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I. INTRODUCTION

Myoporum thrips or naio thrips (Klambothrips myopori) is a recent invader to Hawaii. This
insect pest was first detected in California in 2005, where it has caused high levels of mortality in
ornamental Myoporum species used for landscaping in residential areas, parks and along road
margins. The pest was first detected in Hawaii in 2008 attacking the native Myoporum
sandwicense, locally known as naio. Hawaii Department of Agriculture (HDOA) was notified in
February 2009, and subsequently initiated delimiting surveys to assess the extent of the
infestation. Based on initial surveys it was determined that the pest was widely distributed across
West Hawaii, but was not yet present on any other islands. HDOA moved to restrict the inter-
island transport of all naio in May 2009. The restriction has subsequently been amended to
restrict the movement of naio from Hawaii Island, but allow transport between islands where
myoporum thrips are not yet present. To date, the distribution of myoporum thrips in the State
remains restricted to Hawaii Island.

While naio is most dominant in dry forests, and lowland and upland shrublands, the species also
populates mesic and wet forest habitats as well as coastal strand communities. Naio is
distributed across all of the main Hawaiian Islands, and is present from sea-level to upwards of
3000 meters. The loss of this species would represent a significant biological and structural loss
to native forest habitats. The decline or extinction of naio would be a cultural loss as well, as the
wood of naio was utilized by native Hawaiians for purposes including, but not limited to,
ornamental pieces and gunwales on outrigger canoes, house posts, fishing net spacers, and long-
burning torches for night fishing.

Given their small size and documented ability to be transported over long-distances as a result of
both natural and human-mediated causes, there is a high likelihood that myoporum thrips will
further disperse within the State. The purpose of developing an early detection and rapid
response plan for myoporum thrips is to increase awareness of this destructive pest, as well as
provide protocol guidance, organization and facilitate cooperation between the following
agencies and land managers: Department of Land and Natural Resources (DLNR), Hawaii
Department of Agriculture (HDOA), Maui Invasive Species Committee (MISC), National Park
Service (NPS), and United States Fish and Wildlife Service (USFWS), The Nature Conservancy
(TNC), and Maui Land and Pineapple (MLP).

Each agency or organization will be responsible for monitoring select naio populations. This
division of labor will decrease the workload of any single agency or organization and increase
the monitoring focus from any one population. This plan outlines specific early detection and
monitoring methods to increase the likelihood of detection in the event myoporum thrips are
introduced to the island of Maui, as well as rapid response protocols to increase the likelihood
the pest will be contained or eradicated once it is detected.

It is necessary to assume pest detection so that a rapid response plan can be implemented,
assuring the best probability toward pest eradication. Partners will have the ability to initiate a
rapid and coordinated response, using both physical and chemical control methods, with the goal
of eradicating myoporum thrips, and protecting Maui’s naturally occurring naio populations.
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II. BACKGROUND

A. Description of pest

Klambothrips myopori (Thysanoptera: Phlacothripidae) are referred to as myoporum thrips or
naio thrips. The insect is narrow, dark brown to black, approximately 2-2.5 mm, with fringed
wings and a long posterior tube (Figure 1). It is a gall-inducing thrips, which causes damage
to plants as a result of feeding with cone-like mouthparts. Immature thrips are shaped like the
adults but vary in appearance from white to orange and are wingless (see Figure 2). Eggs are
small, milky, and oblong in shape, and difficult to observe without magnification.

Phata by . Arakelian

B. Native & exotic range

To date myoporum thrips have only been documented from California, Hawaii and
Tasmania. Myoporum thrips were first discovered in Southern California in 2005 and were
linked to extensive damage of landscape and nursery stock of Myoporum laetum, a species
that is not native to California. The thrips was undescribed prior to its detection in California;
a species description was prepared and published in 2007 based on that discovery.

Myoporum thrips were detected on Hawaii Island in December 2008. Given their wide
distribution, and naio mortality observed at that time, it is likely the species was present on
Hawaii Island for several years prior to their initial identification. The pest has infested the
north and west side of Big Island and is slowly spreading to the south and east. Survey data
and observations of naio mortality indicate that the center of the infestation is in the saddle
area between Mauna Kea and Mauna Loa, where naio is a key component of the native plant
community.

Recent molecular data analyses have determined that myoporum thrips are native to
Tasmania. Survey entomologists visited sites across Australia and New Zealand, and
sampled thrips species on Myoporum insulare, a host plant native to the region. Molecular
analyses confirm that California and Hawaii populations are closely related to one another, as
well as to the population sampled in Tasmania.
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C. Dispersal potential

The presence of Klambothrips myopori in Tasmania, demonstrates a history of successful
dispersal across the 200-mile Bass Straight. This precedent indicates that the species is likely
capable of naturally dispersing across the Hawaiian Islands as well. Wind dispersal of the
species is common, and it is possible that myoporum thrips could spread from its current
range on Hawaii Island to Maui via wind. The Alenuihaha Channel which separates Hawaii
Island from Maui is just 30 miles wide. This pathway of introduction would be optimal in the
absence of prevailing trade winds, when southerly winds (Kona winds) are dominant.

Myoporum thrips are not merely at risk of being moved naturally via wind, they are at risk of
being moved through unintentional transport by people on plants and goods. The distribution
of infested nursery stock played a role in the establishment of myoporum thrips at sites
across Hawaii Island. Naio out-plants in the city of Hilo were found to be infested early in
2009 due to the transportation of infested nursery stock from nurseries in Waimea.

At this time, human mediated transport is the most likely pathway by which the species will
disperse to Maui. Given the number of visitors and residents who travel inter-island daily, as
well as the continuous shipment of nursery plants and goods between islands, there exists a
significant risk for transport and establishment of this pest species. Oahu is the epicenter for
transport in the State, and the frequent movement of people and goods from Hawaii Island to
Oahu, and from Oahu to Maui provides a pathway for myoporum thrips dispersal. HDOA is
enforcing a 2009 suspension of inter-island certification for naio plants being transported
from Hawaii Island. However naio plants are still being grown by some Hawaii Island
horticulturalists and it is possible that the pest could be transported inadvertently on plant
species other than naio, if infested naio plants were grown in close proximity and then
exported for sale by Maui distributors.

The risk of introduction by natural resources personnel, hunters and/or members of the
National Guard working and training on Hawaii Island has been identified as another
pathway for potential introduction of myoporum thrips to Maui.

s

Figure 4. Beginning of leaf dieback.
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D. Biological impact

Adult and immature myoporum thrips feed on foliage, causing leaf distortion and inducing
the development of leaf-galls on host plants. Leaf curls/folds create protected areas in which
the pest can feed and reproduce. Heavy infestations result in leaf curling, branch dieback,
defoliation and host plant mortality (see Figure 3 & 4).

E. Ecological impact

High levels of infestation and mortality have been observed at Hawaii Island monitoring sites
over the last three years. Mortality rates have been increasing each year, ranging from 30-
50%. And mortality of naio has been documented at over 90% at select sites.

If myoporum thrips were to become established on Maui, it is likely that an infestation by the
pest would result in comparable damage to Maui naio populations. As on Hawaii Island,
ornamental naio out-plantings are included in landscape plantings on commercial properties,
at resorts, and in some residential areas. Naio occurs in lower densities in native habitats on
Maui than Hawaii Island. While this could initially slow the dispersal of the pest, die back
and mortality are still likely to result, and the probability of local extirpations of naturally
occurring naio may increase.

Dieback and mortality of naio will necessarily impact the native fauna that rely on naio for
food and/or habitat. Naio is a host to many insect herbivores, seed predators, borers and
pollinators. Species that specialize on naio are at particular risk. However even species such
as yellow-faced bees, which do not use the plant exclusively, but forage on it as a year-round
nectar source, are likely to be adversely impacted.

III. EARLY DETECTION

A. Monitoring interval

It will be the responsibility of each agency to monitor designated naio populations for
myoporum thrips (Figure 5, Table 1). Not every agency will have access to the same
resources, therefore monitoring intervals may vary. Naio populations should be monitored
quarterly, or at a minimum of twice per year.

B. Monitoring methods

1) Visit monitoring sites at scheduled intervals (quarterly, semi-annually - to be
determined by responsible agency/organization)

2) Visually inspect all naio present, OR a subset of naio plants (10 individuals in a given
area), depending on the number of naio present at each site

3) Examine a minimum of 20 branches/leaf terminals on each plant for evidence of
myoporum thrips presence
- Curled and/or bumpy leaves, terminal dieback, or dead branches are all common

indications of thrips presence
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- Chlorotic (yellowing/browning) leaves, or leaves that are limp, dead or dying but
have no curls or bumps are not indicative of thrips damage
4) If myoporum thrips presence or damage is suspected:
- Refer to Myoporum thrips field identification handout (Appendix D)
- Photograph the suspected damage
- Collect a sample and place in a sealed ziplock bag or otherwise secure container
- The sample should include the terminal branch where damage has been observed,
and/or individual thrips
5) Every sample submitted for identification will be accompanied by the HDOA
“Specimens Submitted for Identification” form (Appendix A)
6) Contact DLNR-DOFAW, MISC and HDOA to inform of possible detection
7) If myoporum thrips are confirmed, follow protocol outlined in Figure 6.
8) If naio thrips are not detected, submit monitoring datasheets to DLNR-DOFAW
Entomologist and/or Forest Health Specialist for data entry and management.

Materials list for naio monitoring
1) Datasheets

2) Hand clippers

3) Camera

4) Ziplock sealable sandwich bags
5) GPS

C. Monitoring sites

It is not possible to predict where myoporum thrips will first become established on Maui.
Areas such as airports and ports, which support high human and cargo traffic, frequently
serve as initial points of infestation for new pest species. However on Hawaii Island it
appears that myoporum thrips initially became established in an interior, natural area with
limited access, therefore even more remote natural area sites are important monitoring
targets.

Monitoring sites have been identified on Maui based on the presence of either out-planted or
naturally occurring populations of naio. Businesses that may sell or transport potted naio
plants have also been identified for monitoring. Each site has been assigned a priority level
(1, 2, 3), to indicate the likelihood of infestation, and monitoring priority. Those that rank
highest (1) are near potential entry sites such as ports and military bases; rank 2 sites are
other easily accessible sites and important natural areas; and 3 are remote and isolated
populations not likely to be sites of early introductions.
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Figure 5. Distribution of known naio populations on Maui.

IV. RAPID RESPONSE

A. Communication and delegation of responsibility
Once confirmed, the agency who detects the myoporum thrips will be responsible for
notifying all other partner agencies (refer to Section V. Contacts).

If myoporum thrips are detected in a:

1) nursery or landscape planting, MISC will take responsibility as lead agency

2) forest or natural area (non-federal lands) DLNR will take responsibility as lead
agency

3) USFWS Refuge, USFWS will take responsibility as lead agency in consultation with
DLNR and MISC

4) NPS lands, NPS will take responsibility as lead agency in consultation with DLNR
and MISC

5) Private landowners will consult with DLNR and MISC
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B. Restrict inter-island transport of naio from Maui

In the event myoporum thrips are confirmed on Maui, DLNR-DOFAW will submit a written
request to the HDOA Administrator to immediately suspend the inter-island movement of
naio plants from Maui. The temporary ban on inter-island movement of naio plants should be
enforced pending the completion of delimiting surveys to assess the distribution of the pest.

If it is determined that myoporum thrips are widely established on Maui, and control
measures are unlikely to be successful, HDOA could propose an interim rule to formalize the
ban. If it appears that the infestation is localized and eradication is an option, the temporary
HDOA ban will remain in place until after eradication efforts are determined to have been
successful.

C. Physical control

Plants less than 2 meters in height which are confirmed to host myoporum thrips will be
immediately targeted for removal. If permission is obtained from the landowner, plants will
be cut and vegetation will be bagged and removed for disposal.

1) Spray infested plants liberally with insecticidal soap or oil (ex. Safer® Brand Insect
Killing Soap or Safer® Brand BioNEEM Insecticide/Repellent). Focus the spray on
areas suspected to be infested, and leaf terminals closest to the apical meristem where
myoporum thrips tend to aggregate.

2) Carefully clip off branches suspected to be infested with myoporum thrips and place
them in durable garbage bags.

3) When all infested vegetation has been removed, cut and pack the remainder of the
vegetation into durable garbage bags for disposal.

4) Ensure that bags containing infested vegetation are carefully sealed, and
handled/transported with care to reduce likelihood of the bags ripping or tearing.

5) Bags containing infested material can be transported to the Maui Invasive Species
Committee office (located at 820 Pitholo Road, Makawao, HI 96768), where material
will be frozen for 1 week.

6) Where possible, individuals who conduct removal efforts for infested naio should
change into clean clothing immediately following project completion. Clothing worn
during naio removal should be bagged and laundered (washed and dried in a dryer)
before being worn again to any field site.

Materials list for physical control:

1) Insecticidal soap or oil
2) Rubber or latex gloves
3) Hand clippers

4) Loppers

5) Durable garbage bags

6) Change of clothing

Revised 2013/08/05



10

D. Chemical control

Naio plants may be chemically treated prior to assessing removal options, or as an alternative
to removal options if 1) the area of infestation is extensive, 2) permission is not given to
remove the infested plants, or 3) the naio is located in a natural area.

1) Myoporum thrips confirmed to be present in a landscape planting (ornamentals,
commercial, industrial, institutional and recreational areas including athletic field and
parks). Plants should be treated with both a soil drench and a foliar spray.

- Safari (Dinotefuran) may be used as a soil drench and/or as a foliar spray
- Allectus (Imidacloprid+Bifenthrin) may be applied as a soil drench and/or as a
foliar spray

2) Myoporum thrips confirmed to be present in a nursery:
Plants should be treated with both a soil drench and a foliar spray.

- Safari (Dinotefuran) may be used as a soil drench and/or as a foliar spray

3) Myoporum thrips confirmed to be present in a natural area:
Plants should be treated with both a soil drench and a foliar spray.
- Safari (Dinotefuran) may be used as a soil drench and/or as a foliar spray, but
may not be used when a naio plant is flowering.

Individuals who conduct control efforts for infested naio should change into clean clothing
immediately following treatment. Clothing worn during naio treatment should be bagged and
laundered (washed and dried in a dryer) before being worn again to any field site.

Following treatment, sites should be checked weekly for evidence of myoporum thrips
presence to assess efficacy of treatment, and determine whether further action is needed (ex.
physical removal of the plant or treatment with non-restricted insecticidal soaps or oils).
Systemic insecticides will be reapplied per label specifications, two weeks following the
initial treatment. Research suggests that successful systemic insecticide treatments kept
plants free of naio thrips for 60 days, therefore plants should be checked weekly until 60 days
post treatment(s), at which point control options will be reassessed.

Materials list for chemical control:

1) Insecticide

2) Water

3) Sprayer/pesticide applicator

4) Personal protective equipment (eyewear, long-sleeves, gloves, closed toed shoes)
5) Durable garbage bags

6) Change of clothing

E. Delimiting surveys and prophylactic control
Immediately following the detection and confirmation of myoporum thrips on Oahu,
delimiting surveys of naio plants will be conducted within a 3-mile radius of the known point
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or area of infestation. Where possible, surveys may also be completed to assess naio
populations outside this radius. If the pest is confirmed to be present at additional sites, the
surveys will expand accordingly across the island.

If permissions are obtained, naio plants within the 3-mile radius buffer zone will be treated
with a systemic insecticide to prevent the establishment of myoporum thrips that may still be
present in the area. These naio populations will also be monitored (every two weeks?)
following treatment. Further control options will be assessed at 60 days post treatment, and
will be determined based on the efficacy of control measures implemented in the area of
infestation.

F. Outreach

Outreach must be conducted to inform landscapers, horticulturalists, nurseries and other
businesses that handle naio plants. Outreach could be conducted in person through site visits,
and/or by sending a notice to the individual or business (Appendix C).

V. RECOMMENDATIONS
Continue to survey for additional naio populations on Maui

Hold annual meetings to revisit Early Detection and Rapid Response Plan with partners and
relevant staff

VI. REFERENCES

Bethke, J. A. and D. A. Shaw (2008). Myoporum thrips control. University of California
Cooperative Extension San Diego County. www.smgrowers.com/info/Myoporum.pdf

Bethke, J. A., D.A. Shaw, D. Li, M.Whitehead, and B.V. Mey (2011). Winter 2011: Regional
Report: Biology and Control of the Myoporum Thrips. University of California Nursery and
Floriculture Alliance News.
http://ucanr.edu/sites/UCNFAnews/Regional Report San Diego and Riverside Counties/Wint
er 2011 Regional Report Biology and control of the myoporum thrips/

Mound, L.A. & Morris, D.C. 2007. A new pest of Myoporum cultivars in California, in a new
genus of leaf-galling Australian Phlaeothripidae (Thysanoptera). Zootaxa. 1495 : 33-45.
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Figure 6. Flowchart explaining the protocol for naio thrips monitoring, detection, and eradication.
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VII. CONTACTS

Department of Land and Natural Resources, Division of Forestry and Wildlife
Cynthia King: Entomologist, (808) 640-8687, cynthia.b.king@hawaii.gov

Robert Hauff: Forest Health Coordinator, (808) 587-4174, robert.d.hauff@hawaii.gov
Scott Fretz: Maui Branch Manager, scott.fretz@hawaii.gov

Lance DeSilva: Maui Forestry Manager, lance.k.desilva@hawaii.gov

Bryon Stevens, NARS Specialist, bryon.stevens@hawaii.gov

Hawaii Department of Agriculture

Neil Reimer: Plant Industry Administrator, Neil.J.Reimer@hawaiioimt.onmicrosoft.com
Amy Takahashi, Plant Quarantine Branch Chief, Amy.N.Takahashi@hawaii.gov

Mach Fukada: Maui Entomologist, (808) 873-3949

Maui Invasive Species Committee

Teya Penniman: MISC Manager, misc@hawaii.edu

Adam Radford: MISC Operations Manager, (808) 573-6472, aradford@hawaii.edu
Brooke Mahnken: MISC Operations/GIS Specialist, mahnken@hawaii.edu

US Fish and Wildlife Service

Josh Fisher: Invasive Species Biologist, (808) 792-9452, Joshua Fisher@fws.gov
Mike Richardson: Entomologist, (808)792-9448, Mike Richardson@fws.gov
Jared Underwood: jared underwood@fws.gov

National Park Service
Raina Kaholoaa: Raina Kaholoaa@nps.gov
Patti Welton: patti welton@nps.gov

Plant Extinction Prevention Program
Hank Oppenheimer, hmo3500@earthlink.net

The Nature Conservancy
Pat Bily, pbily@tnc.org

Hawaiian Islands Land Trust
James Crowe, james@hilt.org

Starr Environmental
Forest and Kim Starr, fstarr@hawaii.edu

ADDITIONAL CONTACTS:

Maui Botanical Gardens Maui Association of Landscape Professionals
West Maui Mountains Watershed Partnership ~ Maui Outdoor Circle

Leeward Haleakala Watershed Partnership

East Maui Watershed Partnership

Revised 2013/08/05


mailto:(808)%20640-8687
mailto:cynthia.b.king@hawaii.gov

14

APPENDICES

VIII.

Appendix A. Hawaii Department of Agriculture specimen submittal form

aseqereq ui pasaywa [

aseqereq ut passyu3 [

:pI0I3Y MAN ‘pioday MaN
s - 4 o — .
RIS SieA Pl :U01173]|02 0) pappe aq 01 suawiads Jo 'ON PiS SIEA pavuid :U0NII|(03 0} pappe aq 01 suawidads Jo ‘oN
@ieq :kq18q :3jeq Kq18q
:3WEN UOWIWO) BWEp UOWIWo)
Hoyiny/ssads/snuag doyiny/sanads/snuag
Apwey 49pI0 Apwey 43pI0
SAION
SAION
wnpy [ edng [] ameww || :pa12ajjo) abels 135y wnpv [ edng [ | ameww [ ;pa12a)j0) abeig 1995u]
Aneap [ wnipaw | wbn [ wwoneisaju) Jo aabag Kneay ] wnipaw [ wén[] uone)sajul Jo 2a160q)
swodwiAs Jueyd swoldwiAs Jueld
sooy[ ] wunp[] wais[ ] spass[]  samop[]  wnug[T]  ebeyos[] swoy[ | yuni[T]  wais[]  spaas[]  semopa[]  wmug[]  ebeos[]
‘PaRyY Led lueld PRIV WEd Jueld
(dWweN UowWwWo)) ISoH ‘(BWIeN UOWWO?)) 1SOH
(3weN dynusng) ISo0H (SWRN JHHUIIS) ISOH
Jeuqey feugeH
23 Aq paniwgng 22100 Aq panjwiqns
21e(] :Aq pa13jj0d 31e( Aq paya||0d
uone’oT uone’n]
:Anuno)/aieis/puelsy :Anuno)/eieis/puels|

yaueig |0NUO) 1594 Jueld .w‘s—_:u_._m< o .un_UD ajejs lemey
uonesUIP] 10 paniwgns suawidads
#U0n3||0)
60/9 vZ-2dd

YdueIg [013U07) 1534 Jueld ‘21nynduby Jo ‘1daq alels llemeH
uoljedyIuUAP| 10§ paRIWIgNS suswiads

# uond9||0d

60/9 ¥T-Ddd

Revised 2013/08/05



Appendix B. Draft letter to landowner or business requesting permission to survey for
myoporum thrips and remove or chemically treat naio plants

CARTY 5 CHANG

DATE (change letterhead if appropriate)

Dear

The State of Hawai't Department of Land and Natural Resources (DLNR), Hawai‘t Department of
Agriculture (HDOA) and the Maui Invasive Species Committee (MISC) are workmg to stop the
spread of 2 harmful pest on Maui. We request permission to access your property imn LOCATION
(TMK X-X-X-XX-X-XX) to survey for the presence of myoporum thrips.

Myoporum thrips are tmy msects which cause enormous damage to naio plants when they feed with
thetr straw-like mouthparts. The pest was found on the Big Island m 2008, and has smce caused
damage and death of omamental and naturally cccurrmg nzio plants on the Big Island. As a result,
many land owners on the Big Island have had to remove naio because treating the plants with
msecticides has become too expensive. Plants that are not treated will exhibit curled leaves, branch
dieback, and will eventually die. Aside from bemg 2 fmancially costly pest, myoperum thrips
threatens the long-term survival of our native naio plants, and death rates of over $0% have been
observed m some natural areas.

Myoporum thrips were only recently detected on Maui, and the State has mitiated 2 Rapid Response
Plan to prevent the spread of this pest and protect Maut naio. Naio plants mfested with myoporum
thrips have been found m proximity to your property, and because the thrips can be easily dispersed
by wind, the msects may have spread to plants on your property. We ask for your cooperation n
allowmg DLNR, HDOA, and MISC staff to access your property and survey for this pest.
Myoporum thrips are not easily observed, and our technical staff are tramed to identify this pest.
State law (Hawaii Revised Statutes, Chapter 520A) releases property owners from liability for
persons controllimg or eradicatmg mvasive species on their property.

If myoporum thrips are found on naio on your property, we zalso request your cooperation i
alowmg the physical removal of the plant. or the localized treatment of the plant with an
msecticide. Detecting and elimmatng myoporum thrips is mtegral to the success of our rapid
response plan. With your help we can protect our native naio, and stop the spread of this destructive
msect pest.

Smeerely,

Lisa J. Hadway
DOFAW Admmistrator

Revised 2013/08/05
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Appendix C. Myoporum thrips field identification handout

.................

Revised 2013/08/05
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Issne: Droughtis anissusatmany sitas indrv

What to look for: Lzaaves willdroop and/ortum
| vallow or brown in color.

Issne: Othar homoptaran pasts suchas aphids,

mealvbugs, lacebugs and leafhoppers can cause
damage to naio.

What to look for: Lzafbends or gantla curls
often mark the site whers f2adinghas occurrad
and can bz mistsken formvoporumthrips damase.
i In contrast, myoporum thrips damagz is bumpy or
pock-marked in appsarancs.

Issue: Saveral stressorscanimpactths same
plant. A combination of drought and mealy bug
damaga can ba sean in this photo.

What to look for: Mzalvbugs and/or the white
| waxy substance thev exuds. Spacklas of black

. sooty mold may also ba s22n on the naio leaves.
! This mold commonly grows on meaalv bugand
leafhoppar exudate (waste). Sootvmold is not

| associated with naio thrips.

Issue: Lacsbugs canaxpariencs apisodic
outbraaks onnaio.

What to look for: Fzadingdamaga from thesa

| insacts will causa naio lzaves to tum vellow or

| brown in color, and curl gantly. An adult lacsbug
(top ofphoto). and white immstusas ara usuaslly
vizsible on the foliasa.

Revised 2013/08/05
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Appendix D. Myoporum thrips field monitoring datasheet.
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