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OrderOrder:: CycadalesCycadales

FamiliesFamilies:: BoweniaceaeBoweniaceae, Cycadaceae, , Cycadaceae, 
Stangeriaceae, ZamiaceaeStangeriaceae, Zamiaceae

Extant speciesExtant species: : 302 currently recognized302 currently recognized

DistributionDistribution: : PantropicalPantropical

Conservation statusConservation status:: Cycads representCycads represent
one of the most threatened plant groupsone of the most threatened plant groups
worldwide; >50% listed as worldwide; >50% listed as 
threatened or endangeredthreatened or endangered

General Cycad InformationGeneral Cycad Information

Photo: Dennis StevensonPhoto: Dennis Stevenson

Photo: Tom BroomePhoto: Tom Broome Photo: Mark BontaPhoto: Mark Bonta



OrderOrder:: Hemiptera/Homoptera Hemiptera/Homoptera 
FamilyFamily:: DiaspididaeDiaspididae
Common namesCommon names::

OfficialOfficial cycad aulacaspis scale (CAS) cycad aulacaspis scale (CAS) 
OtherOther Asian cycad scale, Thai scale, snow scaleAsian cycad scale, Thai scale, snow scale

Native distributionNative distribution:: Andaman Islands to Vietnam, Andaman Islands to Vietnam, 
including Thailand and probably Cambodia, Laos, peninsularincluding Thailand and probably Cambodia, Laos, peninsular
Malaysia, Myanmar, southernmost China, and possibly IndiaMalaysia, Myanmar, southernmost China, and possibly India

Invasive distributionInvasive distribution::
United States properUnited States proper Alabama, Florida, California, Georgia,Alabama, Florida, California, Georgia,

Hawaii, Louisiana, South Carolina, Texas Hawaii, Louisiana, South Carolina, Texas 
CaribbeanCaribbean Cayman Islands, Puerto Rico, St. Kitts, U.S.Cayman Islands, Puerto Rico, St. Kitts, U.S.

Virgin Islands, Virgin Islands, ViequesVieques
OtherOther Costa Rica, Costa Rica, GuamGuam, Hong Kong, Singapore, , Hong Kong, Singapore, TaiwanTaiwan

Aulacaspis yasumatsuiAulacaspis yasumatsui TakagiTakagi

W. Tang, USDA-APHIS-PPQ



Photos by W. Tang, USDAPhotos by W. Tang, USDA--APHISAPHIS--PPQPPQ

Adult Adult ♂♂ (L) and (L) and ♀♀ (R) scale insects(R) scale insects Eggs and adult Eggs and adult ♀♀ w/ cover removedw/ cover removed

Aulacaspis yasumatsuiAulacaspis yasumatsui TakagiTakagi



Photos by Dr. Thomas Marler, University of GuamPhotos by Dr. Thomas Marler, University of Guam

Typical DamageTypical Damage

Time series of CASTime series of CAS--infested infested Cycas revolutaCycas revoluta plant in plant in 
Guam, showing reduction of leaf size and ultimate death.Guam, showing reduction of leaf size and ultimate death.



Host RangeHost Range
FamilyFamily GenusGenus SpeciesSpecies Geographic originGeographic origin
CycadaceaeCycadaceae CycasCycas mediamedia Australia & Papua New GuineaAustralia & Papua New Guinea

panzhihuaensispanzhihuaensis ChinaChina
revolutarevoluta Japan to Ryukyu IslandsJapan to Ryukyu Islands
rumphiirumphii India, Southeast Asia, OceaniaIndia, Southeast Asia, Oceania
seemanniiseemannii OceaniaOceania
szechuanensisszechuanensis ChinaChina
thouarsiithouarsii AfricaAfrica
wadeiwadei PhilippinesPhilippines

Zamiaceae Zamiaceae DioonDioon califanoicalifanoi MexicoMexico
eduleedule MexicoMexico
merolaemerolae MexicoMexico
rzedowskiirzedowskii MexicoMexico
spinulosumspinulosum (strobili only) (strobili only) MexicoMexico
sonorensesonorense MexicoMexico

EncephalartosEncephalartos barteribarteri (strobili only) (strobili only) AfricaAfrica
feroxferox AfricaAfrica
hildebrandtiihildebrandtii AfricaAfrica
manikensismanikensis AfricaAfrica
pterogonuspterogonus AfricaAfrica
whitelockiiwhitelockii AfricaAfrica

MicrocycasMicrocycas calocomacalocoma (strobili only) (strobili only) CubaCuba
Stangeriaceae Stangeriaceae StangeriaStangeria eriopuseriopus AfricaAfrica

Information from Information from WeisslingWeissling et al.et al.,, 1999



Host RangeHost Range

Cycas revolutaCycas revoluta

Photo: Holly Glenn, UFPhoto: Holly Glenn, UF--IFASIFAS Photo: Michael CalonjePhoto: Michael Calonje



Host RangeHost Range

Stangeria eriopusStangeria eriopus



Host RangeHost Range
FamilyFamily GenusGenus SpeciesSpecies Geographic originGeographic origin
Zamiaceae Zamiaceae CeratozamiaCeratozamia microstrobilamicrostrobila MexicoMexico

miquelianamiqueliana MexicoMexico
EncephalartosEncephalartos gratus gratus (strobili primarily)(strobili primarily) South AfricaSouth Africa

umbeluziensisumbeluziensis (strobili primarily) (strobili primarily) South AfricaSouth Africa
BoweniaceaeBoweniaceae BoweniaBowenia serrulataserrulata AustraliaAustralia

Personal observations at Montgomery Botanical Center, Miami, FLPersonal observations at Montgomery Botanical Center, Miami, FL



Host RangeHost Range

Ceratozamia microstrobilaCeratozamia microstrobila



Host RangeHost Range

Encephalartos gratusEncephalartos gratus



Host RangeHost Range

Bowenia serrulataBowenia serrulata



Control OptionsControl Options
Control recommendations for CAS are diverse and variable in Control recommendations for CAS are diverse and variable in 
their effectiveness. They include the following:their effectiveness. They include the following:

1.1. ChemicalChemical
•• Dimethoate/oilDimethoate/oil
•• ImidiclopridImidicloprid
•• Pyriproxifen/dinotefuranPyriproxifen/dinotefuran

2.2. Physical/CulturalPhysical/Cultural
•• Pressure washingPressure washing
•• Removal of leavesRemoval of leaves
•• Sanitation Sanitation 

3.3. BiologicalBiological
•• Cybocephalus nipponicusCybocephalus nipponicus
•• Coccobius fulvusCoccobius fulvus
•• Rhyzobius lophanthaeRhyzobius lophanthae

4.4. IPMIPM
MultiMulti--pronged approach that pronged approach that 
combines many of the above, combines many of the above, 
plus scouting plus scouting 



Independent OutbreaksIndependent Outbreaks
1.1. BogorBogor Botanic Gardens, Java (late 1980s)Botanic Gardens, Java (late 1980s)

•• Origin unknown; wiped out gardenOrigin unknown; wiped out garden’’s entire s entire CycasCycas collection collection 
•• Unknown if CAS still persists in JavaUnknown if CAS still persists in Java
•• Outbreak not publicizedOutbreak not publicized
•• No warning given to avoid future outbreaksNo warning given to avoid future outbreaks

2.2. Florida (1994/5)Florida (1994/5)
•• Originated from collected plants in Vietnam or ChinaOriginated from collected plants in Vietnam or China
•• Not caught by plant inspectorsNot caught by plant inspectors
•• Pest alerts and restrictions too slow to prevent spreadPest alerts and restrictions too slow to prevent spread
•• Quickly established and spread throughout FloridaQuickly established and spread throughout Florida
•• Caused millions of dollars of damage to nursery industryCaused millions of dollars of damage to nursery industry
•• Later spread throughout Gulf coastLater spread throughout Gulf coast——via chain storesvia chain stores——and and 

onto several Caribbean islands and elsewhere on infected onto several Caribbean islands and elsewhere on infected 
Cycas revolutaCycas revoluta plants exported from Floridaplants exported from Florida



Independent OutbreaksIndependent Outbreaks
3.3. China (mid 1990s)China (mid 1990s)

•• Wholesale quantities of wildWholesale quantities of wild--collected collected Cycas inermisCycas inermis imported imported 
from southern Vietnam to two botanic gardens in Chinafrom southern Vietnam to two botanic gardens in China

•• Additional quantities planted as ornamentals for businesses and Additional quantities planted as ornamentals for businesses and 
city landscapes in Chinacity landscapes in China

•• Now widespread in botanic gardens and nurseries throughout Now widespread in botanic gardens and nurseries throughout 
southern Chinasouthern China

•• As with Florida, southern China is center for nursery industry As with Florida, southern China is center for nursery industry 
that grows and exports that grows and exports Cycas revolutaCycas revoluta

•• May have led to introduction of CAS to Taiwan, another center May have led to introduction of CAS to Taiwan, another center 
of of C. revolutaC. revoluta production and export production and export 



Dependent OutbreaksDependent Outbreaks
1.1. Taiwan (2000)Taiwan (2000)

•• Arrived from unknown source, possibly nurseries in S. ChinaArrived from unknown source, possibly nurseries in S. China
•• Arrival not publicized; presence unknown until 2005Arrival not publicized; presence unknown until 2005
•• Killed 100,000+ nursery cycads (Killed 100,000+ nursery cycads (Cycas revolutaCycas revoluta) in ) in TaoyuanTaoyuan

CountyCounty——south of Taipeisouth of Taipei——the first yearthe first year
•• Spread to wild population of Spread to wild population of Cycas taitungensisCycas taitungensis in Taitung in Taitung 

Cycad Nature Reserve (S. Taiwan) in 2004Cycad Nature Reserve (S. Taiwan) in 2004
•• Widespread in other wild cycad populations by 2005Widespread in other wild cycad populations by 2005



Taiwan Invasion TimelineTaiwan Invasion Timeline

Information provided by Information provided by Dr. Po-Yung Lai (National Pingtung University of Science & Technology) 
& Dr. Jung-Tai Chao (Taiwan Forestry Research Institute). Taiwan base map courtesy maps.com.

DateDate Event & LocationEvent & Location
20002000 CASCAS introduced into northern Taiwan through an introduced into northern Taiwan through an 

unknown channel, killing 110,000 nursery cycads unknown channel, killing 110,000 nursery cycads 
(seedlings and adults of various ages) in (seedlings and adults of various ages) in TaoyuanTaoyuan
CountyCounty——a northern county south of the capital of a northern county south of the capital of 
TaipeiTaipei——in its first year (in its first year (#1 on map#1 on map).).

Sep. Sep. 
20032003

The predatory beetle, The predatory beetle, Cybocephalus nipponicusCybocephalus nipponicus, , 
imported from Thailand to the quarantine facility at imported from Thailand to the quarantine facility at 
National National PingtungPingtung University, University, NeipuNeipu, , PingtungPingtung, , 
Taiwan.Taiwan.

20042004 CAS CAS invaded the Taitung Cycad Nature Reserveinvaded the Taitung Cycad Nature Reserve——
home of one of the largest populations of the endemic home of one of the largest populations of the endemic 
Cycas taitungensisCycas taitungensis——in southeastern Taiwan (in southeastern Taiwan (#2 on #2 on 
mapmap).).

Oct. Oct. 
20052005

Cybocephalus nipponicus Cybocephalus nipponicus field released in Taitung field released in Taitung 
Cycad Nature ReserveCycad Nature Reserve ((#2 on map#2 on map).).

Nov. Nov. 
20052005

C. nipponicus C. nipponicus released at released at PingtungPingtung and and TaichungTaichung ((#3 #3 
on mapon map).).



Cycas taitungensisCycas taitungensis plants grow on cliffs within the plants grow on cliffs within the 
Taitung Cycad Nature Reserve, making them very Taitung Cycad Nature Reserve, making them very 
difficult to access for study and/or to treat for CAS.difficult to access for study and/or to treat for CAS.

CAS in TaiwanCAS in Taiwan

Photos by Photos by Chin-Ying Hwang, Taiwan Forestry Research Institute, Taiwan Forestry Research Institute



Conservation Status in TaiwanConservation Status in Taiwan
Cycas taitungensisCycas taitungensis was classified as Vulnerable in the 2004 was classified as Vulnerable in the 2004 
IUCN Red List, based on estimates of total population IUCN Red List, based on estimates of total population 
decline of 30% over the last 10 years or three generations.decline of 30% over the last 10 years or three generations.

It is a narrow endemic in Taiwan, and CAS is no doubt 
greatly increasing the decline of this species in the wild.

Because of CAS, the IUCN/SSC Cycad Specialist Group Because of CAS, the IUCN/SSC Cycad Specialist Group 
provisionally elevated conservation status to provisionally elevated conservation status to EndangeredEndangered..

Information from IUCN & Dr. John Donaldson, Chair, IUCN/SSC CycaInformation from IUCN & Dr. John Donaldson, Chair, IUCN/SSC Cycad Specialist Groupd Specialist Group



Dependent OutbreaksDependent Outbreaks
2.2. Guam (2003)Guam (2003)

•• Arrived on infested Arrived on infested Cycas revolutaCycas revoluta plants from Florida, despite plants from Florida, despite 
repeated warnings by Dr. Thomas Marler, University of Guamrepeated warnings by Dr. Thomas Marler, University of Guam

•• Arrival widely publicized; repeated warnings and control Arrival widely publicized; repeated warnings and control 
recommendations failed to keep it from spreadingrecommendations failed to keep it from spreading

•• Spread to wild populations of Spread to wild populations of Cycas micronesica Cycas micronesica by Sep. 2004by Sep. 2004
•• Widely distributed in wild cycad populations by 2005Widely distributed in wild cycad populations by 2005



CAS in GuamCAS in Guam

Article from Article from Pacific Daily NewsPacific Daily News

In February 2000, Dr. Thomas Marler warned of the possibility In February 2000, Dr. Thomas Marler warned of the possibility 
of CAS coming to Guam. His warnings went unheeded.of CAS coming to Guam. His warnings went unheeded.



CAS in GuamCAS in Guam

Base map and distribution information provided by Drs. Ross MillBase map and distribution information provided by Drs. Ross Miller & Thomas Marler, University of Guamer & Thomas Marler, University of Guam

Initial site ofInitial site of
introductionintroduction
(Oct. 2003)(Oct. 2003)

•• CAS first arrived on GuamCAS first arrived on Guam
(from FL) in the Tumon(from FL) in the Tumon
Bay hotel district in 2003Bay hotel district in 2003



CAS in GuamCAS in Guam

YpaoYpao PointPoint
(Nov. 2003)(Nov. 2003)

•• CAS first arrived on GuamCAS first arrived on Guam
(from FL) in the Tumon(from FL) in the Tumon
Bay hotel district in 2003Bay hotel district in 2003

•• Within a month, it had Within a month, it had 
infested a native populationinfested a native population
of of Cycas micronesicaCycas micronesica atat
YpaoYpao PointPoint

Base map and distribution information provided by Drs. Ross MillBase map and distribution information provided by Drs. Ross Miller & Thomas Marler, University of Guamer & Thomas Marler, University of Guam



CAS in GuamCAS in Guam
•• CAS first arrived on GuamCAS first arrived on Guam
(from FL) in the Tumon(from FL) in the Tumon
Bay hotel district in 2003Bay hotel district in 2003

•• Two months later, Jan. 2004,Two months later, Jan. 2004,
CAS had spread into the CAS had spread into the 
surrounding villages and surrounding villages and 
forests of central Guamforests of central Guam

•• Within a month, it had Within a month, it had 
infested a native populationinfested a native population
of of Cycas micronesicaCycas micronesica atat
YpaoYpao PointPoint

Base map and distribution information provided by Drs. Ross MillBase map and distribution information provided by Drs. Ross Miller & Thomas Marler, University of Guamer & Thomas Marler, University of Guam



CAS in GuamCAS in Guam
Ritidian PointRitidian Point
(Feb. 2005)(Feb. 2005) •• One year later, CAS had One year later, CAS had 

reached cycad populationsreached cycad populations
in the North; beetles werein the North; beetles were
released at Ritidian Pointreleased at Ritidian Point

Base map and distribution information provided by Drs. Ross MillBase map and distribution information provided by Drs. Ross Miller & Thomas Marler, University of Guamer & Thomas Marler, University of Guam



CAS in GuamCAS in Guam
•• One year later, CAS had One year later, CAS had 
reached cycad populationsreached cycad populations
in the North; beetles werein the North; beetles were
released at Ritidian Pointreleased at Ritidian Point

•• In June 2005, CAS coveredIn June 2005, CAS covered
entire northern end of Guamentire northern end of Guam
and official survey beganand official survey began

Base map and distribution information provided by Drs. Ross MillBase map and distribution information provided by Drs. Ross Miller & Thomas Marler, University of Guamer & Thomas Marler, University of Guam



CAS in GuamCAS in Guam
•• One year later, CAS had One year later, CAS had 
reached cycad populationsreached cycad populations
in the North; beetles werein the North; beetles were
released at Ritidian Pointreleased at Ritidian Point

•• In June 2005, CAS coveredIn June 2005, CAS covered
entire northern end of Guamentire northern end of Guam
and official survey beganand official survey began

•• By Feb. 2006, CAS hadBy Feb. 2006, CAS had
infested entire island, exceptinfested entire island, except
for two isolated populationsfor two isolated populations
in the South.in the South.

Base map and distribution information provided by Drs. Ross MillBase map and distribution information provided by Drs. Ross Miller & Thomas Marler, University of Guamer & Thomas Marler, University of Guam

Only wildOnly wild
populationspopulations
not infestednot infested
(Feb. 2006)(Feb. 2006)



CAS in GuamCAS in Guam

•• First noticed at First noticed at TaragueTarague (northern Guam) in January 2005,(northern Guam) in January 2005,
CAS was already widespread.CAS was already widespread.

•• It quickly spread throughout this population and into It quickly spread throughout this population and into 
neighboring populations.neighboring populations.

Photos by Anne Brooke, Guam National Wildlife RefugePhotos by Anne Brooke, Guam National Wildlife Refuge



In addition to leaves, CAS infests cones and developing In addition to leaves, CAS infests cones and developing 
seeds, reducing the reproductive potential of populations.seeds, reducing the reproductive potential of populations.

CAS in GuamCAS in Guam

Photos by Anne Brooke, Guam National Wildlife RefugePhotos by Anne Brooke, Guam National Wildlife Refuge



•• A significant reduction in the smallest demographic age classA significant reduction in the smallest demographic age class
has occurred in one has occurred in one Cycas micronesicaCycas micronesica population withinpopulation within
1010--11 months of infection.11 months of infection.

•• LongLong--lasting population effects are likely.lasting population effects are likely.

CAS in GuamCAS in Guam

Graphs provided by Dr. Thomas Marler, University of Guam (unpublGraphs provided by Dr. Thomas Marler, University of Guam (unpublished data)ished data)



Conservation Status in GuamConservation Status in Guam
Cycas micronesicaCycas micronesica has never been classified for inclusion has never been classified for inclusion 
in the IUCN Red List of Threatened Plants.in the IUCN Red List of Threatened Plants.

Once present on Saipan and Tinian, it was entirely removed Once present on Saipan and Tinian, it was entirely removed 
by the Japanese prior to and during World War II. by the Japanese prior to and during World War II. 

Habitat loss has occurred on Rota & Guam in recent years. Habitat loss has occurred on Rota & Guam in recent years. 

Based on its narrow distribution and the rapid rate of Based on its narrow distribution and the rapid rate of 
decline due to CAS, the IUCN/SSC Cycad Specialist Group decline due to CAS, the IUCN/SSC Cycad Specialist Group 
has made a provisional assessment of has made a provisional assessment of EndangeredEndangered..

Information provided by Dr. Thomas Marler, University of Guam & Information provided by Dr. Thomas Marler, University of Guam & Dr. John Donaldson, IUCN/SSC CSG ChairDr. John Donaldson, IUCN/SSC CSG Chair





Regional/National AwarenessRegional/National Awareness

Developed by USDADeveloped by USDA--CSREES Integrated Pest Management CentersCSREES Integrated Pest Management Centers



International AwarenessInternational Awareness
CAS has been given CAS has been given top prioritytop priority status by the IUCN/SSC Cycad status by the IUCN/SSC Cycad 
Specialist Group (CSG). TheSpecialist Group (CSG). The CSG Invasive Pests Subgroup has CSG Invasive Pests Subgroup has 
assumed the following responsibilities: assumed the following responsibilities: 

•• Compiling information and writing a report to the CSG on the stCompiling information and writing a report to the CSG on the statusatus
of CAS in cycad habitats and collections of conservation impoof CAS in cycad habitats and collections of conservation importancertance
worldwide (worldwide (completedcompleted))

•• Creating a Pest Alert and providing updated CASCreating a Pest Alert and providing updated CAS--related information related information 
on a centralized on a centralized ““clearinghouseclearinghouse”” web page (web page (completedcompleted))

•• Organizing global media campaign to alert governments and NGOsOrganizing global media campaign to alert governments and NGOs
in countriesin countries withwith native native CycasCycas populationspopulations——including additionalincluding additional
islands in the Pacific, as well as India, SE Asia, and Austraislands in the Pacific, as well as India, SE Asia, and Australialia——ofof
the seriousness of this pest (the seriousness of this pest (ongoingongoing))



International AwarenessInternational Awareness

Developed by IUCN/SSC Cycad Specialist Group Invasive Pests SubgDeveloped by IUCN/SSC Cycad Specialist Group Invasive Pests Subgroup roup 



International AwarenessInternational Awareness

Developed by IUCN/SSC Cycad Specialist Group Invasive Pests SubgDeveloped by IUCN/SSC Cycad Specialist Group Invasive Pests Subgrouproup

http://www.iucn.org/themes/ssc/sgs/csg/pages/CAS.htm



International Awareness/SupportInternational Awareness/Support
•• IUCN/SSC Invasive Species Specialist Group recently added IUCN/SSC Invasive Species Specialist Group recently added AulacaspisAulacaspis

yasumatsuiyasumatsui to its Global Invasive Species Database. to its Global Invasive Species Database. 

•• Pacific Programme of the Cooperative Islands Initiative, PacifiPacific Programme of the Cooperative Islands Initiative, Pacific Regional c Regional 
Environment Programme, and Small Island Developing States NetEnvironment Programme, and Small Island Developing States Networkwork havehave
all begun alerting member nations of the seriousness of CAS. all begun alerting member nations of the seriousness of CAS. 

•• In Sep. 2005, The Cycad Society (TCS) donated $2,500 toward CASIn Sep. 2005, The Cycad Society (TCS) donated $2,500 toward CAS biocontrolbiocontrol
research in Guam. TCS also dedicated the Sep./Dec. 2005 supplresearch in Guam. TCS also dedicated the Sep./Dec. 2005 supplement issue ofement issue of
The Cycad NewsletterThe Cycad Newsletter to CAS, announced a new CAS Fund, and solicited to CAS, announced a new CAS Fund, and solicited 
donations from TCS members.donations from TCS members.

•• U.S. Navy approved $80,000 grant to develop a populationU.S. Navy approved $80,000 grant to develop a population--based based exex--situsitu
collection of collection of Cycas micronesicaCycas micronesica on Tinian.on Tinian.

•• Association of Zoological Horticulture approved a $5,000 grant Association of Zoological Horticulture approved a $5,000 grant to establish a to establish a 
backback--up up exex--situsitu collection of collection of C. micronesicaC. micronesica at MBC in Miami, FL.at MBC in Miami, FL.



International AwarenessInternational Awareness

Developed by IUCN/SSC Invasive Species Specialist GroupDeveloped by IUCN/SSC Invasive Species Specialist Group

http://http://www.issg.org/database/species/ecology.asp?siwww.issg.org/database/species/ecology.asp?si=814&fr=1&sts==814&fr=1&sts=ssssss



Taiwan Taiwan 
Forestry Forestry 
Research Research 
InstituteInstitute

New Zealand

APHIS

SPREP

Cooperative Island Initiative


