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STATEMENT OF PURPOSE 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviations 
GM  gypsy moth 
AGM  Asian gypsy moth 
NAGM  North America gypsy moth 
EGM  European gypsy moth 
Bt Bacillus thuringiensis 
Btk  Bacillus thuringiensis kurstaki  
MAF New Zealand Ministry of Agriculture and Forestry 
MOF New Zealand Ministry of Forestry (defunct, now part of MAF) 
NPV  nucleopolyhedrovirus 
LdNPV  Lymantria dispar nucleopolyhedrovirus 
NZ  New Zealand 
PAM Painted apple moth, Teia anartoides 
FR Forest Research 
PIB  Polyhedral inclusion bodies 

 
The aim of the report is to provide background information that can contribute to 
developing strategies for control of gypsy moth. This is not a contingency plan, but 
a document summarising the data collected over a two year FRST-funded 
programme on biological control options for gypsy moth relevant to New Zealand, 
completed in 1998 and subsequent research on palatability of New Zealand flora to 
gypsy moth. It is mainly aimed at discussing control options.  It should assist with 
rapidly developing a contingency plan for gypsy moth in the case of pest incursion. 
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SUMMARY 
 
Gypsy moth, Lymantria dispar (Lepidoptera: Lymantriidae), poses a major threat to New 
Zealand forests.  It is known to attack over 500 plant species and has caused massive damage 
to forests in many countries in the northern hemisphere. The native range of gypsy moth 
extends across much of Eurasia and North Africa. In the late 1880s it was introduced to the USA 
and continues to be a major pest in forests in that country. 
 
Recently, an "Asian" strain (AGM) has been recognised which has characteristics that increase 
the potential for damage. The AGM females can fly (European and North American strains 
cannot fly), are attracted to light, have a wider host range, are generally larger and have a higher 
premature eclosion. Eggs of AGM require less exposure to low temperature to hatch and hatch 
over a longer period.  It is currently spreading across much of Asia and Europe, and has been 
accidentally introduced and possibly eradicated from North America several times. 
 
The finds of viable egg masses of AGM on ships in New Zealand ports alerted this country to 
the likelihood of an introduction in the near future.  In preparation for accidental introduction, 
we considered environmentally acceptable control and eradication tools for use in New 
Zealand, conducted research and interacted with experienced overseas experts to determine 
the most suitable control agents.  We also considered methods for monitoring and detection.  
As larvae and male moths of AGM and the European/North American (EGM/NAGM) strains 
are very difficult to distinguish morphologically, we investigated molecular methods that 
could be used for rapid identification.  PCR based on ribosomal DNA was used to separate the 
two strains successfully. 
 
A predictive model of the population behaviour of both European (non-flighted) and Asian 
(flighted) strains in New Zealand has been produced.  The model suggests subtle differences 
in the long-term behaviour of Asian and European strains of gypsy moth under New Zealand 
conditions. If predators exist, AGM is predicted to increase more rapidly at first, and then to 
maintain more widely fluctuating densities and more pronounced outbreaks than the 
NAGM/EGM.  In the absence of predators, then the model predicts that outbreak behaviour 
will not persist.   
 
Since the first discovery of AGM on ships in New Zealand ports in 1993, a monitoring system 
based on pheromone trapping has been in place. It is known that gypsy moth males seldom fly 
more than 800 metres and the minimal trap density of 2 traps/km2 is based on this knowledge. 
If an eradication programme is implemented, trapping should take place for two years in the 
infested zone after eradication has been attempted.  High density trapping (up to 16 traps/km2) 

should be maintained in the known areas of infestation.  
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Control and eradication of GM has been attempted in many countries. Historically, common 
methods of control were destroying egg masses, burning infested bushes, banding around trees 
to trap caterpillars or spraying with insecticides such as lead arsenate and DDT.  Biological 
control has been extensively investigated.  Initially parasites and predators were imported into 
the USA, but they were largely unsuccessful in reducing the problem.  Parasites and predators of 
GM, although numerous, would be unlikely to be suitable for use in New Zealand as they are 
generalists and would therefore pose a threat to New Zealand’s indigenous fauna. 
 
Several biological or green chemistry control options with lower environmental risks than 
traditional chemical insecticides have shown success overseas.  Diflubenzuron (Dimilin), an 
insect growth regulator, has been used in the USA and Europe, resulting in population 
reductions.  However, there were some impacts on non-target organisms.  The bacterium, 
Bacillus thuringiensis kurstaki (Btk), produces a toxin that is specific to Lepidoptera and has 
been formulated as a pesticide.  It has been used extensively against gypsy moth, as well as other 
Lepidoptera, and is effective and more environmentally benign than most available insecticides. 
It was recently used in the eradication programme for tussock moth, Orgyia thyellina, in 
Auckland and is currently being used against painted apple moth, Teia anartoides (PAM).  
Non-target effects are restricted to Lepidoptera. Btk has been the insecticide of choice in 
several eradication programmes against GM in North America. 
 
The gypsy moth nucleopolyhedrovirus (LdNPV) is active in most countries where gypsy moth 
is found and has been produced as a commercial or semi-commercial product in the USA 
(Gypchek), Canada, (Disparvirus) Czech Republic (Biola) and Russia (Virin-Ensh). It is 
specific to Lymantria spp. and testing in New Zealand and elsewhere has not found an 
infection in other Lepidoptera.  It has been aerially applied in many areas of North America 
and used throughout Europe. As the virus is produced commercially and applied to large areas 
of forest, it appears a good candidate for use in New Zealand.  The main benefit of the virus 
over Btk and other control measures is increased specificity.  However, it is unknown whether 
sufficient quantities of viral product would be readily available for an emergency response in 
New Zealand. 
 
Modelling the effect of LdNPV introductions on AGM in NZ suggested that, in the long term 
and in the presence of predators, a single introduction would result in an average of 20% 
outbreak density population suppression each year. According to the model, suppression of 
80% of peak larval densities in the year following control can be obtained from an application 
of NPV at the standard rate (2500 GPIB ha-1), if the larval density is extremely high (105 ha-1) 
or extremely low (10 ha-1).  This drops dramatically to a 30% reduction at a larval density of 
100 ha-1.  The effects are qualitatively similar in the absence of predation. Assuming that the 
default parameters are correct, eradication of a gypsy moth population with NPV is only 
possible if the population is very low (1 - 5 larvae ha-1) and several sprays are used in rapid 
succession or the spray concentration is very high (25,000 GPIB ha-1). 
 
The fungus, Entomophaga maimaiga (Entomophthorales: Zygomycetes), is a pathogen of 
gypsy moth, originally described from Japan and introduced to the USA.  It has spread 
through the USA gypsy moth population and has caused a rapid decline in numbers since 
1990.  The fungus is difficult to cultivate outside the host and no mycoinsecticide formulation 
is available.  It does show potential as a classical biocontrol agent in established GM 
populations. Although in the field E. maimaiga has shown specificity to GM, in the laboratory 
other Lepidoptera have been infected.  Further host range testing is required before safety for 
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NZ non-target insects is known.  The success of E. maimaiga in controlling gypsy moth 
populations in North America indicates it has potential to assist other control agents in 
combating any gypsy moth outbreak/importation. 
 
A synthetic sex pheromone has been commercially produced for gypsy moth, under the name 
Disparlure.  In addition to its use in monitoring populations, there are two main methods for 
using the pheromone to reduce GM populations: mass trapping and mating disruption.  Mating 
disruption is of doubtful use as an eradication tool for gypsy moth, but would be useful in 
population suppression. 
 
Given the complexity of the gypsy moth life system and the need to consider alternative 
scenarios in the absence of appropriate data (especially on the natural enemies likely to affect 
the moth in New Zealand), long-term control options need further evaluation.  Options include 
both a greater variety of NPV spraying regimes relative to the timing of outbreak cycles, and 
the integration of such strategies with the use of other controls such as Btk and E. maimaiga. 
 
If AGM is found in NZ, eradication will be the first consideration.  Eradication has been 
successful against small, well-defined populations infesting under 100 acres in the USA.  After a 
review of available data we conclude that: 
• Btk would be the main eradication insecticide, especially for aerial application, with the 

limitation that it will decimate the lepidopteran population in general. This may temporarily 
affect some bird life in the spray zone.   

• Dimilin (an insect growth regulator) should be considered for ground application to assist in 
hot spot infested areas.   

• Spinosads, new �green chemistry� pesticides are pos sible agents, but there is relatively little 
indendepent information on safety available as yet, which would make large-scale urban 
application difficult.   

• LdNPV, such as Gypchek, should be used early in an eradication programme and in 
environmentally sensitive areas. 

• Mass trapping may be a useful addition around the edges of infestations as both a monitoring 
tool and to trap male GM. 

 
Other agents, such as mating disruption, E. maimaiga and parasites are not suitable for 
eradication alone, but may assist in eradication in conjunction with other agents. 
 
For ongoing control, in the event of the eradication programme failing, we suggest that: 
• The nucleopolyhedrovirus LdNPV be introduced as soon as a population is found in NZ.  
• The introduction of the fungus Entomophaga maimaiga be investigated and if suitable, the 

fungus be released as soon as practical.  
• Bacillus thuringiensis could be useful to protect particular areas such as stands of 

susceptible trees. 
• Mass trapping and mating disruption, based on the use of synthetic pheromone, have 

proven useful in slowing the spread at the front of GM and could form a component of 
ongoing control and eradication strategies. 
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1.  GYPSY MOTH 
 
The gypsy moth, Lymantria dispar L. (Lepidoptera: Lymantriidae), is a serious pest of forests 
throughout the northern hemisphere. It attacks over 500 species of flora, including many 
significant forest trees.  In addition to the effects of defoliation on tree health and subsequent 
loss of wood and indigenous forest areas, gypsy moth has also been an urban pest in many areas.  
Its urban pest status has not been limited to tree and plant damage; the urticating hairs of the 
larvae often cause allergic responses in humans.  At the height of epidemics, the larvae have 
even been known to attack grasses.  While the native range of gypsy moth extends across much 
of Eurasia and North Africa, it may have originated in Japan and spread east (Garner and 
Slavicek, 1996).  Although it does not generally kill trees outright, consecutive defoliation or 
infestations coupled with other diseases may result in the loss of trees.  This has been the case in 
places where pollution or other factors have decreased the ability of trees to withstand repeated 
defoliation. 
 
Gypsy moth was introduced into the New England region of North America from Europe in 
1869 (Forbush and Fernald, 1896).  Gypsy moth is thought to have been accidentally released 
from a colony maintained by Professor L. Trouvelot, who was attempting to breed better 
silkworm caterpillars by crossing them with GM.  The history of gypsy moth as an invasive pest 
of the USA was reviewed in the book "The Gypsy Moth: Research Towards Integrated Pest 
Management" (Doane and McManus, 1981).  However, much additional research of direct 
relevance to New Zealand has been completed since this compendium was published.  Natural 
spread of this North American strain has been about 3-5 miles/year, but at times it has been 
spread much further through human activity.  It remains a quarantine pest in parts of the USA 
and Canada.  In many parts of USA it is not considered to be a particularly important forestry or 
agricultural pest, but it is considered to be an urban pest.  In Slovakia, we were told of GM being 
a problem for oak seedlings, which were completely stripped.  This can be very expensive, as 
it costs between 90-100,000 Sk /ha ($NZ 4500-5000) to plant new forests.  Defoliation on 
trees other than Quercus (oaks) may lead to tree death.  Presently, GM in Slovakia builds up 
on oaks then moves readily to vineyards, apples and cherries. 
 
In many countries, the data on outbreaks indicate that for non-flight capable strains, populations 
reach epidemic proportions about every 6-11 years.  Peak populations of gypsy moth occurred 
Europe in 1993-95. In Slovakia, outbreaks have occurred in 1946-49, 54-56, 63-65, 74-76, 85-
87 and 93-95. It has been hypothesized that gypsy moth outbreaks start from "reservoirs" 
where populations of gypsy moth can always be detected.  At present in Slovakia, gypsy moth 
is restricted to a few focal points, from where the next outbreak will spread.  These regions, 
one in the east at Trebisov and the other in the south-west at Cifare (near Levice), also serve 
as monitoring sites for the foresters.  An increase in the populations here will immediately 
precede an outbreak. 
 
According to the Slovakian scientists, outbreaks depend on four factors: climate (dry and 
warm April); host plant quality (Quercus) is the preferred host from which GM spreads to 
other oak and tree species); time since the last outbreak (minimum of four years); and some 
unknown predisposition of the insects. 
 
Interest in gypsy moth as a pest has recently increased in many countries, due to the recognition 
of an "Asian" strain with characteristics that increase the potential damage, notably female flight.  
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The literature on gypsy moth is extensive, and we will not provide an exhaustive treatment of the 
literature herein.  This report is specifically aimed at strategies that would be useful for 
eradication or control of gypsy moth if it was found in New Zealand.  Therefore the emphasis is 
on methods and agents for control, and on tools and techniques that can assist with predicting 
and assessing damage potential.   
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2.  ASIAN GYPSY MOTH: BIOLOGY AND DISTRIBUTION 
 

The fear of gypsy moth invading New Zealand, and much of the impetus for overseas research 
continuing on gypsy moth control, is due to the emergence of an "Asian" strain of GM 
(AGM).  The Asian strain has many characteristics that make it a potentially more devastating 
pest than the strain defoliating North America and Europe at present.  The females can fly 
(which European and North American strains cannot), are attracted to light, have a wider host 
range, are generally larger and have a higher premature eclosion. Eggs of AGM require less 
exposure to low temperature to hatch and hatch over a longer period (Keena, 1996), which 
increases the chances of introduction to new environments. Some of these characteristics have 
enabled AGM to survive transport across the equator, increasing the areas at risk from GM 
invasion including New Zealand.  While the biology of the European gypsy moth (EGM) 
makes it predictable in its dispersal pattern, AGM exhibits traits that will make its distribution 
much more difficult to predict.  Table 1 compares the differences and similarities of the two 
�strains�. 
 
 
TABLE 1: Comparison of European/North American gypsy moth with the Asian strain 

Life Stage EGM/NAGM AGM (USSR) 
Adult male Strong flier Strong flier 
 Attracted to pheromone Attracted to pheromone 
Adult female Flightless Strong flier (>30km) 

Attracted to light 
Larvae 1st instars disperse 

Uniform colour 
1st and 2nd instars disperse 
Highly variable colour 

 Larvae feed in canopy at night and 
move to resting sites during day 

Larvae feed at night and remain 
on host during day 

 Late instars use artificial resting 
locations when they are provided 

Late instars use artificial resting 
locations when they are provided 

Hosts Oak, birch, poplar, willow and 
alder 

In excess of 600 species 
identified including conifers and 
hardwoods7 

Egg masses On tree boles, rocks and litter On foliage, tree boles, rocks and 
virtually any object associated 
with lights 

Egg phenology <5% premature eclosion1 25% premature eclosion 
 Full eclosion usually completed in 

one season 
Vernalisation required 

Full eclosion may take several 
years if eggs survive 
Vernalisation not required 

Causes of mortality NPV2, Bt3, Fungus4, 11 parasites 
(mostly univoltine5) and various 
predators 

NPV, Bt, Fungus, Microsporidia, 
numerous parasites and predators 

1 Eclosion = egg hatch. 
2 NPV = Nucleaopolyhedrovirus.   
3 Bt = Bacillus thuringiensis is the primary bacterium commercially available for control of insect pests.   
4 Fungus = invasion of insects by fungi results from a spore landing on the cuticle of the insect. The germ 

tube then penetrates the cuticle directly.   
5 Univoltine = one generation per year. 
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6 Microsporidia are protozoan pathogens of gypsy moth, which are ingested and slow-acting. 
7 Of the many Pinus spp. AGM is capable of attacking, Pinus radiata is a favoured species for oviposition. 

In addition, eucalypts in Asia have been defoliated by large populations of AGM (R. Wylie, Queensland 
Forest Service, pers. comm.). 

 
 
Until recently, it was believed that all gypsy moths on the North American continent 
originated from Europe.  During 1990 and 1991 a new �strain� of gypsy moth was found in 
British Columbia and in Oregon and Washington states.  This phenotype exhibits differences 
in reproduction, dispersal and host range.  
 
AGM is found north of 30°N latitude until it reache s the far northern latitudes where taiga or 
boreal forest begins.  In its natural habitat irruptive populations are recorded as occurring 
every 6-7 years (Schaefer et al., 1984).  It is univoltine where it is indigenous.  Schaefer et al. 
(1984) record differences in the phenology of AGM with latitude.  Although it remained 
univoltine in the lower latitudes, the time of egg eclosion and adult flight became 
progressively earlier.  This indicates that the AGM has great plasticity in its response to 
environmental cues.  If it entered New Zealand, in the absence of natural enemies and the 
presence of a mild oceanic climate, it may become multivoltine (several generations per year). 
 
The phenology of the eggs may also be a cause for concern.  EGM demonstrate a skewed 
distribution in egg eclosion (Waggoner, 1984) but all of the eggs are usually hatched or 
unviable after the first year.  They also require vernalisation (a cold shock) before 
development can be completed.  The information on AGM is mainly anecdotal but what we 
do know is that 25% of the egg mass can hatch during the first year without vernalisation.  If 
the eggs survive to a second year, which is quite possible, then a further 25% of the original 
egg mass can eclose; after that egg hatch becomes continuous (D. Bridgwater, pers. comm., 
10/1992; Humble pers. comm., 4/1992).  It is obvious from this information that the AGM 
eggs can survive for extended periods of time. 
 
Monitoring AGM can be difficult in areas where EGM is also present.  The most effective 
monitoring technique is pheromone trapping.  Gypsy moth sex pheromones only attract males 
of the species.  Although a process based on larval head capsules shape has been described 
(Wallner et al., 1994), no rapid or easy method for morphological distinction has been 
developed for most life stages, especially males. A method for molecular identification of 
male GM strains has been developed (see section below) but requires more widespread 
testing. Fortunately, in New Zealand EGM is not present and has not arrived from Europe or 
North America.  This is mainly due to its mode of dispersal, which is not as effective as AGM 
for covering long distances.  The preference of AGM for lighted areas makes it more likely to 
�hitchhike� on modern modes of transport such as pl anes and ships.  In the event of AGM 
entering NZ, either as egg masses or ballooning larvae, pheromone trapping combined with 
DNA screening should be able to confirm the strain of GM.  
 
It has been observed that indigenous forests in China and eastern Commonwealth of 
Independent States (CIS) are subject to cyclic irruptive populations of AGM.  During 1990 
and 1991 the populations of AGM around the ports of Vladivostok, Vostochny and 
Nakhodkha were very high.  Increased trade between the CIS and northwest America 
presented an opportunity for the pest species to be transported into areas where it could 
become established.  New floodlights were installed in these ports to allow ships to be loaded 
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and unloaded at night.  Because AGM is positively attracted to light, many of the ships in port 
were oviposited on by female AGM attracted to the area.  It is postulated that this is the reason 
AGM was transported to the U.S. during this time of high population.  One ship entering an 
American port yielded enough eggs to �fill an oil d rum�.  Merely having egg masses 
transported into port is not enough to allow the moth to become established.  Eggs must also 
hatch at the appropriate time during transportation to allow the possibility of young larvae 
ballooning to shore on silk threads.  If the eggs had been on board for an extended period of 
time then continuous hatching may occur. 
 
Forest health staff originally thought that the risk of AGM entering the southern hemisphere 
by ship was low.  The fact that shipping passed through the tropics led MAF to believe that all 
eggs would hatch before they arrived in New Zealand or die because of high temperatures.  
Recent information from the U.S. indicates that this assessment was incorrect.  A ship 
examined off the coast of Florida was found to have three egg masses on it.  This ship must 
have spent an extended period of time in tropical waters to get to Florida from an infested 
area.  Max Ollieu (Forest Pest Management, Pacific North West) has said that ships have 
spent in excess of one year in the tropics and arrived in northern ports with viable egg masses.  
Extrapolating from this information, any ship that has been in port near an infested area during 
the previous two years must be regarded as a potential risk. 
 
There was also a problem with port inspectors in the CIS.  The level of training was not as 
high as in many western countries and ship hygiene was not perceived as a priority for vessels 
leaving port, so the possibility of egg masses being observed before departure was low in 
these areas.  Even ships that had been inspected and passed by the CIS authorities were found 
by U.S. Inspectors to be infested (Gypsy Moth Exotica 1992).  However, recent experience 
indicates that CIS inspection may have improved.  The New Zealand National Institute of 
Water and Atmospheric Research (NIWA) has leased a CIS research vessel to carry out 
surveys around the NZ coast.  This vessel had been in the port of Vladivostok for a period of 
eight months and the then Ministry of Forestry (MOF) expressed some concern about it.  On 
the 23 March 1993 this vessel was requested to heave-to 5-8 km off the coast near Tauranga.  
In the company of MAF staff, a co-author of this report (P.J. Walsh) carried out an inspection 
of the ship.  The ship had been inspected twice before leaving Vladivostok and the crew were 
aware of the problem and had carried out further inspections en route to New Zealand.  No 
egg masses were found.  This increased awareness combined with the fact that the cyclic 
irruption of AGM around eastern Siberian ports is on the wane reduces our risk rating for 
these areas.  A watching brief is recommended and targeted ships, i.e. ships that have been in 
port in the infested area up to two years ago, will continue to be inspected before landfall. 
 
The threat of infestation from North America is ambiguous.  If AGM is established there then 
the risk of it entering the southern hemisphere is greatly increased.  The information being 
conveyed after control measures were implemented in North Amercian infested areas is 
contradictory.  Pheromone trapping and molecular analysis (DNA) of the specimens indicate 
that AGM is no longer present.  These data must be tempered by the caveat that only 20% of 
the individuals captured have been analysed.  Unsubstantiated reports from Vancouver have 
noted AGM flying around the port.   
 
Greater trade links with this part of the world increase the opportunity for accidental AGM 
introductions.  The ability of the AGM egg masses to withstand very low temperatures would 
allow the moth to be transported to New Zealand by plane.  This type of risk did not have to 
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be considered by the Americans when dealing with the CIS, as aerial links are very rare 
between these areas. 
 
AGM in Japan has been mentioned in several inquiries to Forest Health staff.  Defoliating 
outbreaks of gypsy moth have been recorded for many years in Japan, mainly in Hokkaido.  
The Japanese gypsy moth is considered to be an indigenous sub-species, Lymantria dispar 
praeterea Karadakoff (Inoue, 1982), and appears to have a more restricted host range 
(Higashiura, 1989).  Gypsy moth in Japan is also subject to destruction of egg masses by a 
fungus, Entomophaga maimaiga.  This fungus has been tested for efficacy in the U.S. and 
during periods of high humidity caused very high mortality of egg masses (News Brief, 
Journal of Forestry, 1993).   
 
In Canada, AGM egg masses were discovered in the Vancouver port, with one ship having over 
3000 egg masses.  This prompted a massive eradication campaign in 1992 using the bacterium 
Bacillus thuringiensis kurstaki (Btk).  However, whether the eradication was successful remains 
a point of contention.  In 1991 AGM (and hybrids of AGM and EGM) were discovered in North 
Carolina. This also resulted in a massive eradication programme using several biological control 
agents, mainly Bacillus thuringiensis kurstaki, and the infestation declared eradicated in 1997 
(USDA, 2003).   
 
Introduction into North America and on ships in New Zealand ports occurred because gravid 
females deposited eggs on ships and containers.  Female AGM may fly up to 100 km (Wallner 
et al., 1995).  It has been shown that in northeastern China females are attracted to lights, 
where they deposit their eggs.  Efforts have been made to reduce the risk of AGM at the port of 
loading.  For example, Wallner et al. (1995) showed that modifications to the wavelength of 
lights can result in lack of attraction of three Lymantria pests (nun moth, pink nun moth and 
AGM).  Filters that blocked spectral emissions <480 nm were unattractive to AGM when used 
at a far east Russian port.  Wallner et al. (1995) also found differences between the daily flight 
activity for all three species.  Peak activity for AGM was 2300 to 0100 hrs.   
 
Dr Keena (US Forest Service, pers. comm.) is looking at several behavioural and physiological 
factors that make the AGM more of a potential threat than NAGM.  Although results are still 
being analysed, it appears that F1 hybrids lose flight ability and about 30% of F2 backcross 
females can fly.  Dr Keena thinks that this number may be the average already found in German 
hybrid populations.  F1 hybrids had similar diapause chill requirement, similar size and wing 
length and developed slightly faster than AGM.  Therefore little dilution of AGM population is 
expected with mating between the races.  Dr Keena also found that there is more of a continuum 
of characteristics amongst GM than just two distinct (NAGM and AGM) races. 
 
In Europe, the spread of AGM is being closely monitored.  In discussions with European 
researchers, notably Dr Julius Novonty (Slovakian Forest Research Institute) and scientists at 
the BBA, Darmstadt (Germany), said GM capable of flight have been found in Poland, 
Germany, Northern France and Lithuania.  None have been found in Slovakia, Austria, 
Croatia, Bulgaria, Switzerland, Portugal or Southern France. AGM is still a quarantine pest in 
some areas of Europe, such as Slovakia.  
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In comparison with EGM, AGM causes more defoliation, develops faster, grows on marginal 
hosts, has greater genetic variability, is capable of extended strong flight, prefers to fly before 
egg laying and has shorter diapause-chill periods. This latter trait may result in multiple 
generations/year as non-diapausing strains can develop (Hoy 1977). 
 
Given all of the above information, an assessment of the risk to New Zealand from AGM is 
the same as any of the pestiferous species, e.g. Hylobius abietis from Europe, entering our 
ports.  We should remain vigilant but not concentrate all our resources in one area while some 
nasty little beetle crawls across the dock to infest our plantations. 
 
A summary of the actions initiated to date are: 
 
1.  MAF are checking containers, cars and other sources of potential carriers of AGM egg 

masses. 
 
2.  Ships known to have been in infested areas are targeted for inspection. 
 
3.  MAF in collaboration with Customs now have the power to order a ship to heave-to 8km 

from the NZ coastline.  This includes offshore islands. 
 
4.  If a ship is found to be infested it will not be allowed into New Zealand ports for two years. 
 
5.  Before an infested ship is expelled from port, the egg masses should be examined for signs 

of hatching and live larvae.  Records of wind direction/speed during the ship�s approach to 
New Zealand should be taken to ascertain the most likely area of landfall for ballooning 
larvae.  A predictive model using wind speed, direction and landform is available for this 
purpose. 

 
6.  Trapping around New Zealand using pheromone traps has been conducted for several 

years. 
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3.  HOST PLANT SUSCEPTIBILITY TO GYPSY MOTH 
 

The preferred hosts for GM are oaks, apple, sweetgum, speckled alder, basswood, birch, 
popular and willow.  However, GM larvae are polyphagous and they will feed on almost any 
plant when the population is sufficiently high (USDA, 1995).  A list of over 600 species and 
their susceptibility to GM is reproduced from the draft environmental impact statement on 
Gypsy moth management in the United States (USDA, 1995) in Appendix 14.1.1.   
 
Much has been made of the increased risk of AGM over other strains due to a wider host feeding 
range.  Dr Michael Montgomery (US Forest Service, Hamden CT) has compared the plant host 
range of AGM and NAGM.  There are some problems with doing this type of study, such as 
getting the appropriate stage of plants, but some interesting results have emerged.  About 40 
plants/trees were tested and the general trend was for the two races to be similar in tastes.  
However, AGM grew faster and survived better than NAGM on most host plants (Appendix 
14.1.2).  It is thought that a host species immune to one race is likely to be immune to the other.  
Feeding trials with New Zealand flora have now been completed (Kay et al. 2002 - Appendix 
14.1.3).  These trials shows a smilar response to those found by Montgomery (Appendix 14.1.2) 
in terms of relative host acceptance by EGM/AGM, but the field collected AGM was more 
’robust’, than the 9th generation laboratory cultured Beijing strain.   
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4.  MODELLING GYPSY MOTH IN NEW ZEALAND  
 
Barlow et al. (2000) (Appendix 14.5) have examined population density data and produced a 
model which predicts the spread of both European (nonflighted) and Asian (flighted) strains in 
New Zealand.  The model suggests subtle differences in the long-term behaviour of Asian and 
European strains of gypsy moth under New Zealand temperatures, in which the outbreak 
cycles become asynchronous.  The Asian strain is predicted to increase more rapidly at first, 
and then to maintain more widely fluctuating densities and more pronounced outbreaks than 
the European strain, given the presence of predators functionally equivalent to those elsewhere 
in the moth�s range. 
 
If gypsy moth establishes in New Zealand in the absence of the predators that characterise it 
elsewhere, then the model predicts that outbreak behaviour will not occur.  There may be 
initial outbreaks over the first few years but these will rapidly damp to a more stable 
population, whose mean density may be similar to that in the presence of predators but in 
which damaging outbreak densities will no longer be realised.  Theoretically, permanent 
outbreak cycles cannot be generated through an interaction involving only a herbivore and its 
resource; a third agent is required, such as predators, parasitoids or disease.  In practice, 
should fluctuations due to weather disturb the predicted equilibrium in the absence of 
predators to the extent that densities reach damaging levels, then the model predicts that the 
immediate effect of a spray is similar to the behaviour in the presence of predation (as 
described above). 
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5.  RISK ASSESSMENT FOR NEW ZEALAND 
 

In New Zealand, there are major concerns about the introduction of GM.  Several ships in New 
Zealand ports have been found to have viable egg masses and a live male in a Hamilton-based 
trap.  These concerns are heightened as the eggs were of the more virulent Asian strain (AGM) 
not the North American strain (NAGM).   
 
The finding of viable AGM egg masses on ships in New Zealand ports has raised awareness of 
the danger of this pest reaching our shores. Risk assessments by the then Ministries of Forestry 
(MOF) and Agriculture (MAF) and the Forest Research (FR) concluded that it is almost 
inevitable that gypsy moth will reach New Zealand and that it would be a devastating pest 
(Cowley et al. 1993; Horgan, 1994).  A more recent assessment has been made by Kay et al. 
(2002) based on climatic and host preference.  They found it was difficult to use climate 
matching with the programme CLIMEX to fully model gypsy moth population spread in the 
Northern Hemisphere and occurrence of oak, the preferred host plant was an important factor in 
colonisation.  Gypsy moth found many New Zealand native trees unpalatable, even though 
related Northern hemisphere species would support gypsy moth survival and growth (Kay et al. 
2002).  Despite the reduced number of species which would be affected by gypsy moth, it is still 
considered a threat to New Zealand, especially to naturalised Northern Hemisphere species. 
 
The risk assessments carried out for New Zealand have examined only the pathways by which 
GM could be introduced into this country. The requirements for establishment of GM in this 
country are not fully understood. Although a suitable climate and the availability of known 
host trees indicate that the prerequisites for establishment are present in this country, the threat 
to New Zealand is not clear. No host range testing has been performed for this insect using 
New Zealand grown trees. Feeding trials in the US indicate that GM can complete its life 
cycle on eucalypts and some pines. This is not a measure of threat, merely of risk of 
establishment or biological survival probabilities.  
 
A measure of relative performance on different species of tree will allow the population model 
(see next section) to become more robust. Even if a particular tree grown in New Zealand is 
found to be a good host, i.e. it produces adults with high fecundity, it is still necessary to place 
this knowledge within the framework of management regimes and the climatic zones within 
which the particular host tree is grown. It has already been mentioned that in Slovakia 
outbreaks are centred on woodlots containing Quercus. This does not mean that Quercus is 
the only good host for GM, merely that it is grown in sites where a combination of factors 
contribute to the build up of a population over time. These factors include host quality, time, 
local climate and possibly changes in dominant genotypes in local populations. It would be 
necessary to place the results of any gypsy moth feeding and performance trials in a similar 
context for New Zealand. 
 
In the case of gypsy moth introduction into New Zealand, an environmentally sound method of 
eradication and/or control will be required.  As the pest has been in the USA and Canada for 
over 100 years, there is a lot of research and practical control experience available. 
 
Risk assessment of control agents is a complicated issue.  It not only involves the direct threat to 
non-target organisms, but also possible food chain effects from loss of an insect species which 
may be a food source for another organism.  In addition, when considering the risk of pathogens, 
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the effect of defoliation by GM on non-target insects needs to be weighed up against the effects 
of pathogens on non-target insects.  
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6.  INTERCEPTIONS, DETECTION AND DELIMITATION OF 
POPULATIONS: MONITORING GM POPULATIONS IN NEW 
ZEALAND 
 
The first egg masses of AGM on a ship entering a New Zealand port were found in 1993. Due 
to increased awareness and surveillance, during the years since the first interception, there 
have been multiple discoveries of egg masses of GM on ships and containers. In one case a 
dead larva was found on an imported car. A gypsy moth detection programme utilising 
pheromone traps has been initiated in New Zealand at 11 ports. The density of traps at each 
port is 2/km2 in a 7 km radius around the ports.  Figure 1 shows interceptions of viable egg 
masses of GM in New Zealand.  The trapping programme started in 1993, and traps are 
inspected from 1 November to 30 April each season, once every ~10 working days.  For the 
2002/03 season, 1066 traps were placed around ports and high risk sites throughout New 
Zealand, including 17 traps placed around Hamilton City. 
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Figure 1: Interceptions of vaiable egg masses in New Zealand (from Kay et al. 2002-
Appendix 14.1.3). 
 
The decision to trap within a 7 km radius of the ports is based on a recommendation made by 
the United States Asian Gypsy Moth Science Advisory Panel in 1993. A trap density of 2/km2 
is the absolute minimum that may be used for detecting an onshore population of gypsy moth. 
Estimated probabilities for NOT detecting a population of 10, 100 and 1000 gypsy moth 
males are given in Table 2. This is based on work done in the United States (Elkinton and 
Carde, 1980). 
 
TABLE 2: Probabilities of NOT detecting a gypsy moth population at different trap 
densities. 

 Gypsy moth numbers (males)/km2 
Traps/km2 10 100 1000 
2 91% 41% 0.01% 
10 51% 0.12% 6.48x10-28% 
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As can be seen from Table 2, detection trapping gives a minimal probability of detecting a 
population unless the insect is there in good numbers. This emphasises the need for good 
offshore quarantine protocols to prevent the insect reaching New Zealand shores.  
 
To this end the Ministry of Forestry (now MAF) sent quarantine staff to the areas of perceived 
highest risk, the Russian Far East ports of Vladivostok, Vostochny and Nadhodka. MOF staff 
studied the measures taken by Russian authorities to ensure the ships were clear of egg 
masses. These measures were approved and ships are certified to be clear of infestation at 
their port of departure. If a ship enters a New Zealand port from a high risk area, a certificate 
of cleanliness is required before it is allowed to dock. Even then it is inspected for egg masses. 
If the ship does not have a certificate of cleanliness it is required to heave to 8 km offshore 
where it is inspected by a team of MOF, MAF and FRI staff. This distance offshore is based 
on knowledge collected for the Asian gypsy moth Pest Risk Assessment (Cowley et al., 1993). 
 
If a moth is trapped onshore then it is imperative that the population is delimited. Delimitation 
has already been mentioned in this report in terms of the barrier trapping utilised by Slovakian 
scientists to determine where their main populations of gypsy moth are. Delimitation for a 
pest incursion is somewhat different as it is important to clearly define where the population is 
and get an estimate of local moth numbers. 
 
It is known that gypsy moth males seldom fly more than 800 metres and the minimal trap 
density of 2 traps/km2 is based on this knowledge. Combined with the fact that the best 
pheromone dispensers have an attractiveness of 1200 metres, intertrap distance is important in 
finding and delimiting populations.  
 
In the event of a male moth being trapped onshore an immediate deployment of traps for 
delimitation should be undertaken. The following figures are based on the moth capture being 
the centre of the delimitation. 

• 16 traps/km2 should be deployed in a 2 km radius 
• 8 traps/km2 should be deployed in the 2-4 km radius 
• 2 traps/km2 should be deployed in the 4-7 km radius 

 
If an eradication programme is implemented, trapping should take place for two years in the 
infested zone after eradication has been attempted. High density trapping should be 
maintained in the known areas of infestation. After two years with no moths being caught it 
may be safe to announce successful eradication.  
 
In 2003, a single male GM moth was caught in a surveillance trap in Hamilton.  A 
delimitation and search survey was initiated immediately by MAF and a technical advisory 
group established.  The trapping programme deployed pheromone baited traps at the following 
densities within three specified zones: 
 

Zone 1: 0 to 2 km radius: 16 traps per square km 
Zone 2: 2 to 4 km radius: 8 traps per square km 
Zone 3: 4 to 7 km radius: 2 traps per square km 

 
As a precaution additional traps have been placed alongside main arterial routes in and out of 
Hamilton to a 30 km radius (Appendix 14.9).  Ground surveys have also been conducted.  At 
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the time of writing, three reports at weekly intervals on the search for any GM had been 
issued, covering the response to date (Appendix 14.9).   
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7.  MOLECULAR IDENTIFICATION OF STRAINS 
 

Much of the risk assessment and subsequent planning in New Zealand for gypsy moth 
invasion has been based on the Asian strain, which has been characterised overseas as having 
a number of potentially more damaging traits than the European or North American strains 
(see section 2).  However, rapid identification of the Asian strain from European or North 
American flightless strains can be difficult at the morphological level.  Larvae posses 
inconsistent differences in body coloration (Keena, 1994) and can be identified on the basis of 
head capsule coloration only by experts (Wallner et al., 1995).  However, pheromone-trapped 
male moths may pose problems (Garner and Slavicek, 1996).  Obviously, rapid response will 
depend on rapid strain identification.  It may also be useful to determine the country of origin 
of any GM insects found in New Zealand.   
 
Molecular biology has a range of techniques which have been used to show species and 
subspecies variation in many different insects.  As these techniques examine DNA directly, 
larvae and adult stages can be treated the same way, which also allows larval identification, 
not possible using morphological techniques.  In New Zealand, molecular techniques have 
been developed by Karen Armstrong and colleagues (Armstrong, 2000; Armstrong and 
Cameron, 2000; Armstrong et al., 2003) which allow rapid identification of gypsy moth and 
other lymantriids.  These will be invaluable in rapidly determining the species of larval and 
even adult interceptions.   
 
Several studies have attempted to use molecular techniques to identify strains of gypsy moth.  
Early attempts to apply molecular identification to gypsy moth focussed on mitochondrial 
(mtDNA) markers (e.g. Harrison and Odell, 1989; Davis et al., 1994; Bogdanowicz et al., 
1993).  Mitochondrial markers were thought to be excellent markers for determining the 
history of colonisation and introduction (Harrison and ODell, 1989).  The evidence of mtDNA 
suggests ancient divergence between Asian populations of gypsy moth.  Although sequencing 
of mitochondrial regions allowed separation of the strains, the difficulty in isolating mtDNA 
and the maternal inheritance of mtDNA, which results in lack of detection of hybrids (Pfeifer 
et al., 1995; Bogdanowicz et al., 1993), reduced the value of this approach.  It is possible 
hybrids could be introduced into New Zealand rather than a pure lineage.   
 
Pfeiffer et al. (1995) used amplification of ribosomal DNA (rDNA), specifically the ITS2 
region to investigate differences between strains.  They found that by using the specific 
polymerase chain reaction (PCR) primers HITS1 and LITS2 to amplify ITS2 along with 
subsequent restriction enzyme digestion, North American, Asian and hybrid strains could be 
detected in blind tests. Furthermore, other Lymantria species could also be distinguished.   
 
Garner and Slavicek (1996) used RAPD-PCR to identify polymorphic DNA between the two 
strains and used locus-specific primers to amplify a marker, designated FS-1 which could be 
used to distinguish between the two strains.  This technique is sometimes referred to as 
sequence-characterised amplified regions or SCARs.  The specific primers used to amplify 
FS-1 resulted in detection of marker fragments for Asian, hybrid and North American 
populations.  However, small percentages of hybrid alleles were found in North American 
populations (Garner and Slavicek, 1996), where there is no evidence Asian strain has ever 
established (Melody Keena, pers. comm.).  Also, in some east Europe populations, FS-1 
linked to the flighted Asian strain has been detected in populations where flight has never 
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been observed (Julius Novonty, pers. comm.).  The estimate by Garner and Slavicek (1996) 
was 96% accuracy for FS-1.  Overall, Garner and Slavicek (1996) conclude that the two 
strains are genetically very similar, contributing to the paucity of observed useful genetic 
markers.  Schreiber et al. (1997) identified a further three RAPD markers specific for either 
Asian or North American L. dispar. The FS-2 and FS-3 markers are specific for the North 
American strain, and the FS-4 marker is specific for L. dispar from far east Asia. The 3 
RAPD-amplified fragments were cloned and sequenced, and locus-specific primers were 
developed for the FS-3 marker. These markers, in combination with other markers already 
available, will be useful for increasing the accuracy of identification of suspect moth 
specimens.  While molecular methods are constantly under development, no method is yet 
thought to be 100% accurate in detecting Asian, hybrid and other strains, possibly because the 
characteristics of each strain are not related directly with phylogeny.  The methods of 
Bogdanowicz et al. (1993) and Schreiber et al. (1997) are currently used for quarantine 
analyses by the USDA to determine strain of GM. 
 
In New Zealand, the nuclear rDNA and RAPD markers, as used by Pfeffier et al. (1995) and 
Garner and Slavicek (1996), were tested with samples of gypsy moth from Slovakia, the far 
east and USA (Appendix 14.6).  Glare et al. (unpubl. data) targeted the ribosomal DNA 
(rDNA) region as it is a repeating sequence, and therefore has a high copy number.  This 
makes it easier to amplify this region using PCR.  In addition, rDNA is of fundamental 
importance for making proteins and so is highly conserved.  Amplification of rDNA of the 
ITS1 region and subsequent digestion by the enzymes HaeIII and Tru91 allowed distinction 
between gypsy moth strains (T.R. Glare, N.K. Richards and D.G. Hall, unpubl. data).  This 
was similar to the results of Pfieffer et al. (1995) after amplification of ITS2.  ITS1 was 
amplified using a reverse HITS1 primer of Pfieffer et al. (1995) and TW81 of Curran et al. 
(1994).  Molecular techniques currently exist that have a high probability of distinguishing 
Asian and non-flight strains, although unambiguous markers have yet to be found.  Analysis 
of ITS1, as in Appendix 14.6, needs to be performed on a much larger sample of gypsy moth 
before its usefulness can be judged.  This work is being extended to include sequencing both 
ITS1 and the CO1 gene of mtDNA. 
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8.  CONTROL AND ERADICATION: OVERSEAS EXPERIENCE 
 
The history of control attempts in the USA date from about 1890, when the gypsy moth 
population exploded in Medford, Massachusetts.  Common methods of control were destroying 
egg masses, burning infested bushes, banding around trees to trap caterpillars or spraying with 
insecticides. Lead arsenate was a common chemical control after 1893 (McManus and McIntyre, 
1981).  Biological control was initiated early in the century with the importation of natural 
enemies, primarily parasites.  These failed to stop the spread of gypsy moth.  Importing control 
agents was neither simple nor inexpensive.  Some agents established but did little, some refused 
to breed and others vanished without a trace after release (USDA, 1995). Chemical methods 
were used extensively in 1920s and 1930s due to the need to reduce highly visible populations.  
Forest spraying however proved ineffective.  In 1923, the USDA established a barrier zone along 
the Hudson River, where infestations to the east were to be controlled and those to the west were 
to be eradicated.  This general philosophy has been maintained, however the barrier zone has 
slowly shifted west with the moving gypsy moth front.  Spot populations in the western USA are 
still routinely eradicated. 
 
In 1940-1950 DDT was the chemical of choice for GM control. Eventually around 1960, 
environmental concerns and pressure from the public made the use of DDT impossible.  
Subsequently, chemicals with less widespread action were routinely used and replaced by the 
next generation insecticide until the latest generation of specific insecticides, such as insect 
growth regulators (e.g. Dimilin). 
 
The move from chemicals back to biological control has been steady since the 1960s. A 
variety of natural agents are known to kill gypsy moths. These agents include over 50 insect 
parasitoids and predators in Asia and Europe. Small mammals are often important gypsy moth 
predators, especially at low population densities. Birds are also known to prey on gypsy moths 
but at least in North America this does not significantly affect populations. A 
nucleopolyhedrovirus (NPV) often causes the collapse of outbreak populations and recently an 
entomopathogenic fungus species has caused considerable mortality of populations in North 
America.  
 
In addition, the bacterium Bacillus thuringiensis produces toxins which include strains 
effective against gypsy moth.  Bacillus thuringiensis (Bt) is the most widely used biological 
control in the world for insect pests.  Research on the use of Bt and the NPV of GM began in 
the USA in the 1970s and has continued since.  This has been supported by the move to 
control methods with less effect on non-target organisms.  In the USA, three approaches are 
taken to GM, depending on the area of infestation: eradication, suppression and slow-the-
spread.  From 1980 to 1993, eradication was attempted at over 380 sites and over 550 
individual eradication projects were carried out.  In addition, eradication has been attempted 
with AGM introductions in both the eastern USA and Vancouver (see section 2). 
 
A cautionary note regarding control attempts is sounded by the fact that around 1900, control 
efforts in Massachusetts were considered so successful, the programme was abandoned.  By 
1906, gypsy moth had spread so far that eradication was not possible (USDA, 1995). 
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9. CONTROL AGENTS 
 
Broad spectrum chemicals, widely used for GM control before 1970, have largely fallen out of 
favour.  This has been caused by many factors, most notably the unacceptable environmental 
damage caused by non-specific chemicals and the recognition of many parasites, predators and 
pathogens capable of naturally reducing GM populations.  Presently the most widely used 
"chemical" control appears to be diflubenzuron 
 

9.1 Diflubenzuron 
Diflubenzuron (Trade name: Dimilin) is an insect growth regulator that interferes with the 
synthesis of chitin.  The treated larvae cannot complete moulting, its body wall ruptures from 
internal pressure, and eventually it dies.  In the USA and parts of Europe, Dimilin has been 
used in suppression projects by means of ground or aerial application.  Two formulations are 
available, Dimilin 25W, a wettable powder containing 25% diflubenzuron, and Dimilin 4L, a 
liquid containing 480 g/l diflubenzuron.  In the USA, forestry use was removed from the 25W 
product label, leaving only 4L for use against GM (USDA, 1995).  Recommended dose rates 
are 7-28 g diflubenzuron /4.67-23.34 l/ha .  In the USA, no more than two applications are 
allowed per year and there is also a restriction on total active ingredient applied in any year 
(USDA, 1995).  It is usually applied twice by air for eradication projects.  Reduced dose rates 
have been used successfully in suppression projects (USDA, 1995 and references within). 
 
According to some studies, diflubenzuron can give effective control of GM.  It had a 98% 
success rate in six states in the USA during 1989-1990 for foliage protection and 80% 
reduction in populations below 500 eggs mass per acre (Twardus and Machesky, 1992; 
USDA, 1995)  Between 1990 and1994, 40% of GM treated area was with Dimilin.   
 
There are, however, negative aspects of diflubenzuron use.  It can have an adverse effect on 
non-target organisms, such as arthropods and aquatic crustaceans.  For example, Schaaf and 
Vogt (1995) investigated the side effects of Dimilin on non-target organisms in spray trials 
against GM.  Larvae of Chrysoperla carnea (Neuroptera, Chrysopidae) died after exposure to 
leaves sprayed 4 months earlier and the number of species of Collembola were reduced in the 
soil from treated areas. However, the population density of mites (Prostigmata, Oribatida, 
Mesostigmata) was higher in the treated soil due to lower interspecific competition. The 
USDA review of ecological risks of control options stated that diflubenzuron affects far more 
non-target species than other control methods, and for a longer time after spraying.  The 
effects can also be downstream, affecting small mammals and birds dependent upon a range 
of invertebrates for food.  Frequent applications, not recommended in the USA, would 
increase the residue risk. 
 

9.2 Spinosad 
Spinosad is one the so-called �green chemistry� pes ticides recently developed.  It is based on 
the metabolites metabolites (spinosyns), produced during fermentation by the actinomycete 
Saccaropolyspora spinosa.  This family of unique metabolites was identified and developed 
by Dow AgroSciences as a selective, environmentally-friendly insecticide known as spinosad 
or Naturalyte.  Products are composed of a mixture of spinosyn A and spinosyn D.  Spinosad 
works by both direct contact and ingestion by insects and kills rapidly.  There are a number of 
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products based on spinosyns available from Dow Agrosciences.  Tracer-Naturalyte�, 
Success-Naturalyte�, SpinTor-Naturalyte� and Conser ve� SC are the four main products 
currently available commercially; these are formulated for different agricultural, ornamental 
and forestry applications against various pest insects.  Gypsy moth is one of the label listed 
targets of Success� and toxicity for gypsy moth has  been demonstrated in the field by 
Wanner et al. (2000), showing similar activity and persistence to the insecticide permethrin.  
Success� is registered as an insecticide in New Zea land.  However, in considering Spinosad 
as pesticide for use against painted apple moth, O�Callaghan and Glare (2001) found only 
limited independent literature supporting the environmental safety, making it difficult to 
suggest these products for use in eradication.  In general, spinosad products have few impacts 
on beneficials, for example, predator species, but non-target safety has, perhaps, been 
overstated in some reports and product information.  Direct toxicity has been found to bees 
and certain parasites, but there is little data on many non-target organisms and few ecosystem 
level studies. The USA EPA allocated spinosad very low mammalian toxicity ratings. It is 
possible that spinosads will prove to be important environmentally friendly pesticides in the 
future, but further independent data on safety will be required for any highly public 
eradication campaign. 
 

9.3  Bacillus thuringiensis kurstaki  
Bacillus are spore-forming bacteria, typically rod-shaped. Bacillus thuringiensis (Bt) form a 
protein crystal next to the spore during sporulation, which is a toxin to many insect species. 
The first attempts to use Bt for insect control were, coincidentally, against GM, in the late 
1920s in the USA.  It is produced by liquid fermentation.  Strains of Bt are now used in 
several biological insecticides and probably account for 95% of all products based on 
microbes sold for pest control.   
 

9.3.1  Strains 
Many different strains of Bt have been isolated throughout the world which are toxic to a 
variety of insect and other species. A lepidopteran-active strain, Bacillus thuringiensis 
kurstaki (Btk), was isolated in 1962 and is lethal to the GM larval stage (Reardon et al., 1994).  
It is the most widely used control agent for GM in the world and has been used in the 
eradication campaigns in the USA and Canada.  It is also registered as a control agent in New 
Zealand, mainly for use against leafrollers, and has been used in the eradication programme 
for tussock moth in Auckland. 
 
The most common isolate is HD-1, originally from the pink bollworm (Reardon et al., 1994).  
This strain is used in Dipel and Foray, Btk based insecticides often used against GM. There 
appears to be no difference between the susceptibility of AGM and other GM to Btk (Norman 
DuBois, pers. comm.). 
 

9.3.2  Disease cycle 
The crystal of Btk is a bipyramidal protein matrix of large molecules of inactive proteins, 
which are not toxic to the insect until solulised in the gut of the insect.  Therefore, Btk must be 
eaten to be effective and the protein solulised by the gut to act.  Unlike most insect pathogens, 
Bt does not recycle in a population very effectively and is more commonly used as a single 
treatment "chemical" for knockdown.  Although the cells can multiply in the insect 
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haemolymph, it does not usually reach high numbers and after death does not rupture the 
insect integument.  Infected insects usually fall to the ground, and the toxins are quickly 
inactivated by normal environmental soil factors (Reardon et al., 1994).  Although spores can 
survive in soil for extended periods of time, natural epizootics caused by Bt have never been 
observed in GM populations.  Because it does not recycle effectively in insect populations it 
must be applied each year. 
 

9.3.3  Standardisation 
A difficulty with Bt has been standardising the method used to express efficacy.  Initially a 
spore count was used, but since the spores are not directly related to toxins, there was often 
little relationship to mortality.  An international unit devised by the Pasteur Institute was 
accepted by most in 1966, based on Bt. thuringiensis.  Depletion of the material used as a 
standard led to this being altered.  A second standard, based on Btk HD-1 was accepted in 
1972 (Reardon et al., 1994). Potency of Bt is determined by parallel bioassays of a product 
and standard on artificial diet with 4 day old cabbage looper, Trichoplusia ni larvae (Beegle et 
al., 1986).  The formula is 
 

LC50 (HD-1-S-1980) 
LC50 (product)   X 16,000 IU/mg = potency of the product in IU/mg 
 
where IU = International Units. 

 

9.3.4  Host range 
There is extensive literature on the specificity of Btk showing that it does not pose a danger to 
non-Lepidopteran insects (see review in Glare and O�Callaghan, 2000).  It has also been 
extensively safety tested for mammalian toxicity, with no effects noted (e.g. O�Callaghan and 
Glare, 2002 and references therein).  This was confirmed in New Zealand during the Tussock 
moth eradication programme, where a suspension of Btk, Foray 48B, was used (Hosking et al., 
2003).  
 
Btk is relatively non-specific among Lepidoptera.  A study by Peacock et al. (1998) using 
laboratory bioassays found significant mortality in 27 of 42 species tested using Foray 48B.  
Interestingly, it was difficult to predict which species would succumb, as species within a 
single genus showed both susceptibility and resistance.  However Johnson et al. (1995) 
examined non-target effects of Btk and thought that, although the bacterial strain would kill 
many lepidopteran species in the laboratory, the short half-life in the environment would limit 
dangers to non-target Lepidoptera.  
 
Some field studies have shown that species diversity, as expected, reduces after spraying of 
Btk (Miller, 1990; Sample et al., 1993).  The flow-on effect of such reductions in general 
Lepidoptera on birds must also be considered (Peacock et al., 1998). Although its specificity 
to Lepidoptera is preferable to a broad spectrum insecticide, the death of non-target larvae, 
especially rare species, makes its use in ecologically-sensitive areas unacceptable. Resistance 
to B. thuringiensis has also been reported for some insects (e.g. McGaughey, 1985). In 
Forestry Canada, a group is looking at the environmental impact of biological control agents, 
especially Bt against non-target Lepidoptera. One of the issues the group has been assessing is 
how altering the availability of Lepidoptera affects the food chain, such as the effects on birds.  
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An example given was the Spruce budworm, which makes up over 90% of food for certain 
birds; therefore reducing budworm numbers may affect bird numbers.  
 
Butler et al. (1995) investigated the effect of application of Btk against GM in a forest area of 
West Virginia on macrolepidoptera and other arthropods in 1990-92. Treatment caused a 
significant decline in macrolepidopterous larvae in the year of treatment, especially among 
those species that were in the oak canopy at the time of application. There appeared to be no 
significant difference between abundance in treatment and control plots for those species 
occurring in mid- and late-season, some weeks or months after treatment. No difference 
between treated and control plots was shown in abundance for most species in 1992, the post-
treatment year. Non-Lepidoptera appeared to suffer no negative effect from treatment.  
 

9.3.5  Products 
There are many products based on Btk that are suitable for use against gypsy moth.  Reardon 
et al. (1994) list four companies which produce formulations of the HD-1 strain for use 
against GM (see Table 3).   
 
TABLE 3: Some Btk formulations used for control of gypsy moth. 
Valent BioSciences Aqueous flowable suspensions: Dipel 6AF and 8AF 
 Non-aqueous emulsifiable suspensions: Dipel 4L, 6L, 8L and 12L 
 Aqueous flowable suspensions: Foray 48B and Foray 76B 
Ecogen inc. Oil flowable: Condor OF 
Sandoz Crop protection  Aqueous flowable suspensions: Thuricide 32LV, 48LV and 64 LV 
 
There are possibly other products, especially in Eastern Europe.  Over 100 Bt-based 
biopesticides are listed in Glare and O�Callaghan (2000).  However, Dipel and Foray are the 
most commonly used products in Western Europe and North America. 
 

9.3.6  Use 
Most of the use of Bt has been aimed at population suppression rather than eradication.  
Between 1980 and 1994, approximately 1.7 million ha were treated with Bt in the eastern 
USA for insect control.  Over the period, use against gypsy moth ranged from 6.4% to 79.5% 
of the total area (Reardon et al., 1994). Compared to other Lepidoptera, Lymantriidae were 
not very susceptible to Bt.  The efficacy of Bt needs to be 90-95% for effective control. 
 
When spraying NAGM and AGM with Btk, the US Forest Service uses approximately 90 billion 
IUs/acre, then re-treat 5-6 days later.  This dose is around the LD75 for NAGM (Dr Norman 
DuBois, pers. comm.). In the view of the Forest Service, one application at a high dose would be 
easier and more cost-efficient than two applications, but emergence of AGM occurs over several 
weeks and would therefore require more than one application to cover the hatchlings.  For Bt a 
droplet size of 75-125 mm VMD (volume mean diameter) gives fairly good distribution and is 
large enough to contain a lethal dose (DuBois et al., 1994). Falchieri et al. (1995) showed that 
droplets from 9-149 droplets/cm3 containing Btk decreased the LD50 and the length of time 
after spray increased.  LD50 decreased from 14.1 BIU/l to 3.1 BIU/l between 48 and 144 hours 
after spraying.  Reardon et al. (1994) recommended doses of 40-90 billion IU/ha applied 
undiluted in volumes of 1.8 to 4.7 l/ha.  They saw the benefit of no dilution as increasing the 
pay load for aircraft performing the spray application. 
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In Germany, Dipel and Foray 48B are registered for use.  Both have been successfully applied 
against GM in Germany.  They are also used against the other major Lymantria pest species, 
the nun moth, L. monacha.  The recommended rate of application of Dipel is 900 g/ha, 
although this is considered to be too low to reduce defoliation in many cases (Lagenbusch and 
and Horst, BBA, Germany pers. comm.).  For ground spray the normal rate is 4 l/ha.  
Currently, Dipel is used at 3 1/ha for the nun moth and 2 l/ha for GM.   
 
Total defoliation of trees in Germany can occur when the population is around 600 GM 
larvae/tree.  As ground water levels are decreasing in Europe, trees cannot take the stress of 
defoliation as well as they previously could.  In German forests where control has been 
attempted in the past few years, approximately 50% of attacked areas in the Hessen, Western 
Germany and Baden-Wurtenburg were treated with Bt, while the remainder were treated with 
Dimilin. In Bavaria, 90% of the controlled areas were treated with Dimilin.   
 
Schaaf and Vogt (1995) reported on a comparison of using the insecticide Dimilin 25 WP and 
the Btk Dipel ES to control a second year outbreak of GM in oak and beech forest in Baden-
Wurttemberg, Germany.  Btk stopped feeding of larvae more quickly than Dimilin, and no 
damage at all was found in the Btk-treated plot, whereas some damage was found in the 
Dimilin treated area. Naturally-occurring NPV caused high moralities in the untreated areas.  
 
In Slovakia Btk is used at a rate of 2 l/ha to control GM, which is sufficient to keep 
populations below outbreak levels.  Btk (Foray) was used to treat 100 ha where an outbreak 
was predicted, and no outbreak occurred.  Btk is used as prophylactic treatments against 2nd 
instar GM.   
 
There have been many studies on the effects of droplet size, density and larval instar.  Btk has 
been shown to be more effective against first and second instars than later instars (Reardon et 
al., 1994). Droplets of known size (100, 200 and 300 µm)  and density (1, 5 and 10 drops/cm2) 
of Btk were sprayed onto leaf disks of oak foliage and fed to larvae. LT50 increased as droplet 
density and size decreased and as larval size increased (Maczuga & Mierzejewski 1995). 
Droplet densities of 5 and 10 drops/cm2 were effective (>90% mortality) against 2nd and 3rd 
instars. Fourth instars had high mortality rates at 5 and 10 drops/ cm2 and at the 200 and 300 
µm droplet sizes.  
 
The relationship between dose and death is complicated by the fact that high concentrations 
can be a deterrent to the feeding of GM larvae.  Therefore, choice of dose is not simply a 
function of increasing Btk density per drop, but a balancing act between drop and dose 
density.  Higher densities of small (50-150 µm) dro ps were more effective than a lower 
density of bigger drops for the same amount of Btk applied (Bryant and Yendol, 1988).  
 

9.3.7  Environmental factors 
The effectiveness of Btk is dependent on environmental conditions.  To reduce failure due to 
environmental constraints, two applications are used.  Temperatures of less than 80oF 
(26.7oC), humidity greater than 50% and wind speed of 2-10 mph (3-16 kph) are 
recommended for applications of Btk (Reardon et al., 1994).  Anderson et al. (1992) 
compared aerial-applied spray deposits in an oak forest with predicted deposits using a canopy 
and penetration model of the US Forest Service and found extreme variation. 
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Persistence of Bt is generally considered low.  Reardon et al. (1994) reviewed some of the 
literature detailing the effects of sunlight, leaf temperatures, drying, rain effects, microbial 
degradation and leaf chemistry on Bt survival, noting that solar radiation appears to be the 
most important.  In uninterrupted sunlight, the half-life appears to be around 3.7 hours, while 
field estimates range from 12-32 hours.  Although the half-life of Bt on foliage is usually 
considered to be about 30 hours, Johnson et al. (1995) showed that at times, Btk was toxic on 
foliage for up to 30 days after spraying.  However, this was in protected environments.  A 
deposit of 75 IU/cm2 from an application of 90 BIU/ha can give 4-6 days activity at LD50 level 
(Reardon et al., 1994). 
 
Environment will also affect the behaviour of the target pest; for example cold temperatures 
keep GM larvae to the lower branches of trees, away from the area reached by helicopter 
applications. 
 
Diet of gypsy moth can influence the effectiveness of Btk.  Hwang et al. (1995) found a 
100 fold variation in Btk toxicity (Foray 48B) in gypsy moth reared on 5 different aspens 
(Populus tremuloides).  This variation is possibly related to condensed tannins (Appel and 
Schultz, 1994) and phenolic glycosides, with the latter strongly enhancing Btk in artificial diet 
trials.  Previous studies have shown that dietary constituents, such as tannins, nicotine and 
simple phenolics can influence Bt toxicity. 
 
Feeding inhibition can occur at high doses of Bt, but is not related to droplet size or dose per 
unit area (Falchieri et al., 1995). 
 

9.3.8  Mammalian safety 
Products containing Bt have been used in pest control efforts for decades with few associated 
mammalian health issues.  Numerous laboratory studies testing the infectivity and toxicity of 
Bt have shown few adverse effects on small mammals (summarised in e.g. McClintock et al., 
1995; Siegel, 2001; O�Callaghan and Glare, 2002).  Proven cases of Bt causing clinical 
infections in humans remain extremely rare and are all associated with non-industrial strains.  
The production of B. cereus-type-diarrhoeal toxins by Bt isolates has raised concerns that Bt 
may cause gastroenteritis in humans but no link has been found to date between use of Bt and 
episodes of diarrhoea.  Epidemiological studies conducted in association with large scale 
aerial Bt kurstaki applications in the US, Canada and New Zealand found no increased 
incidence of illness.  A recent study (Bernstein et al. 1999) on the immune responses of farm 
workers found increases in human antibody levels following exposure to Bt products.  Tests 
with Bt toxin-expressing transgenic plants have shown no adverse effects on mammals.  
 
In September 1996, a study by Auckland Healthcare Services (A+) into the health risks of 
Operation Ever Green found that generally no special precautions need to be taken because of 
aerial application.  "However, people with severe or unstable asthma, or other respiratory 
conditions, immune conditions, allergies, or others who have concerns, such as pregnant 
women, can reduce exposure to the spray by staying inside with windows and doors shut 
during the spray operation".  A health risk monitoring of the aerial spray programme to 
eradicate the white-spotted tussock moth throughout the eastern suburbs of Auckland found 
no increase in ill health resulting from the spray.  (Aer�aqua Medcine 2001).  Similarly, a 
2002 Health Assessment for the painted apple moth eradication found that Btk had not been 
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implicated in infection nor does it posed a health risk to people (Auckland Health Board, 
2002). 
 

9.3.9  New Zealand perspective  
In New Zealand Btk (Foray 48B) has already been used successfully in the eradication 
programme against the Lymantriidae, Orgyia thyellina (tussock moth) (Hosking et al., 2003; 
section 10).  Interestingly, Reardon et al. (1994) concluded that aerial application of Btk 
provided good foliage protection, but population reduction was highly variable.  However, Btk 
has been the insecticide of choice in several eradication programmes against GM in North 
America.  Btk (Foray 48B) is also currently being used as the main agent for eradication of the 
painted apple moth in Auckland during 2000-2003 (see section 10). 
 
The Auckland Health Board�s Public Health Protection service undertook a health risk 
assessment of the 2002 aerial spray programme for eradicating the Painted Apple Moth from 
West Auckland.   
 
The main findings of the report (Auckland District Health Board, 2002) are: 
 

§ The spray can cause temporary irritation to the eyes, nose, throat and skin 
 

§ The spray has a strong, unpleasant odour which comes from the fermentation process 
involved in the spray’s manufacture. Some people respond to strong odours, but the 
odour does not indicate any toxicity 

 
§ People with pre-existing severe allergies to specific components in the spray (mainly 

to such things as soy, corn or starch which could be used in the fermentation broth) 
should avoid the spray. Residents are highly unlikely to develop new allergies even if 
exposed directly to the spray. Advice on allergies can be obtained through the MAF 
health service. 

 
§ People with asthma and chronic skin conditions may find their symptoms worsen, and 

should ensure that their medication and management plans are up to date. This should 
be sufficient for most people with these conditions 

 
§ The inactive ingredients include remnants of the culture broth, and 7 additives which 

stabilise the product and assist with spraying. They are all approved for use in foods, 
cosmetics and/or medicines and are of low toxicity. 

 
§ There is no indication that Btk and Foray 48B causes infections, diarrhoea, birth 

defects, thyroid conditions, miscarriages, premature labour, or auto-immune disorders. 
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9.4 Virus (Nucleopolyhedrovirus) 
A pathogen which has been successful in controlling pest outbreaks in northern hemisphere 
forests is the gypsy moth nucleopolyhedrovirus (LdNPV). This virus is active in most 
countries where gypsy moth is found and has been produced as a commercial or semi-
commercial product in the USA, Canada, Czech Republic and Russia (see section 9.4.6). The 
virus often contributes to population decline. For example, in China, a NPV routinely causes 
50% natural mortality among GM populations (Yan et al., 1994).  It was not found in the USA 
until 1907, after an accidental introduction by unknown means (Hajek et al., 1995c). 
 

9.4.1  Biology 
LdNPV is a multi-encapsulated NPV.  Viral rods are contained in a large (1-10 µm) 
polyhedral inclusion body (PIB).  Polyhedra are produced in the nucleus of the host cells, 
hence the name.   
 
There are many "strains" of the virus, some of which are more virulent than others. Molecular 
comparison of a NPV from gypsy moth with other NPVs using the pol gene sequence has shown 
that LdNPV is genetically distinct from the two major groups of NPVs, and is presently the only 
published NPV which does not fall into the two groups (Zanetto et al., 1993). One strain which 
is especially virulent to gypsy moth, the "Abby" strain, has been patented by USDA scientists. 
 

9.4.2  Disease cycle 
The virus typically attacks 4th and later instars in the field, but can infect younger instars.  
Virus-diseased caterpillars tend to climb, so are often found high in trees attached by the 
central legs forming an inverted V shape, when dead.  The cuticle after death is extremely 
fragile and can easily be ruptured to rain virus particles down.  Within are the PIBs, which 
contain the infective viral rods.  
 
The LdNPV is not a very virulent NPV.  Shapiro et al. (1994) found the Connecticut strain had 
an LC50 of 18,115 PIB/ml against second instar GM.  Some NPVs have LC50 of below 100 
PIB/ml.  Differences have been seen in susceptibility of GM populations in North America to 
LdNPV.  For example, a Pennsylvania population, used as standard for many years, appears to 
be the most susceptible to LdNPV.  Differences of up to 9x have been detected in susceptibility, 
both within and between wild type and laboratory cultures, which is similar to the differences in 
susceptibility between NAGM and AGM found by Dr Podgwaite (US Forest Service) in 
Hamden. The Asian gypsy moth is 10x more susceptible to LdNPV than a standard New Jersey 
NAGM strain. 
 

9.4.3  Survival and spread 
An important aspect of a viral pathogen and pesticides based on virus is the environmental 
survival. LdNPV will recycle in the GM population and following application of the virus, 
there can be 5-6 years population suppression, depending on climatic conditions.   
 
German scientists found that peak virus mortality was at time of pupation, which resulted in 
within-season defoliation but population reduction.  NPV mortality can be over 70%, enough 
to reduce defoliation, but little virus survives in the population at this level for next year.  
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Virus-only treatment can result in defoliation, but with a larger proportion of the population 
virus infected in the next year (greater residual virus).  A discrepancy between North 
American GM researchers (T.R. Glare, 1992 travel report) is whether the gypsy moth virus 
recycles after application.  Clearly, virus will recycle if there is a population in which to 
recycle. 
 
At present, biological limitations to the spread of the virus are expected to be the presence of 
susceptible hosts.  There is no evidence that the virus can infect hosts other than Lymantria 
(see section 9.3.4). In the field, in the absence of natural hosts, UV radiation inactivates the 
formulated virus over time (Doane and McManus, 1981).  The virus can persist in soil for 
years under ideal conditions.  To the authors� knowledge there have been no studies on the 
persistence of LdNPV in water, although it has been shown that LdNPV does not persist in or 
infect aquatic vertebrates or fish (Doane and McManus, 1981). 
 
Several recent studies have shown that virus transmission is not a simple proportional rate of 
horizontal transmission, but declines as both pathogen and host increase in numbers 
(D�Amico et al., 1996; Dwyer and Elkington, 1995). D�Amico et al. (1996) found higher 
transmission rates at lower densities. While NPV can be spread by ballooning first instars, 
Dwyer and Elkington (1995) found that ballooning accounted for the rate and direction of 
spread only in the first weeks of an artificial GM outbreak.  After that, spread was more rapid 
than ballooning and less directional.  Rainfall also plays a role in spreading the virus within a 
tree (D�Amico and Elkington, 1995).  Cook et al. (1995) studied virus in both the upper and 
lower canopies, and found that measurement of the lower canopy gave a good estimate of the 
whole infected population.  
 

9.4.4  Host range and safety 
Overseas, extensive research has shown that the virus attacks only L. dispar and possibly 
another Lymantriidae species (Barber et al. 1993), indicating that any danger of use in New 
Zealand is likely to be restricted to Lepidoptera.  New Zealand has no Lymantriidae species 
(Dugdale 1988), the closest families taxonomically are Noctuidae or Hepialidae.  Host range 
studies in New Zealand have not found any Lepidoptera susceptible to LdNPV (Glare et al., 
1995; Appendix 14.7).   
 
The virus has been used in areas with sensitive environments, such as botanical gardens and rare 
butterfly habitats (e.g. eradication programme in North Carolina). The Gypchek product (see 
section 9.3.6) has been extensively tested for environmental and mammalian safety and was 
passed by the EPA in the 1970s. There appears to be no danger to humans from the virus itself, 
although there is some problem of skin irritants from the hairs of caterpillars which are included 
in the product. The product consists of viral infected and some uninfected caterpillar ground up 
and formulated.   People who work with the virus and products are more likely to be affected 
than members of the public (USDA, 1995).  There is also the occasional contaminant in the 
product. The presence of unknown bacteria would require careful consideration before spray 
application over urban areas. 
 

9.4.5  Culturing 
The virus does not grow outside of host cells and can only be cultured in insect cells in the 
laboratory with a great deal of effort (e.g. Lynn, 1994). 
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9.4.6  Commercialisation 
There are several "products" based on LdNPV strains.  All are only semi-commercial 
ventures, produced by government associated organisations.  Most are looking for commercial 
partners. Isolates of this virus have been produced for gypsy moth control in the USA, 
Canada, Czech and Slovak Republics and the former USSR, as described below.  
 
• Gypchek (USA). The USDA began development of LdNPV in the 1950s as an alternative 

to chemical controls.  In 1978 the virus product Gypchek was first registered as a 
biological pesticide (Reardon and Podgwaite, 1992, 1994). Gypchek is labelled for use 
under supervision of the US Forest Service.  Gypchek is aerially applied on around 20,000 
acres of forest annually. Early development of the virus involved several institutes and small 
companies contracting to produce the virus, but all these ventures failed.  Although efforts 
are continuing to develop Gypchek into a fully commercial venture, we are unaware of any 
company involvement currently.  The preparation is made from in vivo infected larvae in a 
facility near the Hamden US Forest Service laboratories.  

 
• Disparvirus (Canada). The virus is also under development in Canada by Forestry Canada, 

under the name "Disparvirus".  The production system appears similar to Gypchek.  Forestry 
Canada are seeking commercial partners to further develop the viral product.  The Canadians 
had expected to have Disparvirus registered in Canada by 1995, but to the authors� 
knowledge no such registration has been announced.  Approximately 1300 ha were sprayed 
with the virus in Canada between 1982-1992.  

 
• Biola (Czech Republic). Production of LdNPV in the Czech Republic is undertaken on a 

cooperative farm, ZD Chelcice Agricultural cooperative, at Chelcice, a small town in the 
southern Czech Republic.  The factory of the Agricultural cooperative have been 
producing biological control agents since about 1984, but have only begun the production 
of insect pathogens in around 1996.  Of insect pathogens, the laboratory is concentrating 
on viruses, and were working on production of codling moth GV, Lymantria dispar, L. 
monacha and Neodiprion NPVs.  

 
• Virin-Ensh (Russia). Information on the Russian product is fragmentary and no sample 

of the virus has been examined under this programme.  A USA/USSR joint report (Ignoffo 
et al., 1983) compared Virin-Ensh with Gypchek.  Liquid Virin-Ensh was reported in that 
document to have a concentration of no less than 109 PIBs/ml and had a guaranteed 
storage period of over 1 year at less than 15°C.  A necdotal information from Europe 
suggested the product was prepared from field collected larvae and could contain an 
unacceptable level of contaminants for use in Germany.  Surprisingly, Virin-Ensh was 
pathogenic to other Lepidoptera, whereas Gypchek was not in the same tests (Martignoni, 
1983), suggesting either a contaminant in the product and/or a very different strain of 
LdNPV.  Virin-Ensh had an LC50 of 210.3 ± 82.02 compared to 5.5-47.4 ± 2.28-16.59 PIB 
x 103 when directly compared in laboratory bioassays against L. dispar (Shapiro, 1983).   

 

9.4.7  Production and application 
(i) Gypchek 
The Gypchek production facilities near the US Forest Service laboratory in Hamden, CT, started 
producing LdNPV in 1977 and 50,000 acres were treated in 1979. Presently, about 15-20,000 
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acres/year are treated with virus in the USA.  If production could be increased, there would be 
sufficient market for 30 000-50 000 acres.  However, under the present system of the US Forest 
Service producing Gypchek, supplies are limited.  That quantities are limited is recognised by 
end-users and demand is probably limited by this knowledge.  Therefore the market for Gypchek 
in USA could potentially be larger.   
 
The preparation is produced from infected larvae, grown and infected at Cape Cod in an APHIS 
facility, which has an automated production line for GM.  Purified virus is sent from Hamden 
and inoculated with around 106 PIBs into 6 ml diet cups containing 15 larvae of NAGM.  
Approximately 14 days later, larvae are assumed infected and frozen for transport to Hamden.  
Approximately 70-80% of larvae in the product are virus killed.  Gypchek is based on a mixture 
of virus genotypes. 
 
In the production facility near Hamden, frozen larvae are thawed, blended in 3:1 water:larvae, 
filtered through a 100 mesh and cheesecloth, then centrifuged in a specialised centrifuge to 
remove much of the water.  The rest of the water is removed over 3 days by lyophilizing.  The 
dried product is then ground in coffee grinders.  The powder is packaged and stored at 4°C, with 
an extended shelf life of over 1 year.  The whole process is very technology-oriented and it 
would be expensive to set up the "factory".   
 
The approximate yields are around 2-4.5 x 109 PIBs/larva from large larvae.  However, the Cape 
Cod colony is getting smaller and the females have no 6th instar, so yields are down.  The 
preparation is currently around 2 x 109 PIBs/larva.  One hundred and sixty kg of cadavers gives 
between 5-5.5 kg of virus powder and it takes about 10 g of final virus powder for 1 acre.  The 
final dry preparation consists of 14-19% virus PIBs, with the remainder insect bits and bacteria. 
 
(ii) Biola 
For Biola production, L. dispar eggs are in storage and can be used to produce virus in small 
quantities at one month�s notice.  Virus is produced in insects, which are ground to form the 
basis of the product.  The strain of gypsy moth used is the Otis strain from the USA.  Quality 
counts were by light microscope.  The virus is not produced on a commercial scale at present, 
but the estimated cost of a product would be between 600-1000 Ks/ha (approximately $NZ 
30-50).  Problems are being experienced in getting a concentrated and clean virus preparations 
(as we found on comparing Gypchek at 1010 PIBs/GM to Biola at a label concentration of 109, 
which was actually 108 PIBs/GM, see Appendix 14.8). Some fresh material was sent to 
Banska Staivnica at the time of our visit.  Although the label stated that Biola contained 4.82 
x 109 PIBs/g, this material was below specifications for the level of PIBs.  Counts indicated 
the material contains about 10x less PIBs/g than stated on the label.  Also, in comparison to 
the USDA product, Gypchek, the Biola product contained a lot more insect material. 
 
One infected larvae produces about 109 PIBs, so 7-10 larvae are used per gram of product.  
Larvae are harvested about 10-14 days after inoculation with the virus, mixed with Siloxid, 
blended, then airdried at 20-25°C.  The product is then stored at -20°C.  Lack of industrial 
centrifugation above 10-15K rpm means that a concentrated product cannot be produced.  
Quantities of Biola recommended for spraying are 2 applications of 5 x 1011 PIBs/ha.  
According to Dr Pultar, preparation presently is between 5 x 109- 1 x 1010 PIBs/g..  
 
Production of virus in the Czech Republic is thought to be good of quality by German 
scientists.  A Russian product is thought to be suspect, as the production method uses field-
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infected larvae and therefore can contain many other organisms in addition to the GM virus, 
LdNPV.   The Biola material has been used extensively by Dr Novonty and also by German 
researchers.  
 

9.4.8  Quality control 
(i) Gypchek 
Quality control on each batch includes virulence checks, using bioassays against NAGM larvae 
and toxicity tests.  Generally for incorporation of virus into diet experiments, 5 x 105 PIBs is a 
high dose, and should give 100% kill.  For foliage treatment a higher dose is needed, around 108 
PIBs for NAGM. Occasionally, the preparation has been contaminated with bacteria such as 
Bacillus spp., which can be harmful in large doses.  Consequently, mice toxicity studies are 
routinely done on the final product.   
 
(ii) Biola 
In our tests, the Biola product was not up to label specifications, therefore the dose used was 
about 10x more dilute than that of the Gypchek treatments.  Allowing for this, the new 
Gypchek and Biola products could be about the same potency (Appendix 14.8).  The old 
Gypchek, which was collected from the USA in 1992, travelled for several weeks before 
refrigeration and kept at 4oC for 4 years, retained virulence, and was equivalent to the Biola 
product (about 10 fold decrease on the new Gypchek). 
 

9.4.9  Present use of LdNPV in the USA   
In the USA, larvae are present May-June.  Application is by spray, either from planes or ground 
applicators.  Many carriers and stickers have been developed.  A molasses-lignosulfonate 
mixture has been used extensively and several new products, such as carrier "244" from Novo 
Nordisk have been trialed.  Industry estimates are that 4 x 1011 PIBs/acre are needed for control. 
 
In addition to ongoing control in forests, there are one-off requirements for virus.  An example is 
the attempted eradication of an AGM introduction into North Carolina in 1993.  The AGM 
(actually hybrid AGM and European non-flying strain) were introduced to North Carolina by 
defense force movements between Germany and the USA.  Once discovered, both Btk and NPV 
were used to eradicate the pest.  Approximately 6000 acres were sprayed with Gypchek.  For the 
virus, two applications of 2 x 1011 PIBs/acre were used, 3 days apart. Because the virus is more 
specific than the bacteria, it was used in areas thought to have beneficial or endangered insects.  
The eradication in North Carolina was declared successful in 1997. 
  
Recently, aerial spray applications were carried out in southern Ontario to evaluate NPV 
(Payne et al. 1996). Mature oak (Quercus rubra and Q. alba) forest plots were sprayed with a 
repeated application of 5 x 1010 PIBs/ha per application, and applications at 5 X 1010 and 1011 
PIB/ha, all with volume application rates of 5 litres/ha per application.   
 

9.4.10  Enhancement 
Shapiro and others (Shapiro and Dougherty 1994; Shapiro et al. 1994; Shapiro and Robertson 
1992; Shapiro 1992) have found that some optical brighteners enhance LdNPV efficacy up to 
2000x. The USDA holds a patent for optical brighteners that act as viral enhancers.  These 
optical brighteners work with other viruses and host systems to improve virus virulence.  Trials 
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have demonstrated at least 10x increase in efficacy in the field in some cases.  However, the 
enhancement works for both inoculated and latent viruses and may increase the host range of 
virus.  Glare, Jackson and Giddens (unpubl. data) conducted a small study on whether addition 
of Tinopal, an optical brightener, would allow infection of 4 leafroller species with LdNPV.  
Although no infection was found, this was a very inadequate test to examine the effects of 
optical brighteners on host range, and caution is still required with the widespread use of viral 
enhancers.  
 
Other viral enhancing agents have been discovered recently and it may be possible in the future 
to improve viral efficacy, especially of "weak" viruses such as LdNPV. 
 

9.4.11  New Zealand perspective 
As the virus is produced commercially and can be applied to large areas of forest, it appears a 
good candidate for use in New Zealand.  The main benefit of the virus over Btk and other 
control measures is its specificity. Btk is already registered in New Zealand, mainly for use 
against horticultural pests. Although the virus has not been registered for use, under our FRST 
programme sufficient information has been obtained to apply for registration, if required.   
 
For experimental purposes, the virus has been obtained from the semi-commercial production 
in the USA (USDA, Hamden, CT) under the trade name �Gypchek�.  The virus has been 
imported under permit no. R94/BIO/187 and is now stored in a contained manner at 
AgResearch, Lincoln.  It may also be obtained from Forest Canada, Sault Ste. Marie, Ontario, 
who are developing a commercial product from the virus or from Dr Pultar, Czech Republic.  
Purified forms may be obtained from USDA, Beltsville laboratories, where researchers are 
looking at production of the virus in insect tissue culture (e.g. Lynn, 1994).  The purified form 
of the virus will not survive in the field and is only useful for laboratory studies, such as DNA 
isolations. 
 
If required for use in eradication of a gypsy moth infestation, sourcing sufficient virus from 
overseas will be dependent on occurrence of GM outbreak in the northern hemisphere.  We 
had intended sourcing the virus from Hamden, USA or Czech/Slovakia. The Russian product 
would be unsuitable for use in New Zealand due to quality control concerns.  However, the 
USDA production is presently limited and sufficient quantities may not be available at the 
time required by New Zealand.  Biola would not be available in sufficient quantities for 
eradication purposes.  Large-scale production would be difficult without several months 
advanced notice.  The Biola product has some problems in standardised quantity, but 
virulence was good (Appendix 14.8). 
 
Although the virus appears to be as effective as Btk, virus is more expensive to produce than Btk. 
Since worldwide production of the virus is presently limited, it would be difficult to find large 
amounts for use in New Zealand.  It is expected that the increase in production in Canada and 
the development of virus production technology in Czech Republic and Russia will alleviate this 
problem. 
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9.5 Entomophaga maimaiga  
 

Relatively few fungal pathogens are known to attack gypsy moth (Majchrowicz and Yendol, 
1973; Soper et al., 1988).  The fungus, Entomophaga maimaiga (Entomophthorales: 
Zygomycetes), is a pathogen of gypsy moth originally described from Japan (Soper et al., 
1988).  It is morphologically indistinguishable from Entomophaga aulicae, a common 
Lepidoptera pathogen in North America and elsewhere, which does not attack gypsy moth.  
Entomophaga maimaiga has recently become a very effective classical control agent of gypsy 
moth in the USA, although the origins of the present outbreak are somewhat mysterious 
(Hajek et al., 1995c).  A fungus, probably E. maimaiga, was imported to the USA by Speare 
and Colley in 1910-11 and released but apparently failed to establish.  In 1984-1986, Soper 
and colleagues also imported and released E. maimaiga, again apparently without 
establishment (Hajek et al. 1995c).  It was eventually recovered in the USA in 1989 
(Andreadis and Weseloh, 1990; Hajek et al., 1990), although this was around Boston and not 
at the release sites.  Subsequent surveys established the fungus in 10 northeastern states and 
Ontario by 1990.  The distribution of the fungus has continued to expand.  Whatever the 
origins of the USA outbreak of E. maimaiga, it has contributed significantly to suppression of 
populations since 1990.  There have been many "releases" of the fungus throughout the gypsy 
moth range in the USA. It is apparently the same species which contributes to natural control 
of gypsy moth in Japan (Soper et al., 1988) and China (Yan Jingjun, pers. comm.). It 
continues to cause natural epizootics in gypsy moth populations throughout northeastern USA 
and Canada.  
 

9.5.1  Characteristics and disease cycle 
The fungus is a member of the E. aulicae complex of Entomophthorale, a group of 
morphologically indistinguishable species and strains that are virulent against other 
caterpillars.  Isozyme and more recently DNA comparisons have demonstrated that the gypsy 
moth pathogenic strains are a distinct species, with little intraspecific variation.  The fungus is 
difficult to culture and can be regarded as an obligate pathogen outside the laboratory. 
 
Entomophaga maimaiga is known to attack only larvae.  The fungus overwinters by the 
production of resting spores (azygospores), which have an obligate dormant period (Reardon 
and Hajek, 1993). The resting spores are thick walled and capable of surviving in soil for 
periods of years.  In spring, when conditions become favourable, the resting spores produce 
the infective, pear-shaped conidia.  The conidia are actively discharged and once in contact 
with a susceptible larva will produce a germ tube, which penetrates the host cuticle with 
enzymatic assistance.  Within the host, the fungus reproduces in the heamolymph in a wall-
less protoplast stage, using the nutrients in the insect blood.  Eventually the fungus takes out 
vital organs and the host dies, basically containing only fungus within the cadaver.  It takes 
less than 1 week to kill larvae at 20-25°C (Shimazu  and Soper, 1986).  Around the time of 
larval death, the protoplasts develop into walled hyphal bodies, which in turn develop into 
conidiophores after death, which grow out through the cuticle to produce and discharge 
conidia.  Alternatively, resting spores are produced internally.  Sometimes, both spore types 
are produced. 
 
Once established in a gypsy moth population, the fungus produces both spore types, conidia 
and resting spores, depending on conditions. The conidia are fragile and produced in 
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quantities to initiate rapid epizootics if susceptible hosts are present.  Presence of susceptible 
hosts and environmental conditions are limiting factors on infection (e.g. Hajek et al., 1990). 
 
Moisture is important to the sporulation and germination of conidia.  Conidial production is 
usually greatest on days of rainfall (Weseloh and Andreadis, 1992), while resting spores 
germinate in the days after significant rainfall (Reardon and Hajek, 1993).  Larvae killed by the 
fungus often remain attached to trees, increasing the distribution of discharged conidia or resting 
spores. 
 
Reardon and Hajek (1993) estimated that under optimal moisture conditions, E. maimaiga in 
North America can undergo 4-9 multiplicative cycles within one generation of the gypsy moth.   
 

9.5.2  Culturing and production 
In the laboratory, the fungus is cultured in liquid culture (Grace’s tissue culture medium + 5% 
Fetal Bovine serum) as protoplasts. The fungus grows relatively poorly in culture. Therefore in 
vitro work is difficult and most experimental research is done with material produced in vivo. It 
can be induced to sporulate on egg yolk medium (Hajek et al., 1995b), but doesn’t sporulate well 
or quickly.  It can take all night to collect spores in water and the spores germinate quickly, so 
they need to be refrigerated every 2-3 hours after collection for use in bioassays.  Conidia can be 
produced more easily in a host, by injecting larvae with 23 gauge needle and leaving 5-6 days.  
Using larger larvae gives better results.  High conidial inoculation levels cause septicemia in 
GM, rather than sporulation. 
 
Resting spores from the field germinate readily (Hajek et al. 2001).  In the field about 60% of 
resting spores germinate each year, which leaves some residual for the next season even if no 
more are produced.  First instar GM are in the soil, 2-3rd instars are in trees, while 4-6th instars 
are back in soil and lower branches.  It is in the soil that larvae contact inoculum from 
germinating resting spores.  If soil containing resting spores has been moved to initiate an 
epizootic, it is best to wet the soil each week.    
 
Long term culturing or storage of the fungus can lead to loss or instability of virulence (Hajek et 
al., 1995b) so the fungus needs routine passage through the host to maintain condition. 
 

9.5.3  Host range 
Interest in the host range of E. maimaiga has been high in the USA due to the number of 
regional groups trying to release strains.  Evidence is accumulating that the fungus is restricted to 
Lepidoptera (Reardon and Hajek, 1993; Vandenburg, 1990) and may attack only Lymantriidae 
in the field.  Hajek et al. (1996) sampled 1511 larvae of 52 species of Lepidoptera (7 families) 
and found only 2 individuals (1 of 318 forest tent caterpillars (Malacosoma disstria) and 1 of 
96 Catocoala ilia) became infected with the fungus.  These collections were from areas where 
40.8-97.5 % of the gypsy moth populations were infected with E. maimaiga.  
 
Hajek et al. (1995a) also examined susceptibility in the laboratory, using exposure to conidia 
and injection of protoplasts directly into larvae. A total of 78 species of Lepidoptera were 
examined and 23.6% of species had deaths significantly greater than controls after treatment 
with E. maimaiga conidia.  A total of 33.3% of tested larvae supported fungal sporulation.  
Lymantriidae were the most susceptible.  The susceptibility of larvae was related to the surface 
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setae. Infection was rare for surfaces with few setae while larvae with fine hairs were more likely 
to be infected.  Many more insects were susceptible when protoplasts were injected directly into 
the haemocoel than when exposed to spores.  
 
The laboratory results contradict those from field exposure, leading Hajek et al. (1995a) to 
conclude that laboratory bioassays were not a good predictor of field susceptibility.  The risk 
of non-target infections among lepidopterans appears higher for the fungus than for the virus. 
However, when the limited period of exposure (about 10 weeks in spring-summer) and dose 
required to cause mortality in non-hosts is taken into account, few Lepidoptera would be 
expected to be at risk.  In New Zealand, with no Lymantriidae, there would be only limited risk, 
so host range studies would need to be conducted as with the NPV (Glare et al., 1995).  
Mammalian safety testing has not been conducted in the USA, as the strain(s) was accidentally 
released, but should be a priority in New Zealand. 
 

9.5.4  Use as a mycoinsecticide 
The fungus has not been commercialised, but has been introduced into areas in the USA by 
moving the resting spore stage in soil (Reardon and Hajek, 1993).  The infective conidia are 
fragile and unsuited to production and storage for mass inoculation.  At present, a system for 
using dried and powdered hyphae has not been successful with E. maimaiga, although such a 
process has been developed for other E. aulicae strains (Nolan, 1993).  Therefore introduction 
of the fungus into new areas as only been attempted using in vivo-produced resting spores or 
infected cadavers.  Generally this has involved relocation of soil containing resting spores 
from one habitat to another (Reardon and Hajek, 1993).  Such a process is operationally 
restricted and expensive for any form of mass inoculation.  Hajek and Roberts (1991) 
demonstrated that field-collecting soil containing resting spores and keeping the soil moist 
was the most effective method to initiate disease in gypsy moth populations.   
 

9.5.5  New Zealand perspective 
The fungus has been imported to quarantine and is presently held as protoplasts in glycerol in 
the AgResearch Insect Pathogens Culture Collection at -80°C.  All information gathered 
indicate the fungus would not be suitable for use as a pesticide in eradication procedures, but 
would have potential for release as a control agent should gypsy moth establish here.  The 
fungus is difficult to maintain in the laboratory and cannot be mass produced, but has 
maintained itself in gypsy moth populations once introduced.   
 
Prior to release, it must be established that New Zealand insects are not endangered, so host 
range experiments against indigenous Lepidoptera which have a larval stage during spring and 
summer need to be carried out.  It would be wise to examine effect against mammals, as this 
has not been tested previously.  Very few entomophthoralean fungi have been found to pose 
any danger to mammals and none in the E. aulicae group have been implicated in mammalian 
health issues. 
 

The success of E. maimaiga in controlling gypsy moth populations naturally in North America 
(e.g. Hajek et al., 1993) indicates it has potential to assist other control agents in combating 
any gypsy moth outbreak/importation. 
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9.6  Protozoa 
 

Several protozoan pathogens of gypsy moth have recently been described and may have 
potential in Europe and the USA. Dr Joe Maddox (USDA, Illinois) reported on over 10 
different microsporidans from gypsy moth in Europe.  Gypsy moth populations in Western 
and Central Europe naturally harbor several microsporidian species that have been placed in 
what are now considered to be three genera, Nosema, Vairimorpha and Endoreticulatus 
(Leellen Solter et al. the impact of mixed infection of three species of microsporidia isolated 
fr om the gypsy moth, Lymantria dispar L. (Lepidoptera: Lymantriidae, http://www.nal. 
usda.gov/ttic/ tektran/data/000013/83/0000138352.html).  These microsporidia are largely 
specific to Lymantriidae, although they can also attack other Lepidoptera feeding on the same 
leaves.  Nosema lymantriae can be transferred transovarially, and will remain in a population 
for 2-3 years.  Nosema needs to be used two years in advance of an outbreak to establish in the 
population.   
 
One of the few documented attempts to use a microsporidian against field GM populations 
was reported by Novotný (1988).  He introduced 1 x 1011-12 spores/ha and obtained mortality 
of up to 63% in larvae and 79% at adult emergence.  It was difficult to separate out the effects 
of different pathogens in action and control mortality was around 50-60%.  Novotný (1988) 
concluded that the microsporidia have prospects as biocontrol agents for GM. 
 
Microsporidia cannot be produced outside living cells and any production would require 
insect hosts, so would therefore be relatively expensive.  The microsporidians would be 
unsuited to use in New Zealand during eradication and, given the lack of complete specificity, 
would require host range testing before recommendation for release in established GM 
populations in New Zealand. 
 

9.7  Predators and parasites 
 
There are many parasites and predators which attack gypsy moth in the northern hemisphere.  
In some places, natural population regulation is thought to be due to the action of a group of 
parasites and/or predators.  For example, in Austria parasites are effective agents, where a 
complex of 5 important and 10 useful parasites and predators control gypsy moth, presently 
without intervention.  Outbreaks are rare and Austrian scientists have had to resort to 
importing gypsy moth to infest trees in their study area.  The parasites generally attack the 
larval stage and there are few egg parasites recorded.  Eggs are the overwintering stage of 
GM, so without egg parasitism, the parasites overwinter on alternative hosts.  In China, over 
40 parasite and predators are recorded (Yan et al., 1994, and Yan Jingjun, pers. comm.).  In 
the USA, interest in parasite control of gypsy moth has continued for many years and at least 
10 have been introduced and successfully established.   
 
GM is only in the larvae stage for 6-8 weeks and parasites and predators require other hosts to 
maintain them throughout the year.  Often, alternate hosts are also pest species.  Parasites 
would be unsuitable for use in New Zealand due to the requirement for alternate hosts and 
lack of specificity. 
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9.8  Pheromone use 
 
A synthetic sex pheromone has been commercially produced for gypsy moth, under the name 
disparlure.  In addition to its obvious use in monitoring populations, there are two main methods 
of use of the pheromone in population reduction: mass trapping and mating disruption.  This has 
been used against gypsy moth populations in the USA as part of the slow-the-spread programme 
(Suckling and Gibb, 2002 and reference therein).   
 
In mass trapping, the disparlure is used to attract male moths to traps before they have the 
chance to mate with females.  Different trap designs are used for different expected population 
densities.  In "delta" traps, a sticky substances coats the insides only, while in others a sticky 
strip is used in conjunction with an insecticide dichlovos (2,2 dichcloroethenyl dimethyl ester 
phosphoric acid).  With these latter traps, "milk carton" types are marketed as Vaportape II 
(Hercon Environmental Company, Emiigsville, PA).  Delta traps have a capacity of about 15 
moths, while the milk carton type vaportape II is used for larger populations. 
 
These traps are the same as those used for monitoring populations.  For mass trapping, these 
traps are used in an intensive grid pattern at a rate of at least 23 traps/ha (USDA, 1995).  Mass 
trapping is usually used in conjunction with other methods of control.  In the USA between 1967 
to 1993, mass trapping was used as the primary treatment in 20% of eradication efforts (USDA, 
1995), but it is usually only used on small areas.  It is best used where the egg mass density is 
below 25 egg masses/ha.  The method is labour-intensive, but relatively harmless to non-target 
organisms. 
 
Mating disruption relies on saturating the area with pheromone so females cannot find a mate.  
It has been accomplished by ground application using a slow release tape impregnated with 
pheromone, which is manually attached to trees.  The use of pheromones in mating disruption 
for European gypsy moth was reviewed by Reardon et al. (1998).  They concluded that mating 
disruption should only be used to manage isolated or area-wide low density populations of 
EGM.  Kolodny-Hirsch et al. (1990) evaluated the tape and found it requires further research 
before use, but the practise has become more common since (Suckling and Gibb, 2002).  
Aerial application is still under development.  Out of all the GM eradication attempts in the 
USA up to 1993, only six used mating disruption as the primary treatment for eradication 
(USDA, 1995).  Suckling and Gibb (2002) suggest pheromone use during eradication would 
be a useful technique to use in combination with other techniques, such as sterile male release 
or biopesticide applications, as pheromones target the adult males while biopesticides target 
larval stages and sterile male release targets adult females.  In trials to test its efficacy, 
innudative releases of pheromone resulted in higher mating success for gypsy moth in areas of 
low population (Schwalbe, 1980). 
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9.9  Agent combinations 
 

There have been few experimental comparisons of the use of more than one microbial agent 
against GM populations.  In one trial in Germany, Btk alone gave 90% control (resulting in 
25-30% damage), while the virus reduced feeding by an estimated 40%.  Combinations of 
0.1x virus and 0.1x Btk worked as well as Btk treatment alone.  However, the forest area was 
denser and more diverse and GM populations were less in the areas treated with combinations 
of pathogens, so there is some doubt about the validity of the comparisons (Jurg Huber, BBA, 
Germany, pers. comm.).  In the eradication of AGM in North Carolina, both Btk and Gypchek 
(LdNPV) were used.  The virus was used in a few, environmentally sensitive areas and Btk in 
the majority.  However, both were not reported to be sprayed against the same population.   
 
Suckling and Gibb (2002), among others, advocate the use of mating disruption with another 
treatment, such as Btk.   
 
The use of two or more agents against a target population would have some obvious benefits: 
• Reduce the risk of agent failure by using agents with different basic infection methods. 
• Possible additive or even synergistic effect. 
• Introduce recycling agents, such as virus or fungus, with non-recycling agents, such as 

Dimilin or Btk. 
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10. STRATEGIES FOR ERADICATION IN NEW ZEALAND 
 

About 10 years after Trouvelot accidentally introduced GM, the first outbreaks began in his 
neighbourhood and in 1890 the State and Federal Government began their attempts to 
eradicate the gypsy moth. These attempts ultimately failed and since that time, the range of 
gypsy moth has continued to spread. Every year, isolated populations are discovered beyond 
the contiguous range of the gypsy moth but these populations are eradicated or they disappear 
without intervention. It is inevitable that gypsy moth will continue to expand its range in the 
future, including reaching New Zealand.  There needs to be developed a robust strategy for 
eradication of gypsy moth if/when it reaches New Zealand.  There is evidence that the country 
is becoming well-prepared for eradication, with the experience of Operation Ever Green and 
the painted apple moth eradication programmes. 

 

10.1  Summary of Operation Ever Green 
 

The finding of the white spotted tussock moth, Orgyia thyellina (Lepidoptera: Lymantriidae), 
in Auckland in April 1996 was unexpected since the anticipated threat was from gypsy moth.  
After a necessarily rapid assessment of pest potential, it was decided to attempt eradication.  
As the pest was found in the major city of Auckland, control options appeared limited. 
Eventually Btk was selected as the only appropriate agent for aerial and ground sprays, 
because of environmental and human safety.  
 
The programme was named Operation Ever Green and its success story has been documented 
by Hosking et al. (2003), which gives an excellent, concise summary of the programme. Some 
of the key factors contributing to the success of Operation Ever Green and the lessons learnt 
from this programme (mainly from Hosking et al. 2003) are summarised below. 
 

10.1.1 Key factors for success 

• The timing of detection was helpful as the third generation diapausing eggs found in April 
were not expected to hatch until spring, allowing time during winter to make decisions and 
put together an operations team. 

• Btk has been widely studied and data were available on its persistence and efficacy. 
Throughout the programme research continued to evaluate and develop strategies to 
minimise the number of sprays and apply them at times of maximum effectiveness. 

• It was essential to have good research and modelling skills available to develop the 
technical side of the spraying programme. Again, research throughout the programme, 
such as bioassays on plants exposed during spraying operations, was important to give 
feedback and adjust spraying protocols. 

• The insect rearing facilities to provide live female moths for monitoring and the 
subsequent development of a synthetic pheromone were critical to the success of 
Operation Ever Green. The insect rearing programme also enabled efficacy trials and host 
risk assessments, both of which gave valuable feedback. 

• Without a doubt, the communications strategy was a key element in the success of 
Operation Ever Green. Founded on the principle of openness, the strategy was designed to 
ensure that all affected parties had full access to all available information, whether good or 
bad, at no personal cost. This was particularly important when providing health 
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information that could be interpreted by the public. The co-operation of health 
professionals, including medical practitioners within the spray area, contributed to an 
effective communications strategy. 

• Operation Ever Green developed an integrated team approach. 
 

10.1.2 Lessons from Operation Ever Green 

• Using GPS technology to map important sites within the spray zone would have been 
useful to track progress and assist with decision making in the programme. 

• Better knowledge of the biology of the insect may have meant that predicting the timing of 
egg hatch and hence the number of spray applications required could have been more 
accurate.  

• While the Science Advisory Group that was an integral part of the operations team made a 
major contribution to Operation Ever Green�s success, the Science Panel established to 
evaluate and monitor the science input was only partially successful. Major difficulties 
were the distance of the Science Panel from the operation and the interdepartmental 
politics involved. 

• Although the communications strategy was largely successful, towards the end of the 
programme when the number of spray applications were considerably extended, 
opposition groups emerged, such as S.T.O.P. (Society Targeting Overuse of Pesticides) 
and G.A.S.P.  Effectively communicating the adverse effects of lymantriid moths, such as 
allergic reactions from urticating hairs on the moth and the economic and environmental 
damage, may help to quell opposition to future eradication campaigns. 

• The costly importation of a DC6 for spraying operations was necessitated by the 
reluctance of the CAA to allow low level flights (<500 m) above cities. Eventually the 
multi-engine DC6 was allowed to fly at a height that enabled sufficient coverage with Btk.  

 

10.1.2 Painted apple moth eradication programme 
In mid-1999, another lymantriid moth, Teia anartoides, was found established in Glendene 
and neighbouring suburbs in west Auckland.  The painted apple moth (PAM) is an occasional 
pest in its native range in Australia, but potentially a threat to New Zealand forestry and 
agriculture.  Since then, a programme has been underway, supervised by MAF, to eradicate 
the insect.  MAF has taken a less aggressive approach to the painted apple moth than the white 
spotted tussock moth, because it spreads more slowly and it was decided to try alternatives to 
aerial spraying first.  Initially ground spraying with several insecticides (Lorsban, Chlorpyrifos 
and Decis have all been used) was attempted, but the moth persisted.  Spraying of Foray 48B 
(Btk) from the air using both helicopter and fixed wing aircraft is now underway (as of May 
2003).   
 
Due to more organised public opposition to aerial spraying since operation Ever Green, a 
targeted and limited spray programme of fewer than 600 ha was initially attempted, but the 
moth has subsequently been found outside the spray zone and the zone has been extended.  
Little can be summaried about the spray programme at present, as it is ongoing, except that it 
appears to be significantly reducing the population with no live moths caught in the month of 
March 2003, for the first time since trapping started.  Climatic variables will have contributed 
to this reduction, but it is possible that eradication can be achieved by aerial application of Btk 
and ground spraying.  Host (vegetation) removal is also underway in some areas.   
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No pheromone is currently available for PAM, but colonies are maintained by HortResearch, 
Auckland, and Forest Research, Rotorua, which provide flightless females to use in traps for 
monitoring purposes.  Originally a Technical Advisory group (TAG) and a Community 
Advisory group (CAG) were convened, the former at times numbering over 30 researchers, 
government officals and other local and national representatives.  The TAG group has since 
been cut down to a few specialists, while the CAG is no longer directly involved. 
 
 

10.2  Modelling the use of NPV for the biological control of Asian gypsy moth 
invading New Zealand 

 
A full report on modelling the effect of NPV used under different strategies is given in 
Appendix 14.5 (Barlow et al., 1997).  In summary: 
 
• In the long term and in the presence of predators, introducing NPV to a disease-free 

population as a single application (2500 GPIB ha-1) at the optimum time of year (mid-
October), with no further augmentation, gives an average reduction of 20% in outbreak 
densities over a 50 year period.  In the absence of predators, NPV reaches equilibrium with 
a 40 - 50% reduction in gypsy moth density. 

 
• In the medium term, the addition of NPV gives more substantial suppression but the extent 

depends on the timing of the application relative to the outbreak cycle.  The best time is 
during the increase phase but before the peak is reached, giving a 70% reduction in the 
following two outbreaks over a 15 year period.  However, the result is sensitive to the 
timing and if NPV is applied too late, at the peak of the outbreak (which may be only one 
year later), the results can be very much poorer. 

 
• In the short term (the year following control), suppression depends on the application rate 

of the spray and, because of the recycling of infection within the population, on the larval 
density at the time of application.  The latter effect distinguishes NPV from Btk or other 
pesticides, whose proportional effect is usually density-independent.  Thus, 80% 
suppression of peak larval densities in the year following control can be obtained from an 
application of NPV at the standard rate (2500 GPIB ha-1), if the larval density is extremely 
high (105 ha-1) or extremely low (10 ha-1).  This drops dramatically to a 30% reduction at a 
density of 100 ha-1.  The effects are qualitatively similar in the absence of predation. 

 
• In the short term, timing of application within a year is also important.  A spray at the time 

of predicted maximum larval abundance, gives twice the percentage suppression in peak 
larvae the following year as a spray when densities are lowest. 

 
• Applying NPV repeatedly when threshold egg mass densities are reached results in 

spraying, on average, every 7 years, with a reduction in peak outbreak densities of 40 - 70% 
(variable from outbreak to outbreak because of the differing amounts of disease already 
present).  The result is insensitive to a wide range of thresholds, from half to double the 
Ontario Ministry for Natural Resources recommendation of 1250 egg masses ha-1. 
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• Assuming that the default parameters are correct, eradication of a gypsy moth population 
with NPV is only possible if the population is very low (1 - 5 larvae ha-1) and several 
sprays are used in rapid succession or the spray concentration is very high (25,000 GPIB 
ha-1).   

 
• The model�s behaviour, in terms of whether or not it generates sustained outbreak cycles, is 

sensitive to several of the parameter values and to the model�s age-class structure.  This 
suggests that simple models, which ignore the effects of age-classes, time lags, egg 
diapause and temperature, may give quite misleading results.  On the other hand, it is 
impossible to consider all components of the highly complex life system in detail because 
the data do not exist to parameterise them (in spite of attempts to do so in several published 
models).  The present model seeks a middle course. 

 
• Given the complexity of the gypsy moth life system, and the need to consider alternative 

scenarios in the absence of appropriate data (especially on the natural enemies likely to 
affect the moth in New Zealand), there is a need for further evaluation of long-term control 
options which include both a greater variety of NPV spraying regimes relative to the timing 
of outbreak cycles, and the integration of such strategies with the use of other controls such 
as Entomophaga maimaiga. 

 
 

10.3  Strategies for eradication 
 

If GM is found in New Zealand, the first response should be an eradication programme.  In the 
USA and Canada, �eradication� has been performed ov er 550 times and is thought successful 
against small, well defined populations in areas less than 100 acres in size (USDA, 1995).  As 
with the white spotted tussock moth, decisions will need to be made between available control 
options.  While these decisions have a large political and public response component, sufficient 
knowledge exists such as is contained in this document to determine possible successful 
strategies, which can then be modified to suit the public/political climate.  A summary of the 
relative risk of the various strategies is given in Table 4. 
 
• Btk would be the main eradication insecticide, especially for aerial application.  Btk has the 

benefits of being widely available, used previously in many eradication procedures and kills 
gypsy moth effectively.  The tussock moth programme has already established the safety of 
use over urban areas in New Zealand.  Drawbacks are that it will decimate the lepidopteran 
population in general which may affect some bird life temporarily in the spray zone.   

• Dimilin should be considered for ground application to assist in hot spot infested areas.  Lack 
of an effective knockdown chemical severely limited ground-based control efforts in the 
tussock moth programme.  This chemical has potential non-target effects, so its use should be 
limited to specific ground applications. 

• LdNPV, such as Gypchek, should be used early in an eradication programme.  If the infested 
area is an important lepidopteran conservation area, it may need to be the primary method for 
eradication.  There may be benefits from using more than one agent in aerial and ground 
applications (see section 9.8).  In any case, the virus needs to be introduced to the population 
early to establish and recycle, in case eradication is unsuccessful.  Except for possible 
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contaminants in the formulation of virus, there appear to be no non-target problems 
associated with use. 

• Mass trapping may be a useful addition around the edges of infestations as both a monitoring 
tool and to trap males. 

• Mating disruption may be a useful addition to other strategies in some situations. 
• Other agents, such as E. maimaiga and parasites, are not suitable for eradication. 
 
Data is available on Btk and viral spray densities and timing of sprays required for eradication.  
In general, in the USA, two to three applications 2-7 days apart are used in eradication 
procedures.  This contrasts with the 48+ sprays performed for tussock moth eradication, which 
was largely caused by lack of knowledge of egg hatch and life cycle in Auckland.  The model 
(Appendix 14.5) should predict GM egg hatch duration under different climatic conditions in 
New Zealand and so reduce the chances of failure.  A more predictable eradication programme 
will also increase public confidence in biosecurity science. 
 
However, control of AGM will be more difficult than NAGM or EGM. Egg hatch of AGM will 
be over a longer period than non-flight GM, making the targeting of sprays against selected 
instars more difficult.  Both virus and Btk are more effective against younger instars which 
makes spray timing important.  The view of some scientists at Darmstadt is that the virus will 
not be a successful eradication agent for GM, but is very good for ongoing suppression.  High 
doses of Btk will be more successful for eradication.   
 
Research indicates that the virus is specific to Lymantria spp. (Lepidoptera: Lymantriidae) 
while the bacterium, B. thuringiensis, is not specific and would be expected to kill some 
native New Zealand Lepidoptera.  For this reason and to have more than a single potential 
control agent, the virus is being considered for use in New Zealand.   
 
 

10.4  Strategies for control 
 
If GM establishes in New Zealand and eradication is unsuccessful, then ongoing population 
suppression will be required.  If GM arrives in NZ without its natural control agents, as is 
most likely, then the population will go through substantial outbreaks.  Early introduction of a 
range of agents, suitable for use in NZ, will be required.  We suggest that: 
 
• The nucleopolyhedrovirus LdNPV be introduced as soon as a population is found in 

NZ.  This virus has been shown to have no obvious non-target risks and should 
maintain itself in populations in NZ, eventually leading to suppression at low levels, as 
shown by the model in Appendix 14.5.  While obtaining enough virus for eradication 
in NZ may be problematic, sufficient quantities to introduce into a population should 
not be difficult to obtain. 

 
• The introduction of the fungus Entomophaga maimaiga should be investigated and if 

suitable, released as soon as is practical.  This fungus has become a major suppression 
factor in much of the North American population after its first epizootic in 1989 near 
Boston.  While the fungus has not been tested for non-target safety in NZ, there is no 
indication from overseas studies that this will be a problem.   
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• Bacillus thuringiensis is a single action insecticide in most cases and would not be 

useful as an ongoing control agent unless applied by spray against each target 
population.  It could be useful to protect particular areas such as stands of susceptible 
trees. 

 
• Mass trapping, and mating disruption, based on the use of synthetic pheromone, may 

be useful in slowing the spread of GM. 
 
• Parasites and predators from other countries are unlikely to be of use, due to their 

broad host range and requirement for hosts often not present in NZ. 
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TABLE 4: Qualitative relative risk estimate by tactic (from Ecological Risk Assessment, Gypsy moth management in the United States: a 
cooperative approach. Draft environmental impact statement. USDA, 1995). 

Endpoint Ecological Indicator Diflubenzuron Btk NPV Disparlure 
Change in forest 
health 

Forest productivity, tree growth 
rates, mass production 

Minimal Minimal Minimal Minimal 

 Successional state, stand age, 
species composition of tree and 
understory species 

Minimal Minimal Minimal Minimal 

 Susceptibility to fire Minimal Minimal Minimal Minimal 
 Incidence of disease, tree 

mortality rates, degree of insect 
damage 

Minimal Minimal Minimal Minimal 

Change in non-target 
species 

Species richness of mammals, 
birds, reptiles, amphibians, fish, 
invertebrates 

High 
(Decrease in numbers of 
invertebrate species) 

High 
(Decrease in numbers of 
invertebrate species) 

Minimal Minimal 

 Population densities of groups 
of special concern (spring-
emerging lepidopterans, 
summer-emerging native 
lepidopterans, insect predators 
and parasites, pollinators, 
amphibians, mollusks 

High 
(Decrease in lepidopteran 
populations throughout 
growing season, possible 
reduction in parasitoid 
species) 

High 
(Decrease in lepidopteran 
populations feeding on leaves 
during spring) 

Minimal Minimal 

 Population densities of game 
species: wild turkey, deer, black 
bears, trout, salmon 

Low  
(Decrease in fish population, 
especially in the forested 
residential ecosystem) 

Minimal Minimal Minimal 

 Population densities of 
organisms eaten by game fish: 
crustaceans, aquatic insects, 
small fish 

High 
(Large decreases in 
populations of aquatic 
invertebrates; small population 
decrease in fish) 

Minimal Minimal Minimal 

Change in water 
quality 

Water temperature, dissolved 
oxygen concentration 

Minimal Minimal Minimal Minimal 
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11.  FUTURE RESEARCH REQUIREMENTS 
 
• Further modelling of the interaction of all major control agents, for both eradication and control.  

The present model has used virus as the agent for population suppression, but the use of virus 
only is not recommended. 

• A source of virus and other agents will be needed.  The possibility of producing virus in New 
Zealand needs to be considered if other products cannot be produced in time.   

• New Zealand registration of gypsy moth virus. 
• Entomophaga maimaiga: Research is required to examine the specificity of the fungus in 

laboratory bioassay against New Zealand Lepidoptera, to ensure environmental safety, and to 
incorporate overseas and New Zealand data to develop strategies for use in both eradication 
and control situations against L. dispar.  In addition, safety tests against mice to establish tier 1 
mammalian toxicity may be required, as such tests have not been completed in the USA 
(where it was accidentially introduced).  As it is difficult to grow in culture, it appears better 
suited to classical control introductions than an inoculative, mycoinsecticide approach.  As such, 
it would not be considered for eradication programmes in New Zealand but if gypsy moth 
establishes, it could be a useful introduction to lessen gypsy moth impact.   

• Investigation of pheromones and other pathogens and parasites, in the event GM establishes in 
New Zealand. 
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Appendix 14.1  Gypsy moth host plants (USA) 

14.1.1  Plant list of susceptibility to gypsy moth 
 
From:  USDA (1995) Gypsy Moth Management in the United States: a cooperative approach. 

Draft environmental impact statement. USDA Forest Service and Animal and Plant Health 
Inspection Service. 

 
This appendix shows the susceptibility of plant species to feeding by gypsy moth caterpillars, 
considering preference and weight gain of both European and Asian strains. The index number 
provides a general ranking, recognizing that preference varies between the strains (Liebhold et 
al., 1995): 
 
1�susceptible 
2�resistant  
3�immune 
 
Genus and species Common name Susceptibility 
   index 
 
Abelia grandiflora glossy abelia 3 
Abies amabilis Pacific silver fir; silver fir; lovely fir; amabilis fir 2 
Abies balsamea balsam fir; Canada balsam; eastern fir 3 
Abies balsamea 
 var. phanerolepis balsam fir; bracted balsam fir 3 
Abies bifolia Rocky Mountain subalpine fir 3 
Abies bracteata bristlecone fir; Santa Lucia fir; silver fir 2 
Abies concolor white fir; concolor fir; silver fir 2 
Abies fraseri Fraser fir; southern balsam fir; southern fir 3 
Abies grandis grand fir; lowland white fir; lowland fir; balsam fir 2 
Abies holophylla needle fir; Manchurian fir 2 
Abies lasiocarpa subalpine fir; alpine fir; balsam fir; white balsam fir; Rocky Mountain fir 2 
Abies lasiocarpa 
 var. arizonica corkbark fir  2 
Abies lowiana California white fir, white fir; Sierra white fir; 2 
Abies magnifica California red fir; red fir; silvertip; golden fir  2 
Abies procera noble fir; red fir; white fir  2 
Acacia baileyana Bailey acacia, cootamundra wattel  2 
Acacia farnesiana huisache; sweet acacia; Texas huisache; cassie 2 
Acacia greggii Gregg catclaw; catclaw acacia; Texas catclaw; devilsclaw; long-flowered catclaw 2 
Acacia koa koa acacia 2 
Acacia longifolia golden wattle; Sydney golden wattle 2 
Acacia spp. acacia 2 
Acacia tortuosa huisachillo; catclaw; twisted acacia; Rio Grande acacia 2 
Acacia wrightii Wright catclaw; Texas catclaw; Wright acacia  2 
Acer barbatum Florida maple; sugar maple; hammock maple  2 
Acer campestre hedge maple; English field maple  2 
Acer circinatum vine maple  2 
Acer dasycarpum silver maple; cut-leaf maple 2 
Acer ginnala amur maple 3 
Acer glabrum Rocky Mountain maple; dwarf maple; mountain maple; Sierra maple 2 
Acer grandidentatum canyon maple; bigtooth maple; sugar maple; Uvalde bigtooth maple 2 
Acer japonicum fullmoon maple 2 
Acer leucoderme chalk maple; white-bark maple 2 
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Acer macrophyllum bigleaf maple; Oregon maple; broadleaf maple 2 
Acer negundo boxelder; ash-leaved maple; boxelder maple; Manitoba maple 2 
Acer nigrum black maple; black sugar maple; hard maple; rock maple 2 
Acer palmatum Japanese maple 2 
Acer pensylvanicum striped maple; moosewood 3 
Acer platanoides Norway maple 2 
Acer pseudoplatanus planetree maple; sycamore maple 2 
Acer rubrum red maple; scarlet maple; swamp maple; soft maple 2 
Acer saccharinum silver maple; soft maple; river maple; silverleaf maple 3 
Acer saccharum sugar maple; hard maple; rock maple 2 
Acer spicatum mountain maple; moose maple 3 
Acer tartaricum tartarian maple; Tartar maple 2 
Achras emarginata wild-dilly 2 
Aesculus californica California buckeye 3 
Aesculus glabra Ohio buckeye; fetid buckeye; stinking buckeye; American horsechestnut 2 
Aesculus hippocastanum  horsechestnut; common horsechestnut 3 
Aesculus octandra yellow buckeye; sweet buckeye; big buckeye 3 
Aesculus pavia red buckeye; scarlet buckeye; woolly buckeye; fire-cracker-plant 2 
Aesculus sylvatica painted buckeye; dwarf buckeye; Georgia buckeye 2 
Ailanthus altissima ailanthus; tree of heaven; Chinese tree-of-heaven; copaltree 2 
Albizia julibrissin silktree; mimosa; mimosa-tree; powderpuff-tree 3 
Aleurites fordii tung-oil-tree; tungtree 2 
Alnus maritima seaside alder 1 
Alnus oblongifolia Arizona alder; Mexican alder; New Mexican alder 1 
Alnus rhombifolia white alder; Sierra alder 2 
Alnus rugosa speckled alder; smooth alder; tag alder; gray alder; hoary alder; hazel alder 1 
Alnus serrulata hazel alder; smooth alder; common alder; tag alder; black alder 2 
Alnus sinuata Sitka alder; mountain alder; wavyleaf alder 2 
Alnus tenuifolia mountain alder; thinleaf alder; river alder 1 
Alvaradoa amorphoides  Mexican alvaradoa 2 
Amelanchier alnifolia  western serviceberry; saskatoon serviceberry; serviceberry; juneberry; western shadbush 2 
Amelanchier arborea  downy serviceberry; Allegheny serviceberry; shadblow; apple shadbush 2 
Amelanchier canadensis  thicket serviceberry; oblongleaf juneberry 2 
Amelanchier laevis Allegheny serviceberry; downy serviceberry; smooth serviceberry  2 
Amelanchier spp. serviceberry  2 
Amyris elemifera torchwood; candlewood; sea amyris  2 
Annona glabra pond-apple; alligator-apple 2 
Aralia spinosa devils-walkingstick; Hercules-club; prickly-ash; angelica-tree 3 
Arbutus arizonica Arizona madrone; madrona; Arizona madrono 2 
Arbutus menziesii Pacific madrone; madrone; madrona 1 
Arbutus texana Texas madrone; madrona 2 
Arbutus unedo strawberry madrone; strawberrytree 2 
Ardisia escallonioides marlberry; marbleberry 2 
Ardisia japonica Japanese ardisia; marlberry 3 
Arecastrum romanzoffianum queen palm; plumy coconut 3 
Asimina triloba pawpaw; common pawpaw; pawpaw apple; false-banana 2 
Avicennia nitida  black-mangrove; blackwood 2 
Betula alba: European white birch; white-barked canoe birch; cut-leaved birch 2 
Betula alleghaniensis yellow birch; gray birch; silver birch; swamp birch  3 
Betula caerulea blueleaf birch 1 
Betula eastwoodiae Yukon birch 1 
Betula lenta  sweet birch; black birch; cherry birch  2 
Betula nigra river birch; red birch; black birch; water birch 1 
Betula occidentalis water birch; red birch; black birch; spring birch; paper birch 2 
Betula papyrifera paper birch; canoe birch; white birch; silver birch 1 
Betula pendula European birch; European white birch; cut-leaf weeping birch; blueleaf birch 1 
Betula populifolia gray birch; grey birch; white birch; wire birch; fire birch; oldfield birch 1 
Betula pumila swamp birch; bog birch 1 
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Betula verrucosa European white birch  1 
Bourreria ovata Bahama strongback; Bahama strongbark; strongback 3 
Broussonetia papyrifera  paper mulberry; common paper mulberry 3 
Bumelia lanuginosa gum bumelia; woolly buckthorn; chittamwood; swiftwig-gum; gum elastic; buckthorn 2 
Bursera simaruba gumbo-limbo; West-Indian-birch; gum-elemi 2 
Callitris glaucophylla white cypress-pine 3 
Calocedrus decurrens incense-cedar 3 
Calycanthus floridus common sweetshrub; Carolina allspice; hairy (Caroline) allspice 3 
Calyptranthes pallens pale lidflower; spicewood; white spicewood 2 
Calyptranthes zuzygium  myrtle-of-the-river; spicewood 2 
Canella winterana  canella; cinnamonbark; wild-cinnamon 2 
Canotia holacantha  canotia; Mohave thorn; crucifixion-thorn 2 
Capparis cynophallophora  Jamaica caper; capertree; Jamaica capertree 2 
Caragana arborescens peatree; peashrub; Siberian peashrub; Siberian pea tree  2 
Carica papaya papaya; pawpaw  2 
Carpinus caroliniana American hornbeam; blue-beech; water-beech  2 
Carya aquatica water hickory; bitter pecan; swamp hickory; bitter water hickory 2 
Carya cordiformis bitternut hickory; bitternut; swamp hickory; pignut; pignut hickory 2 
Carya floridana scrub hickory; Florida hickory 2 
Carya glabra pignut hickory; pignut 2 
Carya illinoensis pecan; sweet pecan 2 
Carya laciniosa shellbark hickory; big shellbark hickory; king nut hickory; big shagbark hickory 2 
Carya leiodermis pignut hickory; swamp hickory 2 
Carya myristiciformis nutmeg hickory; swamp hickory; bitter water hickory 2 
Carya ovalis red hickory; small pignut; sweet pignut  2 
Carya ovata shagbark hickory; shellbark hickory; upland hickory; scalybark hickory 3 
Carya pallida sand hickory; pignut hickory; pale hickory; pallid hickory 2 
Carya spp. hickory 2 
Carya texana black hickory; bitter pecan; Buckley hickory; pignut hickory 2 
Carya tomentosa mockernut hickory; mockernut; white hickory; whiteheart hickory 2 
Caryota urens toddy palm; white palm; fishtail palm; wine palm 3 
Castanea dentata American chestnut; chestnut 2 
Castanea ozarkensis Ozark chinkapin; Ozark chestnut 2 
Castanea pumila Allegheny chinkapin 2 
Castanopsis chrysophylla  giant chinkapin; golden chinkapin; giant evergreen chinkapin 1 
Casuarina equisetifolia horsetail casuarina; beefwood; Australian pine; horsetail-tree 2 
Casuarina stricta coastbeefwood 2 
Catalpa bignonioides southern catalpa; common catalpa; catawba; Indian-bean; cigartree  3 
Catalpa speciosa northern catalpa; hardy catalpa; western catalpa; catawba  3 
Catalpa spp. catalpa; hardy catalpa  3 
Ceanothus arboreus feltleaf ceanothus; island myrtle; Catalina ceanothus 3 
Ceanothus integerrimus  deer brush  3 
Ceanothus maritimus  2 
Ceanothus spinosus greenbark ceanothus; spiny ceanothus; redheart ceanothus; California-lilac 3 
Ceanothus spp. ceanothus  3 
Ceanothus thysiflorus blueblossom; blue-myrtle; blue-brush; blueblossom ceanothus 3 
Cedrus atlantica atlas cedar 2 
Cedrus deodara deodar cedar 2 
Cedrus libani Cedar of Lebanon 2 
Celtis laevigata sugarberry; southern hackberry; Mississippi hackberry; Texas sugarberry 3 
Celtis occidentalis hackberry; northern hackberry; sugarberry; nettletree  3 
Celtis tenuifolia Georgia hackberry; dwarf hackberry; upland hackberry 3 
Cephalanthus occidentalis buttonbush; buttonball bush; honey-balls; globeflowers  2 
Cercidium floridum blue paloverde; Texas paloverde; paloverde 2 
Cercidium microphyllum yellow paloverde; littleleaf hornbean; foothill paloverde; littleleaf paloverde 2 
Cercis canadensis eastern redbud; redbud; Judas tree 3 
Cercis occidentalis California redbud; western redbud; Arizona redbud 3 
Cercocarpus betuloides birchleaf cercocarpus; birchleaf mountain-mahogany; alderleaf cercocarpus 2 




