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Developmental thresholds and thermal unit (degree

day) requirements for eggs, different larval instars,

pupal stage and preoviposition period were determined

for the obliquebanded leafroller (OBLR), Choristoneura

rosaceana (Harris). Separate thresholds and degree day

requirements were determined for males and females, but

differences between the sexes were not significant.

However, there were significant differences among the

developmental thresholds for different larval instars.

A total of 700.1 degree days were required for the

complete life cycle (egg to egg).

Diapause in the obliquebanded leafroller was

induced and expressed in the larval stage. Both

temperature and photoperiod played a distinct role in

diapause induction, maintenance and termination. Under



laboratory conditions, the critical photoperiod for

diapause induction was between 14-15 hours of light per

24 hr period. Constant high temperatures of 28°C and

above and fluctuating temperatures (12:12 cycle) with

high temperature of 25°C and above also induced

diapause. First and second instar larvae were the only

stages sensitive to diapause induction. Diapause was

mainly expressed in the third and fourth instars.

Under Wilimette Vally conditions, 19-22% of the

first generation larvae entered diapause during the

second week of July, and almost all second generation

larvae entered diapause. Diapause in the first

generation was expressed mainly in third and fourth

instars, while the second generation larvae expressed

diapause In second and third instars. The diapause in

the field was initially maintained by declining

photoperiod in the fall months, then by falling

temperatures in late fall and winter months. It was

terminated during spring months in a bimodal fashion in

response to increasing temperatures.

A phenology model for predicting adult emergence,

oviposition, and egg hatch based on time-temperature

relationships was developed. The model was validated

during 1984.
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INFLUENCE OF TEMPERATURE AND PHOTOPERIOD ON THE

DEVELOPMENTAL BIOLOGY OF THE OBLIQUEBANDED LEAFROLLER,

CHORISTONEURA ROSACEANA (HARRIS) (LEPIDOPTERA:

TORTRICIDAE).

SECTION I

INTRODUCTION

The obliquebanded leafroller (OBLR), Chorlstoneura

rosaceana (Harris) (Lepidoptera: Tortricidae) is a

native insect which is widely distributed throughout the

United States and Canada. Although the records of its

occurrence in the central states are meager, it probably

occurs in most of North America, except in the arid

southwest and northern Canada (Prentice 1965, Chapman

and Lienk 1971). This insect attacks a large variety of

plants including deciduous trees, woody ornamentals and

caneberries (Sanderson & Jackson 1909, Martin 1958 and

Prentice 1965). It seems to prefer plants belonging to

the family Rosaceae (Chapman & Lienk 1971). In Oregon,

apple appears to be the most preferred host. Roses and

holly have also been seriously attacked. Among the

caneberries, red raspberry seems to be a favorite host

(Schuh and Mote 1948).
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(Venables 1924), northern Utah (Knowlton and Allen

1937), and at high elevations in California (Powell

1964), bivoltine in Illionois (Coquillette 1882),

Pennsylvania (Frost 1951), New York (Chapman et al.

1968), the Willamette Valley of Oregon (Schuh and Mote

1948), and at relatively low elevations in California

(Powell 1964), and is trivoltine in Tennessee (Bennett

1961), depending on the temperatures and the location of

its occurrence.

The obliquebanded leafroller overwinters as a

second or third-instar larva in a closely fitted cocoon

or hibernaculum. The hibernacula are located underneath

old bud scales or fragments of the bark within cracks or

roughened areas and in twig crotches (Schuh and Mote

1948). Preliminary field biology of the obliquebanded

leafroller has been reported by Schuh and Mote (1948)

from Oregon on red raspberries, from New York by Chapman

et al. (1968), and Reissig (1978) on apples. In recent

years, this insect has become a serious pest of Oregon

filberts causing damage to developing nuts (AliNiazee

1982). Larval feeding between the nut and the husk

causes premature drop of the whole nut clusters, thus

resulting in severe crop loss. Some heavily infested

orchards may sustain as much as 30% nut damage

(AliNiazee 1980).
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Like many other lepidopterous insects, the OBLR has

a facultative diapause, completes a different number of

generations in different geographic areas, and its

development is directly related to prevailing

temperatures. Temperature driven phenology models are

important components of the filbert LPN program in

Oregon (AliNiazee 1984, Calkin et al. 1984). However,

the precise role of temperature and photophase (the two

most important abiotic components of the environment) on

growth, development, seasonality, voltinism, age

specific survivorship, and reproduction is unknown. The

onset, maintenance, and termination of diapause and the

post-diapause development represent vital phenological

events in the life history of an insect species. The

degree of flexibility and timing of these critical

phenomena reflect the quality and success of adaptation

of organisms to their recurring environments. In

addition, modern insect management programs require an

exact knowledge of these responses and their underlying

causual factors. Such information is essential for the

development of more meaningful phenological and pest

management models. Despite the economic importance of

OBLR on a number of crops, little information is

available regarding the developmental biology of this

insect. The purpose of the study was to investigate
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seasonality, growth and development, and diapause

(induction, maintenance and termination) of OBLR and

their relationship to temperature and photoperiod under

both laboratory and field conditions, thus improving our

biological understanding of this pest. A degree day-

model capable of predicting adult emergence, oviposition

and egg hatch also was developed based on the basic

biological data gathered during this study.
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REVIEW OF LITERATURE

The obliquebanded leafroller (OBLR), a native

tortricid insect, occurs throughout the United States

and southern Canada, (Powell 1964, Prentice 1965,

Chapman & Lienk 1971). Prentice (1965) reported its

presence as far north as about the 55th parallel. The

OBLR has been intermittenently studied during the past

100 years. The reviews of Chapman and Lienk (1971) and

Powell (1964) are particularly useful.

The adults of OBLR are buff colored moths with an

obscure to distinct submedian band and numerous vertical

strigulae on the forewings. The hind wings are white in

male and yellow in female (Powell 1964). The eggs are

deposited on the upper surface of the leaves in patches

containing up to 250 or more. The egg mass is covered

with a cement which upon drying gives a dull greenish

yellow color. The shape of the egg mass is irregular

and the area ranges from 10-45 sq mm (Chapman and Lienk

1971). The 1st instar larvae are lemon yellow in color

and have a black head capsule, while the final instars

are bright green with brown to blackish head capsules

(Schuh and Mote 1948). The pigmentation of the head

capsule and thoracic shield varies widely in full grown

larvae. This variation makes field identification

uncertain to inexperienced observers. Coquillett (1882)
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discussed three varieties of larvae based on head

capsule coloring and five varieties based on the amount

of brown to blackish color on the thoracic shield.

Chapman and Lienk (1971) showed two extremes of coloring

in the larval head capsule and the thoracic shield.

They believed, based on head capsule width and body

size, that female OBLR were the largest tortricine

larvae commonly encountered in sampling apple foliage in

New York. They also showed that the sexes were

dimorphic. Based on head capsule width, a full grown

female larva averages about 14% larger than the male.

The wing span of females averages 30% larger than that

of males.

The biology of OBLR was studied by Schuh and Mote

(1948), Chapman et al. (1968) and Reissig (1976).

Knowlton and Allen (1937) described OBLR as a prolific

egg producer and recorded as many as 900 eggs in some

females. Powell (1964) also reported that this species

is probably the most prolific of all North American

tortricines.

Sanders and Dustan (1919) reported that this

species overwinters in the larval stage, concealed in

cracks and crevices in the bark and covered by a silken

covering. They described the hibernacula as distinctive

in not having the exuvia of the previous molt woven into
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the nest, as is characterstic of the eye spotted bud

moth, Spilonota ocellana Denis and Schiffermuller.

Schuh and Mote (1948), who studied this species at high

population levels on red raspberries in Oregon,

concluded that this species overwinters as a second or

third instar larva within a closely fitted cocoon or

hibernaculum. Chapman et al. (1968) and AliNiazee

(1984) also reported that OBLR overwinters in the larval

stage.

C. rosaceana completes a different number of

generations in different geographic regions. Sanders

and Dustan (1919), and Gilliatt (1928) from Nova Scotia,

Venables (1924) from British Columbia,Knowlton and Allen

(1937) from northern Utah and Powell (1964) from

California have reported that this species is

univoltine. On the other hand, Frost (1951) from

Pennsylvania, Coquillett (1882) from Illinois, Chapman

et al. (1.968) from New York, Schuh and Mote (1948) from

Oregon and Powell (1964) from California (lower

elevation) described this species as bivoltine.

However, Bennett (1961) suggested that OBLR may be

trivoltine in Tennessee. Although OBLR occurs in

Florida (Kimball 1965) apparantely its voltinism has not

been determined.
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The seasonal cycle of OBLR has been described by

Chapman et al. (1968) and AliNiazee (1984) from New York

and Oregon, respectively. Both investigators indicated

that (overwintering) larvae came out of overwintering

sites as the spring temperatures started to warm up, and

fed on opening buds and young leaves. Pupation occurred

shortly afterwards and adults emerged starting about

June 1. The emergence continued throughout the month of

June and the early part of July. The eggs laid by these

adults hatched in 10-15 days and upon hatching the

larvae fed on the leaves and developing fruit and nuts

of the host plants. The larvae from this generation

completed development and pupated in rolled leaves.

Adults of the second brood emerged in late September and

early October. They deposited eggs on the foliage and

the larvae from this generation overwintered until the

next season (AliNiazee 1982). Considering the number of

eggs laid by spring-generation adults, one would expect

the second or summer-generation to be large. However,

the opposite was shown to be true by Chapman et al.

(1968). They concluded that a high percentage of larval

mortality in the second generation might be responsible

for this decline. This high first instar mortality was

caused either by their inability to find a suitable

host, or during dispersal as wind- borne individuals.



9

Most investigators have classified OBLR as a

polyphagous feeder. Sanderson and Jackson (1909)

compiled a list of 50 host plants on which this species

had been reported to feed. However, Schuh and Mote

(1948) collected the larvae from 79 plant species, but

they decided only 5 could be classified as preferred

hosts. These were apple, red raspberry, wild and

cultivated rose, nine bark, and holly. Prentice (1965)

observed larvae infesting more than 70 woody plants

including several conifers. Martin (1958) found that

this species caused some injury to young scotch pines in

southern Ontario, while Powell (1964) showed that OBLR

infested all sorts of deciduous trees and shrubs but

found little evidence for preference for any one plant

group. Based on previous records Chapman and Lienk

(1971) concluded that most, If not all, of OBLR's

primary hosts are members of the family Rosaceae.

Sanders and Dustan (1919) described this species as

a bud moth of apple. It was responsible for two

distinct types of injury. The most serious injury

occurred in the spring when the larvae fed on blossom

buds. The second type of injury became apparent in the

late summer when the young larvae of the second

generation fed on the leaves and fruit. Venables (1924)

reported that this species has undoubtedly been present
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among the injurious insects in the Okanagan valley of

British Columbia for a number of years. Knowlton and

Allen (1937) showed this species as a serious pest of

dewberry in Utah. They observed young larvae infesting

both ripe and green dewberry fruits in several northern

Utah localities. Such damage was observed by farmers at

Granite and Butlerville since 1929, and possibly

earlier. Schuh and Mote (1948) described this species

as a common pest throughout the Willamette Valley. A

serious outbreak of obliquebanded leafroller occured in

Multnomah and Clackamas counties of Oregon on red

raspberries in 1943.

Bennett (1961) noticed the damage by C. rosaceana

in the form of rolled leaves, webbed together and quite

often partially or totally consumed by the larvae. He

suggested that large larval size enables a small number

of insects to cause considerable damage in Tennessee

strawberry plantings. Chapman et al. (1968) showed OBLR

to be primarily a leaf feeder on apples, with occasional

damage to apple fruits. The feeding habits of the 1st

generation larvae on apple were similar to those noticed

for the overwintering generation. Reissig (1978)

observed both overwintering and 1st generation larvae of

C. rosaceana causing severe damage to apple at harvest.

He stated that most damage from overwintering larvae



11

occurred after petal fall during late May and June and

the 1st generation larvae during late July and August.

In Oregon OBLR has become a serious pest of

filberts, infesting developing nuts (AliNiazee 1982).

The larval feeding on nut clusters resulted in

substantial nut drop causing severe crop loss.

AliNiazee (1980) has reported as much as 30% nut damage

in some heavily infested orchards.

Since the identification of an OBLR sex attractant

(cis 11- tetradecenyl acetate) by Roelofs et al. (1970),

pheromone traps have been widely used in monitoring

population levels and for timing control measures.

AliNiazee (1982) suggested that sprays should be applied

when a total of 10 moths / week are trapped in any one

of the traps or when more than 20% of the buds are

infested.

Like in many other insects, the seasonal cycle of

OBLR is regulated by diapause, which serves as a bridge

between the favorable and unfavorable environmental

conditions. Several environmental factors are known to

play a role in triggering diapause. Photoperiod has

been proven to be a dominant factor in diapause

induction in several insect species. Many authors have

discussed the role of photoperiod In insect diapause and

seasonality. Some of the more comprehensive reviews



include those of Lees (1955), de Wilde (1962),

Danilevsky (1965), Dingle (1972), Tauber and Tauber

(1976), and Beck (1980).

Although photoperiod is generally considered to be

the key factor in the induction of diapause, Lees (1953)
0

proved that a fluctuating temperature cycle (12hr at 15

0
C: 12hr 25 C) produced 43% more diapausing eggs In

Panonychus ulai Koch. Beck (1962) demonstrated that in

Ostrinia nubilalis (Hubner) a fluctuating temperature

cycle of 32°C for lihr, 10°C for Ilhours and 2 hrs in

transition also induced diapause. Adkisson et al.

(1963) found large differences in the incidence of

diapause when pink bollworm, Pectinophora gossypiella

(Saunders) larvae were exposed to fluctuating

temperature cycles. Menakar and Gross (1965) also

observed that fluctuating temperature produced a more

intense state of diapause as well as greater number of

diapausing insects in pink bollworm. Hughes (1968)

suggested that temperature and thermoperiod may also

have roles of varying importance in modifying the

photoperiodic effect in some insect species. For

example, under laboratory conditions, temperature can

influence diapause incidence or it can shift the

critical photoperiod. de Wilde (1962), Danilevsky

(1965), Beck (1968) and Lees (1968) have reviewed the

12
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literature dealing with the role of temperature In

diapause induction.

Diapause occurs at a specific stage in the life

history of a species, and in general, insects perceive

diapause- inducing stimuli only during particular times

in their life cycles. In addition, the period of

sensitivity may range from a few days in some species,

to the entire larval period in other species. Adkisson

et al. (1963) and Welso and Adkisson (1966) working with

pink bollworm, Tauber and Tauber (1972) working with

Chrysopa sp. and Saunders (1973) working with a

parasitic wasp, Nasonia vitripennis (Walk.) suggested

that the sensitive stage to reception of diapause-

inducing stimuli and subsequent diapause expression vary

greatly. For example, diapause inducing stimuli can

only be perceived by the adult stage of N. vitripennis

(Saunders 1973), by the egg and larval stages of the

silk worm Bombyx mori (L.), (Kogure 1933), and by the

larval stage in the pink bollworm (Adkisson et al. 1963,

Welso and Adkisson 1966). In the flesh fly, Sarcophaga

bullata Parker, diapause induction was dependent upon

reception of short days by embryos developing within the

uterus of the adult females, and upon reinforcement of

the short day signal during larval life (Denlinger

1972).
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Diapause is a dynamic state during which specific

physiological processes occur (Andrewartha 1952).

Various environmental factors, particularly photoperiod

and temperature, interact to determine the occurence of

these processes. For example, the photoperiodic and

thermal responses vary during early and late diapause.

A decreasing role of photoperiod in diapause termination

has been suggested by Parris and Jenner (1959), Mcleod

and Beck (1963), Bradshaw (1969), Dantlevsky et al.

(1970), Tauber and Tauber (1973a),and Beck (1980) for

several insect species. However in some other insects,

the photoperiod apparently plays a key role in diapause

termination (Smith and Burst 1971, Nasaki and Oyama

1963, Anderson 1970, Kamm 1973). The emergence dates of

individuals from diapause vary substantially under field

conditions, resulting in long, drawn out emergence

periods in some insect populations (Kreasky 1960, Corbet

1963, Rabb 1966, Sternburg and Waldbaur 1969, Moris and

Fulton 1970, Bradshaw 1970, Waldbaur
/
and Sternburgh

1973, Powell 1974). Variation in the length of diapause

in response to environmental factors was shown by

Sullivan and Wallace (1967) in Neodiprion sertifer

(Geoff).

Since the phenology of various biological events of

a given insect species is closely related to the
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characteristics of diapause and post-diapause

development, many authors have developed pest management

strategies based on time temperature relationships as a

key element (AliNiazee 1979, Pruess 1983). Batiste et

al. (1973) conducted experiments by placing laboratory-

reared codling moth, Laspeyresia pomonella (L) adults in

field oviposition cages, and determining the oviposition

and hatch pattern, thus helping to develop a forecasting

system for the 1st egg hatch in the field. Reidl et al.

(1976) suggested that forecasting based entirely on

climatic data without reference to population tends to

lack realism and accuracy, and they proposed the use of

biological fixing points such as pheromone trap catches

for initiating model predictions. Lewis et al. (1977)

showed that it is possible to predict the egg hatch of

pea moth, Cydia nigricana Fabr. by using sex pheromone

trap catch data and accumulation of thermal units.

Their research paved the way for development of an egg

hatch forecasting system for this pest.

Pheromone traps are a good indicator of adult

activity of the obliquebanded leafroller (Maclellan

1978, AliNiazee 1984). Although a temperature-driven

phenology model of the filbert worm, Melissopus

latiferreanus Walshingham is an important component of

the filbert integrated pest management program in Oregon
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(Calkin et al. 1984, AliNiazee 1983), relatively little

useful information is presently available on basic

biology of the OBLR dealing with adult emergence,

oviposition and hatch, in order to develop such

forecasting systems.
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SECTION II

TEMPERATURE REQUIREMENTS FOR DEVELOPMENT OF THE

OBLIQUEBANDED LEAFROLLER,

CHORISTONEURA ROSACEANA (LEPIDOPTERA: TORTRICIDAE)
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ABSTRACT

Developmental thresholds and thermal-unit

requirements for egg hatch, larval and pupal development

and preoviposition-period were determined for the

obliquebanded leafroller, Chortstoneura rosaceana

(Harris). An average of 111.9 degree days (thermal

units) above 10.0 C were required from oviposition to

hatching. Development of the total larval stage

required 435.6 degree days. The developmental

thresholds for different larval instars were variable,

and significantly different from each other. The fourth

larval instar had the lowest developmental threshold of

7.1°C. Other thresholds were: first instar 11.0°C.

second and third instars 9.9 C, 5th instar 8.8°C, and

0

sixth instar 11.4 C. Diapausing third instar threshold

was 11.1 C. There were small, but statistically non-

significant differences between the thresholds for male

and female larvae. Pupae required 117.4 thermal units

(above 9.5°C) for adult eclosion. Females required a

preoviposition period of 35.2 degree days above 11.9°C.

Egg, larva, pupa and preoviposition represented 16, 62,

17, and 5% of the total developmental time from egg to

egg, respectively.
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INTRODUCTION

The obliquebanded leafroller (OBLR), Choristoneura

rosaceana (Harris) is native to and widely distributed

throughout North America. Although records of its

occurrence in the central states are meager, the insect

probably occurs in most of North America, except in the

arid southwest and northern Canada (Chapman and Lienk

1971).

C. rosacena is univoltine in Nova Scotia (Sanders

and Dustan 1919, Gilliatt 1928), British Columbia

(Venables 1924), northern Utah (Knowlton and Allen 1937)

and at high elevations in California (Powell 1964). It

is bivoltine in New York (Chapman et al. 1968), the

Willamette Valley of Oregon (Schuh and Mote 1948) and at

low elevations in California (Powell 1964). Bennett

(1961) reported that this species may be trivoltine in

Tennessee.

Little is known about the influence of temperature

on the developmental biology of this insect. Since

temperature driven models of the phenology are an

important component of the filbert IPM program in Oregon

(AliNiazee 1984, Calkin et al. 1984), information on

development of OBLR in relation to temperature is

essential. Thus, the objective of this study was to

determine the developmental thresholds and thermal unit
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requirements for various life history stages of a.

rosaceana.
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MATERIALS AND METHODS

Insects for this study were obtained from a
0

laboratory culture maintained at 24+ 1 C on a modified

wheat germ diet (Nutritional Biochem., Cleveland, Ohio).

The laboratory culture was initiated in 1982 from field

collected adults from apples. Eggs were collected from

mated females placed in one gallon (3.785m1) ice cream

carton lined with wax paper. Deposited eggs were

removed 12+ 6 h later by cutting the wax paper. Egg

masses laid by 75 individuals during the first 5 days of

female life were used in this study.

Egg development was studied by placing 12 ± 6 h old

egg masses in petri dishes (9.5 cm dia.) and exposing

them to different constant temperatures in Percival

model E 30B growth chambers. Relative humidity (RH) was

maintained at about 75 ± 10%, with 16 h photophase.

Development was monitored twice a day and the date of

completion of egg development and hatch recorded. Egg

developmental studies were conducted with 203 egg masses

with each egg mass containing about 200-250 eggs. The

temperatures and sample sizes for each treatment were:

14°C, 28; 18°C, 31; 20 °C, 173 24°C, 60; 26°C, 25; 32°C,

42 egg masses. Egg mortality was less than 5% at median

temperatures, but relatively high (50-60%) at 14 and 32°

C. Development of larvae and pupae was compared at 5
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different constant temperatures (12, 16, 20, 24 and 28°

C) with 16 h photoperiod and 75 ± 10% RH. Larvae were

reared individually from freshly hatched eggs (less than
0

6 h old) at 24 C in one ounce plastic cups with 1.5 g of

artificial diet. Because of variable larval mortality,a

slightly different number of individuals were counted at

each stage of development and treatment temperature.

Temperatures and sample sizes of each treatment were: 12°

C, 25 (I3:+ 12;); 16°C, 42 (231+192); 20°C, 43 (261+

17D; 24°C, 45 (20:+ 25'); 28°C, 35 (21:+ 14*-). The

developmental rate of diapausing larvae was recorded by

collecting OBLR from crevices of infested trees during

February 1983, and exposing 18-20 larvae each to

different constant temperatures (14, 18, 22, 24, and 30°

C) with 16L:8D photoperiod. Larval and pupal

development was observed and head capsule width and body

length was measured daily. All larvae were reared on

artificial diet.

Data reported include only those individuals that

survived to adult. Rate of development (1/number of

days for development) was plotted against temperature

and the linear regression analysis used to calculate

developmental threshold (x-intercept) and thermal unit

requirements (inverse of slope). Thresholds and thermal

unit values were calculated for both male and female



23

life stages separately and collectively. A 95%

confidence interval (C.I.) for thresholds was determined

by using the formula, if ± t .05 (SE), (where y = mean

value of data points, t = table t value at 0.05

significance level and n-I degrees of freedom, SE:

standard error of the data point). The data points

(upper and lower) depicting confidence limits of

developmental rates at each temperatue were subjected to

linear regression and the a-intercept of each line

determined. the 95% confidence interval for the

developmental treshold. The level of significance was

determined based on overlapping confidence limits. The

inverse of the slope of these regression lines provided

the 95% confidence interval for the thermal unit

requirement.
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RESULTS AND DISCUSSION

The regression equations relating development tine

to temperature showed highly positive rz values (Table

II-1). Figures 11-1-7 show the regression lines of the

developmental thresholds for 6 instars and different

life stages when males and females are considered either

separately or combined. The developmental threshold for
0

eggs was 10.0 C (CA. 9.9 - 10.0), which was

significantly lower than that for the first and the

sixth instar larvae, and higher than that for the fourth

and the fifth instar larvae and the pupal stage.

Diapausing larvae (in the third instar) required a
C

slightly higher temperature threshold (11.3 C) than the

0

non-diapausing third instar (10.1 C). The fourth instar

larvae had the lowest developmental threshold of 7.1°C.

It has been generally assumed that differences

between stages (larval vs. pupal, etc.) in response to

temperature are common among many insect species.

Consequently most phenology models attempt to

incorporate different thresholds for different stages.

However, intra-stage differences have been overlooked.

Data presented here suggest that in OBLR, the intra-

stage differences are as pronounced, if not more, than

the inter-stage differences.
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O
I determined .a mean threshold of 10.8 C for the

entire larval stage (all instars combined). Utilization

of this threshold in phenology models will simplify the

calculations of accumulated thermal units but will

reduce the precision. In more detailed descriptive

models, the use of different developmental thresholds

for each larval instar may be desirable.

The different thresholds observed for larval

instars and the pupal stage might have evolutionary and

adaptive significance.. For example, in MLR, the first

generation (overwintering) fourth instars are normally

found in the spring when the field temperatures are

generally cooler than those experienced by the later

instars. It could be advantageous, therefore, to have a

lower threshold. The fifth instar developmental

threshold was slightly higher than the fourth, but

significantly lower than that of the first and second

instars, again suggesting that those larval instars

exposed to the cooler spring temperatures, seem to

require slightly lower thresholds for development. The

diapausing third instars requiring a significantly

higher threshold (Table II-1) is perhaps a survival

mechanism which delays the onset of post-diapause

development until the warming trend has started,

signaling the development of host plants and food
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availability. Thus, this threshold appears to be a

safeguard against termination of diapause after a period

of unseasonally warm weather during winter.

The heat unit requirements for different stages are

given in Table 11-2. Development from egg to egg

required 700.1 ± 20.5 degree days (DD) using different

temperature thresholds for different stages as shown in

Table II-I. Egg development (from oviposition to larval

hatch) required an average of 111.9 degree days (DO)

above a base of 10.0 C, and accounted for about 16% of

the total developmental time. The larval period

required 435.6 DD and accounted for 62% of the total

developmental time. The pupal period required 117.4 DD,

above a base threshold of 9.5 C. and accounted for 17%

of the thermal developmental time. The period before

oviposition required 35.2 DD, accounting for only 5% of

the total thermal developmental time (Table 11-2).

The second and third instar larvae completed their

development faster than other larval instars and

required only 53.7 and 57.6 DD respectively, accounting

for about 12% and 13% of the total larval period. The

sixth instars required the highest amount of thermal

units followed by fourth and fifth instars. The first

fourth, fifth and sixth instars accounted for about 18%,

19%, 17% and 21% of total larval developmental time,
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respectively. The sixth instar females required a

substantially longer period for development than sixth

Ulster males (114 vs. 78 DD for females and males,

respectively). This may explain the size differences in

the adult stage. It seems that female larvae by

prolonged feeding accumulate more nutrients and became

larger which then translates into substantially larger

pupae and adults. A similar developmental pattern was

noticed in a closely related insect, Archips rosanus L.

where extension of the final larval instar resulted in

bigger pupae and adults (AliNiazee 1977).

A few larvae developed through a seventh instar,
0

particularly at low temperatures (12, 16 C), however,

the relative duration of sixth and seventh instars from

these rearings combined was about the same as those of
0

the sixth instar at median temperatures (24, 28 C). In

general, the OBLR larvae completed only six instars.
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Fig. II-2. Effect of temperature on the developmental rate of different female larval
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Fig.II-3. Effect of temperature on the developmental rate of different larval instars

(males and females combined).
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Fig.II-5. Effect of temperature on the developmental rate of the male, female and
combined (male and female) pupal stage.
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TableII -1. Developmental thresholds
C. rosaceana.

for immature stages and pre-oviposition period of

Stage in
Life Cycle
and Instars

Sex
a

Developmental Threshold
(95% Confidence Interval)

Regression Equation r

Egg Combined 9.97 d ( 9.91 - 10.03) y = -0.08913 + 0.008939x 0.98

Larval
1st Male 10.97 e (10.63 11.31) y = -0.14316 + 0.013045x 0.92

Female 10.95 e (10.77 - 11.13) y = -0.14219 + 0.012982x 0.94

Combined 10.96 e (10.79 11.13) y = -0.14279 + 0.013027x 0.92

2nd Male 10.11 d ( 9.66 10.56) y = -0.18464 + 0.018265x 0.96

Female 9.53 cd ( 8.74 10.32) y = -0.17999 + 0.018882x 0.98

Combined 9.87 cd ( 9.32 10.42) y = -0.18377 + 0.018627x 0.96

3rd (non-diapausing) Male 9.81 cd ( 9.23 - 10.39) y = -0.16781 + 0.0171025x 0.98

Female 10.10 cd ( 9.65 - 10.55) y = -0.17953 + 0.0177825x 0.98

Combined 9.93 cd ( 9.59 - 10.27) y = -0.17239 + 0.0173625x 0.98

3rd (diapausing) Combined 11.10 fe (10.40 - 11.81) y = -0.11872 + 0.01069x 1.00

4th Male 6.56 a ( 6.00 - 7.12) y = -0.07449 + 0.011357x 0.94

Female 7.55 a k 6.70 - 8.40) y = -0.09288 + 0.012300x 0.92

Combined 7.05 a ( 6.49 - 7.61) y = -0.08368 + 0.011875x 0.92



Table II-1. Continued

Stage in
Life Cycle
and Instars

Sex Developmental Thresholda
(95% Confidence Interval)

Regression Equation r
2

5th Male 8.65 b ( 8.59 - 8.72) y = -0.11916 + 0.013780x 0.98

Female 8.93 b ( 8.85 - 9.01) y = -0.12271 + 0.013747x 1.00

Combined 8.80 b ( 8.78 - 8.82) y = -0.12113 + 0.0137650x 0.98

6th Male 11.46 f (11.41 - 11.51) y = -0.14648 + 0.012785x 0.86

Female 10.89 fe (10.33 - 11.45) y = -0.09558 + 0.008775x 0.90

Combined 11.37 f (11.35 - 11.40) y = -0.12648 + 0.011125x 0.86

All Instars Male 10.69 fe (10.51 - 10.87) y = -0.02492 + 0.002332x 0.94

Female 10.88 fe (10.83 - 10.93) y = -0.02396 + 0.002202x 0.96

Combined 10.82 fe (10.76 - 10.88) y = -0.02484 + 0.002296x 0.94

Pupal Male 9.60 c ( 9.35 - 9.85) y = -0.08011 + 0.008347x 0.98

Female 9.34 c ( 9.07 - 9.61) y = -0.08196 + 0.008775x 0.98

Combined 9.45 c ( 9.26 - 9.64) y = -0.08046 + 0.008515x 0.98.

Preoviposition Female 11.93 g (11.83 - 12.03) y = -0.33918 + 0.028427x 0.96

a
Thresholds followed by the same letters are not significantly different from each other at 5% level of
probability.
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Table II -2. Temperature requirements (expressed
units) for development of C.
larvae, pupae and preoviposition

as thermal
rosaceana eggs,

period.

Stage in
Life Cycle

Instars Sex Thermal Units required
(95% Confidence Interval)

Egg 111.87 (108.49 - 115.25)

Larval 1st Male 76.66 ( 72.66 76.06)

Female 77.03 ( 73.82 - 80.24)

Combined 76.76 ( 75.43 78.09)

2nd Male 54.75 ( 53.77 - 55.73)

Female 52.96 ( 51.39 54.33)

Combined 53.69 ( 53.09 - 54.29)

3rd Male 58.49 ( 57.16 - 59.82)

Female 56.24 ( 51.04 - 61.44)

Combined 57.60 ( 56.36 58.84)

4th Male 88.05 ( 81.56 - 95.54)

Female 81.30 ( 76.27 86.33)

Combined 84.21 ( 70.92 97.50)

5th Male 72.57 ( 62.53 82.61)

Female 72.74 ( 62.71 82.77)

Combined 72.65 ( 62.62 82.69)

6th Male 78.22 ( 67.42 - 89.02)

Female 113.96 ( 81.54 - 146.38)

Combined 89.89 ( 80.79 - 98.99)

All Male 428.74 (395.10 459.78)

Female 454.23 (396.77 511.44)

Combined 435.55 (402.30 466.80)

Pupal Male 119.8 (117.50 122.10)

Female 113.96 (111.49 116.43)

Combined 117.44 (115.54 119.34)

Preoviposition 35.18 ( 31.56 - 38.80)
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SECTION III

ROLE OF PHOTOPERIOD AND TEMPERATURE IN INDUCTION OF

DIAPAUSE IN THE OBLIQUEBANDED LEAFROLLER, CHORISTONEURA

ROSACEANA (LEPIDOPTERA: TORTRICIDAE)
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ABSTRACT

Induction of diapause in the larval stage of the

obliquebanded leafroller (OBLR), Choristoneura rosaceana

(Harris), was found to be dependent on both photoperiod

and temperature. At constant temperatures of 24, 20 and

16°C, decreasing photoperiod induced the diapause. The

critical photoperiod was between 14-15 hr of light per

day at 20 and 16°C. At 14L:10D photoperiod, all exposed

larvae expressed diapause. Temperature had a modifying

effect, and slightly shifted the larval response to

diapause inducing photoperiod. High constant

temperatures (28°C and above) also triggered diapause in

a few individuals. However, fluctuating temperatures of

32 and 16 C in a 12hr cycle resulted in 67% diapause

induction, suggesting that diapause could also be

Induced by fluctuating temperatures, particularly if the

temperature fluctuates to or above 25 C.

The first- or the second-instar larvae were the

only two stages sensitive to diapause induction.

Exposure of adult, egg and larval instars third, fourth,

and fifth to diapause inducing conditions did not

produced diapause. The diapause was expressed in the

succeeding instar (for example, if first instars were

exposed to 1OL:14D photoperiod, then late second instar

went into diapause and if second instars were exposed
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then late second and early third instars went into

diapause). However, soon after diapause initiation, the

larvae molted and spent their diapause period either in

the third or fourth instars.
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INTRODUCTION

The obliquebanded leafroller, Chrtstoneura

rosaceona (Harris) (Lepidoptera : Tortricidae) enters

diapause in the fall when the climatic conditions

generally become unsuitable for survival and growth

(Gangavalli and AliNiazee 1985, Section IV). The

diapausing larvae which are found in the silken

hibernacula in cracks and crevices of the woody parts of

the trees spend approximately 6-7 months in diapause

and emerge from their hibernacula during the following

spring (AliNiazee. 1985). The insect completes 1-3

generations per year depending on the temperature in its

distribution range (Chapman and Lienk 1971).

Several environmental factors are known to play a

role In triggering the induction of diapause in many

insect species. Photoperiod has been shown to be a key

factor in diapause induction in several insect species

(de Wilde 1962, Danilevsky 1965, Phillips and Newsom

1966, Tauber and Tauber 1976, Beck 1980,and Rock et al.

1983). Once diapause is induced and expressed. the role

of photoperiod appears to be limited to maintenance of

diapause during autumn and/or winter and temperature

seems to become the dominant factor (Danllevsky et al.

1970i Lees 1955). Although light is considered the

major environmental factor controlling the induction of
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diapause in many insect species, temperature could also

play an important role in induction (Lees 1953, Adkisson

et al. 1963, Henakar and Gross t965, Saunders 1973) as

well as shifting the critical photoperiod of diapause

induction (Hughes 1968). Diapause occurs at a specific

stage in the life history of a species and in general

insects perceive diapause - Inducing stimuli only during

certain stage of their life cycle. In some species, the

stage sensitive to diapause induction and the diapausing

stage are widely separated within the same generation or

between generations (Kogure 1933, Lees 1955, de Wilde

1962, Adkisson et al. 1963, Danilevsky 1965, Wellso et

al. 1966, Denlinger 1972, Saunders 1973 and Beck 1980).

The present studies were initiated to determine the

effect of temperature and photoperiod on diapause

induction in the obliquebanded leafroller. Stage

sensitivity to diapause inducing conditions was also

investigated. I beleive that the studies reported here

and in another papaer (Gangavalli and Aliniazee 1985, in

Section IV) will provide the basic understanding of

seasonality in this insect, thus assisting in the

development of broader pest management strategies.
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MATERIALS AND METHODS

STOCK INSECTS :- Insects required for these studies were

obtained from' a laboratory culture, originally started

in 1982, and maintained in clear plastic cups at 24+ CC C

with 16L:8D (light and dark) photoperiod on a modified

wheat germ diet (consisting of agar 20g, distilled water

81001, KOH 4.501, Vanderzant - Adkinson wheat germ 117g,

Choline Chloride 901, Formaldehyde 3.801 Vitamin mixture

301, Sorbic acid 4.4.1, MPH 4.401, Ascorbic acid 3.8g,

and Aureomycin or Chlorotetracycline 0.05g manufactured

by Nutritional and Biochem. Cleveland, OH). The eggs

were obtained by placing 2-5 females and equal number of

males in 1 gallon (3.785.1) ice cream cartons lined with

wax paper. The adults were provided with 10% sucrose

solution. After oviposition, the eggs masses were

removed by cutting the wax paper around and trasferred

to petri plates for eclosion.

INDUCTION OF DIAPAUSE :- To determine the effect of

photoperiod on the induction of diapause 7 different

durations (16, 15, 14, 13, 12, 11, 10 hr) of light per

day were selected and the impact of these light periods

were tested at 24,20 and 16°C. Different temperatures

were maintained in a walk in room and various

photoperiods were programmed in small wooden boxes(50cm

x 67cm x 45cm) provided with timers. In each box
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illumination was supplied by a l5W bulb and temperature

was controlled within to 1°C. The light intensity was

maintained at 31 LUX per 'Alper second.

The experiments were conducted by selecting freshly

hatched larvae (<6hr old) which were transferred

individually to ioz (29.6m1) clear plastic cups provided

with approximately 1.5 g of the artificial diet. The

cups with larvae were transfered to different

photoperiods, and the induction of diapause was

monitored. A total of 8-13 individuals were tested at

each treatment and the experiments were replicated four

times. The development was monitored once in 24 hours

and the instars were recorded based on the head capsule

and the presence of molted head capsules. All diapause

determinations were made during or immediately after the

second or third instar larval molt in the silken

hibernacula. To determine the effect of main factors,

temperature and photoperiod, and the interaction of

these factors, if any, on the induction of diapause, the

data were subjected to a factorial analysis.

TESTING STAGE SENSITIVITY :- Two sets of experiments

were conducted to determine the relative sensitivity of

different stages to diapause-inducing conditions. The

purpose of these experiments was to determine in which

stage diapause was induced and in which stage it was
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expressed. In the first experiment, adults, eggs and

different larval instars were exposed independently to

101:140 photoperiod (which was determined to be the

diapause inducing photoperiod in the earlier experiment)

while the other stages were held at I61:80 (diapause

averting) photoperiod at 20°C. The different

combinations in the experimental design are shown in

Table 111-4.

In the second experiment, the studies were

conducted at 24 and 16°C by exposing first and second

larval instars and their succeeding stages to a short

photoperiod (I0L:14D) while the preceeding stages were

reared at a long photoperiod (16L:8D).

EFFECT OF CONSTANT TEMPERATURES ON DIAPAUSE INDUCTION :-

The effect of constant temperatures on diapause

induction was evaluated by rearing freshly hatched

larvae (< 6hr old) at different temperatures (16, 20,
0

24, 28, 30, 32 C) under a long photoperiodic (161:80)

condition. A minimum of 40, freshly hatched (<6hr old)

larvae were reared on artificial diet and the induction

of diapause was checked daily. The mortality of various

larval instars was also recorded.

EFFECT OF FLUCTUATING TEMPERATURES ON DIAPAUSE INDUCTION

The effect of fluctuating temperatures on diapause

induction was determined by selecting four temperature
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cycles 32 -160C and 29-19°C with a mean of 24°C, 25-15°C

with a mean of 20°C and 21-11°C with a mean of 16°C.

All the temperature cycles were fixed at 12:12hrs per

day and the experiments were conducted using Percival

model E 30B growth chambers. The photoperiod in all

experiments was 16L:8D. The development was monitored

at 24 hour intervals.
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RESULTS

DIAPAUSE INDUCTION :- Data in Fig III-1 show the effect

of photoperiod and temperature on induction of diapause

in the obliquebanded leafroller. When larvae were

reared at 24°C and exposed to varying light regimes, the

diapause induction began at 15hr light. The diapause

incidence, however increased from 19% at a photoperiod

of 15L:90, to 89% at 14L:10D, and to 100% at 11L:13D.

On the contrary, when the larvae were reared at 16 and

20 C no diapause was noticed at 15L:9D cycle and the

incidence of diapause was 100% at 14L:100 cycle. This

suggests that OBLR is a long day insect and the diapause

is induced by decreasing photophase. The critical

photoperiod seems to be between 14-15hr light, although

it appears to be modified slightly by the temperature.

The effect of constant temperature on OBLR diapause

induction is shown in Table III-1. The effect of

temperature on diapause induction does not appear to be

as clear as it is with the photoperiod. However, there

was no diapause induction when larvae were reared at

16L:8D and 16, 20 or 24 C. A small proportion of the

population entered diapause when larvae were reared at

28°C (8%), 30°C (14%) and 32°C (20%). The survival of

the larvae at 32°C was low, thus it appears that no

advantage was provided by diapause initiation.
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The role of temperature fluctuations appears to be

very pronounced in induction of diapause in OBLR. When

larvae reared at 16L:80 photoperiod and a temperature

fluctuation of 32°C for 12 hrs and 16°C for 12 hrs (with

a mean of 24°C), nearly 2/3 of the experimental larvae

entered diapause (Table 111-2). However, when another

temperature fluctuation of 29 °C for 12hrs and 19°C for
0

12hrs with the same mean temperature of 24 C was tested,

only 21% of the larvae entered diapause. The other 2

fluctuating temperatures, 25-15°C (with a mean of 20°C)

and 21 -11 °C (with a mean of 16°C) produced 8% and 0%

diapause induction, respectively. However, no larvae

survived at a temperature fluctuation of 21:11 C.

The data set (Table III-1 & 2) suggest that

temperature fluctuation, particularly with a high

reaching 25 C and above, seems to induced some diapause

in OBLR. It appeared that diapause incidence increased

with increasing temperature even though the larvae were

reared at 16L:8D.

SENSITIVE STAGES :- Larval development proceeded

without interruption under long photoperiod (16L:8D) in

various constant temperatures. The data in Table 111-3

indicate that the exposure of the first-instar larvae to

short photoperiod (10L:14D) and exposure of adults, eggs

and second instars to long photoperiod (16L:8D) induced



51

100% diapause. The exposure of second instar larvae to

a short photoperiod (IOL:14D) while the preceeding and

succeeding stages were exposed to a long photoperiod

(16L:8D) induced diapause in 62% of the population. The

exposure of third or later instars to a photoperiod of

IOL:14D did not result in any diapause induction. This

suggests that the first and the second instars are the

only sensitive stages for diapause induction in the

obliquebanded leafroller.

In another experiment, diapause expression of OBLR

was investigated by exposing first and second instars to

a photoperiod of IOL:14D and following them through at

two temperatures, 24°C and 16 °C. Data (Table III-4)

show that when first instars were exposed to diapause

inducing conditions, they entered diapause in the later

part of the second instar by spinning a thin silken

cocoon. After 48 to 72hrs, these second instar larvae

molted and respun the cocoon (thus making it a

relatively thick cocoon) and remained in the third

instar for the rest of their diapause period. However,

when larvae were exposed as second instars to diapause

inducing conditions (10L:14D), the response of the

larvae was variable. At 24°C, only 58% went into

diapause. The diapause was expressed toward the later

part of the second instar in about 25% of the population
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and the remaining 33% of the population in the third

instar . However, immediately (48-72hours) after

entering the diapause both groups of larvae molted and

spent their diapause in the third and fourth instars,

respectively. The proportion of the larvae spending

diapause in third and fourth instars differed slightly

when reared at 16bC (30% third instar, 68% fourth

instar).
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DISCUSSION

It is well established that photoperiod has a major

influence on diapause induction in insects (Lees 1968).

Different aspects of photoperiodic induction of diapause

have been discussed by numerous authors (cited in Beck

1980 and Tauber and Tauber 1973). This data (Fig III-1)

indicate that photoperiod had a dominant effect on the

induction of diapause in the obliquebanded leafroller.

This insect responds to decreasing photoperiod and

enters diapause at less than a 15hr photoperiod. Under

field conditions, most of the OBLR population enters

into diapause starting from the second week of September

to the second week of October (Gangavalli and AliNiazee

1985, Section IV). The prevailing photoperiods during

the above period ranges from 13.5hr to 12hr, thus

falling below the critical photoperiod for diapause

induction. This data also suggest that temperature

(particularly the high range) had a modifying effect.

In other words. at high temperatures (28-32°C) diapause

was induced in some individuals inspite of a 16L:8D

photoperiod. The diapause induction was more pronounced

in fluctuating temperatures, 12hr: 12hr cycle of 19-29°C

(mean of 24°C) than either constant temperature or a

25 and 15°C temperature cycle. Rearing at constant high

temperature (30, 32°C) caused substantial mortality. A
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similar phenomenon was noticed by Beck (1962), who

demonstrated that in the European corn borer, Ostrinia

nubilalls (Hubner) a fluctuating temperature cycle of 31°

C for llhr, 10°C for 11 hours and 2 hrs in transition

induced diapause. Similarly Adkisson et al. (1963)

found large differences in the incidence of diapause in

pink bollworm, Pectinophora gossypiella (Saunders)

larvae exposed to a fluctuating temperature cycle than

those reared at the same photoperiod but at a constant

temperature. Henaker and Gross (1965) suggested that

fluctuating temperatures produced a more intense state

of diapause as well as a greater number of diapausing

insects in pink bollworm. Lees (1953) also reported

that in a 12L:12D photoperiod regime with a fluctuating

temperature cycle (I2hr at 15°C :12hr 25°C), 43% more

diapausing eggs were laid by females Panonychus alai

koch. Thus an increase in diapause appears to be common

under fluctuating temperature conditions.

The first and second instar larvae of OBLR are

apparently the only two sensitive stages to diapause-

inducing conditions. The diapause is generally

expressed either by the end of the second instar or in

the following instar. After the diapause is expressed,

the larvae molt and complete the diapausing period in

that instar. This overwintering behaviour of the OBLR
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is being reported here for the first time. Previously,

it was thought that OBLR overwintered as second or third

instar larvae (Schuh and Mote 1948). Field data

(Gangavalli and AliNiazee 1985, Section IV) support

these findings, as the field-collected larvae were found

in 3rd and 4th instars. Diapause induction sensitivity

also has been discovered to be very limited (one or two

instars) in other insect species (Kogure 1933, Adkisson

et al. 1963, Wellso et al. 1966, Denlinger 1972, Tauber

and Tauber 1972 and Saunders 1973).
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Table III-I

Diapause induction in the obliquebanded leaf-
roller reared at constant temperatures and
16L:8D photoperiod.

Temperature No. Observed % Diapause Induction
(constant)

°C

32 51 20

30 50 14

28 40 8

24 45 0

20 43 0

16 42 0
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Table 111-2. Diapause induction in the obliquebanded leaf-

roller reared at fluctuating temperatures and

16L:8D photoperiod.

X Fluctuation No. Observed % Diapause

Temperature (°C) Induction

(°C)

24 32-16 48 67

24 29-19 38 21

20 25-15 52 8

16 21-11 52 0



Table 111-3. Obliquebanded leafroller stages sensitive to diapause induction reared
at 20°C.

Stage exposed to
diapause inducing

condition
Photoperiod 10L:14D

Stages grown prior to
and after exposure to
short photoperiod at

16L:8D

No. observed % Diapause
induction

Adult Egg, Larval 1,2,3,4,5,6 10 0

Egg Adult, Larval 1,2,3,4,5,6 500 0

Larval 1 Adult, Egg, Larval 2 25 100

Larval 2 Adult, Egg, Larval 1,3 21 62

Larval 3 Adult, Egg, Larval 1,2,4,5,6 23 0

Larval 4 Adult, Egg, Larval 1,2,3,4,5,6 20 0

Larval 5 Adult, Egg, Larval 1,2,3,4,6 25 0

Larval 6 Adult, Egg, Larval 1,2,3,4,5 27 0



Table 111-4. Obliquebanded leafroller stages sensitive to diapause induction and
expression reared at 2 different temperatures.

Instar and the succeeding Temperature Instars in which diapause is expressed (%)

stages exposed to diapause 24°C 16°C 24 °C 16 °C

inducing condition IOL:14D No. observed % diapause No. observed % diapause 2nd and 3rd and 2nd and 3rd and

induction induction 3rd 4th 3rd 4th

1 26 100 40 100 100 0 100 0

2 40 58 40 98 25 33 30 68
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SECTION IV

SEASONALITY OF DIAPAUSE INDUCTION, MAINTENANCE, AND

TERMINATION IN THE OBLIQUEBANDED LEAFROLLER,

CHORISTONEURA ROSACEANA CLEPIDOPTERA: TORTRICIDAE)

UNDER FIELD CONDITIONS.
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ABSTRACT

Studies conducted in a hazelnut (filbert) orchard

near Corvallis, Oregon (latitude 44.5 N) during 1983 and

1984 seasons indicated that some of the 1st generation

larvae of the obliquebanded leafroller, Choristoneura

rosaceana (Harris) entered into diapause during the

second week of July. The incidence of diapause

increased to 19-22% of the total first generation larval

population by the first week of August. The remaining

80% of the larval population completed growth and

proceeded to the second generation. The second

generation larvae began entering diapause from about

mid-September, and diapause initiation was completed by

about mid-October. Unlike the first generation larvae,

almost all second generation larvae entered diapause.

Diapause in OBLR was expressed in two different

instars depending on the generation in which the

diapause was induced. The diapause in first generation

larvae was expressed mostly in the fourth instar which

was probably triggered in the second instar. In the

case of second generation larvae, the diapause was

mainly expressed in the third instar and was triggered

in the 1st instar. Under field conditions the

overwintering population completed seven larval instars,

while the summer population passed through only six
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instars. The diapause was initially maintained by

declining photoperiod in the fall, then the role of

photoperiod decreased and the diapause was maintained by

falling temperatures in the late fall and winter months.

The termination of diapause in March was probably due

to increasing temperatures under field conditions.

Frequent occurrence of temperatures suitable for post

diapause development (above 10 C) could have enhanced

diapause termination.

The diapause in the obliquebanded leafroller under

field conditions was terminated in a bimodal fashion.

The majority of the overwintering population came out of

the diapause during March and April, while a very small

proportion remained in diapause until late May and early

June. Since the diapausing population originated from

both the first and second generations (although in

different proportions), thus overwintering in the third

and the fourth instar, such a bimodality is not

surprising. Almost all overwintering fourth instars,

however, terminated diapause early in the spring.
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INTRODUCTION

The understanding of insect seasonal cycles is an

important phenomenon (Tauber and Tauber 1973) which has

a direct impact on the success of many pest management

programs. Insect life history strategies are evolved,

over a long period of time, primarily in response to

conditioning environments. Only those species which

have mastered the art of utilizing favorable

environmental conditions for their growth and

development and hibernate during the unfavorable weather

conditions are capable of optimizing the use of

available resourses. Thus, they thrive well in a given

system. Evolution and importance of life history

strategies described above have been discussed by

different workers including Tauber and Tauber (1973a)

and (1976), Dingle (1974), Obrycki et al. (1983) and

Nechols et al. (1983).

Diapause, the stage of arrested development and

slowed morphogensis, plays an important role in

evolution of successful life history strategies in

insect species. It provides the bridge between the

unfavorable and favorable conditions of the environment

upon which the insects have very little control. The

literature on insect diapause is voluminous and includes

reviews of Andrewartha (1952), Lees (1955), Harvey
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(1962), Danilevsky (1965), Danilevsky et al. (1970),

Mansingh (1971), Tauber and Tauber (1973), Masaki (1980)

and Beck (1980). Diapause is mainly initiated in

response to token stimuli such as the length of light

period (photophase), temperature, humidity and food

supply, and the importance of these factors depends on

the life history of a given species. Without diapause,

the survival of many species would be impossible in

adverse environmental conditions (Andrewartha 1952,

Lees 1955, Beck 1980), particularly in temperate

climates.

The obliquebanded leafroller, Choristoneura

rosaceana (Harris) (Lepidoptera: Tortricidae) occurs as

a bivoltine insect in the Willamette Valley of Oregon

(Schuh and Mote 1948, AliNiazee, 1985 in press). Adults

occur from about June first to July 10 and again from

about August 20 to about September 15, thus in most

years there are two distinct peaks of adult emergence.

Diapausing larvae are generally found from about October

first to the end of March (AliNiazee, 1985 in press).

The studies reported here were initiated to determine

the role of diapause in the seasonal life cycle of the

obliquebanded leafroller under field conditions, and to

assess the impact of prevailing photophase and

temperature in the induction, maintenance, and
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termination of diapause in this species. Such

information, I believe, is essential for development of

more meaningful phenological and pest management models.
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MATERIALS AND METHODS

Insects for this study were obtained from a
0

laboratory culture maintained at 24+ 1 C with 16hr light

8hr dark (161:8D) photoperiod on a modified wheat germ

diet (Nutritional and Siochem. Cleveland, Ohio). To

study the seasonal cycle under field conditions over 300

larvae reared in the field in a Stevenson screen placed

at the Oregon State University Entomology farm. Larvae

were reared on both artificial diet and filbert leaves.

To study the modality of diapause induction under field

condition, two groups of larvae were reared

individually. In the first group , 10 males and 10

females, obtained from field-collected overwintering

larvae, were placed in one gallon (3.785m1) ice cream

cartons, the inside of which was covered with wax paper.

These adults were placed in the study cages when about

10% of the adults had emerged in the field as indicated

by pheromone traps. The eggs from these adults were

allowed to hatch and a total of 100 larvae in 1983 and

63 in 1984 were reared for the spring (first) generation

study. The same set of experiments was repeated for the

summer generation using 185 larvae in 1983 and 150

larvae in 1984. After eclosion, the 1st instar larvae

(<6hr old) were transfered individually to loz (29.6m1)

clear plastic cups provided with approximately 1.5 g of
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artificial diet. The rate of growth and development was

closely observed at 24 hour intervals. The temperature

was monitored throughout the season by using a

hygrothermograph placed inside the Stevenson Screen. In

addition, a. thermal integrator manufactured by Pro EL

Corp (Salt Lake City, Utah) was used to accumulate daily

degree days above a base of 10°C.

DIAPAUSE MAINTENANCE :- I induced diapause in about 1000

larvae by exposing the 1st instars to short photoperiod

(IOL:14D) at 20°C. After diapause was induced, the

larvae were allowed to settle in diapause for 15 days,

then moved to 6+ 0.5°C in a Percival E 30B model growth

chamber set at a IOL:14D photoperiod. Three levels of

0
exposures to 6+0.5 C: were tested 15, 30 and 60 days.

At the termination of these cold exposures, the

diapausing larvae were removed and placed at three

different post-diapause development temperatures: 16, 20

and 24°C and each temperature had three different

photoperiods: 16L:8D: 14L:10D; 12L:12D respectively.

There was a total of 180 larvae in each cold temperature

which were later divided into nine groups of twenty

each, and allotted to different temperature and

photoperiod combinations. Days required by the

diapausing larvae to emerge from the hibernacula was

recorded daily to evaluate the effect of main factors
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photoperiod and exposure time) and their interaction on

the duration of diapause termination. The data were

subjected to a factorial analysis, ANOVA and Break down

analysis under SPSS program. The means were compared

using the LSD multiple range test.

DIAPAUSE TERMINATION :- The diapausing population from

the first and second generation in 1983 were allowed to

pass through the winter in the field in the Stevenson

screen. In addition, fifty field diapausing larvae were

collected during January, 1984 from a raspberry field

near Corvallis, OR and placed in individual cups and

kept in the same Stevenson screen. From the above two

groups of diapausing larvae, the termination of diapause

was observed during spring 1984. The observations were

made once every twentyfour hours biginning first March.

The day the diapausing larvae chewed through the

hibernacula and started active search, was considered as

diapause termination. In calculating the length of

photoperiod twilight was added to the sunrise and sunset

timings, as done by a number of previous workers (Jermy,

1967, Riedl et al. 1978).



73

RESULTS

Under Willamette Valley conditions, 1st diapausing

larvae were first noticed on July 10 in 1983 and the

incidence of diapause in the field increased to 19% of

the total population by August 5 (Fig IV-I & 3). The

incidence of diapause in the first generation larvae

stayed constant for a period of two months. A few

individuals attempted to emerge , but they respun the

cocoon and remained in diapause. Occasional probing of

these cocoons suggested sluggish movement, perhaps

indicating a shallow diapause. Out of the total first

generation diapausing larvae, 36% entered diapause in

the second instar and then molted, while the remaining

64% entered diapause in the third instar and then

molted. On October 8, 1983, the larvae from the second

generation started to enter diapause. The diapause

induction (Fig /V-I & 3) markedly increased by mid

October. By October 20, almost all OBLR larvae from the

second generation had entered diapause. Thus, a

distinct bimodal diapause induction was noticed (Fig IV-

I & 3). A similar trend was noticed in 1984 with 22% of

the first generation larvae going into diapause starting

from 8 July to 15 August. In the second generation, the

diapause was initiated on 18 September and completed by
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13 October (Fig IV-2 & 3). Here again the bimodality of

diapause induction was evident.

The diapause sensitive stages in OBLR are the 1st

and 2nd instar larvae (Gangavalli and AliNiazee 1985b,

Section III). During the last week of June and the

first two weeks of July, when these two larval instars

from the first generation are normally found in the

field, the photoperiod ranges from about 16.5 to about

15.8 hours of light, substantially above the critical

photoperiod for diapause induction (Gangavalli and

AliNiazee 1985b, Section III). It appears, therefore,

that something other than photoperiod is responsible for

diapause induction in the first generation of OBLR. A

close examination of prevailing high temperatures during

the first three weeks of July suggests that induction of

diapause in the first generation is probably triggered

by the frequent occurrence of high temperatures (25 C

and above for few hours/day) in the field. A similar

situation was also noticed in the laboratory, where a

small proportion of the population went into diapause in

response to high temperatures of above 25aC (Gangavalli

and AliNiazee 1985b, Section III). Such temperatures

occured twenty times in July 1983 and thirty times in

July 1984. The proportional increase in diapause

incidence in the first generation populations of 1984 in
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comparison to 1983 is perhaps a reflection of more

frequent occurrence of high temperature fluctuation

during this year.

Almost all second generation larvae entered

diapause during late September and early October (Fig

IV-1-3). The average temperature in Corvallis, OR

(where these studies were conducted) during the first

three weeks of October 1983 and during the last two

weeks of September and first two weeks of October, 1984

ranged from about 60-68 F (16-20°C), therefore, it

appears that temperature played almost no role in

induction of diapause during this time period. On the

contrary, the photoperiod declined from about 16.5L:

7.5D in mid July (when some of the first generation

larvae went into diapause) to about 13 to 12 hr light

during mid September to mid October when the second

generation larvae entered diapause. Thus, declining

photoperiod under field conditions, appears to be the

dominant environmental token stimuli at this time of the

year. Our laboratory studies indicated that

photoperiods of 14L:100 and lower induced 100% diapause

in the OBLR population (Gangavalli and AliNiazee 1985b,

Section III).

Thus, the diapausing population of OBLR under field

conditions, originate from two different time periods
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and generations; about 19-22% of the first generation

and the all second generation larvae entered diapause.

DIAPAUSE EXPRESSION :- Under field condition, the

dlapause is expressed in two different instars depending

on the generation in which diapause is induced.

Diapause in the first generation larvae is primarily

expressed in the third and fourth instars. About half

of the diapausing larvae from this generation enter into

diapause in the second instar and remain in the third

instar. Later, they molt to succeeding instars and

continue diapause. In the case of second generation

larvae, diapause is exclusively expressed in the third

instar, and almost all diapausing larvae from this

generation enter into diapause in mid to late second

instar and then molt to the succeeding instar. There

were distinct differences in the head capsule widths of

diapausing third and fourth instars and non-diapausing

third and fourth instars (Table-IV 1). It appears that

the extra instar that the diapausing larvae pass through

(either third or fourth) gives them intermediate head

capsule width, slightly bigger than second, but smaller

than regular third or slightly bigger than third, but

smaller than regular fourth. However, after they come

out of diapause, the third or fourth instar larvae molt

and have a head-capsule width characterstic of the
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preceeding nondiapausing larval instar. For example,

the head capsule widths of a fourth instar larvae

emerging from a diapausing third instar, closely

resembles a nondiapausing third instar larva. A fifth

instar larva emerging from a diapausing fourth instar is

equal to a nondiapausing fourth instar larva. Thus,

this extra molt noticed in diapausing larvae does not

influence the head capsule width (Table IV-1).

DIAPAUSE MAINTENANCE :- Diapausing larvae were noticed

in the field from about 10 July to March 20. However,

the majority of the diapausing population enterd

diapause from about October 10-20. The first generation

larvae that go into diapause sometimes attempt to come

out but none were observed to come back and feed and

continue the life cycle. It appears that the degree of

diapause in these larvae was markedly inconsistent.

Also diapause during the summer months was shallow.

What maintains this first generation diapause at that

level is not clear. However, rapidly declining

photophase from about late July onwards may help in the

continuation of this diapause.

Data in table IV-2 show that when diapausing larvae

in the laboratory were exposed to cold temperature (6°C)

for various lengths of time, and then allowed to go

through their post diapause development phase at 16, 20
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and 24°C at different photoperiods, some distinct

differences emerged. The statistical analysis revealed

that there was no significant three way interaction

among the mainfactors (exposure time to cold,

photoperiod and temperature) on the post diapause

development. The two-way analysis revealed that there

was a significant interaction between photoperiod and

exposure time to cold as measured by the total number of

days required for diapause termination. Only those

diapausing larvae that were exposed to cold temperature

(6 C) for a period of 15 days showed a responsiveness to

the photoperiodic differences. The populations exposed

to 30 and 60 days of cold temperature did not respond to

the differences in the photoperiod and required about

the same number of days for post diapause development.

This indicates a decreasing role of photoperiod as the

degree of diapause increases. The maximum diapause

depth appears to have been reached between 16 and 30

days of exposure to cold. Toward the later part of the

season, it appears that temperature plays a dominant

role in diapause maintenance since the diapausing larvae

exposed to 60 days of chilling, were unaffected by the

photoperiod during their post diapause development phase

(Table IV-2). The photoperiod under field conditions

during March is relatively short (13.5L:9.5D), yet the
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larvae were ready to come out of diapause and feed only

if temperature conditions were suitable. Gangavalli and

AliNiazee (1985a, Section II) determined a post diapause

developmental threshold of 11 C for this insect. These

studies also suggested that spring development of

diapausing larvae of OBLR was directly proportional to

prevailing temperatures, thus the influence of

photoperiod appeard to decrease at this time, and the

diapause was primarily maintained by the frequent

occurrence of temperatures unfavorable for growth and

development.

DIAPAUSE TERMINATION :- Diapause in OBLR is terminated

in the spring months apparently in response to

increasing temperatures. The data (Fig IV-4) show that

in 1984 the diapause in the field was terminated

starting from March 30 with a sharp peak around April 10

(Fig IV-4). Approximately 80% of the diapausing

population came out of diapause during the initial phase

(Fig IV-5). A second diapause termination peak was

noticed on June 1. This second group of diapausing

individuals started to come out of diapause around May

15 and almost all of them were out of diapause by June

8. The early contribution to the first peak (Fig IV-4)

was from those individuals who entered diapause in the

previous July from the first generation and stayed in
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diapause as fourth instar larvae. The later small peak

was exclusively contributed by the second generation

population. Thus, a bimodal diapause termination was

noticed. An examination of degree days (DD C) required

for diapause termination suggests that about 33 DD above

a base of 10°C, starting from March 1 were needed to

initiate diapause termination and the first peak

occurred at 62 DD. Diapause termination was completed

at 173 DD (Fig IV-5).
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DISCUSSION

The studies reported here suggested that under

field conditions, diapause in the obliquebanded

leafroller was initiated both in the first and second

generation larvae, although a majority of the diapausing

larval population originate from the second generation.

Diapause in the first generation was initiated during

the first 3 weeks of July and in the second generation

in the later part of September and early October.

Fluctuating temperatures, particularly high temperatures

above 25°C and above, seem induced some diapause in the

first generation, while the diapause in second

generation was primarly induced by decreasing

photophase. A similar phenomenon has been reported in

other insects (Andrewartha 1952, Lees 1953, Danilevsky

1965, Danilevsky et al. 1970, Ilansingh 1971, Dingle

1972, Beck 1980) where photoperiod played a major role

in diapause induction. It seems that diapause depth

increases as the larvae are exposed to cold temperatures

during winter months, thus the diapause in the first

generation larvae remains shallow until the cold

temperatures of autumn set in.

Diapause in OBLR is expressed in two different

instars under field conditions depending on the

generation in which diapause was induced. Previous



82

studies (Gangavalli and AliNiazee1985b, Section III)

have established that only the first or second instars

are sensitive to diapause-inducing conditions

(photoperiod and temperature). The diapause is

expressed in the third and fourth instar, depending on

when it was induced.

The first-generation larvae that entered diapause

did not come out of diapause during the fall when the

daily temperatures declined and photophase was reduced,

although some of them did crawl out of the hibernacula

occasionally, but either formed another hibernacula or

went back into the same one without feeding. This

suggests that there is no true summer diapause in this

insect as defined by Nasaki (1980). The diapause

maintenance mechanism in the first generation larvae

during summer months is not clear, although it is

evident that the photoperiod declined to 15L:9D by mid

August and to about 14L:10D by the end of August, thus

the declining photoperiod during August and September

could have helped in the maintenance of diapause in the

first-generation larvae. Recurring high temperatures

during August and September and the lack of chilling

could have also contributed in the maintenance of

diapause. The role of photoperiod in the maintenance of

diapause during fall and winter months seems to be
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significant during the early phase, but appears to

decline later. Results in Table IV-2 show that when

diapausing larvae in the laboratory were exposed to cold
0

temperature (6 C) resembling winter field conditions,

for 15 days and then allowed to develop under different

photoperiodic regimes, they showed a distinct response

to short photoperiods (12L:120). However, when the same

diapausing larvae were exposed to cold for 30 and 60

days, they became insensitive to short photoperiod.

This suggests that the sensitivity of diapausing larvae

to photoperiod decreased as the diapause progressed from

15 to 30 days, thus making it less of a maintenance

factor beyond the initial phase and once the diapause

depth was achieved. Therefore, it appears that the

temperature, particularly the lack of occurrence of

suitable temperatures for post diapause development,

helped maintain diapause under field conditions.

In the field, OBLR diapause is terminated from

about the last week of March to the first of week June.

An examination of temperatures and photoperiod during

March suggests that temperature plays a dominant role in

diapause termination with almost no influence from the

photoperiod. In spite of a relatively short photoperiod

(13.5L:9.51)) during March, the larvae came out of
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hibernacula directly in response to increasing

temperatures.

A decreasing role of photoperiod in diapause

termination also was suggested by Beck (1980), Danilvsky

et al. (1970) and Parris and Jenner (1959) for several

insect species. However, in some other insects, the

photoperiod apparently plays a key role in diapause

termination (Smith and Burst, 1971, Masaki and Oyama,

1963, Anderson 1970, Kamm 1973).

Diapause in the obliquebanded leafroller was

terminated in a bimodal fashion. A similar type of

extended diapause termination also was reported in some

other insect populations (Kreasky 1960, Corbet 1963,

Rabb 1966, Sullivan and Wallace 1967, Sternburg and

Waldbauer 1969, Morris and Fulton 1970, Waldbauer and

Sternburg 1973, and Powell 1974).



Fig.IV-1. Percent diapause induction in obliquebanded

leafroller under field conditions. Corvallis OR 1983
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Fig.IV-3. Percent cumulative diapause induction in
obliquebanded leafroller under field conditions.
Corvallis, OR 1983-1984.
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Fig. IV-4. Percent diapause termination in obliquebanded
leafroller under field conditions. Corvallis OR 1984
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Fig.IV-5. Percent cumulative diapause termination in OBLR

under field conditions. Corvallis OR 1984
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Table IV-1. Progression of headcapsule width in different
larval instars of obliquebanded leafroller.

instar Sex Diapausing generation Summer generation

No. Average headcapsule No. Average headcapsule

width (mm) ± SD width (mm)±0

1 Male 51 0.2 ± 0.0 56 0.2 t 0.0

Female 32 0.2 ± 0.0 57 0.2 = 0.0

Combined 83 0.2 ± 0.0 113 0.2 = 0.0

2 Male 51 0.3 = 0.0 56 0.3 ± 0.0

Female 32 0.3 = 0.0 57 0.3 ± 0.0

Combined 83 0.3 t 0.0 113 0.3 = 0.0

3
a

Male 51 0.35 ± 0.07 56 0.46 ± 0.03

Female 32 0.36 = 0.03 57 0.45 ± 0.07

Combined 83 0.36 ± 0.04 113 0.46 = 0.03

4
a

Male 51 0.49 ± 0.05 56 0.74 ± 0.02

Female 32 0.51 = 0.05 57 0.74 = 0.03

Combined 83 0.5 ± 0.05 113 0.74 ± 0.02

5 Male 51 0.73 ± 0.04 56 1.15 ± 0.09

Female 32 0.76 ± 0.06 57 1.18 ± 0.19

Combined 83 0.75 ± 0.05 113 1.17 ± 0.15

6 Male 51 1.13 ± 0.09 56 1.71 ± 0.11

Female 32 1.2 ± 0.12 57 1.85 ± 0.13

Combined 83 1.18 ± 0.12 113 1.78 ± 0.14

7 Male 51 1.72 ± 0.07

Female 32 1.89 t 0.15

Combined 83 1.79 7. 0.14

a .

Dlapause is expressed in 3rd and 4th instar in different generations.



Table IV-2. Effect of cold exposure time on the speed of post
at different temperatures and photoperiods.

diapause development

Diapause Diapause (±SD) number of days required for diapause termination
termination termination
temperature photoperiod

after exposure to 6°C for: a,b

oc 15 days 30 days 60 days

24 16L:8D 8.3 ± 2.9ax 7.9 ± 2.lax 7.1 ± 2.4ax

141:10D 10.4 ± 3.7ax 9.7 ± 2.9ax 7.0 ± 1.7ax

12L:12D 12.3 ± 4.1b 9.8 ± 2.3ax 7.2 ± 1.6ax

20 16L:8D 11.0 ± 3.0ax 10.5 ± 3.6ax 9.9 ± 3.3ax

14L:10D 11.6 ± 3.6ax 10.8 ± 2.9ax 10.5 ± 3.6ax

12L:12L 14.5 ± 3.9b 11.4 ± 4.1ax 10.4 ± 3.7ax

16 16L:8D 14.7 ± 3.4ax 16.0 ± 3.lax 14.4 ± 3.2ax

14L:10D 15.7 ± 3.6ax 15.4 ± 3.Oax 14.4 ± 2.8ax

12L:12L 21.2 ± 6.2b 15.9 ± 3.9ax 15.2 ± 3.7ax

a
Means followed by the same letter in the 1st column in each temperature are not significant at
5% level of probability.

b
Means followed by the same letter in the 2nd column in each photoperiod are not significant at
5% level of probability.

t.0
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SECTION V

A FORECASTING SYSTEM OF ADULT EMERGENCE, OVIPOSITION

AND EGG HATCH OF THE OBLIQUEBANDED LEAFROLLER,

CHORISTONEURA ROSACEANA (LEPIDOPTERA: TORTRICIDAE) BASED

ON PHYSIOLOGICAL TIME.
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ABSTRACT

A forecasting system based on development time and

temperature relationships was developed for the

obliquebanded leafroller, Choristoneura rosaceana

(Harris)in western Oregon. Based on three years of

pheromone trap catch data and previously determined

thermal unit requirements for various life history

stages from both laboratory and field, a model was

developed which predicts three important biological

events including adult emergence, oviposition and egg

hatch. These events are predicted as a function of

summation of thermal units (degree days) starting from

March 1 with 10°C as base temperature. A biofix (first

adult trapped in the pheromone trap) was used to

synchronize the model. The model predicted the initial

oviposition at 194 degree days and egg hatch at 290

degree days for the first generation. Actual

oviposition occurred at 207 degree days and eggs hatched

at 305 degree days. The model was validated in 1984 by

different field rearings conducted on caged filbert

seedlings.
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INTRODUCTION

The obliquebanded leafroller (OBLR), Choristoneura

rosaceana (Harris) is a key pest of many fruits and

woody ornamental plants (Chapman and Lienk 1971). In

hazelnuts (filberts), Corylus aveliana L., orchards it

causes substantial damage by feeding on the nuts, which

results in premature nut drop (AliNiazee 1982). Most of

the damage is caused by the first generation larvae

during late June and July. Since the identification and

commercial availability (Roelofs et al. 1970) of a sex

attractant, the control recommendations are based on sex

pheromone trap catches in infested orchards. A

synthetic sex pheromone marketed by Trece corporation

(previously Zoecon corporation of Palo Alto, California)

consists of 5mg of cis - 11 - tetradecenyl acetate + 5mg

of cis - 11 - tetradecenyl acetate : trans plus 5% cis

11- tetradecenyl alcohol is generally used to determine

the adult flight activity, and controls are applied when

consistant moth flights are noticed (AliNiazee 1982).

Although the pheromone traps are good indicators of

adult insect activity (Maclellan 1978, AliNiazee 1985),

the information is of little practical value unless

these trap catches are related to the time of egg hatch,

so that the crop can be sprayed before the larvae have a

chance to damage nuts.
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The biology of the OBLR on filberts is well studied

(AliNiazee 1982, 1984, 1985). Temperature requirements

for development (Gangavalli and AliNiazee 1985a, Section

II) and seasonality of development including diapause

initiation, maintenance and termination modality have

been described (Gangavalli and AliNiazee 1985b, Section

IV). It has been determined that both sexes under field

conditions emerge very close to each other and that

mating may occur on the same day or during the next day

and the egg laying starts the following day (Gangavalli

and AliNiazee unpublished). Since the phenology of

various biological events of a given insect species is

closely related to physiological time (AliNiazee 1979,

Pruess 1983), in this paper, I attempted, to develop a

thermal summation model to describe oviposition and egg

hatch in the obliquebanded leafroller. This model can

be used in conjunction with sex pheromone traps to

determine precise timing for application of control

measures.
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MATERIALS AND METHODS

LABORATORY CULTURE :- A laboratory culture of OBLR was

established in the summer 1982 using field collected

adults from appple. Adults were placed in one gallon

(3.785m1) ice cream cartons lined with wax paper for

oviposition and provided with 10% sucrose solution. The

eggs deposited were removed by cutting the wax paper and

used in different experiments. The larvae were reared

on artificial diet made up of wheat germ, agar agar and

other nutrients (Nutritional and Biochemical,

Cleveland, Ohio). Some groups of larvae during the

season were reared on filbert leaves depending on the

nature of the experiments. All laboratory cultures were

maintained at 24+1°C and 75+10% RH with 16L:8D

photoperiod.

DEVELOPMENTAL AND TEMPERATURE DATA :- Developmental

thresholds and degree days (DD) requirements for

different stages and larval instars were obtained from

laboratory studies reported earlier (Gangavalli and

AliNiazee 1985a, Section II). Based on these studies a

low temperature threshold of 10°C was used in this

study. A high temperature cut off of 32°C was also

incorporated, since high mortality was noticed at this

temperature (Appendix Table 2).
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Temperature was measured in the field with a

hygrothermograph placed about 1 meter above the ground

inside an environmental cage (Stevenson screen). Degree

days were calculated from maximum and minimum

temperatures according to Baskerville and Emin (1969).

In addition, a temperature integrator manufactured by

Pro-El corporation of Salt Lake City, Utah was used to

calculate degree hours, which were later converted to

degree days by dividing by 24. Since the temperature

integrator accumulated degree hours at 10 minute

intervals, this method would be more accurate in

estimating degree days than the use of maximum and

minimum temperatures. March 1 was used as the starting

date for accumulation of degree days since prior to

March 1 very little development of OBLR occurs under

field condition (Gangavalli and AliNiazee 1985b, Section

IV) and negligible number of degree days are

accumulated.

ADULT EMERGENCE, OVIPOSITION AND EGG HATCH :- Adult

emergence pattern in 1981, 82 and 83 was monitored by

using sex pheromone traps at four locations near

Corvallis by placing two traps at each location. The

traps were monitored daily until the first moth

occurrence, then twice a week. Pheromone caps were

changed every six weeks and the trap bottoms were
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changed whenever they were found full of debris and

insects, generally within a three to four week period.

The cumulative adult emergence from the beginning to the

end of the second generation was analysed in relation to

physiological time. Following adult emergence, as

indicated by pheromone traps, the oviposition and egg

hatch pattern were studied in the field during 1983 and

1984. Twenty females reared on filbert leaves were

caged, individually with two males in each one gallon

(3.785m1) ice cream carton with a 10% sucrose solution

and placed in the Stevenson screen. After oviposition,

the egg masses were removed and the eggs were counted

under a calibrated binocular microscope and transfered

to petriplates for eclosion under field conditions.

Ovipositional observations were made daily whereas the

egg hatch was recorded twice a day. The ovipositional

and egg hatch studies were conducted with both the first

and second generation adults during 1983 and 1984

seasons.

DEVELOPMENT OF ADULT EMERGENCE, OVIPOSITION AND EGG

HATCH MODEL :- The 1981, 1982 and 1983 pheromone trap

adult emergence data indicated that a mean of 203 degree

days were for first adult emergence and 615 degree days

for complete first generation adult emergence.

Emergence of second generation adults started at an
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average of 885 degree days and ended at 1176 degree

days. The model was constructed using a biological

fixing point (degree days at which the first adult moths

were traped in the pheromone traps). A biofix was used

to improve the synchrony of the model and to make it

more responsive to biological reality. All events are

predicted based on a physiological time scale starting

from this biofix date. Based on earlier field data, 24

degree days were required for oviposition and

approximately 96 for egg hatch. These elements were

incorporated in initial model construction.

VALIDATION OF MODEL PREDICTION :- To evaluate the

accuracy of various predicted events, one group of 132

diapausing larvae from the previous winter were reared

in the Stevenson screen (on artificial diet and on

filbert leaves). After emergence, the adults were

released on a three year old filbert tree caged with

fine mesh screen. The oviposition, egg hatch and

subsequent development was observed throughout the

season. The actual adult emergence, oviposition and egg

hatch in the field cage was plotted against the model

predicted curves. The prediction of these events were

presumed acceptable if they fell within a 5% of

deviation from actual for the 1 and 10% level of adult

emergence, oviposition and egg hatch. The deviation was
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determined by calculating the number of degree days

required for the predicted vs actual time of occurrence

of a particular event. The other levels of a given

event such as 50, 90 and 100% levels of emergence,

oviposition or hatch are of little importance,

consequently a 10% deviation from model prediction was

considered acceptable.
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RESULTS

PREDICTION OF ADULT EMERGENCE, OVIPOSITION AND EGG HATCH

Adult emergence from overwintering larvae was predicted

based on a three year study of pheromone trap catches.

A summary of degree day requirements for different

levels of adult emergence are given in Table V-I for

both generations. The emergence prediction and actual

emergence data are shown in Fig V-I. The data indicate

that emergence predictions both for the first and second

generations were very close to the actual events. For

example, the model predicted the one % emergence at 170

degree days starting March 1. The actual emergence

occurred at 176 degree days in the 1984 validation study

(as a matter of fact, the difference between predicted

and actual initial adult emergence using degree days was

6, indicating the closeness of these two counts).

Using a conservative estimate of 5% deviation from the

total number of degree days required for prediction of a

particular event, it appears that both the first and

second generation emergence predictions were accurate

(Fig V-1). The predicted first generation emergence

began at 170 degree days (June 6) and emergence extended

up to 784 degree days (August 24), the second generation

emergence started at 713 degree days (August 17) and

continued up to 1004 degree days (September 26). Actual



106

adult emergence in the Stevenson screen rearing very

closely followed the predicted emergence (Fig V-1) for

both first and second generations. The deviation in

degree days as well as calendar days between predicted

and actual events shown in Table V-2, also indicates the

closeness of these two parameters.

The oviposition of the first generation adults was

predicted to occur at about 194 degree days with 50%

oviposition occurring at 330 degree days. The second

generation oviposition was predicted to start at 737

degree days (August 19) and 50% oviposition at 886

degree days (September 7). The actual oviposition

observed in a field cage, in the first generation was at

207 degree days (June 16) and the 508 oviposition

occurred at 381 degree days (July 10). In the second

generation, beginning oviposition was noticed at 761

degree days (August 21) and 50% at 907 degree days

(September 9). Thus the actual oviposition observed in

a field cage during 1984 indicated a very close fit with

the predicted curve(Fig V-2).

The egg hatch prediction (beginning for the first

generation at 290 degree days, 50% first generation at

450 degree days, and beginning second generation at 833

degree days and the 50% second generation at 982 degree

days) were again very close to the actual egg hatch
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under field conditions during 1984 (beginning first

generation at 305 degree days, 50% first generation at

419, beginning second generation at 833 and 50% second

generation at 982 degree days). The difference in days

between predicted and actual egg hatch was also very

small (6/29 to 7/1 for the beginning of first generation

and 8/30 to 9/2 for the beginning of second generation

and 7/17 and 7/21 for 50% of first generation and 9/19

and 9/19 for the 50% of the second generation). Thus,

the predicted and actual event dates were found to be

very close to each other (Fig V-3-4 and Table V-2).

OVIPOSITION AND EGG HATCH PATTERN UNDER FIELD

CONDITIONS: -

The oviposition observations during 1983 and 1984

seasons under field conditions showed that 4 out of 76

females initiated oviposition at 15 degree days age.

However, the average requirement for preoviposition was

24 degree days. Figure V-4 shows the oviposition

pattern during both first and second generations. Peak

egg laying was observed when the females were 28 degree

days old and oviposition continued up to 109 degree days

of female age.

Similarly, an average of 96 degree days were

required for eggs to hatch in the field. About 80% of
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the total hatch occurred at this age and declined

rapidly during the next three days.
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DISCUSS/ON

Data presented in this paper (Fig V-1-3) show that

prediction of adult emergence, oviposition and egg hatch

with a relatively high degree of accuracy, is possible

with obliquebanded leafroller using a simple thermal

accumulation concept. The closeness of predicted and

actual events (less than a 5% deviation in degree day

requirement and not more than 3-4 day difference in

calendar days for 1% and 10% levels) suggests that this

model could be an useful tool in developing management

program against OBLR in western Oregon. As a matter of

fact, incorporation of this model into the current IPM

program on filberts (AliNiazee 1984, Calkin et al. 1984)

would be a highly desirable addition. Certain elements

of this model, particularly the adult emergence and egg

hatch prediction could substantially improve the

implementation of the IPM program on filberts. Since

most spray treatments are now based on adult flight

activity with no information on oviposition and egg

hatch patterns, I beleive that incorportion of this

information would be highly useful.

Gangavalli and AliNiazee (unpublished data,

Appendix Table 4) have demonstrated that marked and

released males of OBLR were attracted to pheromone traps

the day they emerged. In general, the females emerge
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two to three days later than males, but males are ready

to respond as soon as the females come out. It appears

that females are ready to call (produce pheromone) the

day they emerge. Therefore, the male attraction and

mating would occur the same day and oviposition would

begin the next day. A close examination of thermal

accumulation is therefore necessary soon after the

pheromone trap catches have begun. This could help in

arriving at a more meaningful conclusion regarding the

suitable timing for application of appropriate control

methods. The study of oviposition and egg hatch pattern

has also been emphasized with other closely related

insects, Cyclia nigricana Fabr in England (Lewis and

Sturgeon, 1978), Laspeyresia posonella (L) (Batiste et

al. 1973) in California, (Riedl et al. 1976) in Michigan

and filbert worm Nelissopus latiferreanus Walshingham

(AliNiazee 1983) in Oregon. I believe that inclusion of

such information will substantially improve the

performance of any phenology model used in pest

management programs.



Fig.V-1. Predicted and actual percent cumulative adult emergence of OBLR. Corvallis OR 1984.
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Fig.V-2. Predicted and actual percent cumulative oviposition of ORLR, Corvallis OR 1984.

100 4 :PREDICT ED

O.0 = ACTUAL

Z 90
0
I
N
O

O

10

19 24 35 58 74 8 89 9

DEGREE DAYS X 10

6-14 643 7-7 741 8-19 8127 9117 9121

CALENDAR DATE (1984)

1.2

'9-28



Fig.V-3. Predicted and actual percent cumulative egg hatch of OBLR. Corvallis OR 1084.
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Fig.V-4. OBLR oviposition pattern under field conditions during 1983-1984.
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Table V-1. Summary of OBLR adult emergence pattern in
relation to physiological time (degree days)
based on 3 year pheromone trap catch data.
Corvallis, OR 1981-83

Percent

emergence

Total degree days required

starting March 1

Generation

Degree days required from

one event to another

Generation

1st 2nd 1st 2nd

1 203 885 203 885

10 248 926 45 41

20 284 960 36 34

30 302 991 18 31

40 338 1017 36 26

50 363 1034 25 17

60 397 1047 34 13

70 421 1074 24 27

80 481 1099 60 25

90 584 1139 103 40

100 818 1176 233 37

TOTAL 615 291 615 291
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Table V-2. Deviation in degree days and calendar days
between predicted and actual for different
biological events of OBLR Corvallis, OR
1984

Event Level (%) Deviation From Predicted

1st Generation 2nd Generation

DD Calendar Days DD Calendar Days

Adult emergence

Oviposition

Egg hatch

1 +6 4 +4 1

10 +3 0 +7 0

50 +36 4 +23 3

90 -8 2 +40 8

100 -86 10 +32 6

1 +13 2 +24 2

10 -3 2 +7 1

50 +27 3 +11 2

90 +57 7 -9 2

100 -47 6 -16 5

1 +15 2 +23 3

10 +11 1 -2 1

50 +36 4 0 0

90 +63 6 -55 29

100 -48 7 -71 30
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APPENDIX



Appendix Fig. 1. Developmental rate of OBLR egg stage at different temperatures

16 showing the lower and upper thresholds for development.
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Appendix Fig. 2. Developmental rates of OBLR different larval instars at different

temperatures showing lower and upper developmental thresholds.
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Appendix Fig. 3. Developmental rate of OBLR total larval stage at different temperatures
showing lower and upper developmental thresholds.
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Appendix Fig. 4. Developmental rate of OBLR pupal stage at different temperatures

showing lower and upper developmental thresholds.
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Appendix Fig. 5. Development of a cohort of OBLR larvae under laboratory
condition at 28°C.
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Appendix Fig. 6. Oviposition pattern of OBLR at different constant and
fluctuating temperatures.
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Appendix Fig. 7. Regression line showing the relationship of egg mass area vs

420 number of eggs of OBLR under laboratory conditions.
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Appendix Fig. 8. Effect of temperature on OBLR post diapsuse larval development

at 16L:8D photoperiod.
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Appendix Table 1. Body measurements (mm)of obliquebanded leafroller reared at 24°C

and 16L:8D photoperiod.

Stage in life cycle

Body length

Males Females Sexes combined

N X SD N X SD N X SD

Egg mass

Larval Instars

111 32.7 16.2

1 20 3.2 0.3 25 3.2 0.4 40 3.2 0.3

2 20 4.5 0.5 25 4.5 0.5 40 4.5 0.5

3 20 7.4 1.7 25 7.9 1.4 40 7.6 1.5

4 20 12.3 1.8 25 11.9 1.8 40 12.2 1.7

5 20 18.0 2.7 25 18.9 3.0 40 18.4 3.0

6 20 21.3 1.6 25 25.4 2.6 40 23.5 3.0

Pupal 50 11.4 0.8 50 13.1 0.7 100 12.3 1.1

Adult Wingspan 75 23.5 0.9 75 29.5 1.6 150 26.5 3.3

CA)
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Appendix Table 2. Age specific mortality (%) of OBLR at
different constant and fluctuating
temperatures in the laboratory at
16L:8D photoperiod
tions.

and field condi-

Temperature
mc

1 2

Larval Instars

5 6

Pupal

Total

Larval

Pupal

Egg

3 4

Laboratory Conditions

Constant

12 64 4 7 0 0 0 4 79

16 15 7 0 0 0 0 0 22 25

20 7 2 2 2 0 0 0 13 23

24 2 2 2 0 0 0 0 6 24

28 14 0 0 0 0 0 0 14 29

30 11 0 0 0 0 0 0 11 31

32 27.5 17.5 10 7.5 17.5 20 0 100 37

Fluctuating
a

32-16 24 11 0 0 0 0 0 35 32

29-19 24 0 0 2 0 0 0 26 31

25-15 16 2 4 0 2 0 0 24 26

21-11 39 45 16 0 0 0 0 100 30

Field Conditions

1983 1st Generation 43 3 3 0 0 0 0 49 40

2nd Generation 51 0 0 0 0 0 0 51 28

1984 1st Generation 45 2 1 0 0 0 0 48 33

2nd Generation 49 0 0 0 0 0 0 49 32

a
All fluctuating temperatures were maintained with 12:12 hour cycle.



Appendix Table 3. OBLR egg hatch pattern under different constant and fluctuating
temperatures under laboratory conditions with 16L:8D photoperiod.

Days after X percent egg hatch ±SD

oviposition constant fluctuating constant fluctuating constant fluctuating

24°C (29-19)
mean 24°C

20°C (25-15)
mean 20°C

16AT (21-11)
mean 16°C

8

9

10

11

12

13

70 ± 14 61 + 19

5 ± 4 6 t 5

0.4 t 1 2 4- 3

0.1 ± 0.4 1 ± 4

0.1 ± 0.4

- -

68 ±

6 ±

12

5

65

5

3

±

±

±

15

6

4

14 - 3 + 6 -

15 - - 0.3 ± 1 - 55 ± 12

16 - - 68 ± 18 8 ± 6

17 - - - 5 + 7 5 ± 4

18 - - - - 2 + 4 2 ± 4

19 - - 0.2 4' 0.6 0.3 ± 8

20 - -

Total 76 ± 11 69 ± 14 77 ± 10 73 ± 11 75 ± 12 71 ± 8

a
All fluctuating temperatures were maintained with 12:12 hour cycle.



Appendix Table 4. Response of marked male obliquebanded leafroller moths
to the sex pheromone under field condition a/.
Corvallis, OR 1984.

Date of Number Date % Recapture
release released recaptured Trap 1 Trap 2 Trap 3 Trap 4 Total

8-14-84 25 8-14-84 32 24 0 0 56

8-15-84 8 4 0 0 12

8-16-84 0 0 0 0 0

8-17-84 0 0 0 0 0

8-18-84 0 0 0 0 0

8-19-84 0 0 0 0 0

8-20-84 0 0 0 0 0

a/ Pheromone traps were placed on the corners of a small filbert field at
2 m height. Male moths marked with blue fluorescent powder were released
in the center of the field (about 30 m from traps). Trap 1 and trap 2
were on the upwind direction while traps 3 and 4 were downwind.



Appendix 5. Parameters used to simulate Choristoneura rosaceana phenology by
the PETE model.

Weather source: Corvallis (Hyslop Farm)

Degree- Overwintering Stages
days for

Stage dev. k 1 2 3 4 5 6 7 8 9 10 11 12

Egg 242 25 0 0 0 0 0 0 0 0 0 0 0 0

Larva 1110 25 0 0 0 0 0 0 0 0 0 25 25 30

Pupa 282 25 0 0 0 0 0 0 0 0 0 0 0 0

Pre-ov 80 25 0 0 0 0 0 0 0 0 0 0 0 0

Adult 251 25 0 0 0 0 0 0 0 0 0 0 0 0

13 14 15 16 17 18 19 20 21 22 23 24 25

Egg 0 0 0 0 0 0 0 0 0 0 0 0 0

Larva 5 5 10 0 0 0 0 0 0 0 0 0 0

Pupa 0 0 0 0 0 0 0 0 0 0 0 0 0

Pre-ov 0 0 0 0 0 0 0 0 0 0 0 0 0

Adult 0 0 0 0 0 0 0 0 0 0 0 0 0

Overwintering stage = 2

Temperature Thresholds: Flytemp = 55°F
Kl = 45°F.
K2 = 0°F.

K3 = 90°F.

Delta Degree Days = 2.50

BIOFIX: Date = 3/1 BFXDD = 1.00



Appendix Table 6. Duration of developmental stages (days) of OBLR at different, constant and

fluctuating?f temperatures.

Temperature Egg Stage Larval Stage Pupal Stage Preoviposition

OC NO i Range NO x Range NO R Range NO R Range

Constant

12 - - 25 160.9 149-180 25 35.0 22-45

14 28 23.8 17-27

16 42 86.0 66-123 42 22.9 12-27 19 7.5 5-9

18 31 16.1 14-19 - - - - - - - -

20 17 12.3 10-15 43 55.1 43-83 43 11.3 9-17 17 5.9 3-9

24 60 7.4 7-9 45 34.5 28-49 45 7.8 6-10 18 2.8 2-5

26 25 6.9 6-7 - - - -

28 - 35 21.5 19-28 35 6.4 6-7 14 2.3 2-3

32 42 5.1 5-6

Fluctuating

32-16 - - - 12 41.8 35-57 12 9.0 8-11

29 -19 30 7.0 6-8 26 38.6 32-46 26 7.8 6-10 10 2.2 2-3

25-15 20 10.0 9-11 35 53.7 42-69 11 11.0 10-12 10 3.4 3-4

21-11 20 14.0 9-16 - - - - - 10 4.8 3-9

a/ All fluctuating temperatures were maintained at 12:12 hour cycle.


