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Abstract

The New .Jersay Standard Strain (NJSS) accounts for about 90 percent of the
faboratory-reared gypsy moth, Lymantria gisgar (L, used for research and
deveiopment i the United Siates. The history and performance of NJSS since its
establishment in the laboratory in 1967 are reviewsd and phenotypic changes in
MISS during and after 35 generations of domastication are defined. Variabilpy in life
history trans are comparad with a noar wild strain, and laboratory and fisld studies
comparing behavior, susteptbiiity 1o microbiala, and response to host-plant
chemisals are teviewed. Phenotypic variability for most developmental raits have
decreased in NJSS-FEB reared by the USDA Forest Somvice. Cenerally, artificial
selection, ether intentonal or as a result of rearing changes 10 increase proguction
afficiency, has made NISS-FS a faster developing, heavier. more fecund girain than
wild straing. Use of NJSS for research and development should be assessed
carefully relative to the effects of domestication and the need to sguats the
pertormance of NJ8S 1o a specific research/davelopment oblective
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Introduction

The gypsy moth, Lymantria dispar, is ong of the most profific
forest defoliators in the Unites States Since the introdustion
and establisnment of this forest post in Madford,
Massachuselts, in 1868, the aren of general infestation has
expanded and now includes parts of Maine, Virginia, Ohio,
and Michigan Periodic infestations also have occurred as far
south as South Carolina and to the west in Calilorma. Utah,
Washington, and Oregon, Research and developrsent of
modern pest management sirategios for comroliing gypsy
moth have depended on suitable laporatory techniguss o
establish and produce gypsy moth colonies in the laboralory
year round {see DDell ¢ al. 1884 for review),

Approximately 90 percent of the gypsy moth used for
resparch and development in the United States are produced
in two U.6. Departmeant of Agricutture (USDA) insect-rearing
faciliies. These ars located at the Animal and Plant Health
lnspection Service's Otis Methods Development Canter
[APHIS-OMDC), Otis Alr National Guard Base, Cape Cod,
Massachusetts, and the Forest Service's Northeastern
Centar for Forest Health Flasearch (CFHR), Northeastern
Forest Experimant Siation, Hamden, Connecticut Both
facilities use the New Jersay Standard Strain (NJSS) for
production of sterile adults, Fy-sterile agg masses, and
nuclear polyhedrosis virus (NPV), and for insocts used in
research by Fedoral, state, university, and industry scientists,

The establishment of colonies and adaptation of Insects o
laboratory conditions rasults in phenotypic and genetic
changes with unknown effects on the performance of the
insect. The potential genetic sflects of laboratory
domestication have been reviewed by Bartlett (1984, 1985),
Bartlett {1984) concluded that "changes in genetic variability
during domestication of an ingect population will be
unavoidable.” but suggests that “those genetic changes need
not ruin the program.” Our intent here is to quantify
phenotypic and genetic changes that have occurred in a
aypsy moth population reared anificially in the laboratory for
36 generations, If genetic changes have occurred and appear
0 be correlated with reduced performance of the laboratory
strain relative to a specific production objective {i.e., sterile
male, NPV, research), then comrection can be made by
moditying the rearing process or increasing the genetic
variability of the colony (Joslyn 19841,

Life History

Under natural conditions, the gypsy moth is univoltine. Eggs
are laid in light brown sefae-covered masses. The timing of
oviposition varies with the normal progression of seasons in
different geographic areas. In the Northeastern United
States, eggs are laid in July and early August, Embryonation
is completed in approximately 3 waeks at which time the
insect enters dormancy, characterized by an aestivai-
autumnal-hibernal dispause in the fully developed larva
within the egg (Tauber et al. 1930}, Exposure to cold (=
10°C) following embryonation hastens diapause, whereas
warm conditions retard diapause development (Tauber ef al.
1880} In the laboratory, the optimum period of cold exposure

is 150 days (reviewed by Glese and Cittarking 1877). Thig
allows shortaning of the e stage to 170 1o 180 days under
laboralory © i the Northeast, egg hatch ocours in
iate April nr early May. usually in synchrony with budbreak of
the red ok {Quevcis rebra L, the major host of the gypsy
moth in that region,

The gypsy moth larva has considerable plasticity In number
of instars; generally, males have five mstars and famales six.
One additional instar i3 common for both sexes {Leonard
1981} and we have obseived as many as 11 in laboratory
rearing. Larvae range in size from approximately 3 mim in the
first stage 1o 50 to 80 mm in the sixth {Leonard 1981) Under
natural conddions, pupation oocurs in 50 (0 60 davs, wilth
adult eclosion 10 @ 15 days later, In the laboratory, at 25°C,
the larval period is 28 to 38 days and the adults eclose in 10
10 12 days

Genorally, peak mals sclosion occurs 2 1o 3 days before
peak femals sclosion. Females have well-developed wings,
but in North America they do not fly; by contrast, fiight is
common in Eurasian gypsy moth females {Laonard 1981),
Mating usually occurs on the day of eclosion, followed
immediately by oviposition; 300 to 1,000 eggs are deposited
in the sethe-covered egg mass.

The univolting charactoristic of the gypsy moth is mediated
primarily by the time period spant in the egg (8 to 9 months).
in the laboratory, a goneration is completed in 220 to 240
days by cold treatment of egas after the 21-day embryonation
period and rearing under a constant 25°C.

Laboratory Rearing History

Strain Establishrment
The NJSS, now in its 36th laboratory generation, was

colonized at the APHIS-OMDC from eggs collecied in the
winter, probably November or Decembear 1967, from a forest
area near Blairstown, New Jersey {ODefl et al. 1984). The
gypsy moth population was building and had large egg
masses. The number of eggs collected is unknown.

The wild eggs were stored in plastic containers at about 3°C
{Appendix A, Rel. 5}, Between February and September
1968, eggs were removed from refrigeration periodically and
used to produce 7,516 NJES-APHIS-Fy egg masses {J.
Tanner, USDA, APHIS-OMDC, pers. commun.). Recorded
comments suggest that survival of Fy was relatively poor, Le.,
haich was approximately 40 percent, primarily due to poor
embryonation, and survival from hatch to adult was as low as
33 percent, e.g., from a sample of 1,227 nevnates, only 405
adults were produced {Appendic A, Fef. 14), There were no
racords indicating cause of poor embryonation of high
mortality. However, “wilt® or nuclear polyhedrosis virus
NPV}, a natural disease responsible for causing gypsy moth
populations (o crash following outbreaks, was a serious
problem in establishing and maintaining gypsy moth in the
iaboratory (Appendix A, Fef. 5; Beil ot al. 1881). Records of
experimental treatments {o reduce the incidence of wilt



indicate that this problem was prevalent during the sarly
laboratory generations of NJSS-APHIS.

At the time of establishment of NJUSS-APHIS in the
laboratory, artificial diets for rearing gypsy moth year round
were just being developed (Appendix A, Ref. 5). Kennedy
and Stevens (Appendix A, Ref. 5) indicate that NJSS-APHIS
was initially reared on a modification of Vanderzant's {1966)
basic wheat-germ diet. These modifications inciuded an
increase in formalin and the addition of ground hemlock
needles, both for suppressing NPV, Between 1868 and the
present, many other changes were made in gypsy moth dist
to enhance survival, increase fecundity, and reduce costs.
However, wheat germ has been the basic ingredient, and
perhaps the most stable part of the rearing process.

Original Rearing Protocols

Prior fo the development of mass-rearing technigues, about
1975 and NUSS-APHIS F3, rearing protocols for maintaining
the production colony simulated as closely as possible
natural conditions and/or scientific recommendations. The
following technigue was used for generations F1-Fi3
{Appendix A, Ref. 5).

Egg Incubation. Eggs were dehaired and combined in plastic
mesh pouches for soaking (10 minutes) in 5.25-percent
sodium hyperchlorite (NaOCH). After rinsing, eggs were air
dried and treated with a solution of captan (ICl Americas,
Inc., Goldsboro, NC; 100 g of 2.5 percent in 100 mi Ha0).!
Eggs were incubated, 2,000 per plastic petri dish at 26.7°C
and =80 percent relative humidity (RH). Eggs hatched in 3 to
7 days.

Larval Devslopment. Neonates were placed in plastic petri
dishes, approximately 15 per dish, with three cubes of
artificial diet, and maintained at 25.6°C. After 10 to 12 days,
the majority were second instars and transferred to 473.2-ml
“food containers” with clear plastic lids. A 29.6-mi cup of diet
was placed in each container, and a cup with fresh diet was
added each week. Larvae were then reared in walk-in
environmental chambers at 25° to 26°C, 85 to 75 percent
RH, and a 14:10 fight:dark period. Containers were inspected
periodically; those containing mold and/or diseased larvae
were discarded,

Pupal Development and Harvest. Males initiated pupation
about 35 days after hatch, females about 4 {o 5 days later.
Pupae were harvested every 2 to 3 days beginning
approximately 39 days after pupation and continuing for 2
weeks. After 2 weeks, 80 percent of those that would pupate
had done so. The remaining 20 percent, representing small
males and females, were discarded. From each pupal
harvest 5 to 10 percent of the “superior” {largest and most
lively}) male and female pupae were chosen to maintain an
adequate and healthy colony (ODell et al. 1984).

¥ Mention of a commercial or proprietary product does not
constitute an official endorsement or approval by the U.S.
Depariment of Agriculture or the Forest Service.

Eclosion, Mating, and Oviposition. Male and female pupae
were paired according to predicted eclosion date and placed
in #3 white Kraft paper bags for eclosion, mating, and
ovipesition. These processes occurred at about 24°C and 60
percent BH. Oviposition was compiete in approximately 7
days; each bag with egy masses was then fransferred to an
embryonation chamber,

Embryonation and Diapause. Eggs were embryonated at
12.8°C (night) and 23.9°C (day) for approximately 20 days.
The intact egg masses were removed by cutting a section
from the bag and stored for 10 to 15 days at 12.8°C (ambient
humidity}. Eggs were then transferred fo refrigerators set at
4.4°C (or 2.4°C) and stored there in plastic containers
covered with a double layer of polyethyiene, which afiowed
gas exchange but inhibited drying. Eggs were removed from
refrigeration after 150 days (optimum for hatch; see review
by Giese and Cittadino 1977).

Early History

After the initial spread of wild egg hatch over 6 months,
subsequent generations generally followed the production
schedule described. The nuinber of production periods within
a generation and the number of egg masses produced
specifically for colony apparently varied (see Pupal
Development and Harvest).

Although the basic rearing procedures described were
sustained through the first 13 generations, mechanical failure
of refrigerators containing NJSS-APHIS diapausing eggs
caused significant loss of egg masses (J. Tanner, pers.
commun.). Generations Fz and F3 were maintained at
approximately the same level as Fy, that is, over the
production period, about 7,500 egg masses per generation
were produced. in 1971, most colony egg masses were lost
due fo a refrigerator breakdown. The absence of records for
F4 and only 40 egg masses recorded for F5 suggest the
majority of F4 eggs did not survive. Records indicate that 102
Fe egg masses were produced but that only 46 Fg egg
masses were available, suggesting another mechanical
failure or some other mortality factor that reduced Fy and/or
Fs.

Production of NJSS-APHIS increased in generation Fyo, i.e.,
F1io0 = 500 egg masses, F11 = 2,100 egg masses, F12 = 8,000
egg masses. Eighty F11 colony egg masses were used to
produce 8,000 egg masses. Beginning with F1o, about 50 to
200 egg masses per week were used for maintaining the
colony. Colony size was based on predicted needs for each
production period (subcolony) in the next generation (J.
Tanner, pers. commun.).

Changes in the APHIS-OMDC Rearing Protocol

In 1975, a USDA interagency research team began
investigating methods for mass rearing gypsy moth {ODell et
al. 1884). The goal, to develop a cost-effective production
process capable of producing 25,000 to 50,000 insects a
day, resulted in significant changes in diet composition and
processing, rearing containers, mating protocols, and egg



storage environment {see Bell et al. 1981). Changes in
colony production protocols followed those of mass
production. APHIS-OMDC reporis indicate that these
changes weré inftiated in NJS8-F13/14 (Appendix A, Refs. 2,
3). Howewer, records for when modifications were made
within each generation are incomplete. The major changes
made between Fi3 and Fop are listed in Appendix B,

in 1985, Tanner and Baker (Appendix A, Ref. 17) reported
that "straggling” or “stunting” was a major problem in the
rearing program, with reduction in pupal vields of Fog, "at
times" exceeding 40 percent. They characterized straggling
as the “lack of growth” in newly hatched larvae, which also
has been observed in wild strains in the laboratory {see ODell
1993 for discussion and analysis of straggling). Straggling
was first documented as affecting certain subcolonies in Fzo
{Appendix A, Ref. 27). At that time, only larvae that had
moited to the second instar within 11 days after hatch were
used for colony production.

In 1985, a selection method was developed that might
eliminate straggling (Appendix A, Ref. 17). Egg samples were
removed from 100 egg masses 21 days before scheduled
colony production. Eggs from each mass were placed on
diet. After 11 days, the mean larval stage (MLS) was
determined for each sample. The 18 egg masses with the
highest MLS per sample were incubated 21 days later after
180 days of chifl. Approximately 240 neonates per mass, 8
neonates per cup, were reared to pupation. Pupae were
mixed in mating containers to potentially produce up to 75
different mating combinations, While this technique with
minor madifications maintained production for several
generations, it did not eliminate straggling.

Forest Service Rearing Methods

ir 1980-81, NJSS-Fag, 21, 22 egg masses from the
APHIS-OMDC were used to establish a stock colony at the
USDA Forest Service's Insect Rearing Facility at Hamden,
Conn. {C. ODell, USDA Forest Service, pers. commun.). Egg
masses were shipped 1o the Hamden laboratory sporadically
during 1981 and 1982. The number of NJSS-APHIS egg
masses used weekly for producing the first Forest Service
NJSS colony (NJSS-FS Fa3) ranged from 8 10 31. In
generation Faq the number of NJSS-FS Fa3 egg masses used
for each subcolony ranged from 6 to 24. in subsequent
generations (Fps-Fa1), 15 egg masses were used fo set up
each subcolony and the rearing process given in Appendix C
was established (C. ODeli, pers. commun; ODell et al, 1985;
Moore et al. 1985).

Changes in FS-CFHR Rearing Protocol

Prior to Fap (March 1988), 16 egg masses were incubated to
ensure that 15 egg masses with good hatch were available
for cglony production, In Fap, the number of egg masses
fequired increased sharply to 25, and in Faa it took 32 egg
masses 1o ensure that 15 had good hatch within the 3-day
mcgba’ﬁon period. While some of this increase was due to
variability in days to hatch, the major cause appears to be an
ncrease in number of egg masses with poor hatch.

At the end of Fap, straggling was affecting colony production,
reducing pupal subcolony egg-mass production by as much
as 50 percent. A selection technigue was initiated o ensure
colony production. Fifty neonates from 20 egg masses {(of 32
incubated) with the best hatch were transferred to a2 15-x
100-mm plastic petri dish containing three cubes of diet. After
5 days at standard rearing conditions, 15 families were
selected and the largest second-instar larvae were
transferred to standard rearing containers for colony
production. This technigue appeared to increase the number
of females produced and, thus, was changed in Fas to
include all second instars.

Two changes were made in Fag to increase the number of
families used in colony production. The number of egg
masses incubated was increased to 45; after families with
obvious straggling and/or dead or sick neonates are
eliminated, the number of useable egg masses per
subcolony ranged from 30 to 45. The number of mating pairs
also was increased; 25 male and 25 female pupae are placed
in 3.8-liter containers lined with butcher paper.

Possible Genetic Changes with Laboratory Rearing

Through the 36 generations in the laboratory, the NJSS has
been subjected to many human-imposed changes intended
to increase production efficiency and reduce costs. These
changes have resulted in artificial selection, either intentional
or unintentional, on several traits. In addition, many other
genetic forces that result in genetic change have been
operating, for example, the founder effect, random drift,
Wahland's effect, and inbreeding and natural selection. In
this section we speculate on the possible genstic changes
that may have occurred over time in the NJSS; in the
foliowing section we present evidence for genetic change and
discuss possible causes.

The source population for the NJSS prebably included many
different genotypes in varying frequencies, since it was a
building population with large egg masses, Unknown
numbers of agg masses were taken from this population to
initiate the colony. When a sample of a population is used to
establish a new colony, the selection always resuits in less
genetic variation within the sample than was present in the
population and frequently excludes and occasionally
overrepresents rarer genotypes (Bartlett 1985). The fewer
individuals that are used to establish the population and/or
the poorer the sample in space or time, the greater the
probability that, after a few generations, allelic frequencies in
the new colony will differ greatly from those in the population
of origin. These genetic changes result from random genetic
drift following the establishment of the new colony and are
called founder effects.

Thus, the NJSS would have started with a lower original
genetic variability than the feral population from which i was
collected and the differences between the NJSS and the
original population would have been further accentuated with
rearing due to random genetic drift. The intensity of the
founder effects on the NJSS was further increased when
samples of the original sample were used to start distinct



weehly subcolonies So with iearing, the allelc renuencies in
wauld differ from those of the feral
i was sianted and also between

the MISE as a wno!
population om wh
individual subcolnnies.

in generations I «F i, the strain was maintained at low levels
{= 50 EM per weok: and nearly was 1ost twice. During this
period, natural selecton for genolypes adapted to the
faboratory rearing reqime would have had a strong influence
and, with the added artifical sslection for the largest
{(heaviest pupas), most “vigorous® 5§ to 10 percent of the
indviduals at the pupal stage, only & percent of the colony
was carried on each generation,

This process ullimately would result in imtense inbreeding of
the best adapted, largest, and most vigorous individuals.
Based on this scenario. by generation F'” when the strain
officially became the standard strain, genetic variability would
have been greatly reduced and pupal weight should have
increased. Rossiter {1987) showed thal pupal weight was
diractly correlatod with fecundity { = +0.81), 50 as pupal
weight increased with selection, fecundity also should have
ncreased,

in the fust 14 gonerations, sodium hypochlorite and captan
were used 1 eal the eggs belore hateh 1o reduce fungal,
hacterial, and vral infection Thoso freatments were not
offective at reducing NPV infaction (Appendix A, Ret, 1 59,
and as a resull, soveral episodes of viral disease ware
responsible for raducing the number of individuals in the
colony and potentially selecting for virus resistance. Since
genoration F ., 10-porcent (ormalin treatmont of the BGAS
hias boan used and selection for virus resistance would have
ceased excapt for removal of cups with dead o diseased
larvae from the colony. The NJSS still may be more tolerant
than fernd populations to the NPV if the resistant mndividuals
which were selectod for in early generations are as fit as or
more fit than susceptible individuals in the absence of the
virus,

Fram the Fs genoration 1o present, artificial selection has
been garned out for tastor development to the pupal stage
buth intentionally and unintentionally. In the beginning
generations, all but the slowest 20 percent of the pupas were
harvested. The pupae that were not harvested probably were
individuals that would have had exiranumery instars {> 6
instars, females, » 5 instars, malos). Beginning in generation
Fia, pupae wera harvested only once, on day 35, At day 35,
evern 6-instar fernales may not have hag anough time to
pupate and would then be excludad tom the cofony. Thus, in
the proness of selecting for (aster oupation and in reducing
feanny costs, nol only should the NJSS be a faster
developing steain but females with 6 instars may have been
selechvely removed trom the papulation. The selection for
families with second instars on the fourth day afier receiving
diet has boen used since the middie of the Fa2 generation at
the FS-BOID, and selection of families based on MLS at 11
days was used at the APHIS-OMDC for Fag.2.. This may
have turther intensified the seiection for fast deva%agme;ﬂat
time.

in the first few generations, environmenial conditions during
prediapause and diapause were kept as closely as possible
to those experienced by feral populations. This was &
time-consurming, labor-intensive method that did not isng
itself well to mass production. Consaquently, the fluctuating
ternperatures and acclimation period were eliminated,
Subsequently, when different chill periods and chill
ternperatures were evaluated, it was found that holding eggs
longer in chill (150 to 180 days and at 8°C rather than 5°C)
resulted in a shortened incubation time before hatch and in a
greater percentage of the haich occurring on the peak day of
hatch. In the Fza generation, a 180-day chill at 8°C became
the standard. These deviations from feral population
conditions may have resulted in natural selection for insects
that have different diapause requirements, and the
consistency of conditions may have resulted in a reduction in
the variation for these traits due to selection for a specific
genotype that is best fit under these specific conditions. This
reduced variability may be manifested in a more synchronous
hatch and a different phenology of hatch compared with that
for feral populations.

Rearing methods used in mating may have altered response
to pheromones, flight behavior, and mating propensity.
Originally, single pair matings were carried out in small white
paper bags (#3 Kraft) which would restrict flight and reduce
competition for mates. Later, group matings, 25 pairs in
3.8-liter paper containers, became the standard. These
containers still restricted flight but now aflowed competition
for mates and the environment became more saturated with
pheromone. The restricted flight may have selected for males
that were less likely to fly, and the environment saturated with
pheromone may have resulted in selection for altered
pheromone release and response traits in the NJSS.

The completely artificial environment and closed population
{nc immigration) conditions under which the NJSS has been
reared for several generations may have resulted in it being
different from feral populations. If the NJSS is sufficiently
ditferent from feral populations, it may not be able to compete
in the field. And since the only sources of new variation
available to the NJSS are recombination and mutation, it may
not be able to adapt to adverse conditions, i.e., anything that
differs from standard rearing conditions (Mackauer 1972).

Evidence for Genetic Change or Stasis
with Laboratory Rearing

Colony Data over Generations

Colony data from the APHIS-OMDC is available in quarterly
or annual laboratory reports from 1976 to 1989 (see
Appendix A for pertinent reports). The number of individuals
used in samples and rearing techniques has changed over
fime but these data can be used to follow various traits over
time to assess the influence of various rearing changes and
selection. In the F15 generation on high wheat-germ diet
{Appendix A, Ref. 3}, percent hatch was 59 + 8.9; at the next
record, Fao, the hatch was 92.0 + 5.4 percent {Appendix A,
Ret. 27) and has remained above 80 percent since. During



this period, from Figs to Foo, rearing changed to a no-larval-
transfer method and eggs were chilied for 150 days. It is not
clear whether the increase in percent hatch can be atiributed
to the rearing changes, genetic changes (adaptation to the
laboratory), or & combination of the two.

Data on fecundity from F13 to present are available in the
reports listed in Appendix A and in Figure 1. Fecudity was
below 900 eggs per female until F1g when the high
wheat-germ diet became the standard and pupae were
harvested only on day 35. Untif the last three generations,
fecundity has remained high and consistent. The recent drop
in fecundity may be associated with straggling. In view of the
changes in fecundity, changes in pupal weight of females
would be expected. Figure 2 shows that famale pupal weight
(derived from the reports in Appendix A) has varied from
generation to generation, following a pattern similar to that for
fecundity. Male pupal weights have remained relatively
unchanged over the 22 generations (Fig. 2).

The early increases in female pupal weights are consistent
with the selection for the largest pupae, and the subsequent
relative stasis occurs after selection was discontinued. The
differences between the two diet types and methods (Figs.
1-2) are significant at P = 0.05. Thus, part of the observed
Increases in fecundity and female pupal weights can be
attributed to changes in rearing methods.

Bell ot al. (Appendix A, Ref. 3) described a particularly
common pupal malformation, the "sunken thorax syndrome,”
as the incompilete sclerotization and excessive water loss in
the thoracic region. They indicated its cause was due to age
of diet (Inciuding age of wheat germ), and insect crowding as
influsnced by type of container and number of ingects in each
container. Pupal deformity was first reported during F14 and
has been reported consistently since that time; often 80 to 80
percent of the fermnale pupae have some evidence of the
sunken thorax syndrome. Bell et al. (Appendix A, Ref. 3)
indicated that larvae generally developed normally and
pupated on time, and that pupal weights were normal to
oxcessive. Pupal deformity generally did not affect adult
aclosion, mating, or oviposition.

Mean days to pupation and to adult have decreased over
tima in the NJSS. Mean day to 50 percent pupation

(= standard error) were 31.6 (= 2.1), 29.1 (= 0.9), and 26.6

(+ 0.05) for males in generations 15, 20, and 30, respectively;
the corresponding figures for fomales were 35.8 (= 2.7), 31.2
(= 1.2), and 25.5 (= 0.08) (Appendix A, Refs, 1, 18, and 30).
The number of days required to complete larval development
has decreased by 9 to 10 for females and 5 to 6 for males.

The more pronounced change in the female may indicate a
change in the relative frequencies of instar types present in
the colony. The change to 35-day pupal harvest, which
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Figure 1.—Mean fecundity of NJSS-APHIS females from generation F13 10 Fas. Means
for individuals reared on high wheat-germ diet (solid) and modified tobacco hornworm

dist (open) are given where available.
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straggling, random genetic drift, or correlation of Bt
susceptibility with traits selected for in the second-instar
selection program, initlated in generation Faz.

Comparison of NJSS with Wild Strains
in the Laboratory

F15 Generation Comparison

The Fi5 generation of the NJSS-APHIS was comparedio a
Pennsylvania wild strain using the high wheat-germ diet
{Appendix A, Ref. 1, Table 1). Five egg masses were used
and 16 to 20 individuals were reared per egg mass. There
were few differences between the two strains except for
developmental time. Time to pupation was 4 days longer for
the wild strain. The NJSS F15 had slightly heavier pupae and
stightly higher fecundity than the wild strain. This would
indicate that despite the early selection for larger insects, little
increase in pupal weight had occurred, but that early
selection for faster developing strain (by stopping pupal
harvest before all individuals had pupated) had resulted in
significant decreases in time to pupation.

Electrophoretic Data

Allozyme variation at 20 loci was compared for the NJSS
{Fa0.21) and 14 wild strains (Harrison et al. 1983). At the
phosphoglucomutase (Pgm) locus, the frequencies of the two

Tablet.—Comparison of performance of NJSS-APHIS Fys
and a wild strain of gypsy moth collected in Pennsylvania
{poth rearad on high wheat-germ diet)

ltem Sex NJSS Fis PA {wild}
Days to pupation  Male 31.6@21°% 35420
Female 358 (2.7) 40.1 (3.3)
Days to adult Male 43.8 (1.4) 48.1 (2.0)
Female 46.2 2.7) 50.2 (3.1)
Pupal weight {(g) Male 0.59 (0.06) 0.53 (0.06)
Female 1.60 (0.30) 1.70 {0.41)
Fecundity 543 (120) 553 (70)

@ Mean value with standard deviation in parentheses.

alleles present in the 14 North American wild strains varied
fittle. However, the h allele, labeled “h” because it was the
8th in anodal mobilify with “a” being the greatest, averaged
0.02 percent in the wild strains and ocourred at relatively high
frequency (> 0.5) in the NJSS. Whether the high frequency of
Pgmh in the NJSS is the result of an initial founder effect,
genetic drift in subsequent generations, or selection under
laboratory rearing conditions is unknown.

Faz Generation Comparison

During NJSS-FS generatién Fas, egg masses from five
areas: Witton, Connecticut (CT), Oak Hill, Vermont {VT),



Beltsville, Maryland (MD}, Leidy Township, Pennsylvania
(PA), and Montreal, Canada (CANADA), were brought into
the laboratory to be evaluated as possible backup strains.
Egg masses were held at 5°C until the end of March when
they were incubated to initiate hatch. Egg masses were
packeted in 20-mesh monofilament saran screening
(National Filter Media Corp., Hamden, CT 06514) and
disinfected with 10 percent formalin. Egg masses were
incubated and individuals reared at 25°C for 18 hours of light
and 20°C for 8 hours of dark at 60 = 10 percent RH. Each
day for 5 days, beginning on the first day that = 10 neonates
hatched, 10 individuals were set up and reared individually
from each of 20 egg masses per area. Ten MISS-FS egg
masses also were hatched in the same way. Each individual
was provided 15 m! of high wheat-germ diet in a 53-mi clear
plastic container with an opaque white lid. Each larva was
observed daily to determine if it had molted or prepupated
and the Julian date recorded on the cap if a change had
occurred. Pupae were sexed, weighed, and pupal deformities
assessed 24 h after pupation was observed. Sixteen pupae,
either all males or all females, were held in 19.1-x18.1-x
7.8-cm corrugated cardboard boxes, each in a 3.8-cm-square
subdivision. The box was covered with clear plastic wrap on
which each individual’s six-digit number was recorded.
Eclosion was recorded for each individual and random
individua! matings were carried out by placing one female
and one male moth from a given area in a white paper bag
{#5 Kraft).

Egg masses were harvested, each cut out individually, 10
days after mating. The parent's numbers and mating date
were recorded on the paper next to the egg mass. All
harvested egg masses were moved to 15°C for 13 days then
1o §°C for 150 days. Seventy egg masses from each area
and 39 from the NJSS-FS were hatched in the same
environmental conditions used in the first generation. Hatch
phenology, percent hatch of embryonated eggs, and
fecundity were determined for each egg mass.

The developmental data for the five wild strains were more
like each other than like the NJSS-FS, so only data from the
CT wild strain are presented for comparison with the
NISS-FS.

Hatch and fecundity data for the parental generation could
not be compared because of the different environmental
conditions the egg masses had experienced; therefore, data
for the progeny egg masses (F1 generation) are presented.
There was a statistically significant difference in fecundity
between the NJSS-FS, 846 + 159, and the CT strain, 685 «
244. The mean percent hatch of embryonated eggs also
differed between the two strains (NJSS-FS 81 + 11 percent
versus CT 76 + 34 percent). Also, the variance for these two
traits was significantly smaller for the NJSS than for the CT
strain. From these data we conclude that the NJSS-FS has
been selected, either through natural or artificial means, for
greater fecundity and percent hatch under laboratory
conditions. Increased fecundity and hatch is advantageous

for mass production but the reduced variability may make the
NJS8-FS less able to adapt to adverse conditions.

The hatch profile of the NJSS-FS was different from that of
the CT wild strain. The NJSS-FS hatch began sooner, had a
greater percent haich on the peak day, and finished sooner
than the CT strain (Fig. 6). The variation in time fo initial
hatch followed a similar pattern (Fig. 7). For both initiation of
hatch and profile of hatch, the NJSS-FS was more
synchronous and less variable than the CT strain, possibly
the result of inbreeding in the NJSS and/or selection on this
trait.

For 5-instar males and females and 6-instar males, the
NJGS-FS developed to the pupal stage significantly (P =
0.05) faster than the CT strain (Table 2, Figs. 8-9). However,
the difference between the means for the 6-instar males may
not be biologically significant since the frequency distributions
are similar {Fig. 9). For 6-instar females there was no
significant difference between the two strains (Table 2, Fig.
8). There were insufficient numbers of 4-, 7-, and 8-instar
individuals to make a statistical comparison. There were
significant differences in the number of days to pupation for
the various instar types and between the sexes within an
instar type. If we compensate for the degree-day difference
between this alternating temperature regime and the constant
temperature regime used for colony production
{approximately 2 days} and for the difference between
rearing containers {approximately 1 day), we can determine
what individuals are being selected for in the 35-day harvest
method. For the conditions used in this experiment, 38 days
would be the equivalent harvest time and would result in the
exclusion of most of the 6-instar females and all of the 7- and
8-instar females (Fig. 8). Only 4- or 5- instar males would
have been harvested and used.

The small numbers of 6-, 7-, and 8-instar individuals in the
NJSS compared to the CT strain suggest that they have been
selected against. Figure 10 shows the difference in the
relative numbers of various instar types in the two
populations. The 5-instar female has become the dominant
type in the NJSS-FS while 6 instars predorminate in the wild
strain. Exdranumery instars were all but missing in the
NJSS-FS and a 4-instar male type also had appeared. This is
consistent with the NJSS-APHIS colony (Appendix A, Ref.
23).

The within- and between-family variances for days to
pupation in the NJSS-FS tended to be less than those of the
CT strain (Table 2). Between-family variance components for
the 6-instar females and the 5- and 6-instar males were much
smaller for the NJSS-FS than for the CT strain. Also, for both
male and female 5-instar types, the within-family variance for
the NJSS-FS was much lower than that of the CT strain and
was significantly lower than the between-family variance
component (Table 2). The reduced variance and mean days
to pupation in the NJSS-FS are evidence for inbreeding in the
strain and/or selection for a faster developing strain. The
founder effect and random genetic drift also may have
contributed to the reduced variance.
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Table 2.—Comparison of mean days to pupation grouped by sex and number of instars for NJSS-FS and CT strains®

Estimated
No. of __Degrees of freedom _ variance component® P

Strain Sex instars _ n Mean Family individual Family individual level

CT Female 5 63 37.81 16 48 58527 43.44 0.62
NJSS Female 5 166 34.63 9 1568 §72.38 16.54 <0.01
cT Female 8 214 45.88 12 184 218279 51.81 0.03
NJSE8 Female 6 47 44.38 8 38 81622 70.54 0.20
cT Female 7 29 85.55 14 14 517.21 31.52 0.36
NJSS Female 7 1 55.00 —— e - — —
(931 Female g 10 71.00 e o e e e
CT Male 5 314 38,33 i8 294 1162.37 30.82 0.01
NJSS Male 5 208 32.68 g 188 850.35 15.14 <0.01
CcT Male ] 42 56.79 17 23 716.14 38.29 0.39
NJSS Male G i2 51.67 5 6 151.71 63.05 0.71
cT Male 7 12 64.50 — — e — —
NJSS Maie 7 1 56.00 — — — - —

@ Reared individually at 25°C for 16 hours of light and 20°C for 8 hours of dark.

b £ test compares family and individual variance to determine whether there is a significant family-variance component.
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For all instar types where a comparison was possible, the
NJSS-FS had significantly {P = 0.05) heavier pupal weights
for both males and females compared with the CT strain
{Table 3, Figs. 11-12). In addition, the between-family
variance component for the NJSS-FS 5-instar males and
females and the 8-instar females was much smaller than that
of the CT strain while the within-family variance components
were similar (Table 3). The heavier mean pupal weights and
the reduced between-family variance suggest that selection
for heavier pupae has occurred and that inbreeding in the
NJSS also may have occurred. The similar within-family
variance may indicate that inbreeding effects have not been
extreme for this trait.

Bt and NPV Comparisons

The susceptibility to NPV and Bt of second instars from the
third generation (Fz) of the wild strains was compared with
that of the NJSS-FS generation F3s. Five replications of 10
individuals each were completed for six concentrations and a
control. The concentrations for NPV were 108, 10%, 10*, 10°,
10%, and 0 polyhedral inclusion bodies per mi of diet. The
concentrations of Bt were 12.5, 6.25, 4.69, 3.125, 1.56, and 0
ug of HD-1-8-1980 per mi of diet. Method of bicassay are
given by Dubois (19886) for Bt and Rollinson and Lewis (1973)
for NPV, Bicassays were conducted in 1990 by Normand
Dubois (8t) and John Podgwaite (NPV) at the Forest
Service’s Northeastern Forest Experiment Station Laboratory
at Hamden, Connecticut. Probit regression lines were
estimated with the probit option of POLO-PC (LeOra
Software 1987) and compared with a likelihood ration test for
equality (Russell et al. 1977).

The concentration-mortality fines for NPV had significantly
different intercepts and the NJSS had the highest LCso value
(Table 4). The conceniration-mortality lines for Bt were not
significantly different at the 0.05 level and the NJSS-FS had
the lowest LCsp value (Table 5). From these results we
conciude that the NJSS-FS is more tolerant of NPV but is not
different from the wild strains in response to Bt, However,
Rossiter et al. (1980) found that the NJSS-APHIS strain (Fa1)
had an L.Csp approximately twice that of three wild
Pennsyivania strains that were tested. These differences in
Bt susceptibility between the two NJSS colonies may be due
o random genetic drift, founder effects, or the associated
straggling problem, while the differences in NPV susceptibility
may be the result of selection as previously discussed.

Response to Secondary Compounds

Feeding response experiments in which secondary plant
compounds were incorporated into artificial diet suggested
that the NJSS may be less susceptible to some of these
compounds than wild larvae. These include phenolic
glycosides exiracted from aspen leaves {Lindroth and
Hemming 1990; Lindroth and Weisbrod 1891) and catalpside,
an iridoid glycoside {Bowers and Puttick 1888). However,
when tannic acid was incorporated into artificial diet the
NJSS had a similar response to that of wild strains in two of
four trials (M. Montgomery, USDA Forest Service, pers.
commun.). This would indicate that adaptation to the
laboratory, inbreeding, and artificial selection (i.e., for speed
of development or weight) may have altered the response of
the NJSS to some secondary compounds found in leaves.

Table 3.—~Comparison of pupal welght grouped by sex and number of instars for NJSS- FS and CT stralns®

Estimated
No. of Degrees of freedom variance component © P
Strain Sex instars __ n Mean Family® individual Family Individual __level
cT Female 5 63 1.80 18 45 2.757 0.086 0.03
NJSS Female 5 166 2.22 9 156 0.956 0.042 0.01
CT Female 6 214 1.91 19 194 6.725 0.158 <0.01
NJSS Female 6 47 2.33 8 38 1.165 0.131 0.36
cT Female 7 28 1.47 14 14 1.656 0.204 0.81
NJSS Female 7 1 2.28 — — - - -
cT Female 8 10 1.77 — — — — —
cT Male 5 314 0.72 18 294 1179 0.130 <0.061
NJSS Male 5 208 0.81 9 198 0.398 0.008 <0.01
CcT Male [ 42 0.45 17 23 0.200 0.014 0.60
NJSS Male 6 12 0.68 5 6 0.292 0.018 0.10
CcT Male 7 12 0.56 —_— — — - —
NJSS Male 7 1 0.32 — o — o —

& Reared individually at 25°C for 16 hours of light and 20°C for 8 hours of light.

b Family = egg mass.

© F test compares family and individual variance to determine whether there is significant family-variance component.
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Table 4 —Susceptibiiily of second Instars from NJSS-FS
and wild straing to Gypehek (Hemden secondary
standard}, a nuclear polyhedrosis virus

Stain _ n  SlopesSE LCsox 10° (95 percent CL)®
CT 288 2124031 B84 {6.25-12.41)
VT 298 240040 555 (4.01- 785
PA 288 238 . 039 5.02 {4.35- B34
CANADA 285 155+ 0.21 3.70 {2.47- 550)
NJSS-FS 300 238,085 1252 [812.17.36)

& polyhedral inclusion bodies per mi of diet.

Table 5.—Susceptibility of second instars from NJSE-FS
and wiid strains to Bacllius thuringlensis HD-1-S-1980
{16,000 W/mg)

Stain n_ SlopesSE_ LCsox 10° (95 percent CL)®
cT 300 324.0038 4.46 (3.73-5.37)
VT 300 2532038 508 (4.17-6.26)
MD 298 277+ 038 532 (4.316.76}
PA 300 298 +0.36 518 {4.47-6.08)
CANADA 300 297-036 496 (4.31-5.72)
NJSS-FS 799 943:030 436 (365520

g HD-1-5-1880 por mi of diet.

Developmeonial and Behavioral Compatitivenass Studies.
Many comparisons of compeditiveness botween the NJSS
and wifd straing have boen made in conjunction with the
stovile male and inherited sterility gypsy moth programs (see
Mastro et sl 1989 for raview). Table 6 summarizes the
resuits of several studies, both developmeantal and behavioral
in nature, conducted between 1978 and 1989, There were
signilicant differences between the NJSS and wild strains in
fower days 1o 50 parcent hatch, more froquent dispersal of
NJEE neonates, faster development of the NJSS farvae, and
altored phoromono emission by adult NJSS tfemales. The
fawer days to 50 parcent hatch in NJSS (when overwintered
outside) compared to wild strains corresponds with laboratory
abservations (Fig. §). Faster development of the NJSS larvae
in tha field corresponds with the results observed in the
faboratory. Altered pheromone emission by females may be
the result of adaptation fo the laboratory mating regime. The
abiity 10 synchronize hateh in the field with that of the feral
population by means of altering the diapause conditions and
length suggests that the difference in hatch phernology seen
in the laboratory under different conditions represents an
adaptation to the faboratory, but that some phenotypic and/or
genatic variabilty has been maintained.

Conclusion

Significant phenotypic changes in the NJBS have occurred
over 35 generations in the laboratory. The change in
phenotypic variability includes reduced asynchrony in hateh
and a reduction in the occurrence of different instar types.
Other phenotypic changes include increases in fecundity,
percent hatch, pupal weight. pupal deformities, and
egg-mass recovery. There also was a decrease in days to
pupation and days to adult. Susceptibility to Bt and virus
apparently has increased or decreased, respectively, with
laboratory rearing.

Laboratory and field comparison of the NJSS with wild and
near wiid strains indicates significant differences. Genetic
differences are evidenced by the reduced within- and
between-family variance In pupal weight and days to
pupation in the NJSS compared to a wild strain, In addition,
several phenotypic differences appear to have occurred in
the NJSS when compared 1o wild strains, NJSS develops
faster, has fewer instar types, is more fecund, and is more
synchronous in hatch; also, percent hatch of embryonated
aggs is greater. NJSS also appears to be more resistant to
virus, has a relatively high F’gmh frequency in allozyme
comparisons, and apprently is less responsive to secondary
plant chemicals. In addition, female pheromone emission is
greater. However, field studies of larval and adult behavior
suggest that taboratory-reared NJSS males and females are
competitive with their wild counterparts, indicating that
although adaptation to the laboratory for development/iife
history traits has occurred, little behavioral adaptation of traits
measured has taken place.

Phenotypic and genetic changes that have occurred in the
NJSE could be the result of the founder effect, inbreeding,
natural or artificial selection (which has been demonstrated),
random genetic selection, or, more likely, a combination of
these. Hegardless of the mechanism effecting change, use of
NJSS for research and development should be assessed
carefully relative to the effects of domestication and the need
to equate the performance of the NJSS to a specific
research/development objective. Synchrony of development,
increase in speed of development, and increased weight
makes NJSS a good strain for NPV production when
straggling is not a problem. These same development traits
along with excellent adult male competitiveness have
stimuiated and enhanced research on the use of sterile
males for management of low-density gypsy moth
popuiations. NJSS larvae also are used extensively for both
applied and basic research. The extensive differences in
development/iife history traits between the NJSS and wild
strains suggest caution when using NJSS larvae in
bioassays. The information provided in this paper should be
used first in the selection of an experimental insect and then
in the interpretation of results.



Table 8.—Comparison of development and behavior between NJISS-APHIS and wiid strains

Method® Trait Generation Resuylts Reference®
FC Hatch synchrony Fao When egg masses were overwintered 7
outside, mean days to 50 percent hatch in
NJSS egg masses occurred significantly
eariier than in wild egg masses
MAR Neonate dispersal Fz NJSS dispersed more frequently than wild 8
strains
FC Diumnal and nocturnal activity pattermns, Fss Similar patterns exhibited for NJSS and 4
all stadia wild strains
FC Large larval dispersal Fao Same patterns for NJSS and wild strains 13
FC Development on black oak terminals Fz Survival, days to pupation, and pupal 9
weights for both sexes not significantly
different for NJSS and wild strain
Fao NJSS developed faster than a wild strain M. Montgomery,
pers. commun.
MRR Pupal eclosion periodicity Fis No difference between NJSS and wild 10
strains
MRR Adult dispersal periodicity Fis No difference between NJSS and wild 10
strains
Lc Adult male propensity to fly (actograph) F2o0 No difference between NJSS and wild 8
strains
LC Aduit male periodicity of activity Fzo0 No difference between NJSS and wild 8
FC {actograph) Fie strains 11
FC Horizontal and vertical distribution of Fig No difference between NJSS and wild 1
adutts in test canopy Fas sirains 4
LC Diel periodicity of pheromone Fa No difference between NJSS and wild Chartton and
emission by adult females strains Cardé 1962
LC Mean pheromone emission rate by Faz Longer for NJSS than wild females Chariton and
adult females Cardé 1962
(Ko Paak pheromone emiasion from Faz Higher for NJSS than wild females Chariton and
2-day-old adult females Cardé 1962
MARR Responss of adult males to Fie No difference between NJSS and wild 11
pheromone sources and periodicity of strains
response
Lc Response of aduit males to Fie-17 No difference between NJSS and wild Waldvogel et al.
pheromone (flight tunnel) strains 1982
FC Frequency of mating of males of Fig No difference between NJSS and wild 10
various ages strains
FC Periodicity of mating No difference between NJSS and wild Mastro et al. 1589
straing
FC Length of mating No difference between NJSS and wild Mastro et al. 1989
strains
FC Propensity of males to mate Far No difference between NJSS and wild ODell,
straing unpublished data
FC Oviposition of fertile egg mass by Fas No difference between NJSS and wild 12

females once mated

strains

® MRA = Fleld comparison using mark-release-recapture techniques, FC = confined field comparison; LC = laboratory
comparison.
® Numbers refer to references in Appendix A.
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Appendix A

The following are pertinent quarterly and annual reports from
the APHIS Otis Metheds Development Center.

1. Bell, R. A.; Forrester, 0. T. 1977. Gypsy moth mass
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economical dists and more efficlent technigues for
rearing and handling gypsy moths. Progress report,
October 1, 1876-March 31, 1977, APHIS Otis Mathods
Development Center: 58-67,

2. Bell, R. A Shapiro, M,; Forrester, 0. T. 1978. Gypsy
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Methods Development Center: 54-61.

3. Bell, B. A; Shapiro, M.; Forrester, 0. T, 1977,
Development of diet and efficient rearing techniques.
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Otis Methods Development Center: 77-83,

4. Hansen, R. W. 1988. Behaviorat competifiveness of
Fi-sterlie gypsy moth adulis under field conditions.
Progress report, APHIS Otis Methods Development
Center: 173-200.

5. Kennedy, L. F.; Stevens, L. J. 1972. Rearing large
numbers of the gypsy moth, Porthetria dispar (L.},
under controlied laboratory conditions. Unpublished
report, APHIS Otis Methods Development Center: 1-10.

6. Lance, D. R, Elkinton, J. §.; Mastro, V. C.; Schwalbe, C.
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Development Center; 76-88.
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Methods Development Center: 141151,

9. Lance, D. R.; Mastro, V. C.; Schwalbe, C. P.; ODell, T. M.
1883, Slerile male technigue: studles on the feasibility
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report, APHIS Ofis Methods Development Center: 112-119,
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Development Center. 60-71.

12. Mastro, V. C,; Pellegrini-Taole, A, Lance, D, Tang, J;
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behavior of gypsy moths. Progress report, APHIS Gtis
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15. Shapiro, M.; Bell, R. A. 1977, Gypsy moth mass
rearing: evaluation of methods for surface sterilization
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16. Tanner, J. A, 1978, Establizhing standards. Progress
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Jr. 1987, Evaluating the development and reproduction
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Mathods Development Center: 122-125.
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Appendix B

Major changes in APHIS-OMDC Rearing Protocol
Between Fy3 and Fao

Diet. The standard diet now in use evolved from the basic
Vanderzant formula to a modified tobacco hornworm diet, to
the high wheat-germ or B-4 formula (Bell et al. 1981). As
production increased, diet processing stabilized with the use
of large food processors. Beginning with Fag, diet ingredients
for colony production were pre-weighted for the year to
ensure that each weekly subcolony was reared on diet
containing the same batch (shipment) of ingredients.
Pre-weighed ingredients were stored at -15°C (Appendix A,
Fef. 28).

Egg incubation. Treatment of cleaned eggs with sodium
hyperchiorite and captan was replaced with a 1-hour soaking
of intact or fragmented egg masses in 10 percent formalin
followed by a 1-hour rinse in running water and air drying. in
the F15 generation, experiments indicated that this was the
most effective treatment for reducing mortality due to NPV
{Appendix A, Ref. 15).

Larval Development. After several changes in containers and
attempts to reduce the labor-intensive procedure of
transterring larvae fo fresh food, a no-transfer system was
developed and used starting with the Fg generation. In the
no-transfer system, a 177.4-m! fiuted transiucent cup
containing 80 mi of diet and fitted with a snap-in paper fid is
used. Neonates were transferred to each cup, 810 10 per
cup, and maintained at 25° + 1°C, 60 percent RH, and a 17:7
light:dark period (previously 14:10) (Appendix A, Ref. 21).

Pupation, Mating, Oviposition, and Egg Embryonation. Pupae
were harvested 35 days after hatch instead of periadically
over 2 weeks (Appendix A, Ref. 21). During harvest, pupae

were sexed by size and placed in separate containers. They
were then placed in 3.8-lter containers, 25 males and 25
females in each, and held for eclosion, mating, oviposition,
and egg embryonation at 25° » 1°C, 80 percent BH, and a
17.7 light:dark period for approximately 42 days (Appendix A,
Ref. 21).

Egg Diapause. Egg masses were placed, infact, in cardboard
containers {about 100 per container) and transferred to a
walk-in chamber. Each container was attached fo an
automatic mechanical device which carried egg masses
through a standard 120-day route. Chamber temperature
varies between 5° and 10°C (J. Tanner, pers. commun.).
Beginning in Fzo, time in chill was increased to 170 to 180
days to facilitate more uniform hatch and a shorter incubation
time (Appendix A, Ref. 27).

The change 1o no-larval-transfer, 17 hours of light, single-
harvest date (at expense of late developers), multiple mating
containers, constant embryonation temperatures, and
increased egg storage time and temperature was made
primarily to facilitate mass production. Since colony
production was not maintained separately, these changes
also caused a change in the colony environment.

Infest Method. From Fap (October 1982) through Faq the only
major change in the APHIS-OMDC rearing process occurred
in how insects were transferred to the rearing container. In
Faa, a mechanical egg dispenser that dispensed 12 eggs per
container replaced neonate infest (Appendix A, Ref. 29).
Eggs were cleaned, sterilized, dried, and placed in the
dispenser. Eggs hatched in 3 to 4 days after dispensing. This
technique was used for the latter portion of Fz3 through Far.
Average percent survival from egg infest to pupation for
generations Fa4-Fp7 ranged from 54.1 (Fas) to 64.9 (Foa).



Appendix C

Forest Service Rearing Protocol

Dist. The high wheat-germ diet (Bell et al. 1981) is processed
weekly in 8-liter batches to provide 80 cups of diet, 80 m! per
cup. Ingredients are stored for s 6 months at -6°C.

Egg incubation. Egg masses are removed from 7° to 8°C
storage weekly and sterilized for 1 hour in 10 percent
formalin, rinsed for 1 hour, dried, and incubated at 25°C, = 80
percent RH, and a 16:8 light:dark period. After 3 days of
incubation, approximately 75 percent of the eggs have
hatched and these neonates are used for colony production.

Larval development. Forty-eight neonates from each of 15
egg masses are transferred, 8 per cup, to 177.4-mi fluted
translucent plastic rearing cups containing 80 mi of diet. The
cups are covered with snap-in cardboard lids and placed on
trays in a walk-in environmental chamber at 25°C, 60 percent
RH, and a 16:8 light:dark period. The cups are not opened
until pupae are harvested 34 days later.

Pupal Harvest, Aduft Eclosion, Mating, Oviposition, and
Embryonation. Pupae are separated by sex during harvest
and mixed between trays 1o ensure that siblings are not
paired. Ten male and 10 female pupae are placed in
0.85-liter containers with & liner of butcher paper. The
containers are held in the larval rearing chamber for adult
eclosion, mating, and oviposition, After 27 days, dead adults
and pupal skins are removed. The butcher paper liners with
egg masses are then consolidated, 4 1o 5 liners per 0.95-liter
container, and maintained at standard rearing conditions for
another 15 days. The number of egg masses produced per
subcolony ranges from 230 to 316.

Diapause Development. Containers with egg masses are
placed in reach-in environmental chambers set at 7° to 8°C,
90 percent RH, and 16:8 light:dark period, and held there for
180 days. Just before incubation a representative number of
egg masses from each mating container liner is cut out.
There probably is some inadvertent selection for larger, intact
egg masses.
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