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MITTEILUNGEN DER SCHWEIZERISCHEN ENTOMOLOGISCHEN GESELLSCHAFT
BULLETIN DE LA SOCIETE ENTOMOLOGIQUIE SUISSE
71, 395 - 405, 1998

Further studies on Nearctic Chymomyza amoena (LOEW) (Diptera:
Drosophilidae) in Switzerland

HENRETTA TRENT BAND!, R. NEAL BAND!, AND G. BACHLI?

' Department of Zoology, Michigan State University, East Lansing, MI 48824, USA
? Zoological Museum, University of Ziirich-Irchel, Winterthurerstrasse 190, CH-8057 Ziirich, Switzer-
land

Nearctic Chymomyza amoena can now be found among the nondomestic forest drosophilids in Switz-
erland. Hypotheses concerning its entry into this drosophilid community are evaluated. Since discov-
ery in the Maggia Valley, Canton Ticino in 1990 and 1991 that C. amoena could be reared from para-
sitized acorns, chestnuts and wild cherries collected in the forests, from domestic apples collected in
several locations, and captured over bait in forest places where fruits and nuts had been collected, it
has continued to expand its range there. In July 1997 C. amoena was reared from damaged hazelnuts
and wild apples as well as domestic apples collected on the Valley floor. [t was also reared from wild
cherries collected in the mountains above Cevio and was present among drosophilids captured over
bait on the lower slopes. It was reared from parasitized acorns collected in the Bolle di Magadino,
also in July 1997. In all substrates except domestic apples, it was the only drosophilid present. Peni-
cillium spp. (a yellow strain) was present in 5 acorns analyzed, Candida in only one. Ecologically,
C. amoena continues to be a [ruit-and-nut breeder as in the United States. Nearctic €. amoena has
been among the mostly nondomestic drosophilids captured by baiting in Honggerberg and Dictikon,
Canton Ziirich, since 1989 and 1990 respectively, yet remains rare. Where it is breeding in these two
arcas remains unknown. The greater variety of nuts and fruits available in the Maggia Valley may
account for its stronger presence there.

Keywords: Chymomyza amoena, Switzerland, forest drosophilids, breeding sites, open ecological
niche, wild apples, wild cherries, acorns, chestnuts, hazelnuts, Penicillium.

INTRODUCTION

Nearctic Chymomyza amoena (LOEW), an introduced species in Europe, has
spread widely since its first capture in the former Czechoslovakia in 1975 (MAca
& BAcHLL, 1994). In Switzerland it seems to have entered the forest drosophilid
community. Since its discovery in 3 places in Canton Ticino in 1988, it has become
well established among forest drosophilids in the Maggia Valley. Eighty-nine C.
amoena were reared from parasitized chestnuts Castanea sativa, acorns Quercius
robur, and wild cherries Prunus avium collected in the forests in 1990 and 1991,
140 were reared from domestic apples Malus domesticus. In September 1991, 117
C. amoena were netted over bait among 7677 mostly non-domestic drosophilids in
these same forest places where substrates yielding C. amoena had been collected
(BurLA & BAcHLI, 1992).

In the Bolle di Magadino, a protected forest preserve above Gordola on Lake
Maggiore, 597 C. amoena were netted over bait among 4261 mostly non-domestic
(lrosophilids in late June, 1995 (BAcHLI, unpublished). This is the largest number
of C. amoena coming to bait in a single area, far surpassing numbers collected by
baiting in the United States (see BAND, 1996). Most drosophilids were in the obscura
or mycophagous groups. Only 27 Drosophila (26 D. immigrans; | D. melanogaster)
were cosmopolitan.
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[n Canton Ziirich Chymomyza amoena continues to be present in low num-
bers among drosophilids captured in two forest places, Honggerberg and Dietikon.
One hundred seventy-seven C. amoena have been captured at 3 sites in a wooded
arca at Honggerberg since 1989 among 78541 non-domestic drosophilids; 14 C.
amoena have been captured at Dietikon also in a wooded area among 37639 non-
domestic drosophilids since 1990.

[ts success in Europe and entry into the forests in Switzerland has given rise
to sometimes conflicting, sometimes complimentary hypotheses. Originally a for-
est species in North America, C. amoena has long been recognized as a nut breeder
(STURTEVANT, 1921; WINSTON, 1956; DORSEY et al., 1962; WILLIAMS, 1989; BAND,
1991, 1996). It has also been captured in forests from New York to Minnesota (LEVI-
TAN, 1954; SpiETH, 1957; DORSEY & CARSON, 1958). Its attraction to fruits and abil-
ity to breed and overwinter in fruits and nuts in the urban and suburban environ-
ment enabled it to become a domestic species (BAND, 1988a~d, 1995a, 1996; BAND
& BAND, 1984, 1987). It is thought to have entered Europe on imported fruits.

However, the European Continent has become difficult to invade and Euro-
pean forests largely closed to the introduction of new species (D1 CASTRI, 1989,
1990), especially insects (NIEMALA & MATTSON, 1996). Chymomyza amoena retains
an attraction to newly damaged trees and cut wood, characteristic of the genus
(BAND, 1996; BACHLI & BURLA, 1985; BURLA, 1995); BURLA & BACHLI (1992) sug-
gested that it might also retain an arboreal mating habit. MAcA & BAcHLI (1994)
argued its success on the European Continent might be due either to finding an open
ecological niche or to superior competitive ability. BURLA & BAcCHLI (1992) found
that chestnuts and acorns gathered in the Maggia Valley yielded many other types
of insects, indicating that opportunities for C. amoena breeding were limited, as ear-
lier observed by WINSTON (1956). Hazelnuts Corylus avellana were not investi-
gated. Also, BURLA & BAcCHLI (1992) sampled only ripe apples from the Maggia
Valley. They sampled wild apples in September 1990, but C. amoena was not pre-
sent.

BAND (1988a, 1988b) reported the capture of pairs in the urban environment
on fallen smiall unripe apples; the pairs produced fertile eggs in the laboratory, con-
sistent with the ability of a species to reproduce in the domestic environment. She
also reported that C. amoena had a lengthy developmental time. BAND (1996) sug-
gested a possible factor aiding the spread of C. amoena in Europe was its ability to
capture the parasitized unripe/ripe fruit breeding niche which it inhabited in the
United States largely unnoticed. BurLa & BAcHLI (1992) had shown that aggre-
gated oviposition existed in parasitized chestnuts and acorns, and in apples. BAND
(1996) also suggested two additional factors aided C. amoena’s establishment in
Europe: its ecological versatility already evident from breeding results in the Mag-
gia Valley (BURLA & BACHLI, 1991, 1992), and its coldhardiness. Emergence of 14
C. amoena from chestnuts and acorns collected in March 1991 in the Maggia Val-
ley (BurLA & BAcHLL, 1992) is consistent with its overwintering in a preadult stage
(BAND & BAND, 1984, 1987).

To compare the status of C. amoena populations in the Ziirich area and in
Ticino after nearly a decade, an investigation was conducted in July 1997. Unripe
fallen domestic apples were collected in the Ziirich area, where available. In the
Maggia Valley, chestnuts, acorns, hazelnuts, domestic and wild apples and wild
cherries were gathered from the Valley floor. Drosophilids were also netted over the
domestic apples. To determine if C. amoena could be found along the slopes above
the Maggia Valley, floor wild cherries were collected at the Valle di Bosco above
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Cevio and netted over bait from Cevio to Cerentino. Acorns were gathered in the
Bolle di Magadino.

Chymomyza amoena has entered the temperate woodland drosophilid com-
munity in Switzerland, and is continuing to expand its range and the substrates in
which it can breed in Canton Ticino despite a slower rate of development compared
to cosmopolitans D. immigrans, D. simulans, and ecologically versatile D. subob-
scura. There is at present no evidence that it breeds in parasitized unripe fruits as
in the United States. Where it is breeding in the Dietikon and Honggerberg areas
remains unknown.

MATERIALS AND METHODS

Canton Ziirich

Over 125 fallen domestic apples, Malus domestica (DOSSLER & HEITMANN,
1994), were collected at several sites in Ziirich (11.7.97), at Honggerberg (7.7.97),
at Gockhausen (8.7.97), in a meadow at Geeren (8.7.97), and near the road at Kyburg
(10.7.97). None showed evidence of having been parasitized by codling moth Cydia
pomonella although a few had been punctured by apple weevils, Rhynchites sp.
(KotTE, 1958).

Canton Ticino

[n the Maggia Valley, substrates yielding C. amoena in July 1997 were col-
lected in or near forests or the Maggia River. They include:

Ripening fallen, damaged domestic apples, Malus domestica, along a trail near
Lodano (15.7.97). The apples were already beginning to attract Drosophila. Thirty-
one apples were collected. Eleven of the apples had 18 C. amoena eggs; some of
these also had Drosophila eggs. None of the 31 apples, upon dissection, had cod-
ling moth tunnels or pest larvae in them. Twenty-seven were retained for transport
back to Ziirich.

The oak/chestnut (Quercus robur/Castanea sativa) forest north of Lodano
where acorns yielding C. amoena were collected in 1991 also contains hazelnut
trees, Corylus avellana. Six hazelnuts on the forest floor were gathered (15.7.97).
Acorns and chestnuts at this site were mostly shells. Many contained ants or ant
colonies, indicating that they had progressed to stage IV of the acorn decay process
and contain insects from the forest floor (WINSTON, 1956). Ten semi-intact acorns
were found not to contain any C. amoena larvae.

Wild apples Malus sylvestris (DOSSLER & HEITMANN, 1994) on the ground and
pulled from the tree were gathered at Someo at a site across the suspension bridge
over the Maggia River (15.7.97) '

At Biett, chestnuts Castanea sativa collected in the chestnut forest adjoining
the settlement were mostly shells and also contained ants or ant colonies; 45 were
still intact and had an exit hole from a weevil larva. Upon dissection, they were
found to be relatively dry. In 1997, precipitation at Maggia had been the lowest in
Fchrum'y (2,7 mm) and March (0,7 mm) of any two consecutive months of the
1990s; a similar situation existed at Cevio. At Maggia, 1148 mm rain fell during
the first two weeks of July; only 89,5 mm at Cevio. No C. amoena eggs or larvae
were in the 45 parasitized acorns.

Wild (sweet) cherries, Prunus avium, were collected in the Valle di Bosco

above Cevio (14.7.97).
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Drosophilids were netted over the fallen apples at Lodano (14-16.7.97) Bait
was also placed at intervals along the road from Cevio to Cerentino, and flies net-
ted both morning and evening for two days (15,16.7.97)

At the Bolle di Magadino, acorns having a weevil larval exit hole (i.e. para-
sitized acorns) were gathered (17.7.97). Of the 63 acorns collected, 9 contained a
total of 7 C. amoena larvae, 3 eggs, | pupa and 5 empty pupal cases. Chymomyza
preadult stages are distinguishable from Drosophila preadult stages, and one of us
(H. T. BAND) employs the dissection method to determine oviposition on/in para-
sitized or damaged substrates (apples, acorns) (BAND, 1996). Many acorns, with or
without larvae, had a moist, pulpy interior, somewhat granular in appearance.

Twenty-seven of the fallen domestic apples, the wild apples, and hazelnuts
from the Maggia Valley, 20 of the wild cherries from the Valle di Bosco and 9 acorns
from the Bolle di Magadino were transferred to small aluminum containers for
return to Ziirich.

Microbial samples were also plated from 5 parasitized acorns from the Bolle
di Magadino. Culture medium for the isolation of fungi was as follows: malt extract
(Difco), 3% (v/v) with agar, 1,5% (v/v) is the basal medium. The initial enrichment
medium contained 35 mg/l Rose Bengal (Sigma) and 10 ml/l of medium Penicillin
G/Streptomycin sulfate (stock solution: 10000 U/ml Pen; [0mg/ml Strep). Both
Rose Bengal and the antibiotics were added sterile to the medium at the time Petri
dishes were poured. The medium was tested in advance at Michigan State Univer-
sity for its ability to grow both yeast and Penicillium fungi.

RESULTS AND DISCUSSION

Canton Ziirich

Collections in July and August in a wooded area at 3 sites at Honggerberg and
in a wooded area at Dietikon in July or August have provided consistent evidence
of the presence of C. amoena for nearly a decade. Neither site is adjacent to orchards.
Oaks are present at Dietikon and at Honggerberg. There are farms somewhat
removed from the collecting site at Honggerberg, one of which has an old orchard.
Fruits obtained there or gathered elsewhere provide no evidence that C. amoena is
using unripe fallen parasitized apples or other fruits as a breeding resource in
early/mid-July in northern Switzerland. There was no evidence C. amoena females
were attracted to Rhynchites weevil punctures for oviposition and no evidence on
apple dissection that pest larvae were present in the interior of the apple. Weevil lar-
vae lack legs, codling moth larvae have legs; neither were present in the fallen unripe
apples collected.

Striking geographical variation in substrate utilization is known for some Dro-
sophila, England versus Switzerland (SCHATZMANN, 1977; SHORROCKS, 1982;
BURLA et al. 1987, 1991). However, MANI et al. (1997) showed that late August or
September is the time codling moth larvae exit apples in eastern Switzerland. With
only one generation a year for codling moth in northern and eastern Switzerland,
life-cycles for C. amoena and codling moth may be out of phase.

However, to determine that females retained a capacity to oviposit in para-
sitized unripe fallen apples, replicate cultures of a Ziirich C. amoena stock main-
tained at Michigan State University since August 1997 were presented with para-
sitized unripe green fallen apples for oviposition over a 72 hour period. Apples were
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inspected under a dissecting microscope to determine that they did not contain eggs
laid by a local Michigan C. amoena natural population. The first replicate Ziirich
culture was provided with a parasitized green apple 2 ¢cm in diameter over each of
3 consecutive days beginning on 5 July 1998. The second Ziirich replicate culture
was presented with a 2,5 cm diameter parasitized green apple for 72 hours. In the
first replicate females laid a total of 40 eggs on the three apples; in the second repli-
ate females laid a total of 146 eggs on the one apple in the 72-hour period. These
results indicate that Swiss C. amoena females still retain the capacity to utilize par-
asitized unripe fallen apples as a breeding resource although the stock tested had
been maintained in the laboratory on medium for 10 months.

Canton Ticino

Chymomyza amoena was again found to be breeding in multiple substrates,
both fruits and nuts, in mid-July. One of them, damaged hazelnuts, is a new bree-
ding substrate for this species. It is also a first report of a drosophilid, C. amoena,
breeding in wild apples. Both would qualify as open ecological niches (MAca &
BAchLi, 1994). Chymomyza amoena can now be found in the mountains above
Cevio.

Tab. 1. Emergence of drosophilids from fruits collected in Canton Ticino in July, 1997. Abbreviations:
gr = wild apples collected on the ground; tr = wild apples collected on the tree.

Place Altitude  Fruit Drosophila Chymomy:za
immigrans  simulans  subobscura amoend
No. ? 4 ? 4 ? 4 )
Lodano 340 m  domestic apples 27 30 44 7 22 27 26 28
Someo 360 m  wild apples, gr Il 5 4
wild apples, tr 2 5 2
Valle di Bosco 1060 m  wild cherries* 20 1

Total by species T4 18 49 71

“ U weevil Furcipus rectirostris, Kirschkernstecher, also emerged

Fruit breeding, July 1997

As seen in Tab. I, two cosmopolitan Drosophila, D. immigrans and D. simu-
lans, and ecologically versatile D. subobscura were also breeding in ripe damaged
domestic apples in addition to C. amoena. Drosophila immigrans had been collec-
ted in the Maggia Valley (BurLA & BAcHLI, 1992) but was not among Drosophila
emerging from September-gathered apples (BUrRLA & BAcHLL, 1991, 1992). BAND
(1988a, 1988b, 1995b) consistently bred D. immigrans and C. amoena from July-
gathered apples in Virginia from both farm and forest locations. Chymomyza
amoena flies have also been observed on fallen unripe and ripe apples in July in
both Michigan and Virginia (BAnD, 1988a-d). As shown in Tab. 4, more drosophi-
lid species were netted over the apples at Lodano than were breeding in them. As
In 1991 (BUurLA & BACHLIL, 1992) D. subobscura and D. helvetica comprise at least
60 % of the collection.

Chymomyza amoena was the only species to emerge from the wild apples.
This has been the only or the predominant species to breed in native crabapples in
the United States. Emergence from wild apples gathered from the tree is also consis-
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tent with findings in the United States; apples have usually shown evidence of par-
asitism (BAND, 1988a, 1988b, 1988d). It was also the only species emerging from
the wild cherries gathered in the Valle di Bosco, although 281 drosophilids represen-
ting 12 species were netted at the higher elevation. The fact that C. amoena breeds
in wild cherries agrees with past findings (BURLA & BACHLI, 1992).

Tab. 2. Number of Chymomyza amoena emerging from hazelnuts and acorns collected in Canton
Ticino.

Place Altitude Nut No. Q 5] Total
Lodano 340 m hazelnut, | | | 2
hazelnut, 2 3 | 4

hazelnut, 3 6 6 12

hazelnut, 4 6 3 9

hazelnut, 5 2 | 3

Total 6* 18 12 30

Bolle di Magadino 200 m  acorns 9 3 2 5

* One of the hazelnuts collected did not yield flies

Nut breeding

As shown in Tab. 2, a total of 30 C. amoena emerged from 5 of the hazelnuts
gathered in the forest at Lodano. WiLLiams (1989) lists C. amoena breeding in
acorns Quercus sp, butternut hulls Juglans regia, and black walnut hulls J. nigra in
the United States but not hazelnuts. American hazelnuts Corylus americana and
Corylus cornuta are smaller than European hazelnuts Corylus avellana (WYMAN,
1971). Hazelnuts may be a new niche for this species in Europe. Nuts did not appear
parasitized; however, the shells had a cleft permitting entrance to the interior. The
damaged nuts, when opened, still had an intact kernel, but a grainy black humid
substance between the kernel and the shell, possibly corresponding to the decaying
hull. This appeared to be where the larvae were feeding.

Acorns gathered at the Bolle di Magadino had exit holes made by weevil lar-
vae. Only C. amoena appeared to breed in the parasitized acorns. Penicillium (a yel-
low strain) was cultured from 5 of the acorns, the yeast Candida from only one of
the 5. Penicillium in acorns was in agreement with findings in the United States that
C. amoena larvae are not primarily yeast feeders (WINSTON, 1956; BAND & BAND,
1984; BAND, 1995b).

DORSEY et al. (1962) called C. amoena a secondary invader of acorns since
females gain access to the interior for oviposition by means of openings made by
other agents, usually exiting pest larvac. BaND (1988b, 1988d, 1995b) termed C.
amoena’s reliance on a prior pest to invade firm substrates an example of “inter-
species dependency.” KoTTE (1958) lists only two insects as pests of acorns and
chestnuts in Europe, Cydia (Carpocapsa) splendana, a relative of codling moth, and
the weevil Balaninus elephas. He lists one as a pest in hazelnuts, the weevil Bala-
ninus nucum. WINSTON (1956) reported that C. amoena could be found in acorns in
stage Il and especially stage I1I of the decay process. However, other insects inclu-
ding other dipterans also breed the fallen acorns (WINSTON, 1956; BURLA & BACHLI,
1992). DORSEY et al. (1962) only found C. amoena among acorns in 13 collections
of 283 acorn collections in West Virginia.
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Nevertheless, C. amoena was the only nut-breeding drosophilid listed by
WiLLiams (1989) in the United States. BAND (1988a, 1995b, 1996) and BAND &
BAND (1984, 1987) recorded 488 C. amoena larvae taken from or adults emerging
from nuts in Michigan and Virginia (182 larvae, 306 adults). Other Drosophila have
been infrequent (CARSON, 1965; SpieTH, 1987; BAND, 1995b). Chymomyza amoena
has likewise been the predominant drosophilid reared from nuts in the Maggia Val-
ley and the Bolle di Magadino, 113 C. amoena compared to 4 D. kuntzei and 1 D.
subobscura (BURLA & BACHLL, 1991, 1992, and here). Elsewhere | D. subobscura
has been reared from acorns collected at Gockhausen (BurLA & BAcuHLL, 1991)

Tab. 3. Emergence records of drosophilids from fruit and nut substrates collected in Canton Ticino in
July 1997 by day of emergence. Emergence is dated in relation to the day the first Drosophila began
to emerge.

Drosophila Chymomyza
immigrans simulans — subobscura — amoena

Day domestic  domestic  domestic domestic wild apples acorns  cherries
apples apples apples apples  twig ground

|
5 I
10 1
|
6 14 10
7 I 13

9 [3
10 |
I
12
13
14
15
16 |
17
I8
19
20
21
22
23 |
24 I 4
25 3
26 5
27 4 2 |
28 3
29
30 |
31 |
32
33
34 [
35 |

Totals 74 18 49 54 7 9 5 1

———

b —

—_— e

w3 — =

401



HENRETTA TRENT BAND ET AL

while ScHATZMANN (1977) reared 3 D. subobscura, | Scaptomyza pallida, and 1214
D. busckii from English walnut hulls, Juglans regia. Scaptomyza pallida has not
been recorded from nuts in the Maggia Valley although it is present (BURLA &
BAcHLI, 1992, and Tab. 4).

Developmental times compared

As shown in Tab. 3, the developmental time for C. amoena is considerably
longer than for other Drosophila. The one relatively rapid C. amoena emergence
from acorns is consistent with finding a pupa in the acorns. BAND (1988a) also noted
that Drosophila species typically emerge before C. amoena when present, and that
initial emergence dates for C. amoena from wild crabapples Malus coronaria in
May, domestic fruits (plums, apples) in summer and fruits and nuts in autumn in
the United States tended to be similar, requiring at least 3 weeks at room tempera-
ture (22 °C) before adults began to emerge. BURLA (1997) reported that in stock cul-
ture C. caudatula required 30 days to develop from egg to adult; ENomoTo (1981)
stated that C. costata required about 40 days to develop from egg to adult. MAcA
& BAcHLI (1994) suggested that superior competitive ability might have aided C.
amoena’s establishment in Europe. Its lengthy developmental time in comparison
to the typical fruit-breeding Drosophila makes it more likely that differences in sub-
strate utilization have contributed to C. amoena’s success.

Drosophilids above the Valley floor

Drosophilids netted over bait at different elevations between Cevio and Ceren-
tino verify that C. amoena is now above the Valley floor, as demonstrated by its
emergence from wild cherries gathered at the Valle di Bosco. Above the Valley floor

Tab. 4. Drosophilids collected over apples at Lodano, July [4-16, and over bait at various altitudes
above Cevio-Cerentino, July 15-16, 1997.

Species Lodano Cevio-Cerentino

340 m 1080 m 1020m  820m 680m 540m 420 m | Total
D. bifasciata 3 l I 5
D. deflexa 1 |
D. fenestrarum [ |
D. funebris 2 [ 3
D. helvetica 29 2 14 1 233 226 22 527
D. histrio 3 3 15 2 | 24
D. hydei 6 6
D. immigrans 6 3 7 2 14 32
D. kuntzei 21 11 58 399 931 65 1485
D. obscura 4 94 59 33 149 46 28 413
D. phalerata 15 23 27 73 98 24 260
D. simulans | [
D. subobscura 21 100 371 63 535 413 443 1946
D. testacea 8 31 25 30 52 282 29 557
D. tristis 3 | 3 2 9 8 26
C. amoena 3 3 6
S. graminum 2 2
S. pallida 3 10 9 | 23
Totals 88 281 S 231 1558 2014 635 | 53 lﬂ
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only two cosmopolitan Drosophila species, 3 D. funebris and 32 D. immigrans, were
among the 5230 mostly non-domestic drosophilids netted over bait. Again, obscura
group (D. helvetica, D. obscura, D. subobscura) and mycophagous Drosophila
(D. kuntzei, D. testaca) dominate the collection (Tab. 4).

At 1060 m where C. amoena was found in wild cherries, the climate at the
Valle di Bosco may be less moderate that in the Valley floor. Elsewhere, in Swit-
zerland genotypic changes have been found to occur in D. subobscura with altitude
(BURLA et al., 1986). Drosophila kuntzei and D. subobscura, which emerged from
an August 1990 chestnut collection in the Maggia Valley (BurLA & BAcCHLI, 1991,
1992) are the two most frequent species above Cevio.

As native European Drosophila, overwintering at some stage can be expec-
ted. Drosophila typically overwinter as adults, Chymomyza as coldhardy larvae.
Chymomyza amoena emerging from nuts collected in the Maggia Valley in March
1991 (BurLA & BAcHLI, 1992) experienced the coldest winter [average temperature
of 2,8 "C] of the period from 1981 to 1997, according to weather data from Locarno-
Monti. Any Drosophila larvae present would not have been expected to survive sub-
zero temperatures occurring during this cold winter. However, D. kuntzei is among
the mycophagous Drosophila; D. subobscura seems to prefer berries or other fruits
in Switzerland (SCHATZMANN, 1977; SHORROCKS, 1982; BURLA & BAcHLI, 1991,
1993) and to overwinter in compost piles, where internal temperatures may remain
above freezing, or as adults (WALTER, 1990).

A composite picture of C. amoena fruit-and-nut breeding in the Maggia Valley

Whereas 13 C. amoena among 305 other Drosophila emerged from domestic
apples collected in the Maggia Valley in September 1990 (BurLA & BAcHLI, 1991),
it did not emerge from ripe and rotting fruits (apples, pears) collected at Lodano in
October 1997; these yielded 275 Drosophila. In general, in Michigan and Virginia
when fruits become attractive to Drosophila, C. amoena has been observed to move
to less ripe fruits. Given C. amoena’s longer developmental time, and the low fer-
tility of the average female (<50 progeny: BAND, 1988a—c) more rapidly develop-
ing Drosophila which also have a greater reproductive capacity also have greater
success breeding in fermented fruit substrates than C. amoena.

Since the new secason’s nut crop becomes available in autumn, parasitized or
damaged nuts in general may provide more consistently available breeding sites for
C. amoena over a longer duration in the Maggia Valley and possibly elsewhere. The
fact that hazelnuts, chestnuts and acorns are available in the woods near Lodano in
addition to apples in summer may also account for the fact that C. amoena contin-
ues to be present in greater numbers in this region of the Maggia Valley as observed
previously by BurLa & BAcHLI (1992).

Chymomyza amoena and forest habitats

The finding of BUrLA & BAcHLI (1992) that C. amoena has entered the for-
est habitat in the Maggia Valley and is collected among non-domestic drosophilids
there and in Canton Ziirich is not surprising. In the Maggia Valley, the valley floor
s partly wooded and forests cover the lower slopes of the mountains. Chestnut, oak,
hazel are common; wild cherry and wild apple also occur. Forests in the Hongger-
berg and Dietikon areas do not contain as many types of fruit and nut-bearing trees
but oaks are present as are hazelnuts. Consequently, although European forest eco-
Systems now seem resistant to invasion by plants (Dt Castri, 1989, 1990) and
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insects (NIEMALA & MATTSON, 1996), the ability of Chymomza amoena to exploit
parasitized/damaged nuts and wild fruits as breeding resources enabled it to join the
woodland drosophilid array in Switzerland which consists of numerous individuals
in the mycophagous and obscura group of Drosophila. Parasitized or damaged nuts
provide the open ecological niche for C. amoena (MAca & BAcHLI, 1994) since no
European drosophilid has been characterized as a nut breeder.

Perhaps the most striking difference between C. amoena as a forest species in
North America and in Switzerland is the readiness with which it comes to bait in
Canton Ticino. Considering only the Valley floor and collections in Biasca and the
Bolle di Magadino in June 1995, to date 721 C. amoena have been captured among
[4128 drosophilids. Chymomyza amoena accounts for 5.1 % of the total number
captured. LEVITAN (1954) commented that it was more common in spring
(March-May) in New York and New Jersey; none at all came to bait after late
August. SPIETH (1957) captured 8 by baiting over 3 summers at [tasca Park in Min-
nesota, and DORSEY & CARSON (1956) captured 77 by baiting over three summers
and two winters in a densely forested area in West Virginia. BURLA & BAcCHLI (1992)
captured 117 by baiting in September 1991 in the Maggia Valley. Thus, we may ask,
are genetic changes in progress in C. amoena in the Maggia Valley, or does the
increase in numbers reflect an increase in breeding sites available to this species, as
evident from its emergence from domestic and wild apples, wild cherries, hazel-
nuts, chestnuts and acorns?

ACKNOWLEDGMENTS

Henretta Trent BAND gratefully acknowledges the support of the Georges and Antoine Claraz Schen-
kung to G. BAcHLI and H. BURLA on her behalf. R. Neal BAND acknowledges the support of Michi-
gan State University. Bernhard MERz assisted with weevil identification and provided references on
pests of European fruits. We thank H. BUrLA for growing the flies from the substrates collected in
July and for data on flies emerging from apples collected in October. We also thank Fosco SpINEDI for
weather data pertinent to the Maggia Valley: Cantonal Geology and Hydrology Department for 1990s
precipitation data for Maggia, Swiss Meteorological Institute for 1990s precipitation data for Cevio,
temperature data from Locarno-Monti since there are no temperature measurements in the lower Mag-
gia Valley.

REFERENCES

BAcHLI, G. & BURLA, H. 1985, Diptera Drosophilidae. fnsecta Helvetica Fauna 7. Schweiz. Entomol.
Gesellschaft, 116 pp.

BanD, H.T. 1988a. Host shifts of Chymomyza amoena (Diptera: Drosophilidae). Am. Midl. Nat. 120
163-182.

BanD, H.T. 1988b. Chymomyza amoena (Diptera: Drosophilidae) in Virginia. Va. J. Sci. 39: 378-392.

Banp, H.T. 1988c. Behavior and taxonomy of a chymomyzid fly (Chymomyza amoena). Intern. J.
Comp. Psychol. 2: 3-26.

Banp, H.T. 1988d. Chymomyza amoena (Diptera: Drosophilidae): an unusual urban drosophilid. Va.
J. Sci. 39: 242-249.

Banp, H.T. 1991. Acorns as breeding sites for Chymomyza amoena (Lotw) (Diptera: Drosophilidae)
in Virginia and Michigan. Great Lakes Entomol. 24: 45-50.

Banp, H.T. 1995a. Is Chymomyza amoena (Loew) (Diptera: Drosophilidae) a versatile, colonizing
species? Mitt. Schweiz. Ent. Ges. 68: 23-33.

BanD, H.T. 1995b. Frassy substrates as oviposition/breeding sites for drosophilids. Va. J. Sci. 40:
[1-23.

Banp, H.T. 1996. Sympatry and niche shift among temperate zone Chymomyza (Diptera: Drosophili-
dae) and the mate recognition controversy. Evol. Biol. 29: 151-214.

BanD, H.T. & Banp, R.N. 1984. A mild winter delays supercooling point elevation in freeze tolerant
Chymomyza amoena larvae (Diptera: Drosophilidae). Experientia 40: 889-891.

Banp, H.T. & BanD, R.N. 1987. Amino acid and allozyme frequency changes in overwintering Chy-
momyza amoena (Diptera: Drosophilidae) larvae. Experientia 43: 1027-1029,

404



FURTHER STUDIES ON NEARCTIC CHYMOMYZA AMOENA IN SWITZERLAND

Burra, H. 1995, Records of Chymomyza (Drosophilidae, Diptera) species in Switzerland. Mitr.
Schweiz. Ent. Ges. 68: 159-168.

Buria, H. 1997, Natural breeding sites of Chymomyza species (Diptera: Drosophilidae) in Switzer-
land. Part I, Mitt. Schweiz. Ent. Ges. 70: 35-41.

Burra, H. & BAcuLL, G. 1991, Beitrag zur Kenntnis von Substraten, in denen sich Drosophiliden-
Arten entwickeln. Mitt. Schweiz. Ent. Ges, 64: 45-53.

Burra, H. & BAcucl, G. 1992, Chymomyza amoena (Diptera: Drosophilidac) reared from chestnuts,
acorns, and fruits collected in the Canton Ticino, Switzerland. Mitt. Schweiz. Ent. Ges. 65:
25-32.

Burra, H. & BAcHLL, G. 1993, Aggregated breeding dispersion of Drosophila species reared from
Cornelian cherries (Cornus mas) and plums (Prunus domestica). Mit. Schweiz. Ent. Ges. 66:
183196,

Burea, H., BAcuLt, G., & HUBER, H. 1991. Drosophila reared from the stinkhorn, Phallus impudicus,
near Zurich, Switzerland. Z. zool. Syst. Evolut.-forsch 29: 97-107.

Burra, H., JunGeN, H., & BAchLt, G. 1986. Population structure of Drosophila subobscura: Non-ran-
dom microdispersion of inversion polymorphism on a mountain slope. Genetica 70: 9-135.

Burea, H., Kiinzei, H., & PEAENDLER, U. 1987. Laboratory experiments on natural breeding substrates
in Drosophila subobscura. Genet. Iber. 39: 269-285.

CarSON, H.L. 1965. Chromosomal Morphism in Geographically Widespread Species of Drosophila.
in: Baker, H.G. & STEBBINS, G.L. (eds), The Genetics of Colonizing Species, pp. 503-531.
Academic Press, New York.

Di Castri, F. 1989, History of Biological Invasions with Special Emphasis on the Old World. in:
DrAKE, J.A., MoonEY, H.A., DI Castrl, F., GROVES, R.H., KrRUGER, F.J., REIMANEK, M., &
WILLIAMSON, M. (eds), Biological Invasions, a Global Perspective, pp. 1-30. Wiley, New York.

Dt Casrtri, F. 1990, On Invading Species and Invaded Ecosystems: The Interplay of Historical Chance
and Biological Necessity. fn: Dt Castri, F, HaNSEN, AL, & Depusscue, M. (eds), Biological
Invasions in Europe and the Mediterranean Basin, pp. 3-16. Kluwer, Dordrecht.

Dorsky, C.K. & Carson, H.L. 1956. Selective responses of wild Drosophilidae to natural and artifi-
cial attrahents. Ann. Entomol. Soc. Amer. 49: 177-181.

Dorsky, C.K., Tryon, E.H., & CarvirL, K.L. 1962, Insect damage to acorns in West Virginia and
control studies using granular systemic insecticides. J. Econ. Entomol. 55: 885-888.

DosstEr, E. & HEITMANN, G. 1994, Obst und Gemiise, eine Warenkunde. 4. Aufl. Parey, Berlin,

Exnomoro, O. 1981. Larval diapause in Chymomyza costata (Diptera: Drosophilidae) 1. Effects of tem-
perature and photoperiod on the development. Low Temp. Sci., Ser. B. 39: 21-29.

Korre, W, 1958, Krankheiten und Schédlinge im Obstbau und ihre Bekdmpfung. Parey, Berlin,

Levitan, M. 1954, Drosophilidae in New York and New Jersey. Amer. Midl. Nat. 52: 453-458.

MAca, J. & Bachtl, G. 1994, On the distribution of Chymaomyza amoena (LOEW), a species recently
introduced into Europe. Mitt. Schweiz. Ent. Ges. 67: 183—188.

Mant, E., WiLpsorz, T., RiIGGENBACH, W., & Staus, H. 1997, Populationsschwankungen des Apfel-
wicklers Cydia pomonella (L..) in ungestorten Apfelbestiinden der Ostschweiz. Mitt. Schweiz.
Ent. Ges. 700 117-132.

NIEMALA, P. & MATTSON, W. J. 1996, Invasion of North American forests by European phytophagous
insects. BioScience 46: 741-753.

ScuATzZMANN, E. 1977, Friichte als natiirliche Entwicklungssubstrate von Drosophiliden. Mit. Schweiz.
Ent. Ges. 50: 135-148.

SHORROCKS, B. 1982, The Breeding Sites of Temperate Woodland Drosophila. in: ASHBURNER, M.,
CARSON, H.L., & Tuomeson, J.N., Ir. (eds), Genetics and Biology of Drosophila, Vol. 3b,
pp. 385-428. Academic Press, London.

Seirn, HUT. 1957, Drosophila of the [tasca Park, Minnesota region. J. New York Ent. Soc. 65: 89-96.

Seiery, H.T. 1987, The Drosophila fauna of a native California forest (Diptera: Drosophilidae). Pan-
Pacific Entomol. 63 247-255.

STURTEVANT, ALF. 1921, The North American species of Drosophila. Carnegie Inst. Wash. Publ. 301
[—150.

Warter, T. 1990. Uber den Nachweis von Drosophila-Arten withrend des Winters im schweizerischen
Mittelland. Mitr. Schweiz. Ent. Ges. 63: 115-120.

WitLiams, C.E. 1989, Checklist of North American nut-infesting insects and host plants. J. Entomol.
Sei. 24: 550-562.

WinstoNn, P.W. 1956. The acorn microsere, with special reference to arthropods. Ecology 37: 120132,

Wyman, D. 1971, Wyman's Gardening Encyclopedia. MacMillan Co., New York,

(received February 3, 1998; accepted after revision August 5, 1998)

405






	Further studies on Nearctic Chymomyza amoena (Loew) (Diptera : Drosophilidae) in Switzerland

