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Distribution and Host Utilization of Bactrocera latifrons
(Diptera: Tephritidae) on the Island of Kauai, Hawaii
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Abstract. A survey was made on the island of Kauai using hydrolyzed protein traps,
fruit traps and monthly fruit collections to determine the distribution, abundance, and
host preferences &actrocera latifrondHendel. NaB. latifronswere found in protein

bait traps that caugBt dorsalisHendel B. cucurbitagCoquillet, andCeratitis capitata
(Wiedemann). Fruit traps baited with eggplé®janum melongera, and zucchini
squashCucumis melo Lwere used for the first time to det&:tlatifrons B. latifrons

was found for the first time on Kauai infesting tomatm,opersicum esculentudiller.

In addition to tomato, the fly was found infesting home garden eggplant and &pper,
nigrum L. B. latifronswas found jointly infesting fruit collections of eggplant, and
tomato withB. dorsalisandB. cucurbitag and pepper witB. dorsalis Also, for the

first time in KauaiB. dorsalisandB. cucurbitaewvere recovered from lei kikani&,
aculeatissimundacq. Distribution of the fly was confined primarily to the arid west
side of Kauai in low numbers in the towns of Kekaha, Waimea, and Hanapepe. Fruit
collections were the most sensitive and reliable indicatoBs Htifronsoccurrence

and host utilization. Niche biology and ecologyBoflatifronsis discussed in relation

to distribution, habitat and host sharing between species of tephritid fruit flies.
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The frugivorous tephritid fruit flies in Hawaii consist of: the melon Bgctrocera
cucurbitaeCoquillet discovered in 1895 (Clark 1898); the Mediterranean frulCéyatitis
capitata (Wiedemann) discovered in 1910 (Back and Pemberton 1918); the oriental fruit
fly, B. dorsalisHendel discovered in 1945 (van Zwaluwenberg 1947); and the solanaceous
fruit fly, B. latifronsHendel discovered in 1983 (Vargas and Nishida 1985b). The presence
of fruit flies create an ongoing problem for the residents of Hawaii controlling these pests in
back yard gardens to minimize destruction of fresh fruits and vegetables grown for local
consumption. Fruit flies deter the economic potential in Hawaii for the development of an
industry growing and exporting tropical fruits and vegetables.

The problem caused by the presence of fruit flies in Hawaii is becoming worse. On the
island of Kauai, for example, some of the sugar lands have been converted to growing
coffee,Coffea arabica.. This change in the crop environment on Kauai has created very
favorable conditions fo€. capitata(Vargas et al. 1994).

In 1983, Vargas and Nishida (1985b) reported the presef®daiffronsin Hawaii for
the first time. The fly was found only in Honolulu County on the island of Oahu. Seven
years later, an intensive population census by Liquido et al. (1994) showBd |#tditons
was widely distributed on the islands of Hawaii and Maui, infesting 11 solanaceous and 4
cucurbitaceous host plants. The fly was found on the leeward side of the islands of Hawaii
and Molokai, and on both leeward and windward sides of Maui.

Our objective was to determineBf. latifronswas established on Kauali, its seasonal
abundance patterns, and the identity of the host plants infested by this fruit fly. We antici-
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pated that this study would provide information on the habitat ecold@ylatifronsunique
to the island of Kauai.

Materials and Methods

Survey areasDuring detection studies on the island of Oahu (Harris et al. unpublished
data), residential areas with cultivated hosts and pasturelands with feral hosts were found to
be the most favorable areas Rirlatifrons Therefore, our studies were conducted in two
main habitats on Kauai (Fig. 1): residential sites in cities and towns and in pasturelands.
The residential sites included Polihale/Mana, Kekaha, Waimea, Kaumakani, Hanapepe,
Wailua, and Kapaa. The pasturelands included Kilauea, Lawai, Moloaa and Omao. A total
of ten traps were used in residential sites and ten traps were used in pasture sites. Few host
plants ofB. latifronswere found with ripe fruit north of Kapaa. The towns listed had host
plants with ripe and unripe fruits throughout most of the 2-year study period providing the
fruit collected in our survey.

Fruit andvegetable collectingEfforts were made every month to collect fruit samples.
Fruit samples were found to be available seasonally in residential and pasture areas. The
fruit samples collected were handled as a group to increase survival of fruit fly species in
each sample Harris and Lee (1992). The fruit samples were brought into the laboratory,
counted, weighed, and placed in screened holding boxes (Cunningham et al. 1980) contain-
ing sand to rear out flies and parasitoids from the samples. The sand in the holding boxes
was screened weekly to remove mature pupae. The pupae collected were held in glass jars
at ambient temperatures of 24.8%2@&nd relative humidity of 60—70% until emergence
was completed and the numbers of flies and parasitoids recorded.

Hydrolyzed protein trap sampling. Beginning in April 1991 until May 1993, twenty
plastic traps of the bucket design used by Hafraoui €1280) were filled with 50 ml of
liquid bait consisting of a Mixture of 72 ml Nulifréa protein hydrolysate) and 50 grams
borax in one liter of water. We chose Nulutg/drolyzed protein bait as the attractant for
the traps to focus on tephritid fruit fly female seasonal behavior, since protein hydrolysate is
an attractant for most tephritid fruit fly females, and no female lure equivalent to male lure
is available. Trap distribution was made in twenty of the trap sites shown in Fig. 1. These
traps were targeted to catch sexually maBuriatifronsfemales. Since the lure is not spe-
cific for B. latifronsonly, B. dorsalis, B. cucurbita@ndC. capitatafemales were caught
also. Traps were serviced monthly to collect, count, and record fly catches, replenish the
lure and replace missing traps.

Fruit trap sampling. The residents of Kaumakani Plantation Camp regularly grew veg-
etables for local consumption. These fruits were harvested at maturity and seldom allowed
to become overripe. Therefore we distributed fruit traps in Kaumakani to lure @avid
latifrons females to oviposit in fruit traps. Harris and Bautista (1994) reported that the fruit
trap is an effective tool for catching fruit flies and their parasitoids. Mature purple eggplant
Solanum melongena and zucchini squaskucumis meld.. were purchased in a local
market in Honolulu and used as fruit traps on Kauai. Groups of 20 fruits, with individual
fruits enclosed in garden netting (mesh 1.5 x 1.5 cm) and taped at one end, were suspended
in each of 20 gardens in Kaumakani, Kauai. The fruits were punctured with wire creating 8-
10 evenly distributed holes to facilitate oviposition by fruit flies. The traps were left ex-
posed in the field for 4-5 days, then recovered, and taken to the laboratory in Honolulu and
placed in fruit holding boxes and handled as previously described to recover fruit flies and
parasitoids.

Data analysis.Trap catches collected in residential and pasture sites were removed from
traps and counted monthly. Trap catches were expressed as mm8&hg)(converted to the
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Figure 1. Map of Kauai showing the locations and distribution of B. latifrons trap sites and
fruit collection sites.

number of flies caught per trap per day. The means were subjected to square root (x+1)
transformation (Snedecor and Cochran 1967). Variation among trap sites, months, and resi-
dential and pasture areas was assessed by analysis of variance procedure (SAS Institute
1985). A 0.05 probability was used as the significance criterion for all statistical tests.

Results

Table 1 summarizes the data obtained from infested fruit collections in residential and
pastureland areas in the chronological order the fruit collections were made. Likewise, host
fruiting phenology is shown by site location and fruit type infested. The highest numbers of
B. latifrons(Fig. 2) were reared from three vegetables (eggplant, pepper, and tomato) col-
lected from home sites in Kekaha, and Waimea. Ranking of residential study sites in Table
1 in relation to numbers of fruits collected was as follows: Kekaha > Waimea > Hanapepe.
Ranking of the sites in relation to kinds of fruits collected was as follows: Kekaha = Waimea
< Hanapepe.

In Kekaha, 16 of the 32 infested fruit samples collected were infestedBwitiifrons.
Fourteen of the 18 eggplant samples were infestedBvithtifrons Two of the 14 eggplant
samples were shared BydorsalisandB. latifrons Two eggplant samples were infested only
with B. cucurbitaeOne bell pepper and one tomato sample was infestedvithl{3. latifrons
The 5 bittermelon samples were infested only Bitbucurbitae The 8 cherry tomato samples
were infested, one witB. latifronsand the others witB. cucurbitag B. dorsalisor both
Thus, utilization of eggplant and other fruits By latifrons continued from June 1991 to
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Figure 2.Capture oBactrocera dorsalisB. Cucurbitae, Ceratitis capitatandB. latifrons
on Kauai in protein hydrolysate—baited traps (April 1991-May 1993).

November 1992. Although infested eggplant was collected in 7 sites in Kekaha, 53% of the
total B. latifronsrecovered from fruit collected in Kekaha came from one home site.

In Waimea, 10 of 20 infested fruit samples were infested Buithtifrons Ten of the 18
eggplant samples were infested wihlatifrons Five of the 18 eggplant samples were
infested withB. dorsalisonly. Three of the 18 eggplant samples were shar&d layifrons
andB. dorsalis The one pumpkin sample was infested viithcucurbitae Infested egg-
plant was collected at 3 sites in Waimea. Eighty three percent of thB tittfronsrecov-
ered from fruit in Waimea came from one home site. From October—November 1991 and
January to August 1999, Only 3 kinds of fruits were available in Waimea.

In Hanapepe, 1 of 8 infested frsiamples was infested with latifrons. Of the 3 egg-
plant samples collected, one was infested Witlatifrons one was infested witB. dorsa-
lis and the other witB. dorsalisandB. cucurbitaeThe three tomato samples were infested
with B. dorsalisalone or withB. dorsalisandB. cucurbitae From December 1991 to Janu-
ary, May July and August 1992, few fruits were available for utilization by the fruit flies.

In Kaumakani, 3 of the 6 fruit samples collected in the plantation camp were infested
with B. cucurbitae The 3 eggplant samples collected (total 108 fruits) were not infested.
The one seequa.(ffa acutangulgL.) Roxb., cherry tomato, and bittermelon sample was
infested withB. cucurbitaeonly. The bittermelon samples were infested \Biticucurbitae
only.

In pasture areas (Table 1), two lei kikania fruit samples (140 fruits) were infested from
10,897 fruits collected. Lei kikania was only a minor feral hostBfodorsalisandB.
cucurbitae(Hawaii Entmol. Soc. Newsletter 1991). Although ripe lei kikania fruits were
available for 18 months in pasture areas during our studies, the tephritid fruit fly species on
Kauai utilized lei kikania very little. During our studies, the few ripe fruits available in
Polihale, Moloaa, Lawai and Omao were infeste@bygucurbitaeandB. dorsalis
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Figure 3. Percentages dBactrocera dorsalisB. Cucurbitae, Ceratitis capitataandB.
latifronsfruit flies recovered from fruit samples collected on Kauai (April 1991-May 1993).

Of the parasitoid species recorded in Table 1, most apiis arisanugSonan) and a
few wereDichasimorpha longicaudatéAshmead),Psyttalia fletcheriand P. incisi
(Sylvestri). No attempt was made to identify the fruit fly hosts from which the parasitoids
emerged.

Discussion

We conducted studies to find ou8f latifronswas present on the island of Kauai. The
focus of our efforts was on the use of hydrolyzed protein bait trapping to catch adult flies
and fruit collecting to identify infested host fruits. The trap data (Fig. 3) showed tBat no
latifrons were caught in the traps. Apparently, protein hydrolysate may not be the best hy-
drolyzed protein to attrad. latifronseven though traps were located in gardens which
contained fruit infested bB. latifrons The traps in the residential areas caught aGew
capitata.There were no significant differences in mean trap catchs étmrsalisoy month
or between residential and pasture sBesucurbitadrap catches were different, the mean
catch of residential area traps was significantly higher (F=3.97; df=1,374; P > 0.05 ) than
the mean catch of traps in pasture areas. Hurricane Iniki caused a 2-month disruption in the
operation of traps during September and October 1992. Thereafter, fruit fly populations
recovered quickly and trap catch patterns returned to pre-storm levels.

Ouir fruit collection data showed that fruits infested vdtHatifronswere found prima-
rily in Kekaha and Waimea where some of the homeowners left ripe fruits in gardens after
maturity. This practice created favorable conditions for reproduction of fruit flies. In these
locations, green and purple eggplant turned yellow when overripe creating favorable condi-
tions utilized more byB. latifrons more than by other fruit flies. The fruiting pattern in
Kakaha was characterized by extended fruiting of bittermelon, cherry tomato, and eggplant
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in a few sites resulting in host sharingBylatifrons, B.cucurbita@andB. dorsalis

In Kaumakani, after Hurricane Iniki in September 1992, on the sixth use of the fruit trap,
B. latifronswas detected in an eggplant trap (Table 2). El®datifronswere reared from
eggplant along with tw8. dorsalisin the same sample. This was the first evidence of the
presence oB. latifronsin Kaumakani. The extremely low number$oflatifronspresent
apparently was due to the low number of fruits in the condition preferred for oviposition by
B. latifrons The primary difference between the Kaumakani site compared with Kekaha
and Waimea was the absence of mature and overripe eggplant in the gardens for several
consecutive months. Follow up studies have been made using eggplant fruit traps, but no
moreB. latifronshave been caught in Kaumakani.

Our data showed that fruit fly distribution, abundance, and host fruit utilization was strongly
influenced by the higher host diversity in residential areas. The large pasture areas with Lei
kikania was relatively unattractive to the tephritid fruit flies compared with the residential
areas with a diversity of host fruits. The evidence that over 50 perdgniiadifronsrecov-
ered from fruit samples came from one location in Kekaha and one location in Waimea was
a surprise. On Kauai, homeowners creating and destroying econiches had a stronger effect
onB. latifronsabundance and distribution than on the other fruit fly species in the residen-
tial areas on Kauai. If we had been overly zealous in sampling fruits in Kekaha or Waimea
and removed all the fruits at the 2 sites whgrdatifrons persisted we would have de-
stroyed the niche fd. latifronsbefore we finished our studies. The best sitBfdatifrons
in Kekaha was destroyed by Hurricane Iniki, and the homeowner did not replant eggplant.
Likewise, the homeowner in Waimea removed eggplant from her garden in December 1992
and did not replant.

We conclude from our studies that latifrons prefers residential garden habitats with
solanaceous vegetables, especially eggplant. When mature eggplant fruits are left in the
field and allowed to become overripe, this creates a favorable nicle Fatifrons that
gives this species a competitive advantage over other fruit flies utilizing eggplant on Kauai.
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B. LATIFRONSDISTRIBUTION AND HosT UTILIZATION
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