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First Report of African Fig Fly, Zaprionus indianus Gupta
(Diptera: Drosophilidae), on the Island of Maui, Hawaii, USA,
in 2017 and Potential Impacts to the Hawaiian Entomofauna
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Abstract. This report confirms the first reported observation of Zaprionus india-
nus Gupta (Diptera: Drosophilidae), commonly known as African fig fly, on Maui
(new island record). Adult specimens were collected in October and November
2017 while surveying for populations of Drosophila suzukii (Matsumura) (Dip-
tera: Drosophilidae). Specimens were retrieved from four localities in Haiku and
Kula among traps positioned at fruiting height in six host plant environments
(orange, lemon, starfruit, banana, strawberry, and cherimoya). Historically, the
earliest records of Z. indianus in the state were recorded on Oahu in 2013 (new
state record, new island record), on Kauai in 2015 (new island record), and on the
Big Island (Hawaii) in 2017 (new island record). Including this report, there are
currently at least 33 introduced Drosophilidae species established in the state of
Hawaii. Furthermore, it is the second member belonging to genus Zaprionus that
has been identified on the Hawaiian Islands. Specimens were not only retrieved
from farms and subdivisions but also within mountain ranges and state forest
reserves, suggesting that further research is needed to evaluate potential impacts
to endemic entomofauna.

Key words: Invasive drosophilids, Zaprionus indianus, African fig fly, new island
record, Maui

The African fig fly, Zaprionus in-
dianus Gupta (Diptera: Drosophilidae),
is ared-brown vinegar fly with distinctive
secondary coloring that is native to the
Afrotropics (Gupta 1970). As illustrated
in Figure 1, members of genus Zaprionus
have longitudinal white stripes on the
dorsal regions of the head and thorax (Yas-
sin and David 2010). Genus Zaprionus
contains two subgenera, Anaprionus and
Zaprionus, which can be differentiated
through examination of external morphol-
ogy. While both groups have longitudinal
white stripes, species belonging to subge-

nus Anaprionus have an odd number of
white stripes whereas members of sub-
genus Zaprionus, including Z. indianus,
have an even number of white stripes (van
der Linde 2010). Furthermore, the black
and white stripes on Z. indianus are of
equal size with the stripe width main-
tained the full length of the head to the
thorax (van der Linde 2010). The vittiger
species group, of which Z. indianus is a
member, is characterized by a row of com-
posite spines fused with long bristles at the
base of the forefemur (Yassin and David
2010). Once considered cryptic species,
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Figure 1. Thorax (a) and front tibia (b) of Zaprionus indianus collected on Maui. The
lack of a white spot on the scutellum, and the presence of tibial spines, separates this

species from Zaprionus ghesquierei.

members of the indianus species complex,
including Z. africanus, Z. gabonicus, and
Z.indianus, can be reliably distinguished
by spermatheca shape with Z. africanus
possessing a narrower spermatheca and an
apically serrated aedeagal flap, Z. gaboni-
cus with a basally smooth aedeagal flap
and Z. indianus with a basally serrated
aedeagal flap (Yassin and David 2010).
Though morphologically similar, species
belonging to the indianus species complex
display a variety of ecological behaviors
resulting in differences in pest status and
invasive potential.

As a polyphagous drosophilid, Z. in-
dianus uses a wide range of host plants
for opportunistic feeding and breeding
(Lavagnino et al. 2008). This results in
damage to agricultural crops as well as
making eradication of the drosophilid
challenging once established. Even though
Z. indianus is typically regarded as a
secondary pest, it has demonstrated the
potential to cause direct injury to select
cultivars of both fig (Matavelli et al. 2015)
and strawberry (Bernardi et al. 2017)
fruits. Oviposition and subsequent larval
feeding on agricultural crops can contrib-
ute to decreased yields and rejected prod-
uct. On intact ripe strawberry fruit, adult
females can oviposit on the fruit surface
where larvae emerge, penetrate the epider-

mis, and consume pulp and yeast vital for
development (Bernardi et al. 2017). Unlike
Drosophila simulans Sturtevant and other
drosophilids that oviposit on decaying figs,
adult Z. indianus females can oviposit
on ripening figs, increasing economic
damage incurred by farmers (Matavelli
et al. 2015). As a secondary pest, adult Z.
indianus females can oviposit into fruits
that have mechanical injury from other
insects, including oviposition injury by
Drosophila suzukii (Matsumura) (Ber-
nardi et al. 2017) making the presence of
both drosophilids particularly concerning
to farmers of any soft-skinned fruit.
Aided by international trade and com-
merce, Z. indianus has been introduced to
a wide variety of localities outside of its
native range including North and South
America, Europe, and Asia (Westphal et
al. 2008, Hulme 2009). Invasive range ex-
pansion for Z. indianus has been reported
on the Asian continent in India (Gupta
1970, Fartyal et al. 2014), Saudi Arabia
(Amoudi et al. 1991), Egypt (Yassin and
Abou-Youssef 2004), Iraq (Al T’Omacet al.
2010), and Jordan (Al-Jboory and Katbeh-
Bader 2012). In Europe, specimens have
been reported in France (Kremmer, et al.
2017) and Madeira archipelago (Rego et
al. 2017). In South America, Z. indianus
has invaded Brazil (Vilela 1999), Uru-
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guay (Goiii et al. 2001), and Argentina
(Soto et al. 2006). In Central America, Z.
indianus was confirmed in Panama (van
der Linde et al. 2006). In North America,
reports of Z. indianus were published in
Mexico (Lasa and Tadeo 2015), Canada
(Renkema et al. 2013), and in the United
States including Florida (van der Linde et
al. 2006), Virginia (Pfeiffer et al. 2012),
Michigan (Van Timmeren and Isaacs
2014), and Pennsylvania (Joshi et al. 2014).
We report here an additional range expan-
sion to the island of Maui, Hawaii, USA
in 2017, discovered during a survey to
identify whether populations of the inva-
sive drosophilid D. suzukii were present
within several localities and host plants.

Materials and Methods

Survey localities and host plants.
Four locations on Maui were selected for
the qualitative survey: a private estate in
Haiku, HI (20.899859°N, —156.283533°W,
elevation 302 m), Kula Agricultural
Park (20.797167°N, —156.368971°W, 341
m), Kula Country Farms (20.747138°N,
—156.337140°W, 889 m), and University
of Hawaii at Manoa Kula Research Station
(20.757534°N; —156.319755°W, 980 m).
Seven host plants were selected to survey
including fruiting trees (orange, lemon,
starfruit, banana, cherimoya) and fruits
and vegetables (strawberry, pumpkin).
Orange, lemon, and starfruit were surveyed
at the Haiku estate. Bananas were surveyed
at Kula Agricultural Park. Strawberries,
pumpkin, and lemon were surveyed at Kula
Country Farms. Cherimoya was surveyed
at Kula Research Station.

Trap assembly. The trapping device
used in this experiment was a novel
variation of the traditional deli cup design
where a Mason jar, serving as a removable
trap base, houses the drowning solution
while a Solo cup permits entry and pas-
sive diffusion of the attractant within
the headspace of the trap. Each trap was
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composed of a 236 ml Mason jar and a
473 ml red Solo cup and assembled with
epoxy, sandpaper, an unfolded paperclip,
and a soldering tool (Cold-Heat®). The
first 2.5 cm of the Solo cup interior was
scoured with sandpaper, then coated with
a thin layer of epoxy. The silver band from
the Mason jar lid was then firmly pressed
down into the cup interior. The Solo cup
was allowed to cure for 24 hours. An un-
folded paperclip was pressed against the
ceramic tip of the soldering tool to conduct
heat. Then, the ceramic tip was used to
pierce the solo cup in eight places (two on
each side) to create 5 mm diameter entry
holes. Nylon rope was strung through the
top two holes of the Solo cup to enable
trap installation (Figure 2).

Attractants. Attractants were selected
based on drosophilids innate attraction
to fermentation volatiles (Stensmyr et
al. 2003, Stokyl et al. 2010, Faucher et
al. 2013) and historical success in field
capture using vinegars and wine as ol-
factory baits (Landoldt et al. 2012, Cha
et al. 2015). The five attractants used in
this survey were: apple cider vinegar
(ACV, supplied by Marukan Vinegar
Co. Ltd.), brown rice vinegar (BRYV, sup-
plied by Marukan Vinegar Co. Ltd.), red
wine (RW, Oak Leaf Vineyards, Merlot),
ACV+RW, and BRV+RW. The latter
two attractant blends were prepared at a
60:40% concentration of vinegar to wine.
Acetic acid (AcOH) concentrations were
quantified by Dr. Naoki Akasaka with
high-performance liquid chromatography
(HPLC, Organic Acid Analysis System
Prominence, Shimadzu) as previously
described in Akasaka et al. (2017). The
AcOH concentrations of undiluted BRV
and ACV were 4.23% and 4.37% (% wt/
vol), respectively. Once diluted with red
wine, the AcOH concentrations of 60%
BRYV and 60% ACV were 2.54% and
2.62% (% wt/vol), respectively. Attractants
were aliquoted (40 ml per trap) into Mason
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Figure 2. Trap installation: example of trap positioning on a lemon tree

jars, a drop of unscented dish soap was
added to each jar to break the surface ten-
sion, and the lids and bands were affixed
for transport.

Trap installation and retrieval. Five
traps were used (one of each attractant
type) for each host plant at each location
for a total of 40 traps. Once trap locations
were delineated, the traps were installed
at fruiting height, which varied by crop
type. For fruiting trees (orange, lemon,
banana, cherimoya, and starfruit), traps
were hung ata ca. 1 m height. For fruit and
vegetable crops (strawberry and pumpkin),
traps were tied to a gardening stake that
was secured in the ground at fruit height.
After nylon rope was used to hang the trap
to fruiting height, a Mason jar containing
attractant solution was screwed on to the
bottom of the Solo cup. On October 23
2017, 15 traps were deployed on orange,
lemon, and starfruit trees at the Haiku
estate. On 31 Oct 2017, 5 traps were de-
ployed at the cherimoya grove at Kula
Research Station. On 1 Nov 2017, 5 traps
were deployed on the bananas at Kula
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Agricultural Park. On 2 Nov 2017, 15 traps
were deployed on the strawberry, pump-
kin, and lemon at Kula Country Farms.
After one week, traps were removed and
the specimens collected. Specimens were
strained by pouring the attractant solution
over a fine mesh filter (1 mm) and were
stored in 70% isopropyl alcohol for three
days prior to examination.

Identification and voucher specimens.
Though the original objective of the sur-
vey was to identify whether D. suzukii
populations were present (Yes/No) in
the localities and host-plants surveyed,
this objective was expanded to include Z.
indianus after the first specimen was rec-
ognized. Specimens were identified as D.
suzukii, Z. indianus, or non-target. Once
D. suzukii and Z. indianus specimens were
identified for a particular attractant type
and host plant combination, no further
quantification was performed. Identifica-
tion as Z. indianus was confirmed through
examination of external morphology by
BW, using standard keys (van der Linde
2010, Yassin and David 2010). Voucher
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specimens were submitted to DP and LL,
for imaging, identification, and collection
submission. Taxonomic confirmation was
provided by LL and AY. Specimens were
deposited at the Systemic Entomology
Lab, USDA ARS (Beltsville, MD), the De-
partment of Entomology at Virginia Tech,
the Muséum d’Histoire Naturelle de Paris,
the Hawaii Department of Agriculture, the
Bishop Museum, and the Insect Museum
at the University of Hawaii at Manoa.

Results

Adult Z. indianus specimens were
captured within traps installed in six of
the seven host plant fruits surveyed (ba-
nana, cherimoya, lemon, orange, starfruit,
and strawberry) and at all four localities
surveyed. Survey results are presented
(Table 1) simply to show that Z. indianus
was attracted to the various baits and in
different fruit systems, each with a differ-
ent olfactory environment. At the private
estate in Haiku, all three host plants
surveyed including lemon, orange, and
starfruit contained both Z. indianus and
D. suzukii specimens. At Kula Agriculture
Park, only Z. indianus specimens were re-
trieved from the traps placed in the banana
grove. At Kula Country Farms, D. suzukii
specimens were retrieved from all three
host plants surveyed, while Z. indianus
specimens were retrieved from the lemon
and strawberry, but not the pumpkin traps.
At Kula Research Station, the traps posi-
tioned in the Cherimoya grove contained
both D. suzukii and Z. indianus.

Five attractants were used (ACV, BRV,
RW, ACV+RW, BRV+RW) in the field
capture of two exotic drosophilids (Z.
indianus, D. suzukii) with results that
varied by host plant and locality. At the
private estate in Haiku, every attractant
examined resulted in captures of Z. india-
nus and D. suzukii. At Kula Agricultural
Park, every attractant was effective in
capturing Z. indianus adults, but no D.
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suzukii specimens were retrieved. At Kula
Country Farms, both Z. indianus and D.
suzukii specimens were retrieved from all
attractant types used in the lemon grove.
In the strawberry fields, no target droso-
philids were captured when RW was used
as an attractant. However, BRV and ACV,
alone and blended with RW, were effective
in the field capture of both target droso-
philids. For the pumpkin traps, D. suzukii
specimens were captured using ACV+RW
or BRV+RW attractants. No Z. indianus
specimens were retrieved, regardless of
attractant used. At Kula Research Sta-
tion, every attractant used was effective in
capturing D. suzukii, whereas Z. indianus
specimens were retrieved only in RW,
ACV+RW, and BRV4+RW baited traps. It is
noteworthy that BRV and BRV+RW were
effective at field captures of both target
drosophilids, as previous research has
established BRV as an effective attractant
to D. suzukii in laboratory trapping experi-
ments (Akasaka et al. 2017). The attrac-
tants used in this survey and the resulting
captures were reported simply to provide a
detailed record of the circumstances from
which target specimens were attracted.
Whether an attractant resulted in captures
in this survey, does not provide evidence
that these results would be applicable to
other surveys or experiments. Further
research would be needed to discern any
trends comparing attractant efficacy with
confidence, as the lack of replicates and
quantification limit the extrapolation of
trends outside of this survey.

Discussion

This report established a new island
record for Z. indianus on Maui, compiled
collection data throughout the state (Table
2), and provided an update for introduced
Drosophilidae established in Hawaii.
Historically, the earliest Z. indianus
specimens in the state were collected on
Oahu in 2013 (new state record, new island



‘WILLBRAND ET AL.

- + - + - - - - - - unydwng
+ + + + - - + + + + A11ogmens
+ + + + + + + + + + uowd|
swae ] Anuno)) eynyy
+ + + + + + - + - + eAownIay))
uone)S Yoaeasay ejny
+ - + - + - + - + - rueURyg
Jjagd [eIm)[NOLISY B[Ny
+ + + + + + + + + + a3ueIQ
+ + + + + + + + + + nnijIe)s
+ + + + + + + + + + uowo |
dje)SH MIeH JBALIJ
J4V  dMS 44V dMS J4V  dMS 44V dMS 44V dMS :sa10adg
MI+ATA MI+AIV MI Add ADJV Juepeayy

‘sarnyded a1our 10 QUO SAJOUIP
u3is snjqd ‘sernyded 019z sojoudp uFis snurjA “(Quim paY) MY ‘(Fe3oura 9011 umorg) AN ‘(@edoura 10p1o 9[ddy) ADV :SUOIRIAIQQY JUBIORINY
Q@ wepd-soy pue ‘Aifeoo] Aoains ‘queioeie Aq pue (JJV) snuvipui snuoridpvyz pue (qMS) 11ynzns njiydosoa jo Suniodar aaneiene) °T qel



61

FIRST REPORT: AFRICAN FIG FLY ON MAUI

jreq eueueq yim painydeos

HN-INI ‘[ 30 pueIqIIM g eAOWITIOYD  UOTIEIS YOILASIY 086  VILEC9SI—  €SLSLOT e[y L10T
VOQH ‘T 10 puelqiipy "g  uowod ‘Arrogmeng e 688  VILECOST—  PILPLOT e[y L10T
d"HNIN ‘e 32 pueIqqipm g vueueg ULrey IPE  069€€9ST—  LIL6L0T e[y L10T
NG “TAS-VASN ‘LNA-LA T8 12 PUBIq[IM g jmryrels
‘uow[ ‘o3urIQ 9OUAPISIY C0¢  €S€8TISI—  98668°0C nyleH TN  LI0C
ey
VOJH ‘T8 *39 sSnan)) Y K110y weurng wie nifeurey TN  L10Z
emMeq
VOQH 'V ‘elogeny ‘1yoepy 3 OAIOSIISAIO €606  ST069'6SI— 0TB60'TT  red <eis
EEM )| 810C
VOJH sy 1 o AOUAPISAY anyry TN  §I0C
reney|
NG T8 19 SINYUAAH N SUlBJUNOIN  L8ET  0LEOI'8ST—  08¥CHIT Torenreny L10T
NG TB 10 SIyuaAH ‘N SUIBJUNOIN  L6ET  LSEOI'8ST—  LSYTY'IT orenfentg L10T
NG T8 19 SINYUAAH N SUlRJUnOIN  €8€1  09¢01'8ST—  SLYTY'IT Torenreny L10T
NG Te 30 SIYUaAT "N SUIBJUNOIN  9S€T  $8TOI'8ST—  TSTH'IT Iorenfentg L10T
g epew] ‘D SUIBJUNOIN  THET  TOE0I'8ST—  TBSTH'IT Toreneny 910T
TdS-vdsn ‘VOAH A A eqednoqe[ QOUIPISIY dyoauey] $10C
[euosIdg ©OORUSRIA " LUMOUYUN SUTBIUNOIA] 019 [Tel], ereuryeoq €102
[eUOSId] BooRUSEIA " LUmouyun oo yo[no eeney| [eNU) €10T
[[euosIod ©2ORUSRIA "3 FUMmouyun oo ymH doyed TN“S'N €10
nyeQ
uorndI[o) 10399[[0D) JUDWUOITAUD jelqey (um) M SdD N SddD Lyedo proddy  aeax
juerd jsog *AJ[TL

(810 ‘uoneorunwwod [euosiad ‘edoorusen "), “(L10T T8 10 sInyuaay), ‘(IremeH Jo
KJISIOATUN) — WINASN]A 199SU]) HN-IAT ‘(S1Ied 9p [[oinjeN 2110ISTH, p wnasn) J-HNIA ‘Guawiredoq ASojowojuyg — yooJ, BruldirA ) LNA-LA
‘(wnasniy doysig) INE ‘(qeT A30[0wOoIuF JTWISAS — 21N NOLITY Jo Juswireda sorels panun) TAS-vVASN ‘(RINnonsy jo jusunredoq memey)
VOQH :SUOIIBIARIQE UOIII[[0)) ‘PIOII PUB[SI MU = "T'N ‘PIOIAI 9JBIS MU = "S"N] "ITemeH JO 9elS 9y} Ul SPI0dI SnUvIpul Snuolidnz *g dqel,



62

record), on Kauai in 2015 (new island re-
cord), and on the Big Island in 2017 (new
island record). Adding to the detailed list
of introduced Drosophilidae compiled by
Leblanc et al. (2009), there can now be
considered at least 33 introduced Droso-
philidae species established in the state of
Hawaii.

This is the second member of genus
Zaprionus that has been identified on the
Hawaiian Islands. In 2005, Z. ghesquierei
Collart was identified on the island of
Hawaii and a year later specimens were
identified throughout Kula, Maui (Leblanc
etal.2009). Zaprionus ghesquierei can be
easily distinguished from Z. indianus, as
specimens have a white spot on the tip of
the scutellum of Z. ghesquierei (lacking in
Z. indianus (Figure 1a) and the presence
of spurs on the foretibiae of Z. indianus
(Figure 1b) (Yassin and David 2010). Fol-
lowing this report of Z. indianus, earlier
Zaprionus flies captured in Kula in 2006
were re-examined by L.L., and their iden-
tity as Z. ghesquierei was re-confirmed.
Furthermore, four Z. ghesquierei vouchers
at the University of Hawaii Insect Museum
were re-identified by Camiel Doorenweerd
to confirm the identification. No Z. ghes-
quierei specimens were identified in this
survey.

The effectiveness of a given compound
to elicit an attraction response is influ-
enced by environmental cues (Faucher
et al. 2013) and physiological adaptations
(Matavelli et al. 2015, Nguyen et al. 2016).
Thus, attractant efficacy is mediated not
only by the species unique preferences,
but also by environmental co-factors,
such as olfactory and visual cues, that
vary between host plant environments.
In this survey, no D. suzukii specimens
were retrieved from the banana grove
at Kula Agricultural Park and no Z. in-
dianus specimens were retrieved in the
pumpkin field at Kula Country Farms.
In both instances, it is possible that the
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attractants used were unsuitable for the
given combination of target species and
host plant environment. However, other
factors such as climate, elevation, fruiting
stage, and population dispersal may have
contributed to the results. The absence of
Z.indianus in the pumpkin fields of Kula
Country Farms may be attributed to popu-
lation dispersal to preferred hosts, such as
the adjacent lemon grove. Even though Z.
indianus specimens were retrieved from
the majority of host plant environments
surveyed (lemon, orange, starfruit, ba-
nana, cherimoya, strawberry), the presence
of an insect is not sufficient evidence of
economically significant damage. Further
research is needed to determine economic
thresholds by crop and to characterize
ecological impacts to endemic species.
Unfortunately, the discovery of Z.
indianus at four localities throughout
Maui provokes more questions than an-
swers—Is the range expansion limited to
agricultural ecosystems, or are they also
present in native forests? Throughout
the state, specimens have not only been
retrieved from farms and subdivisions
but also within mountain ranges and state
forest reserves, which suggests that the
species is able to thrive in a wide variety
of environments. Based on our results, it
appears that further surveying on Maui is
needed in regions producing soft-skinned
fruit and berries, native forest reserves,
and within diverse microclimates. Will the
combined presence of D. suzukii and Z. in-
dianus have deleterious impacts for Maui
farmers? Considering that Z. indianus can
cause direct injury to fig and strawberry
(Matavelli et al. 2015, Bernardi et al.
2017), and that these crops are produced
by Maui farmers, the pest potential of this
introduced species should be examined
and economic thresholds defined. Are
there any adverse impacts to endemic
drosophilids? Zaprionus indianus has
led to declines of native drosophilids in
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other locations (Castro and Vilente 2001,
Tidon et al. 2003, da Silva et al. 2005b,
da Silva et al. 2005a) and the Hawaiian
Islands are already struggling to cope with
the appearance of many invasive species,
including insects. On Hawaii and Maui,
even though researchers found a strong as-
sociation between exotic drosophilids with
introduced host plant environments and
endemic drosophilids with native plant
species, invasive drosophilids were still
encountered in native forests and endemic
drosophilids in disturbed or nonnative
environments (Leblanc et al. 2013).

This finding not only suggests eco-
logical interactions between endemic and
introduced species but also adaptations
within a dynamic environment, both of
which warrant characterization. Addi-
tional research is needed to quantify the
economic and ecological significance of
this finding and to examine whether eradi-
cation efforts are necessary and feasible.
The first step would be to delineate the
range of Z. indianus across Maui. Sec-
ondly, interspecies interactions need to be
examined, not only between Z. indianus
and other exotic drosophilids, but also
between exotic and endemic drosophilids.
Finally, economic thresholds for both spe-
cies should be defined for use in survey
protocols for integrated pest management
programs. Nonetheless, this work has
identified the first report of Z. indianus
on Maui which requires further inquiries
to identify the extent of the introduced
species effect on the local ecology and
agriculture economy.
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