Revadi et al. 2015). Despite of having
been shown that CHCs were not needed to induce male courtship in D. suzukii, it
turned out that these pheromones significantly increased male sexual behavior and
that interfering in their naturally occurring ratios disrupts mate recognition (Revadi
et al. 2015; Snellings et al. 2018).

Sex ratios are among the most basic of demographic parameters and provide an
indication of both the relative survival of females and males and the future breeding
potential of a population (Skalski et al. 2005). The production of males and females
in a 1:1 ratio is usually the most prevalent evolutionary steady strategy, governed by
frequency-dependent natural selection owing to competition for mates among indi-
viduals of the same sex (Sapir et al. 2008). SWD sex ratio is subjected to variations,
depending on several factors. In SWD, sex ratio fluctuations throughout the year
seem to be very conservative regardless the plant environment within the same
region, but not between regions. In Italy (Gargani et al. 2015), in a trapping net
implemented from January to December, sex ratio fluctuation patterns over time
were almost the same in a vineyard than in a botanical garden, in Siena. However,
in another location (Gosseto), the sex ratio fluctuation curve was different to that of
Sienna, in three orchards surveyed (vineyard, apricot, and blueberry). Nevertheless,
sex ratio fluctuation patterns were very similar among the three fruit crops. Besides,
the sex ratios (expressed as percentage of females) varied between 0 and 50 in
Siena, and from O to 100 in Grosseto. The highest sex ratios (biased to females)
occurred at different seasons, depending on the location (winter in Siena, autumn in
Grosseto). The lowest sex ratios (biased to males) were registered in spring. There
was not SWD catches in none of the two locations in summer.

SWD sex ratio (% of females) decreased in parallel with host’s fruit production
(berries, and stone and pome fruits) from January to March, in semiarid high-
elevation valleys with temperate summers and cold winters, in northwestern
Argentina (CF Funes pers. comm.). As food supply slowed down, SWD sex ratios
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went from female-biased (January, plenty of fruit) to male-biased (March, scarce
fruits). SWD sex ratio may vary between undamaged fruit collected from the plant
and undamaged fruit lifted from the ground below the tree, as reported by Lasa et al.
(2017), who worked in guava (P. guajava) in Mexico. In both cases, sex ratios were
female-biased, varying within a range of 58—68%. Drummond et al. (2019) reported
that across a 7-year survey, the relative abundances of sexes were slightly male-
biased. Sex ratio (% of males) declined linearly between 2012 and 2018. The sex
ratio of newly emerging adults remained more or less constant, with a mean of 0.98
males per female (Emiljanowicz et al. 2014).

No effect of egg density was observed on the sex ratio of SWD adults that
emerged from attached pupae. Conversely, in detached pupae, sex ratio decreased
linearly as egg density increased (Bezerra da Silva et al. 2019). A female-biased sex
ratio for D. suzukii cultures probably results from the greater sensitivity of males to
dietary ethanol. Without dietary alcohol, the sex ratio for D. suzukii stabilized near
that of D. melanogaster, ~1:1 (Sampson et al. 2016).

4.7 Interspecific and Intergeneric Interactions with Other
Frugivorous Dipterans

Selective pressure might have facilitated the evolution of Drosophila morphological
traits such as a serrated ovipositor in D. suzukii. For instance, interspecific and intra-
specific competitors could induce changes in SWD behavior of either female adult
oviposition or larvae. The presence of competitors around fallen fruits on the ground
probably suppressed D. suzukii oviposition on the fallen fruits and facilitated ovipo-
sition on non-fermenting substrates in nature, driving D. suzukii to use ripening
fruits on the tree instead (Kidera and Takahashi 2020). Two species co-habiting
similar niches would compete to either coexist or exclude the other. Interestingly,
D. suzukii and D. melanogaster may have separate ecological niches, but D. mela-
nogaster was observed ovipositing in fruit injuries caused by D. suzukii oviposition
(Vilaire et al. 2011).

The presence of D. melanogaster in a substrate significantly reduced SWD emer-
gence and egg laying; conversely, more SWD eggs were laid in blank media, not
pre-inoculated with D. melanogaster (Shaw et al. 2018). Chemical cues or signs of
previous oviposition by heterospecifics, such as D. melanogaster, can deter
D. suzukii female from ovipositing in the same fruit (Shaw et al. 2018; Kidera and
Takahashi 2020). This may be due to repellent olfactory cues such as trace amounts
of the male D. melanogaster sex pheromone, cis-vaccenyl acetate, transferred to
fruit during oviposition. In direct interspecific competition situations, D. melano-
gaster larvae have greater survival than D. suzukii larvae (Gao et al. 2018). This is
due in part to higher tolerance to ethanol produced through decay and fermentation
of fruit damaged by larval feeding and that higher levels of ethanol are produced in
fruit containing D. melanogaster larvae than fruit containing D. suzukii larvae
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(Sampson et al. 2016; Gao et al. 2018). Although SWD females prefer to oviposit in
ripe fruit, they are able to shift ecological niches and use ripening fruit to avoid
competitive pressures and reduce potential ethanol exposure to their larvae (Little
et al. 2020).

Zaprionus indianus flies would not be capable of laying eggs in healthy fruit
because they lack a serrated ovipositor, but they might take advantage of other
dipeterans oviposition punctures for placing their own eggs (Lasa et al. 2017,
Shrader et al. 2020). Guavas attached to the tree infested with Z. indianus were also
infested with D. suzukii, Anastrepha spp., or both. Therefore, the infestation was
possible because of previous injuries caused by the other two frugivorous dipterans
(Lasa et al. 2017). Competition from Z. indianus limited D. suzukii numbers in
interspecific laboratory studies (Shrader et al. 2020). When reared with grapes,
Z. indianus also affected D. suzukii mortality, and increased developmental times to
pupation and adult emergence, compared with the intraspecific SWD controls.
Pupal volume was scarcely reduced, and it occurred only with the highest interspe-
cific larval densities (Shrader et al. 2020). In laboratory trials with strawberry ripe
fruits, there was a significant and positive interaction between damage caused by
D. suzukii and infestation by Z. indianus (Bernardi et al. 2017).

4.8 Natural Enemies—Drosophila suzukii Relationships

Reviews on SWD natural enemies were published by Asplen et al. (2015), Haye
etal. (2016), Garcia et al. (2017), and Lee et al. (2019), involving several parasitoid,
predator, and entomopathogenic species. Parasitoids represent the most numerous
and most studied group of SWD’s natural enemies. In total, 30 parasitoid species
associated with SWD were recorded throughout the world, either through field col-
lections or through laboratory host specificity tests (Table 4.6). Nine of them are
pupa parasitoids and 21 are larva parasitoids. The 40% of the parasitoid species
recorded are Asian-native species, the SWD’s origin region. The 75% of Asian para-
sitoid species belong to the genus Asobara Foerster (Braconidae, Alysiinae), such
as Asobara brevicauda van Achterberg & Guerrieri, A. elongata van Achterberg &
Guerrieri, A. mesocauda van Achterberg & Guerrieri, A. triangulata van Achterberg
& Guerrieri, A. unicolorata van Achterberg & Guerrieri, A. leveri (Nixon), A. japon-
ica Belokobylskij (Guerrieri et al. 2016), A. pleuralis (Ashmead) (Girod et al. 2018a),
and A. tabida (Nees) (Mitsui et al. 2007), while 35% are eucoilines (Figitidae:
Eucoilinae), such as Ganaspis xanthopoda (Ashmead) (Kasuyaet al. 2013), Ganaspis
brasiliensis (Ihering), and Leptopilina japonica Novkovic & Kimura (Daane et al.
2016; Girod et al. 2018a; Giorgini et al. 2019). However, the association between
G. xanthopoda and D. suzukii is doubtful because G. xanthopoda individuals from
Japan, reported by Mitsui et al. (2007) and Kasuya et al. (2013), have been assigned
to G. brasiliensis by Bufington and Forshage (2016) and Nomano et al. (2017). In
turn, G. xanthopoda individuals tested under lab conditions by Kacsoh and
Schlenke (2012) would appear to be G. brasiliensis (Nomano et al. 2017).
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Interestingly, G. brasiliensis would involve four lineages with different geographic
distribution and host ranges (Nomano et al. 2017). These morphologically identical
lineages could be a complex of cryptic species (Giorgini et al. 2019).

Among the other parasitoid species, 33.4% are native to America, 10% to Europe,
and one of them (3.3%), Asobara citri Fisher, to Africa (Kacsoh and Schlenke
2012). The remaining 13.3% are present worldwide, such as Pachycrepoideus vin-
demmiae Rondani (Pteromalidae), Trichopria drosophilae Perkins (Diapriidae)
(Rossi-Stacconi et al. 2013; Wang et al. 2016a, b, c¢; Daane et al. 2016), Leptopilina
boulardi Barbotin, Carton & Kelner-Pillault, and L. clavipes (Hartig) (Figitidae:
Eucoilinae) (Wollmann et al. 2016; Lue et al. 2017). Of the 10 American parasitoid
species associated with SWD, six (60%) are undescribed species of eucoilines and
diaprines (Table 4.6). The remaining four species are represented by one drosophi-
lid larval parasitoid, Ganaspis hookeri Crawford (Lue et al. 2017), and by three
generalist parasitoids that attack cycloraphic dipterous pupae, such as the pteroma-
lines Muscidifurax raptorellus Kogan & Legner (Bonneau et al. 2019) and Spalangia
simplex Perkins (Garcia-Cancino et al. 2015) and the diaprine Trichopria anas-
trephae Lima (Kriiger et al. 2019). Of the three European parasitoid species, one is
drosophilid larval parasitoid, Leptopilina heterotoma (Thomson) (Figitidae) (Rossi-
Stacconi et al. 2015), and two are generalist pupal parasitoids, Spalangia eryth-
romera Forster and Vrestovia fidenas (Walker) (Pteromalidae) (Knoll et al. 2017).

Although more larval parasitoids than pupal parasitoids have been associated
with the SWD, few species can successfully overcome the defense response of the
SWD larva. Parasitoid eggs or larvae are usually encapsulated (Kacsoh and Schlenke
2012; Poyet et al. 2013). Therefore, Asian-native larval parasitoid species have
mainly shown high capacity of developing successfully in SWD. Among them,
L. japonica, G. brasiliensis, and A. japonica are the most significant parasitoid spe-
cies, due to their high natural parasitism rate and greater specificity to SWD (Daane
et al. 2016; Girod et al. 2018a; Matsuura et al. 2018; Giorgini et al. 2019). Thus,
these three Asian parasitoid species were imported for evaluation as classical bio-
logical control agents in North America and/or Europe (Daane et al. 2016; Girod
et al. 2018b, c; Wang et al. 2018a, 2019a, b; Giorgini et al. 2019).

Among the generalist parasitoid species, pupal parasitoids P. vindemmiae,
M. raptorellus, V. fidenas, T. drosophilae, and T. anastrephae have been mainly
evaluated under laboratory conditions, for both their ability to successfully parasit-
ize SWD and their efficiency in reducing the target population (Wang et al. 2016a,
b, 2018b; Bonneau et al. 2019; Kriiger et al. 2019; Schlesener et al. 2019; Wolf et al.
2019; Yi et al. 2020). Since all of them can attack other dipterous species, their field
effectiveness is doubtful. Nevertheless, 7. drosophilae has a potential as SWD’s
biological control agent (Mazzetto et al. 2016; Kacar et al. 2017; Rossi-Stacconi
etal. 2017; Pfab et al. 2018; Wang et al. 2018b; Yi et al. 2020). This potentiality was
verified through 7. drosophilae releases in berry fields at Colima and Jalisco,
Mexico, where this strategy reduced 50-55% SWD wild populations (Gonzalez-
Cabrera et al. 2019). Mass releases of 1. drosophilae have been recently accom-
plished in northern Italy (Bioplanet 2020).
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Arthropod predators such as ants, spiders, earwigs, and rove beetles have been
found attacking SWD larvae and/or pupae inside field-infested fruit (Woltz and Lee
2017). Similarly, several generalist hemipteran species such as Dicyphus tamaninii
Wagner (Hemiptera: Miridae), Orius laevigatus (Fieber), Cardiastethus nazarenus
Reuter, and C. fasciventris Garbiglietti (Hemiptera: Anthocoridae) have also been
observed predating on SWD eggs, larvae, and/or pupae, inside fallen fruit in berry
growing areas of Northern Spain (Arné et al. 2012; Gabarra et al. 2015). In addition,
Labidura riparia Pallas (Dermaptera: Labiduridae) has been recorded as a common
and effective SWD larvae and pupae predator, in Spain (Gabarra et al. 2015).
Furthermore, several commercially available predator species have been tested
under lab conditions for potential use as SWD’s biological control agents. The eval-
uated predator species were Orius insidiosus Say (Hemiptera: Anthocoridae),
Dalotia coriaria Kraatz (Coleoptera: Staphylinidae), Podisus maculiventris Say
(Hemiptera: Pentatomidae), Dicyphus hesperus Knight (Hemiptera: Miridae), and
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae) (Cuthbertson et al. 2014a;
Renkema et al. 2015; Woltz et al. 2015; Renkema and Cuthbertson 2018; Bonneau
et al. 2019).

Similarly, several commercial entomopathogenic agents, such as nematodes
[Heterorhabditis  bacteriophora Poinar  (Rhabditida: ~ Heterorhabditidae),
Steinernema carpocapsae (Weiser), S. feltiae (Filipjev) and S. kraussei (Steiner)
Travassos (Rhabditida: Steinernematidae)], and fungi [Metarhizium brunneum (=
M. anisopliae) (Metchnikoff) Sorokin, Isaria fumosorosea (= Paecilomyces fumos-
oroseus) (Wize) Brown & Smith, Lecanicillium (= Verticillium) lecanii (Zimm.),
and Beauveria bassiana (Balsamo-Crivelli) Vuillemin (Ascomycota; Hypocreales)],
have been tested against SWD under lab conditions (Cuthbertson et al. 2014b;
Woltz et al. 2015; Cossentine et al. 2016; Cuthbertson and Audsley 2016; Renkema
and Cuthbertson 2018; Yousef et al. 2018; Lee et al. 2019). Bacteria and viruses
have been also reported from laboratory trials or natural infestation (Lee et al.
2019). Commercial Bacillus thuringiensis var. kurstakii or B. thuringiensis var.
israeliensis were tested against SWD in lab trials (Biganski et al. 2018; Cahenzli
et al. 2018). More details on the use of SWD’s natural enemies as a biological con-
trol strategy can be seen in Chap. 8 of this book.

4.9 Concluding Remarks

In brief, egg-laying preference for ripening and ripe healthy small, soft and stone
fruits attached to the plant makes SWD a severe and harmful pest for fruit-producing
regions of Asia, Europe, and America. Most of the worldwide host fruit species
preferred by SWD belong to Rosaceae, a plant family involving several economi-
cally important cultivated fruits, such as caneberries, cherries, strawberries, and
stone and pome fruits, and a large list of non-crop species. Besides, both non-crop
and crop Vaccinium L. plants (Ericaceae) have been recorded as recurrent SWD
hosts in all continents. In addition to wild species of Rosaceae and Ericaceae


https://doi.org/10.1007/978-3-030-62692-1_8

80 D. S. Kirschbaum et al.

families, several Adoxaceae (Sambucus spp.), Caprifoliaceae (Loricera spp.), and
Rhamnaceae (Rhamnus cathartica L. and Frangula spp.) are crucial host plants for
SWD population growth and seasonal dynamics in Europe and the USA. In Mexico
and South America, Myrtaceae are fruit species highly susceptible to SWD, playing
the important role of facilitating SWD multiplication in wild habitats adjacent to
host crop fields.

The high degree of polyphagy shown by SWD either in their native region or in
the invaded continents, added to the seasonal phenotypic plasticity that allows adap-
tations to adverse thermal periods, greatly favors SWD establishment and disper-
sion in the invaded regions. In turn, complex landscape structures such as forests
with alternative non-cultivated host plants, shrub vegetation and flowering field
margins, and the distance of these structures to host crops in the different invaded
areas, facilitate SWD daily spread between different habitats, which can also deter-
mine infestation levels.

In both temperate and subtropical climate regions, the SWD seasonal dynamic is
essentially related to temperatures more suitable for its movement between habitats,
development, survival, and reproduction. The warmest, as well as the coldest,
months of the year reduce, with more or less intensity, SWD populations in summer
and winter, respectively. Therefore, SWD populations mostly generate two popula-
tion peaks, in late spring and mid-autumn. However, as SWD can overwinter locally,
adults can be captured throughout the year in the invaded areas.

A better understanding of the relationships between SWD and the components of
newly invaded landscapes, in terms of reproductive behavior and interspecific and
intergeneric interactions, especially with other frugivorous dipterans, and biological
controllers would be very important to achieve. This will allow designing effica-
cious, efficient, and environmental friendly pest management strategies, maximiz-
ing the benefits provided by ecosystem services.

A diverse suite of local predators and parasitoids associated with SWD are found
in wild vegetation areas surrounding fruit crop fields in the different invaded regions.
These natural enemies should be conserved in their natural habitats. Furthermore, it
should be noted that the recently found specialist Asian parasitoids could be signifi-
cant SWD’s biocontrol agents. In addition, several entomopathogens have been
laboratory tested, but their suppressive effects on SWD wild populations remains
unknown and should be assessed.
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