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Determining the current distribution of mosquitoes on the island of Maui
A Final Report

Executive Summary

Mosquitoes (Diptera: Culicidae) are known vectors of human diseases and nuisance pests that can negativelyimpacton
human health and well-being. There are no native mosquitoes in Hawaii and many of the species present are competent
vectors of disease. Yet, little is known about the distribution of mosquitoes within Hawai'i, particularly on the less
populatedisland such as Maui. This project sought to fill a critical gap in knowledgethrough the deployment of
ovipositiontraps and adult lure traps across the island. Everytwo monthstraps were setat 18 differentlocations
around Maui for a total of six trapping events. Anadditionaltrap was setat Kahului airportin December2017 and
February 2018 followingaconfirmed detection of Aedes aegyptiatthe airport. The adult mosquitoes, eggs and
subsequent hatchinglarvae were counted and where possible identified. These data were used to generate distribution
maps of mosquitoes. Two species (Culex quinquefasciatus and Aedes albopictus) of mosquito were collected in the
ovipositiontraps and four species (Culex quinquefasciatus, Aedes albopictus, Wyeomia mitchelliand Aedes vexans) were
collected fromthe adulttraps. The presence and abundance of these mosquitoes varied across the island. Culex
quinquefasciatus and A. albopictus were widespread and consistently caught overthe year. The othertwo species were
detectedinfrequently. All fourspecies were collected in Makawao and Kihei. Itis recommended that continued
trapping of mosquitoes occur across Maui although with greatertrappingintensity intime and space to more effectively
detectnew incursionsand delineatetrends and patternsin distribution.



Approach and Findings
Trapping

Oviposition traps were placed around the island of Maui every two months for 3 days to collect eggs of ovipositing
mosquitoes (Figure 1, Table 1). Two types of traps were set at each site: one containing filtered fresh waterand the
othercontained waterwith a cut-grass infusion. Onthree occasions one of the traps at one of the sites was tipped over
and no samples were able to be obtained. The eggsfrom each trap were counted and then placedin mosquito rearing
chambers and hatchinglarvae were reared to fourth instar at the Kula Research Station, Maui. The larvae were then
shippedto Oahuforidentification.

Adult mosquitoes were trapped using BioGents Sentinel traps powered by a 24V battery for 24 hours during each of the
sampling sessions overthe course of the yearat nine locations around Maui (Figure 1, Table 1). Mosquitoeswere lured
to the trap with lightand both proprietry (BGlure) and octenol (1-Octen-3-ol) lures. Traps were placed in areas where
they were notvisible fromthe road and where possiblein asecure, fenced areato reduce the probability of theft.
Adults were shipped to Oahu foridentification.

Figure 1. Sites where trapsfor mosquitoes were placed around the island of Maui.
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Table 1. Siteinformation and trap (O=oviposition; A = adult) placement.

Site ' Name Latitude Longitude = Elevation(m) O A
1  Keokea 20.70573  -156.35677 844255 Y Y
2 Kula 20.757617 -156.32103 975878 Y Y
3 Haleakala Road 2 20.76689  -156.302 1131110 Y N
4 Haleakala Road 1 20.76264 | -156.28824 1443.392 Y N
5  Haleakala National Park 20.767487 -156.2413 2050527 Y N
g  MauiForest BirdRecovery, ;) gn0919  -156.2804 1152.609 Y Y
Makawao
;7 Mauilnvasive Species 20.840894 -156.29374 660021 Y Y
Council, Makawao
8 | Wakina, Haiku Pauwela 20.928694 -156.31458 88871 Y N
9  HanaHwy 1 20.881008 -156.2042 234346 Y N
10 K@umahina State park, 20.871663  -156.16936 135522 Y N
Hana Hwy
11 Hana Health 20.763534 -155.99442 62594 Y Y
12 Kipahulu 206529 | -156.0572 92354 Y N
13 Kaupo 20.63463  -156.13658 49987 Y Y
14  Kealia Pond, Kihei 20.795928  -156.48574 19978 Y Y
15  Olowalu 20811112 -156.62107 20117 Y Y
16  Lahaina 20.890853 -156.68395 18593 Y N
17  Waihee 20.958035 -156.52969 261596 Y N
18  Kahului 20.889865  -156.47573 19507 Y Y
19 Kahului Airport 208924  -156.424 18593 Y N

Mosquito presence on Maui

A total of 746 eggs were collected across all sites and sampling periods (Table 2). The largest number of eggs was
collectedin Lahaina (63%) with the peak oviposition occuringinJune and August and the Forest Bird Recovery Centerin
Makawao (16%) in August (Table 2).

A total of 694 larvae hatched from eggs collected in oviposition traps, a 93% hatchingrate. The majority of larval hatch
occurredin August with 70% of larvae hatching from eggs collected at this time and 16% hatched forthe prior collection
inJune. No larvae hatched fromany samplein February. Only two species of mosquito hatched from eggs,
C.quinquefasicatus (87%) and A. albopictus.

A total of, 322 adult mosquitoes were collected and identified. The vast majority of adults (92%) were identified as A.
albopictus, with 4% being C. quinquefasciatus, 3% were W. mitchellii, and the remaining 1% were A. vexans (Table 3).
We did notcollectany A. japonicus, although they have been reported on Maui (inaturalist.org, web). We did not
collectany A. aegypti, although there was averified report that larvae of this species had been collected from the
airportin Kahuluiin November 2017.

The highestaverage number of adult mosquitoes (42%) was collected in June 2017 with an average of 15 mosquitoesin
each trap across all sites (Table 3). The majority (95%) of these were A. albopictus. The very low numbers of adults
collected in December relativeto the othersampling periods is likely due to the heavy rains thatled to island-wide
poweroutages at thattime (Table 3 and 4). The highest number of mosquitoes collected at this time were in Kahului.



Overthe whole year, the majority (30%) of the adult mosquitoes were collected from the trap placed in Hana (Hana
Health clinic) followed by the trap placed in Kahului (22%) (Table 4). Adult mosquitoes weregenerally, consistently
collectedin Kula, Hana, Olowalu and Kahului, although the numbers varied overthe year (Table 4).

Table 2. Number of eggsin oviposition traps set at sites around Maui overthe course of a year from April 2017 to
February 2018. N/A indicatessites where traps were not set. An asterisk indicates that one of the oviposition traps
went missing.

Site April | June | August October  December February @ Total
Haleakala National Park 0 0 0 0 0 0 0
HaleakalaRoad 2 0 0* 0 0 0 0 0
HaleakalaRoad 1 0 0 0 0 0 0 0
Hana Health 0 0 2 31 25 0 58
Hana Hwy 1 0 0 7 2 0 0 9
Kahului 0 0 0 0 0 0 0
Kahului Airport N/A  N/A N/A N/A 10 0 10
Kaumahina State Park, Hana 0 8* 1 3 1 0 13
Hwy

Kaupo 3 0 0 0 0 0 3
KealiaPond, Kihei 0 5 0 0 0 1 6
Keokea 2 0 0 0 0 0 2
Kipahulu 0 6 1 0 0 0 7
Kula 0 0 0 0 0 0 0
Lahaina 0 110 | 360 0 0 0 470
Maui Forest Bird Recovery, 0 0 115 7 0 0 122
Makawao

Maui Invasive Species Council, | 0 1 2 0 0 1 4
Makawao

Olowalu 2 0 0 0 0* 0

Waihee 3 0 0 0 0 0 3
Wakina, Haiku Pauwela 0 2 15 2 18 0 37
Grand Total 10 132 | 503 45 54 2 746



Table 3. The total and mean number of adult mosquitoes collected in traps (9 traps total) on the island of Maui

during six trapping sessions over a one year period from April 2017 to February 2018.

C. quinquefasciatus

April
June

August
October

December

February
Total

R = NO & O

14 (4%)

A. albopictus

44
127

26
59

15

24
295 (92%)

A. vexans

O O OO Wk

4 (1%)

w.

mitchellii

1
0
5
1
0
2

9 (3%)

Total (%) Mean/trap
52 (16%) 5.8
134 (42%) 14.9
31 (10%) 3.4
62 (19%) 6.9
16 (5%) 1.8
27 (8%) 3
322 35.8

Table 4. Number of adult mosquitoes (all species) and mean/sample collected at each site over the course of one

year.

Site

Kealia Pond, Kihei
Maui Invasive
Species Council,
Makawao

Maui Forest Bird
Recovery, Makawao
Kula

Hana Health
Kaupo
Keokea
Olowalu
Kahului

Total

April

13

10
10

52

June

10

23

57

40

134

August

31

October

25

62

December

16

February

2

10

27

Total
(%)
7 (2%)
28
(9%)

22
(7%)
49
(15%)
97
(30%)
14
(4%)
2
(<1%)
29
(9%)
74
(23%)
322

Mean /
sample

1.2

4.7

3.7

8.2

16.2

2.3

0.3

4.8

12.3



Aedes albopictus

Aedes albopictus was widely distributed across the island of Maui (Figure 2) and consistently throughoutthe yearin
Kahului, Kula, Hanaand Olowalu (Table 5). No A. albopictus were detected at Haleakala National Park oronthe two
sitesalongthe Haleakala Park road or on the westend of Maui in Lahaina (Table 5). Larvae were present consistently
throughoutthe yearat the Wakinasite andin the Hana area and occasionally at othersites (Table 6).

Only 2 adults (of A. albopictus) were collected from the site in Keokea (Table 7). There wasa surge in mosquito numbers
at the MISC, Makawao site in October (Table 4). These were all A. albopictus (Table 7).

Figure 2. Distribution of Aedes albopictus collected from adultand oviposition traps set at sites around Maui over the
course of a year from April 2017 to February 2018.
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Table 5 Presence (1) and absence (0) of Aedes albopictus (as collected in adult and oviposition traps) at differentsites
throughout the year.

Site Name April June August | October = December | February
Haleakala National Park | O 0 0 0 0 0
HaleakalaRoad 2 0 0 0 0 0 0
HaleakalaRoad 1 0 0 0 0 0 0
Hana Health 1 1 1 1 1 1
Hana Hwy 1 0 0 1 1 0 0
Kahului 1 1 1 1 1 1
Kahului Airport N/A N/A N/A N/A 0 0
Kaumahina State park, 0 1 1 1 0 0
Hana Hwy

Kaupo 1 0 0 1 0 0
KealiaPond, Kihei 0 0 0 0 0 1
Keokea 1 0 0 0 0 1
Kipahulu 0 1 1 0 0 0
Kula 1 1 1 1 1 1
Lahaina 0 0 0 0 0 0
Maui ForestBird 0 1 1 0 0 0
Recovery, Makawao

Maui Invasive Species 0 0 1 1 0 1
Council, Makawao

Olowalu 1 1 1 1 1 1
Waihee 1 0 0 0 0 0

Wakina, Haiku Pauwela 0 1 1 1 1 0



Table 6. Number of Aedes albopictus larvae hatching from samples of eggsin oviposition traps set at sites around
Maui over the course of a year from April 2017 to February 2018. N/A indicates sites where traps were not set. An
asterisk indicates that one of the oviposition traps went missing.

Site Name April June August | October = December  February @ Total
(%)
Haleakala National Park 0 0 0 0 0 0 0
HaleakalaRoad 2 0 o* 0 0 0 0 0
HaleakalaRoad 1 0 0 0 0 0 0 0
Hana Health 0 0 2 0 20 0 22
(25.3%)
Hana Hwy 1 0 0 7 2 0 0 9
(10.3%)
Kahului 0 0 0 0 0 0 0
Kahului Airport N/A N/A N/A N/A 0 0 0
Kaumahina State park, 0 7* 1 2 0 0 10
Hana Hwy (11.5%)
Kaupo 2 0 0 0 0 0 2
(2.3%)
KealiaPond, Kihei 0 0 0 0 0 0 0
Keokea 1 0 0 0 0 0 1
(1.2%)
Kipahulu 0 6 1 0 0 0 7
(8%)
Kula 0 0 0 0 0 0 0
Lahaina 0 0 0 0 0 0 0
Maui Forest Bird 0 0 0 0 0 0 0
Recovery, Makawao
Maui Invasive Species 0 0 2 0 0 0 2
Council, Makawao (2.3%)
Olowalu 2 0 0 0 0* 0 2
(2.3%)
Waihee 3 0 0 0 0 0 3
(3.4%)
Wakina, Haiku Pauwela 0 2 11 1 15 0 29
(33.3%)
Total (%) 8 15 24 5 35 0 87

(9.2%)  (17.2%)  (27.6%)  (5.8%)  (40.3%)



Table 7. Number of Aedes albopictus collected from adult traps set at sites around Maui over the course of a year
from April 2017 to February 2018.

Site April June August | October December February Total
(%)
Hana Health 8 53 18 9 2 3 93
(31.5%)
Kahului 10 40 2 6 8 6 72
(24.4%)
Kaupo 4 0 0 10 0 0 14
(4.8%)
KealiaPond, Kihei 0 0 0 0 0 1 1
(0.3%)
Keokea 0 0 0 0 0 2 2
(0.7%)
Kula 12 23 3 8 1 1 48
(16.3%)
Maui ForestBird 0 10 1 0 0 11
Recovery, Makawao (3.7%)
Maui Invasive Species | 0 0 1 25 0 1 27
Council, Makawao (9.2%)
Olowalu 10 1 1 1 4 10 27
(9.2%)
Total (%) 44 127 26 59 15 24 295

(14.9%)  (43%)  (8.8%)  (20%)  (5.1%) (8.1%)



Culex quinquefasciatus

Culex quinquefasciatus was found in many locations across Maui but not on inthe southern area of the island (Figure 3) .
Larvae hatched fromsamples collected inJune, August Octoberand December (Table 8). The majority of these came
fromtwo sites, Lahaina (74% of all C. quinquefasciatus larvae) and Maui Forest Bird Recovery in Makawao (29%) (Table
8). The otherarea of high C. quinquefasicatus larval hatch was Hana Health (5%) (Table 8).

Fourteen C. quinquefasciatus adults were collected over the course of the yearat variouslocations and times (Table9).

Figure 3. Distribution of Culex quinquifasciatus collected from adult and oviposition traps set at sites around Maui
over the course of a year from April 2017 to February 2018.
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Table 8. Number of Culex quinquefasciatus larvae hatching from samples of eggsin oviposition traps setat sites
around Maui over the course of a year from April 2017 to February 2018. N/A indicates sites where traps were not
set. An asterisk indicates that one of the oviposition traps went missing.

Site April June August | October | December | February Total
(%)
Haleakala National Park O 0 0 0 0 0 0
HaleakalaRoad 2 0 0* 0 0 0 0 0
HaleakalaRoad 1 0 0 0 0 0 0 0
Hana Health 0 0 0 30 0 0 30
(4.9%)
Hana Hwy 1 0 0 0 0 0 0 0
Kahului 0 0 0 0 0 0 0
Kahului Airport N/A N/A N/A N/A 8 0 8
(1.3%)
Kaumahina State Park, 0 o* 0 0 1 0 1
Hana Hwy (0.2%)
Kaupo 0 0 0 0 0 0 0
Kealia Pond, Kihei 0 1 0 0 1
(0.2%)
Keokea 0 0 0 0 0 0 0
Kipahulu 0 0 0 0 0 0 0
Kula 0 0 0 0 0 0 0
Lahaina 0 101 350 0 0 0 451
(74.3%)
Maui Forest Bird 0 0 109 7 0 0 116
Recovery, Makawao (19.1%)
Maui Invasive Species 0 0 0 0 0 0 0
Council, Makawao
Olowalu 0 0 0 0 o* 0 0
Waihee 0 0 0 0 0 0 0
Wakina, Haiku Pauwela 0 0 0 0 0 0 0
Total (%) 0 102 459 37 9 0 607

(16.8%)  (75.6%)  (6.1%)  (1.5%)



Table 9. Number of Culex quinquefasciatus collected from adult traps set at sites around Maui over the course of a
year from April 2017 to February 2018.

Site April June August October December February @ Total
Hana Health 0 4 0 0 0 0 4
Kahului 0 0 0 0 1 1 2
Kaupo 0 0 0 0 0 0 0
KealiaPond, Kihei 2 0 0 0 0 0 2
Keokea 0 0 0 0 0 0 0
Kula 0 0 0 0 0 0 0
Maui Forest Bird 4 0 0 0 0 0 4

Recovery, Makawao

Maui Invasive Species | 0 0 0 0 0 0 0
Council, Makawao
Olowalu 0 0 0 2 0 0 2

Total 6 4 0 2 1 1 14



Wyeomia mitchelli

A total of nine W. mitchellii adults were collected at various locations and times around Maui but none consistently
(Figure 4, Table 10). No W. mitchellii were collected in December. Nolarvae hatched from any eggs collected. It may be
that there were eggs laid by this species butthey were among the 7% of eggs that did not hatch.

Figure 4. Distribution of Wyeomia mitchellii collected from adult traps set at sites around Maui over the course of a
year from April 2017 to February 2018.
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Table 10. Number of Wyeomia mitchellii collected from adult traps set at sites around Maui over the course of a year
from April 2017 to February 2018.

Site April June August | October December February Total
Hana Health 0 0 0 0 0 0 0
Kahului 0 0 0 0 0 0 0
Kaupo 0 0 0 0 0 0 0
Kealia Pond, Kihei 0 0 0 0 0 1 1
Keokea 0 0 0 0 0 0 0
Kula 1 0 0 0 0 0 1
Maui ForestBird 0 0 5 1 0 0 6
Recovery, Makawao

Maui Invasive Species | 0 0 0 0 0 1 1
Council, Makawao

Olowalu 0 0 0 0 0 0 0
Total 1 0 5 1 0 2 9




Aedes vexans

Only fouradultA. vexans were collected overthe course of the year (Figure 5): 3 at KealiaPond inKihe inJune and one
at Maui Forest Bird Recovery centerin Makawao in April. Nolarvae hatched from any of the eggs collected.

Figure 5. Distribution of Aedes vexans collected from adult traps set at sites around Maui over the course of a year
from April 2017 to February 2018.
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Evaluation of trapping

As necessitated by travel and budgetary constraints, sampling occurred every two months across 15 sites. Adulttraps
were setforone day and oviposition traps were setforthree days.

Despite the abundance of A. albopictus adults across the island, as detected by adult traps, there was not a
corresponding collection of A. albopictus larvae from eggs deposited in oviposition traps. This may be due to the overall
abundance of naturally occurring breeding sites rendering our oviposition traps less competitive or that the grass
infusion usedinthese traps was not as attractive as the locally available sites.

Culex quinquifasciatus was detected in more sites through the oviposition traps than through the adult traps and records
of larvae occurred at different times of the yearthan adults.

Adulttrapsalso yielded specimens of W. mitchellii and A. vexans but larvae were not detected in any oviposition traps.
It may be that the oviposition traps we used were not attractive to these mosquitoes.

There are speciesreported to be presenton Maui that were notdetectedin ourtrappingand there were some unusual
patternsin mosquito abundance that we detected and should be furtherresolved e.g. peakin A. albopictus at the MISC
site in Makawao in October 2017.

Recommendations

The limitationin detecting trends, patterns and species diversity could be resolved with greatertrappingintensity in
time and space. Adulttrapsshouldbe setat least monthly. Oviposition traps should be set atleast monthlyand be



placedforat least one week. Trappingshould continue overseveral yearsto determinethe patternsandincrease the
probability of trapping species thatare uncommon orrare.

The variationin the speciesresponse to the different traps (oviposition and BG sentinel) suggests that avariety of traps
be used to assess mosquito diversity.

Future trapping, ideally, should be conducted by someoneontheisland who can regularly service the traps.

This baseline provides some valuable data forfuture work. Such baselines oughtto be collected on Kauai, Molokai,
Lanai and Kahoolawe.

For biosecurity purposes and to increase the probability of detecting new incursions, trappingintensity should be
highest (trap numberand trapping events) in and around Kahului, Hana, Olowalu, Kulaand Makawao, and Kihei. These
areas have an ideal environmentto support an abundance of mosquitoes and from our data have relatively consistent
presence of mosquitoes year-round. Makawao and Kihei have the greatest diversity of mosquitoes suggesting that
there are many favorable microhabitatsinthese areas.

Project expenditures

The funds from this project were used to support a graduate research assistantforone year. A PhD student, Priscilla
Seabourn, was hired to assist with the work.

This project provided supportforseventrips (one to scoutsites and 6 sampling trips) to Maui payingforthe
accommodation, rental car and airfare expenses associated with this travel.

Mosquito collection and rearing equipment was purchased including: BioGents sentinel traps and lures, batteriesto run
the traps, materials to make and construct plasticoviposition traps, mosquito rearing cages and additional storage
containerandsupplies.
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