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REGIONAL POPULATION DYNAMICS OF ARGYROTAENIA CITRANA IN
NORTHWEST CANEBERRY: PHENOLOGY, OVERWINTERNG SURVIVORSHIP,

AND MOVEMENT MEASURED BY PHEROMONE TRAPS AND LARVAL SAMPLING

INTRODUCTION

The need to integrate biological, chemical, and cultural pest
control tactics into economic and ecologically-based pest management
(IPM) systems has increased the demand for accurate information on
insect pest population dynamics. Calendar-based chemical control
methods are being replaced by IPM programs using biological and
environmental monitoring (Croft et al. 1979) and computer -based

simulation and optimization models (Welch et al. 1979, Shoemaker 1973).
Use of predictive phenology models and sex pheromone traps have been
major factors allowing for development of these more precise management
programs.

Pest management of mobile, polyphagous tortricid species is
especially difficult, requiring regional monitoring and modelling of
pest dynamics (Rabb and Kennedy 1979). Expansion of insect IPM to a
regional scale requires reliable data on pest species' movement,
phenology, oviposition, survivorship, and fecundity across a spatially
and temporally diverse mosaic of habitats (Regniere et al. 1983 and
Stinner et al. 1982). Effective monitoring requires regional
partitioning at a level of resolution which portrays meaningful
variability of spatial and temporal patterns (Stinner 1979). Croft
(1979) has conceptualized the components of a pheromone-trap based
regional monitoring system of these dimensions.
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Argyrotaenia citrana (Fernald) is an important contaminant in
commercial caneberries (Rebus spp.) in Oregon and Washington (Berry
1978). Control of high density populations is extremely difficult often
requiring 1-4 insecticide applications per season. Pheromone traps are
used to monitor moth flights. Attempts to use these traps as indicators
of population density and phenology in assessing the need for and
timing of control measures have been reported (LaLone 1980).
Interpretation of moth population status from pheromone traps can
be subject to numerous sources of error. Traps sample only male moths
and provide no direct information on mating and oviposition by females.
Trap catch may reflect immigration of males fram surrounding regions.
Competition between females and the trap can create asynchronous and
false trap catch peaks (Riedl et al. 1976, Nakamura 1982). Successful
use of pheromone traps in pest management requires knowledge of factors
affecting the population dynamics of the pest. Development of a
successful and robust, integrated control program without this
information would be greatly limited.

Much of the knowledge on the biology of A. citrana is from
studies in California on citrus, apples, and grapes (Bassinger 1938,
Penney 1921, Kido et al. 1981). Research on A. citrana in the
Northwest has been limited to pheromone trapping experiments (LaLone
1980) and investigations on egg development and the biology of several
important parasitoids (Coop 1982).

Objectives of my study were to gather sufficient information on
regional patterns of overwintering survivorship and season-long
phenology and sex pheromone trap efficiency to improve the
effectiveness of control measures for A. citrana, to demonstrate the
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utility of a regional approach in pest management, and to further
develop methodology required in this type of research.
Specific studies completed include:

1) Developing and validating of a predictive phenology model for A.
citrana which incorporates sexual activity temperature thresholds to
regulate mating and oviposition.

2) Evaluating the use of pheromone traps as indicators of population
density and phenology through field, laboratory, and modelling
experiments.

3) Elucidating the importance of cultural, biotic, and abiotic factors
affecting the age-specific overwintering survivorship rates of A.
citrana.

4) Monitoring the seasonal movement of A. citrana within a diverse
regional agroecosystem structure through the use of a pheromone trap
grid and larval sampling.
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REVIEW OF LITERATURE

TAXONOMY

Argyrotaenia citrana (Fernald) was originally described
and placed in the genus Tortrix by Fernald (1889). Busck (1936)
moved it to Argyrotaenia, and Freeman (1944) further revised its
taxonomy. Powell (1964) concluded A. citrana and A.
franciscana (Walsingham) were separate species, and that earlier
reports on the apple skinworm by Bartges (1951) and others were
for A. citrana.

DESCRIPTION OF LIFE STAGES AND BIOLOGY
The following descriptions of A. citrana life stages were taken
from Bassinger (1938) except where cited.
Adults are small moths, approximately 10 mm long with a wing span
of 16 mm. Both sexes are brownish or buff colored with a saddle- or
V-shaped darker brown area across the folded wings. Males are smaller
than females with narrow abdomens and have a pair of crescent-shaped
dark markings on the wing margins.
Moths emerge sexually mature; females may mate and lay eggs within
24 hours. Oviposition is commonly completed within 48 hours after
mating. Coop (1982) reported oviposition may last up to 9 days under
field conditions.

Adult survivorship in the laboratory under a temperature range of
15°C to 25°C was studied. Males lived an average of 29 days when
provided with honey and water. Female longevity averaged 21 days,
however, Bassinger does not state whether these were virgin or mated
females.
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Moths are negatively phototropic and remain in vegetation during
the day. Kido et al. (1971) reported male moth sexual activity, as

measured by pheromone traps, peaks between 12 PM and 3 AM with flight
occurring all evening and ceasing at sunrise. Smaller flights were also
recorded during the afternoon. Riedl (unpublished data) found similar
results, and reported moths flew at temperatures as low as 10°C.
Eggs are laid in clusters on smooth surfaces, such as the upper
side of leaves or on fruit. They are pale cream or green colored when
first laid, but darken as they mature. Individual eggs are flat and
oval averaging 0.91 X 0.7 mm in diameter. Number of eggs laid by
females range from 153 to 428 eggs (Bassinger 1938, Coop 1982). Females
lay an average of 8 or 9 egg masses. Individual egg masses may contain
up to 200 eggs, but average 33 eggs per mass.
Egg developmental rate was studied by Coop (1982) under field
temperatures using the lowest coefficient of variation method (Arnold
1959). Development took 146 degree-days above a lower threshold of
5 °C.

Newly hatched larvae are approximately 1.5 mm long. Full
grown larvae may reach 16 mm in length. Head and prothoracic
shield are straw-colored. The body ranges in color from straw to
deep green. Larvae are active when disturbed, wriggling backwards
and releasing a silken strand used in dispersal. Larvae are
solitary, and feed on young tips of plants which they web
together. The typical number of instars is 5, but 6 or 7 may occur
during the overwintering generation.
Developmental periods in the laboratory under several
constant temperatures have been reported (Bassinger 1938). Optimal
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rate of development occurred at 24.5°C; over 80% of the larvae

died at 30°C. Coop (1982) used this data to calculate degree-day
requirements for larvae with the x-intercept method. Larval
development takes 429 degree days above a 4.2° C lower
threshold. Larvae are easily reared on artificial diet (Coudriet
1970, Schwartz and Lyon 1970, Coop 1982).

Prior to pupation A. citrana passes through a non-feeding
prepupal stage which lasts 1 to 2 days. The pupa is light to dark brown
and 8 mm long. The duration of the female pupal stage is reported to be
shorter than the male's (Bassinger 1938) or of the same length
(Schwartz and Lyon 1970). Pupation generally occurs in the site of
larval feeding within a silken nest.

A. citrana has a wide host range. Bassinger (1938) lists 39
species of plants. Powell (1964) feels it is one of the most
polyphagous feeders among tortricids. Coop (1982) recently tabulated
over 80 species of host plants .
A. citrana was originally reported in southern California as a
pest on citrus (Coquillett 1894), and has subsequently been reported on
a number of crops in California, Oregon, and Washington. These include:
various greenhouse plants (Quayle 1910); apple, Malus pumila (Penny
1921); Monterey pine, Pinus radiata (Lange 1936); grapefruit,
Citrus paradisi (Quayle 1938); lemon, Citrus limoia (Boyce and
Ortega 1947); apricot, Prunus armeniaca (Madsen et al. 1953);
avocado, Persea americana (Ebeling and Pence 1957); grape, Vitis
spp. (Kido et al. 1971); and caneberry, Rubus spp. in Washington
(Breakey and Batchelor 1948) and Oregon (Rosenstiel 1949).

SEASONAL BIOLOGY
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A. citrana appears best adapted to cool maritime climates.
Bassinger (1938) reported A. citrana is much more abundant in coastal
citrus areas than inland valleys. The number of generations per year
for A. citrana is reported to vary from 2 for populations in interior
California valleys on oranges and on Monterey pine near Berkeley (Lange
1936) to 3 generations in coastal citrus areas, apple growing areas in
northern Californa, and caneberry in Oregon and Washington. On grapes
in the Salinas Valley, adult emergence is continuous, but 3 peaks
occur: April - May for the overwintering generation, June - July, and
September - October.

A. citrana does not diapause and in the milder areas of its
range overwinters in a variety of life stages and larvae feed on a
variety of food sources. On grapes in the Salinas Valley of California,
A. citrana overwinters in grape clusters on the ground or on weedy,
herbaceous plants in vineyards, such as curly dock, mustard, pigweed,
and California poppy (Kido et al. 1981). On apple, larvae overwinter in
dead leaves remaining on the branches and buds (Penny 1921). On
raspberry, larvae overwinter under buds on the cane, and under dead
leaves tied up on the trellis with trailing berry canes (Rosenstiel
1949).

A. citrana larvae feeding on citrus in the interior areas of
southern California are reported to aestivate during the summer
(Bassinger 1938). Larvae which hatch in May feed on the developing
fruit buds. In late summer when the climate is hot and dry, larvae move
from buds and construct nests of dead orange blossoms and leaves.
Bassinger found these larvae remained active and fed on dead plant

material. He was able to successfully rear 50% of the larvae to adult
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emergence on this food source alone in the laboratory. When cool
weather arrives in late fall, larvae move back to the young fruit.
PEST STATUS AND CONTROL
The nature of damage caused by

A. citrana varies between crops.

On citrus and apples, larvae feeding on developing fruit cause scars
and holes. On grapes, larvae cause direct damage to fruit clusters and
allow the invasion of decay organisms causing fruit rot. On caneberry,
larvae are primarily contaminants falling into the fruit during
harvest.

Monitoring the pest status of A. citrana and establishing
economic thresholds has been difficult. Bassinger (1938) found that
sampling 15 larvae per hour on citrus in southern California was
correlated to significant crop damage. Following the isolation and
synthesis of the sex pheromone of A. citrana (Hill et al. 1975),
pheromone traps have been used to monitor populations (LaLone 1980).
Control of A. citrana on caneberry is sporadic. Rosenstiel
(1953) first proposed an early pre-bloom spray to control large
infestations. The current Oregon Extension Service recommendations
suggest an insecticide be applied 2 to 3 weeks after peak flight as
measured by pheromone traps or immediately when trap catch is greater
than 75 moths per week (Capizzi et al. 1985). Carbaryl and
azinphosmethyl are the two most commonly used pesticides (G. Gredler,
unpublished manuscript).

A major problem in controlling A. citrana has been correct
identification of its larvae. Confusion with larvae of the winter moth,
Qperophtera brumata (L.); oblique-banded leafroller,
Choristoneura rosaceana (Harris); omnivorous leaftier, Cnephesia
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longana Haw.; and filbert leafroller, Archips rosanus (L.) larvae
is common. Except for the oblique-banded leafroller, all these insects
are univoltine and in diapause during caneberry harvest.
The need to protect pollinators is a major factor affecting the
timing and subsequent effectiveness of pest control. Honey bees, Apis
mellifera L. are the major pollinators of caneberry (Shanks 1969).
Many growers rent bees fran private sources to increase fruit set. To
avoid liability, growers avoid spraying insecticides during the bloan
period. Bacillus thurigenesis Berliner is registered and can be
used safely during harvest.

Prior to caneberry harvest, growers typically apply a general
clean-up spray. Fields are harvested 5 - 10 times over a four week
period and pest problems can develop rapidly. Malathion is the
pesticide most widely used due to its short re-entry time (G. Gredler,
unpublished manuscript).

A number of natural enemies appear to be important throughout the
range of A. citrana. In California, Exochus nigripalpus
subobscurus (Walk.) and Apanteles aristoteliae Vierick have been
reported as the most important parasitoids of A. citrana larvae
(Bassinger 1938, Kido et al. 1971). In Washington, Meterorus
argyrotaenia Johansen was reported to be exerting up to 100% control
of A. citrana in fields during 1956-7 (Breakey 1951). Coop (1982)
collected 18 parasitoid species from A. citrana. Five major species
accounted for over 90% of the parasitism. These were: A.
aristoteliae, M. argyrotaenia, Enytus eureka (Ash.),
Phytodietus vulgaris (Cress.), and Oncophanes americanus
(Weed). The apparent levels of parasitism averaged 34% and ranged fran
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4 to 100% in his samples over 2 years.

CANEBERRY AND BLUEBERRY PRODUCTION
Caneberries are perennial plants with a biennial growth habit
producing both vegetative (primocanes) and fruit-producing (floricanes)
canes. In the Pacific Northwest, red raspberries, Rebus idaeus (L.)
and several varieties of trailing berries (Rebus spp.) are grown in
areas with well-drained soils and protected from serious frosts
(Childers 1973).

The occurrence of cool night-time temperatures during

summer make the Pacific Northwest a premier caneberry growing area.
Production of these crops in this region constitutes a $40 million
industry with over 8000 acres harvested in 1978 (Burt et al. 1981).
Cultural practices vary between growers and varieties. Canes are
generally trained with a linear trellis system. Fruited canes are
removed after harvest, and trailing berry primocanes are trained by
early fall. Pruning and training of red raspberries are commonly
completed during the dormant period in early spring to avoid freeze
damage. Alternate-year production of trailing berries where half of the
field is in production and the other half is burned-off has increased.
Benefits from this method includes reduction in labor, pesticide, and
water costs, reduced cane damage, and increases in yield.
High labor costs (over 50% of total production costs) and
uncertain labor availability have increased the acreage of
machine-harvested caneberry (Martin and Lawrence 1976). Yet, mechanical
harvesting increases the problems of fruit contamination from a variety
of arthropods and the likelihood of fruit down-grading (Kieffer et al.
1983).

Production of high-bush blueberries, Vacciniumspp., in Oregon
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is increasing rapidly. Blueberries are perennial, deciduous woody
shrubs. Insect populations on blueberries in the Northwest are
generally minor and only reach pest status occassionally (Doughty et
al. 1981). A. citrana overwinters on blueberries in vegetative and
floral buds and are primarily pests as contaminants of fruit.
USE AND DEVELOPMENT OF PREDICTIVE PHENOLOGY MODELS
Predictive pest phenology models have been widely developed
and implemented in agriculture (Heong 1982). Understanding insect
pest phenology is essential in designing effective management
programs. Insects pass through several life stages which vary in
their susceptibility to control measures. Targeting control
towards the susceptible stage(s) requires the ability to predict
the pest's life stage distribution over time.

Insect development occurs within a finite temperature range.
Within this range, developmental rate plotted against temperature
generates a sigmoid-shaped curve. At some lower temperature,
development asymtopically approaches zero. Above this point,
development is proportional to temperature and is approximately
linear over the mid - values of temperature.

In the last 10 years, a variety of non-linear models have been
developed to model insect development: Tanigoshi et al. 1975 - higher
degree polynomials, Stinner et al. 1974 - modified sigmoid, Logan et
al. 1979 - matched exponential, and Sharpe and DeMichele 1977 biophysical kinetics.

Wagner et al. (1984) and Logan and Hilbert

(1985) have recently reviewed these models and discussed their benefits
over degree-day models. Nonlinear models have largely been used in
simulation studies, and due to their inherent complexity in parameter
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estimation and computational cost, have not been widely implemented in
pest management programs.

Many researchers assume that a linear relationship exists between
temperature and rate of insect development across the temperature range
which insects are exposed. This degree-day approach has been widely
adopted in developing predictive management models (Eckenrode and
Chapman 1972, AliNiazee 1976, Butts and MCEWen 1981, Obrycki and Tauber
1981). Pruess (1983) has outlined the use of degree-day models in pest

management and advocates their use as a compromise between precision
and utility in modelling insect phenology.
Determination of degree-day totals and lower thresholds are
typically made from laboratory studies. Groups of insects are reared at
several constant temperatures. The rate of development at each
temperature is plotted and a regression line calculated. The
intersection with the x-axis is the lower threshold, and the inverse of
the slope is the degree-day total.

Another method which can be used to calculate an insect's lower
threshold and degree-day totals is to measure development in the field
with conditions i.e. food and temperatures, similar to those
experienced by the insect. With this type of data, the least variation
method (Arnold 1959) has been used to estimate insect's developmental
.requirements (Neuenshwander and Michelalus 1979, Van Kirk and AliNiazee
1982, Coop 1982).

The evolution in procedures for calculating degree-days has
involved more precise methods of integrating the diurnal temperature
curve. Early methods developed by Lindsey and Newman (1956), Arnold
(1960), Sevacherian et al. (1977) used graphical means. Baskerville and
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Ehin (1969) use a sine wave to approximate the typically skewed
temperature curve. Allen (1976) later modified this method by dividing
a day into two halves each with a different minimum temperature.
Recently, Wann et al. (1985) have presented a more accurate
approximation of daily degree-day cumulations using a split sine exponential curve.

One inherent problem in developing phenology models is accurately
measuring the temperature experienced by the insect. Baker (1980) has
reviewed cases where ambient air temperatures vary significantly from
temperatures within the microhabitat of the organism. Models developed
for organisms overwintering in soil have attempted to correlate soil
temperature at different depths with air temperature (Stark and
AliNiazee 1982, Trimble 1983). Modelling development for insects within
vegetation, under bark, or beneath snow cover may also require
additional monitoring or correlation studies.
Nutrition plays an important role in insect development,
affecting the rate of development and the number of extra molts
during larval development (Andrewartha and Birch 1954). Anderson
et al. (1982) showed differences in the development of Ostrinia
nubialis on various host plants which they attributed to leaf

moisture. Brewer et al. (1985) found differences in development of
the spruce budworm on leaves varying in nitrogen. Scribner and
Slansky (1981) and Mattson (1980) give general treatment of the
role played by nutrition in insect development.
The development of temperature-driven phenology models is
often limited in predicting the duration of events such as:
preoviposition, mating, and oviposition. These activities
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typically occur during a specific time period and the accumulation
of daily degree-days may be an inappropriate measure of their
rate. Hogg and Guiterrez (1980) include adult flight activity as a
function of temperature in their population model of the beet
armyworm, Spodoptera exigua in California. The codling moth
model developed in California includes a function which prevents

mating and oviposition when temperatures are below an activity
threshold (Falcon et al. 1976).

TO improve the implementation of phenology forecasting models
Pruess (1983) suggests increased standardization of thresholds and
modelling structure and promotes the concept of multi-species models.
Welch et al. (1978) and Brown (1982) have developed generalized
frameworks which are easily included into regional forecast systems
(Gage et al. 1982).

The generalized phenology model, Predictive Extension Timing
Estimator (PETE) has been widely adopted, particularly for pests on
decidious fruits (Croft and Knight 1983). This model has been
incorporated into the state-wide agricultural network developed in
Oregon (AgMan)

(B. Croft and K. Currans, unpublished manuscript).

Input required by the PETE model includes the distribution of a
species' overwintering stages, thermal requirements for each
developmental stage, and daily maximum and minimum temperatures (Welch
et al. 1978). The model uses a kth-ordered distributive delay process
to advance the insect through substages, the rate of which is
determined by each stage's degree-day requirements and daily
temperatures (Manetsch 1976).

USE OF PHEROMONE TRAPS
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The isolation of female sex pheramones for many of the important
lepidopteran pest species has allowed the development of a useful
method of monitoring adult populations (Carde 1979). Pheromone traps
offer several advantages over other monitoring methods. They are
effective at low density, relatively easy and inexpensive to maintain,
and are host specific. Yet, the variability in trap response can be
large and is influenced by many factors, including the lack of
standardization of protocol, such as: the concentration and type of
synthetic lure; and the variability in trap design, maintenance,
density, and placement. Riedl et al. (1986) present a broad discussion
of factors affecting the use of the codling moth pheromone trap.
Indicators of phenology An important use of pheromone traps has
been in conjunction with phenology models as markers of adult emergence
and activity (Minks and DeJong 1975, Riedl et al. 1976, Baker et al.
1980, Gargiullo et al. 1985).

Riedl et al. (1976) found the relation

between first moth caught in the pheromone trap for the codling moth,
Cydia pomenella (L.) and egg hatch was consistent and incorporated
the use of this 'biofix' with a phenology model to time pesticide
applications. This method has subsequently been widely adopted for this
and other insect pests (Brunner and Hoyt 1982, Croft et al. 1980,
Jorgensen et al. 1981).

Despite their wide use, interpretation of insect phenology
from pheromone trap data can be misleading. Competition between
the pheromone trap and calling females is believed to be a major
factor creating temporal asynchrony between trap catch and
population events (Riedl et al. 1976, Carde 1979). Time lags can
occur in predicting adult emergence and oviposition if sexes have
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different emergence curves, or survivorship curves, or if males
can mate more often than females (Nakamura 1982). These conditions
exist for many lepidopteran species, including A. citrana which
is known to have protandry and longer-lived males (Bassinger
1938).

Several studies have attempted to measure the effect of
competition on pheranone trap catches. Howell (1974) with C.
pomenella and Elkington and Carde (1984) with Lymantria dispar L.
experimentally recorded reductions in male catches when populations of
virgin females were released into their study sites. Croft et al.
(1986) attempted to quantify the level of competition for A. citrana
with various densities of females and two pheromone traps within a
semi-enclosed courtyard. Their results showed a single, calling female
could reduce the level of pheromone trap catch by 3% per night.
Population control and mating suppression The use of pheromone
traps in mass trapping was first demonstrated by Glass et al. (1970)
for the red-banded leafroller Argyrotaenia velutinana Walker in New
York apple orchards. Roelofs et al. (1970) using the equations of
Knipling and McGuire (1966) examined the theoretical use of pheromone
traps to control insect pests. Their results have subsequently been
supported by a number of studies on other species, (Trammel et al.
1974, Taschenberg et al. 1975, Proverbs et al. 1975). To be successful,
mass trapping of male moths is dependent upon a highly attractive trap,
a large number of traps per area, a pest with a relatively high
economic threshold, a low level of immigration, a lack of multiple
matings by males, and a low population density. Due to this large
number of requirements, attempts to control pest populations with
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pheromone traps have generally not been successful.
Indicators of population density Pheromone traps have been used
to develop action thresholds for a wide range of pests such as: the pea
moth, Cydia nigricana, (Tuovinen 1982); the tobacco budworm,
Heliothus virescens (F.)

(Johnson 1983); and the boll weevil,

Anthonomus grandis grandis Boheman (Benedict et al. 1985). LaLone
(1980) reported that trap catches of A. citrana reflect larval

densities in red raspberry during harvest, however, no data was
presented.

For many other species, a poor correlation has been found between
trap catch and economic damage (Kehat et al. 1982, Madsen and Peters
1976, Mague and Ressig 1983, Van Steenwyk et al. 1983). Riedl and Croft
(1974) found total seasonal pheromone trap catch for C. pomenella did
not correlate closely with high infestation levels, but early season
trap catches were highly correlated.

The poor correlation between infestation of larvae or eggs
and pheromone trap catch may be due to one or more of a number of
such factors as: high levels of immigration of females (Marks
1977) or males (Madsen and Peters 1976) from outside the
management area, variation in the attractiveness of the synthetic
lure (Roelofs and Carde 1977), a seasonal change in the natural
ratio of pheromone components (Baker et al. 1978), variation in
the efficiency of the trap (Hirano 1980), trap saturation
(Shephard et al. 1985), or from competition (Mague and Reissig
1983).

Monitoring population movement Pheromone traps arranged in
large-scaled grids have been useful in monitoring regional movement of
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a number of noctuid species (Campion et al. 1977, Mani 1973,
Baltensweiler 1979, Steck et al. 1979), and the presence or absence of
important regional pests, such as the gypsy moth and spruce budworm.
Smaller spaced grids have been used to study local dispersal (Sanders
1983), adult survivorship (Elkington and Carde 1980), and interaction
between traps (Wall and Perry 1980, Van der Kraan and Van Deventer
1982).

Trap grids could be a useful method to study the influence of
regional agroecosystem structure on species population dynamics. Croft
(1979) idealized the structure required in developing such a regional

monitoring system with pheromone traps: a network of traps, the ability
to distinguish dispersed from endemic moths, an environmental
monitoring system, and a phenology model for the species. This method,
however, would be improved if data on female movement and oviposition
could be gathered from light or bait traps and fran sampling of other
life stages.

Monitoring resistance levels A recent use of synthetic
pheromones and pheromone traps has been to monitor insecticide
resistance. Suckling et al. (1985) used pheromone capsules to collect
sufficient numbers of the lightbrown apple moth, Epiphyas
postvittam to monitor azinphosmethyl resistance levels in New
Zealand. Riedl et al. (1985) have been screening populations of the
codling moth, C. panenella in New York for azinphosmethyl resistance.
Their method involves topically treating males caught in the trap's
adhesive.

OVERWINTERING SURVIVORSHIP OF INSECT POPULATIONS
Survivorship during the winter is a key factor affecting
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population abundance of insects living in the temperate zone. Tolerance
to cold temperatues is commonly the most important factor determining
winter mortality. In response, temperate-zone insects have adapted
through dispersal, dormancy, cold hardiness and selection of protected
micro-habitats.
Salt (1960) and Asahina (1969) have written general reviews of
insect cold-hardiness and frost resistance. Most insects are freeze
susceptible but can supercool to temperatures below freezing. Freezing
of an insect is a stochastic process affected by both temperature and
time. Ice crystal formation begins from a heterogeneous nucleus within
the hemolymph or on the surface of the insect. Freezing may involve
both extracellular and intracellular processes. The major cause of
death is fran tissue destruction. Freezing can also cause latent
mortality, such as an insect's inability to complete metamorphosis.
Supercooling by insects has been related to their production of
cryoprotectants, such as glycerol in their hemolymph. Somme (1963)
studied the glycerol accumulation in 10 species of insects. Glycerol
levels were found to build up in the fall as the insects were entering
diapause. Glycerol disappeared in the spring after termination of
diapause. Takehara and Asahina (1961) demonstrated glycerol production
in the slug caterpillar tionema flavescens was greatest at 10°C

and ceased above 20°C. Other factors in insect's hemolymph, such as
proteins (Dorman and Horwath 1983) and trehalose (Asahina and Tanno
1964) have also been shown to increase tolerance to low temperatures.
A number of studies have attempted to elucidate the factors
responsible for freezing and tolerance in insects. Atwal (1960)
demonstrated that larvae of the lepidopteran, Anagasta kuhniella
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acclimatized to subfreezing temperatures after exposure to -15°C for
4 hours. Exposing larvae to longer periods decreased their
survivorship. Miller and Smith (1975) demonstrated that the
tenebrionid, tipis ceramboides gradually acclimatized when exposed
to low temperatures.

Salt (1963) studied the influence of food in the gut on cold
hardiness of the cutworm, Agrotis orthogonia. Since, ingested plant
material would freeze at a relatively higher temperature he expected
that actively feeding larvae would freeze at a higher temperature.
Comparing actively feeding mid - instar with non-feeding pre -moult and

freshly moulted larvae, Salt found a 10°C difference in freezing
points. Conversely, Salt (1953) found that starved larvae were equally
susceptible to freezing as fed larvae because they retained plant
material in their guts and other sources of nucleation. Swain (1975)
found that starvation for adult Rhyzopertha ddminica decreased
survival at all temperature tested.

Salt (1956) studied the role of moisture content on supercooling.
Limited dehydration increased their ability to supercool due to an
increase in the concentration of solutes, however, drastic changes in
water levels increased mortality.
banks (1978) feels the ecological aspect of cold hardiness has not
been considerd sufficiently. He summarizes the seasonal strategies
Which insects employ and explains how response to winter climate
depends on spatial, temporal, and physiological parameters and their
interactions. Overwintering sites are selected based on size, shelter,
position, and moisture content.

MacPhee (1964) studied the abilities of 24 species of arthropods
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in an apple orchard in Nova Scotia to supercool and survive subfreezing
temperatures. All species entered diapause and were categorized into 3
groups. Group 1 were those species who were determined to be adequately
cold-hardy to withstand the coldest winters. These species had
supercooling points from -30° to -35°C. The second group were less
cold-hardy but did survive winter within protected areas in the
orchard, such as soil or mulch. These species had much higher cooling
points of -5° to -15°C. The third group of arthropods were
categorized as marginally cold-hardy and suffered moderate to high
mortality in their exposed habitats.
A REGIONAL PERSPECTIVE IN INSECT PEST MANAGEMENT
The inherent difficulty in studying mobile, polyphagous
insect pests, and the inadequacy of predicting changes in their
population patterns from single point sampling methods (i.e.
single crop or field) has created the need for area-wide or
regional studies. Spatial and temporal variation in the abundance
and quality of habitat resources are major determinants of a
species' populational response within a region. Entomologists have
long recognized this fact, but developing a methodology and theory
for organizing this vast complexity into functional models has
been relatively recent (Levin 1976) and derived from more
theoretical studies of insect community structure and organization
(Liss et al. 1982).

Gould and Stinner (1984) discuss the role of habitat heterogenity
in insect population dynamics and describe the interaction of insects
with their habitats occurring on 3 levels as: behavioral, population
and genetic processes. Stinner et al. (1982) effectively demonstrates
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the importance of variation in agroecosystem structure through their
discussion of the interaction of 5 components: climatic variation,
spatial structure, temporal structure, cultural practices, and
socio-economic factors with the diverse physiological and behavioral
components of 3 soybean herbivores.
A number of specific studies by these and other researchers have
focused on agroecosysten structure.

Regniere et al. (1983) studied the

movement of Popillae japonica with bait traps in response to
environmental structure. They partioned the region into 4 areas based
on suitability for reproduction and survivorship: intensive production
sites, marginal sites, migration alleys, and adult feeding sites.
Sawyer and Haynes (1985) studied the regional population dynamics
of the cereal leaf beetle. Discriminant analysis was used to relate
population density (high or low) to 38 variables describing habitat
structure to account for spatial variation in density. They report that
no discernable pattterns were seen and hypothesize that the interaction
between the beetle's dispersal patterns and the local uniqueness of
each defined area (Levin 1976) blended the patterns together.
Johnson et al. (1979) studied the ovipositional preferences of
Heliothus zea (Boddie) in North Carolina. Their results indicate
H. zea responded to the various phenological states of corn, tobacco,
cotton, and soybeans within the region. Moths preferred plants in bloom
and avoided senescing hosts.

Increased attention is being directed towards studying the
regional dynamcis of leafrollers on tree fruits and other crops (Hoyt
et al. 1983). These species are often highly polyphagous and
immigration of adults from outside management areas is an important
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factor affecting their pest status, effective control, and development
of tolerance and resistance to standard spray programs.
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SECTION I

FACTORS INFLUENCING SPRING DEVELOPMENT AND PHENOLOGY OF ARGYROTAENIA
CITRANA ON CANEBERRY: MODELLING EMERGENCE AND EGG HATCH IN RELATION TO
PHEROMONE TRAP CATCHES.
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ABSTRACT
Studies on the influence of diet on development of Argyrotaenia
citrana found significant differences in larval development on diets
varying in percent nitrogen. Degree-day totals (dd) for development of
larva and pupa were calculated as 503 and 176 dd above a lower
threshold of 5°C in field-rearing experiments. Spring emergence of
adult moths in 1983-85 began after 300 dd cumulated from January 1.
Male's emergence preceded female's by 50 - 80 dd. The 50th-percentile
cumulative emergence ranged from 470 - 500 dd for males and 520 - 560
dd for females. Emergence was completed by ca. 700 dd. Cumulative
emergence of overwintering populations heavily parasitized by
Apanteles aristoteliae was accelerated approximately 75 dd in 1983,
but high levels of parasitism in 1984 had little effect on timing of
emergence. Twa pheromone trap catch peaks occurred in fields with
overwintering A. citrana. The first coincided with peak male
emergence. Trap catch declined as female emergence peaked. The second
peak occurred after 750 dd and varied in magnitude relative to the
first peak. In fields without an overwintering population, trap catch
peaked during the second peak-time period. A modified PETE phenology
model to predict oviposition and egg hatch for A. citrana was
constructed. This model includes a female temperature-dependent
activity component to regulate egg deposition. Predictions of egg hatch
were significantly improved using this model.
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INTRODUCTION

Orange tortrix, Argyrotaenia citrana (Fernald) is an important
contaminant of caneberry (Rebus spp.) in the Pacific Northwest (Berry
1978). It overwinters as non-diapausing larvae on canes beneath dead
leaves, among cane buds, and on herbaceous weeds within and surrounding
caneberry fields (Rosenstiel 1949). Timing of adult male flight in
spring is variable and may peak from April to June (Knight and Croft
1986b). Eggs are laid on the upper surface of leaves. Newly eclosed
larvae are positively phototropic and disperse widely via silken
threads. Larvae settle in terminal leaf clusters and web leaves to form
a feeding nest. Chemical control of A. citrana has relied on a
pre-bloom spray in early May and a clean-up spray prior to harvest.
This program does not successfully control A. citrana for all
growers. New methods are needed to time control measures during
critical periods of population susceptibility, i.e. egg hatch.
Pheromone traps are used by some growers to monitor A. citrana
(LaLone 1980), and spray recommendations are based on the timing and

magnitude of peak pheromone trap catch (Capizzi et al. 1985). Yet, the
relation of trap catch to moth emergence and mating is not well
understood. Knight and Croft (1986c) report peak pheromone trap catch
of A. citrana was a poor indicator of peak moth emergence and mating
in experiments conducted in a semi-enclosed courtyard.
This paper reports results on modelling the phenology of A.
citrana, and evaluates the relation between pheromone trap catch with
key population events. Findings demonstrate the influence of larval
nutrition and parasitism on the timing of moth emergence in spring. The
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pattern of pheromone trap catch is influenced by male immigration and
is variable as a predictor of adult emergence and mating. The influence
of low temperatures on A. citrana sexual activity was incorporated
into a modified PETE phenology model (Welch et al. 1978) and improved
prediction of egg hatch.
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MATERIALS AND METHODS

Development Studies

Individual, A. citrana larvae (< 24 hours

old) from a laboratory colony were placed in 1 oz. plastic cups either
on a synthetic codling moth diet (BioServe, Frenchtown, NJ) or red
raspberry (Rebus idaeus L.) leaf clusters wrapped in a moistened
paper towel. Leaves were replaced every other day. Larvae reared in the
laboratory were placed in environmental incubators set at 25 + 1°C,
60 - 70% relative humidity, and 16:8 light:dark cycle. Larvae reared in
the field were placed within Stevenson screens at the Oregon State
Entomology Farm, Corvallis, OR. Temperatures were monitored with a
clock-driven thermograph.
Forty larvae were reared per experiment. Cups were checked daily
for molting, pupation, and adult eclosion. Changes in head capsule size
between instars were used to calculate time spent in each stage (Coop
1982). Differences in development times due to sex, diet, and location
for each instar, total larval, pupal, and total larval-pupal stages
were tested with analysis of variance (ANOVA).
A lower threshold of development and degree-days (dd) for both
larvae and pupae were calculated in field experiments conducted in
1983-84 (Arnold 1959). Five threshold temperatures were tested (3 7°C), and dd calculated by the methods of Baskerville and Brain (1969)

with an upper vertical threshold of 32°C (Bassinger 1938).
Role of nitrogen Forty, 1-day old larvae were reared on four
concentrations of a synthetic spruce budworm diet (McMorran 1965). The
amounts of casein and wheat germ were reduced 0, 25, 50, and 75% to
vary percent nitrogen in the diet. Percent water in the diets was
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maintained between 70 - 75%. Nitrogen levels were analysed with the
micro-Kjeldahl method (Schwan et al. 1973). Number of instars for each
individual was recorded, and differences in the duration of the larval
period for both sexes on each diet were tested with ANOVA.
To compare larval development on several food sources utilized by
A. citrana in the winter and spring, groups of forty 3rd and 4th
instars from the laboratory colony were placed each on artificial diet,
green leaves, dead leaves, and green canes of red raspberry, and reared
to pupation. Nitrogen levels of each diet were analysed, and
differences in larval developmental times tested (ANOVA).
Adult emergence Orange tortrix larvae and pupae were collected
weekly from overwintering sites in caneberry fields from March to early
May from 1983 to 1985 (Table 1). Headcapsule widths were used to sort
larvae to instar/age classes. Parasitoids present and percent
parasitism were recorded for all samples. In 1983 and 1984, A.
citrana larvae were reared on artificial media at 25°C and 16:8 L:D
in the laboratory. In 1985, larvae were reared on media in cups placed
within a Stevenson Screen at the Entomology Farm. Cumulative percent
adult emergence was recorded as a function of dd summed from 1 January
for each year.

Pheromone Trap Studies Pherocon 1C pheromone traps (Ttece, Palo
Alto, CA) baited with orange tortrix 2-component pheromone blend (Hill
et al. 1975) were placed in caneberry fields to monitor male emergence
(Table 1). Traps were placed in fields in early March and checked every
3 - 4 days. Approximately one trap was used per 2 ha in each field.
Rubber septa were replaced every 4 weeks; trap liners were replaced
after catching more than 50 moths. Weekly average trap catch per field
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was plotted against cumulative dd.
Determination of egg hatch In 1983 and 1984, percent hatching
was estimated by collecting weekly samples of first instars from leaf
clusters and 'backtracking' oviposition. Development of first instars
was determined to be approximately normal with a chi-square goodness of
fit test (Snedecor and Cochran 1967) with mean and standard deviation
of 165 + 28 dd (Table 2). These data were than used to estimate the
distribution of egg hatch for each sample. Mean densitiy of weekly
samples of first instars was used to weight the.density of each egg
hatch distribution. Egg hatch of all samples were summed and scaled to
100% cumulative hatch.

In 1985, egg hatch was estimated from oviposition of adults reared
from field-collected larvae and pupae placed in screened cages (1.5 x
1.5 m.) at the Entomology Farm. Number and sex ratio of adults within
each cage varied based on emergence patterns. Egg masses were collected
just prior to hatch, reared at 20°C, and daily egg hatch recorded.
Phenology model The PETE (Predictive Extension Timing
Estimator) model was chosen due to its wide adoption for fruit IPM in
the Northwest (Croft and Knight 1983). It requires the overwintering
distribution of the insect population, dd totals for each life stage,
and daily maximum and minimum temperatures (Welch et al. 1978).
Simulation of insect development is based on a kth-ordered delay
process which increments insect development between substages and
stages at a rate dependent on specific dd requirements and rate of dd
summation (Manetsch 1976).

Life history parameters used in the model for A. citrana were
egg, small larva (instars 1 - 3), large larva (instars 4 - 6), pupa,
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and adult (Appendix, Table A-2). Age-dependent oviposition was
estimated with data from Coop (1982) and Bassinger (1938).
Developmental requirements for eggs were taken from Coop (1982). DD
totals for larvae fed artificial diet and pupae reared in the field
during spring were used in the model. Development of large larvae in
the model was calculated by adding the mean dd for fifth instars reared
to pupation on diet for a cohort of field-collected fourth instars with
the mean developmental total for the fourth instar calculated in the
previous experiment. The model was adjusted to the cumulative emergence
of females in each year (Appendix, Table A-2).
Within PETE, an oviposition rate function (Tovip) is used to
generate eggs on each day fram the adult substages (Fig. 1). This
relation was modified in PETE-A, by including a function to calculate
the actual temperature-dependent moth activity (A = ACTIVITY, Fig. 1)

during the flight period. The amount of oviposition which can occur on
a given day was set as, B = ACTIVITY X Tovip

The remaining eggs, C =

(1.0 - ACTIVITY) * Tovip) are temporarily placed in storage (STORAGE)

and not allowed to continue development in the model on that day. While
the mating and ovipositional response of gravid A. citrana females
released fram cold temperature inhibition is not known, the model
allows a portion of eggs in storage, D = ((STORAGE * RESP) * ACTIVITY)
to be oviposited on each day. Due to the specific structure of PETE,
RESP is determined by the daily dd accumulation and ranges from 0.1 0.4.

The flight activity of male A. citrana moths is approximately
normally distributed between 10 PM and 6 AM (Appendix, Table A-1). In
the function ACTIVITY an upper temperature threshold defined as the
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temperature above which female attraction does not increase and a lower
threshold defined as the lower pheromone-release temperature are used
to calculate the proportional integral of the female activity curve
(Abramowitz and Stegner 1965) (Appendix, Fig. A-2). These thresholds
were determined statistically (Appendix, Fig. A-1) from male response
to virgin females in both the field and within the courtyard as
15.5°C and 9°C (Fig. 2).

The PETE-A model was calibrated with data from the fall and spring
experiments conducted in a semi-enclosed courtyard as reported by
Knight and Croft (1986c). Female emergence in these experiments was fit
to the model and cumulative percent female mating recorded. Mating was
assumed to precede oviposition on the average of 33 dd based on data
from Bassinger (1938) and Coop (1982). Model predictions of egg hatch
were compared to courtyard results and values of C and D (Fig. 1) were
chosen which minimized differences between predicted and assumed
cumulative egg hatch.

PETE and PETE-A model predictions of cumulative egg hatch were
divided into 20 intervals and compared with estimated field egg hatch
with a chi-square test.
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RESULTS

The required dd totals for both male and female A. citrana
feeding on green leaves and artificial media under field and laboratory
conditions are listed in Table 2. Significant differences in
development between sexes were found for male and female 5th instars
and pupae. Female larval development required an additional 42 - 71 dd
due to a longer final instar. Male pupae required approximately 12 dd
longer to complete development than females. Thus, total development
from egg hatch to adult eclosion for female A. citrana ranged from 29
- 60 dd longer than for males.

No differences in development were found for larvae fed artificial
diet or raspberry leaves (Table 2). Significant differences, however,
were found in development for the first three instars between field and
laboratory conditions with development being slower in the field. Older
larvae and pupae did not differ significantly in development under
field or laboratory conditions, except for male 4th instars (Table 2).
Because overwintering orange tortrix range from third instar to pupae
these results suggest rearing field-collected orange tortrix in the
laboratory at 25°C on diet provides a reasonable estimate of
temperature-dependent development on green leaves or canes in the field
during spring.

The lower threshold for larva and pupa development was calculated
as 5°C based on the lowest coefficient of variation (Table 3) which
is consistent with the threshold calculated by Coop (1982) for egg
development. Higher dd totals were found for larvae in fall, winter,
and early spring compared to late spring and summer (Table 3). Periodic
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measurements of larval headcapsules during these experiments suggest
these differences in development were probably due to nonlinear
temperature response and not from extra larval molts.
Over 95% of field-collected larvae and pupae in spring were found
within dead leaves among canes during the three year study. These
larvae fed on dead leaves, canes, and buds. The remaining individuals
were found feeding on newly developing leaves. Larvae collected in
spring and reared on media had 5 - 7 instars compared to 5 stages for
larvae feeding on leaf terminals during the summer.
Nitrogen in the diet was highly correlated with the rate of larval
development. No difference was found between green leaves (4.2 %N),
diet (4.1 %N), and green canes (3.9 %N), but development on dead leaves
(1.6 %N) was significantly slower (Table 4). Slower development on
artificial diet was found for the lowest %N concentration (Table 5).
Larvae fed diet with low nitrogen had supernumermary molts. This was
especially pronounced for females (Table 5).
Emergence patterns Emergence of A. citrana probably occurs
throughout spring in mild years, but in our studies emergence was
estimated to begin after 300 dd cumulated from January 1st. CUmulative

male emergence preceeded female emergence by 50 - 80 dd (Fig. 3). The
50th-percentile emergence for males ranged from 470 - 500 dd and for
females from 520 - 560 dd. Emergence of both sexes was completed by 700
dd.

High levels of parasitism of overwintering A. citrana
significantly influenced spring moth emergence. In 1983, cumulative
emergence curves were very similar at both Tsugawa's red raspberry and
-Duyck's boysenberry where levels of overwintering larval parasitism
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were < 5%. Cumulative emergence from Sniegrev's evergreen blackberry
where > 40% of the larvae were parasitized by Apanteles
aristoteliae Viereck, however, was approximately 75 dd earlier (Fig.
4a). A. aristoteliae primarily attacks 3rd instars (Coop 1982). Thus
high levels of parasitism in fall allows primarily older tortrix larvae
to complete development in the spring.

Yet, in 1984 though 69% of the overwintering generation was
parasitized in Ditchen's marionberry cumulative emergence was only 20
dd earlier than at Rowell's marionberry which had < 5% parasitism (Fig.
4b). This lack of difference in emergence curves between the two fields
may be explained by the cold winter in 1983-84 in which > 70% of the
population surviving were third instars (Knight and Croft 1986b).
Pheromone trap catch Initial trap catch coincided with male
emergence (Fig. 3). In all, years, two pheromone trap catch peaks

occurred in fields with overwintering A. citrana populations. The
first peak, generally coincided with peak male emergence. As female
emergence peaked, trap catch declined. The second trap catch peak
occurred after 750 dd and was either larger (Fig. 3a and 3c) or smaller
(Fig. 3b and 3d) than the first peak.

In caneberry fields which did not harbor an overwintering
population, peak trap catch occurred during the second peak-catch time
period. For example, Fig. 5a shows the weekly pheromone trap catches
from two caneberry fields located within 50 m of each other. No
population overwintered in boysenberry, but the evergreen blackberry
field supported a high population density. Trap catches in the
boysenberry field were low during the period of moth emergence and
peaked later at ca. 925 dd. (Fig. 5a). A similar pattern was found for
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two fields located near Pioneer, WA which were separated by less than
150 m (Fig. 5b). Here, the peak trap catch in the raspberry field which

did not have an overwintering population occurs somewhat later than the
second trap peak in the evergreen blackberry field which had a moderate
overwintering population.
Predicting egg hatch In all three years prediction of egg hatch
by the PETE model was poor and differed significantly fran field data,
X2 > 28.87 (1) < .05, d.f. = 18). In contrast, egg hatch predicted by

the PETE-A model was not significantly different in any year: 1983 X2 = 7.28; 1984 - X2 = 4.01; and 1985 -

X2 = 11.02 (Fig. 6).

However, the PETE-A model performed poorly in predicting
cumulative hatch after approximately 75%. In 1983, the PETE-A model
underestimated the extent of egg hatch. We hypothesize that the use of
the normalized backtracking method may have unrealistically extended
the duration of egg hatch estimated fran field data. In 1985, the
PETE-A model overestimated the length of hatch (Fig. 6c). In this year
egg hatch was estimated fran rearing eggs collected fran caged-adults.
Adults were placed in cages as they emerged until greater than 30
adults were within each cage. Due to protandry the sex ratio in these
cages ranged fran 3:1 to 1:5 males to females. Preventing 'older' males
fran mating with the surplus of females in the later cages may have
underestimated the full period of oviposition which would occur in the
field.
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DISCUSSION

A number of factors influence overwintering survivorship,
development, and subsequent spring emergence of A. citrana
populations in the Pacific Northwest. Age-specific survivorship during
winter is influenced by cold temperatures and affects spring emergence
patterns (Knight and Croft 1986b). Results from this study indicate the
additional importance of larval nutrition and level of parasitism.
The temporal availability of and variability in nutritional
resources during the winter are important factors affecting the
development of A. citrana. Different species of caneberry vary in
their onset of dormancy, leaf drop, and new growth in the spring
(Childers 1973). Levels of available nitrogen and percent moisture in
caneberry vegetation decrease dramatically in fall and winter
(Appendix, Fig. A-3). This is affected by both temperatures during the
winter and nitrogen levels in the soil (Jennings and Cormack 1968).
During this period, larvae may lose 50% of their body weight though
they continue to feed and molt (Knight and Croft 1986c). In spring,
dormancy is broken and nutrients stored in roots are transported via
canes to the actively growing buds. During this time period, larvae
become more active and feed on dead leaves, canes, and buds. Guts of
larvae collected in March and early April are often filled with brown
leaf material, while later in the spring, an increased proportion of
larvae appear bright green from feeding on actively growing tissue.
Results from feeding larvae different diets (Table 4) suggests that
variation in food resources utilized by larvae affects both the onset
of and variance associated with spring adult emergence.
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Pheromone trap catch patterns reported here are consistent with
results from studies conducted in a semi-enclosed courtyard (Knight and
Croft 1986c). The courtyard system allowed us to carefully controland

monitor population emergence and mating. Interpretation of trap catch
in those experiments was divided into three periods. In the first, trap
catch was high due to earlier male emergence. During the second, female
emergence peaked and trap catch was either less than or approximately
the same as during the first period. In the third period, emergence was
completed and a second trap peak often occurred. This form of trap
catch pattern was observed in all three years in fields with high
population densities of A. citrana (Fig. 3).
Pheromone trap catch of A. citrana appears to be strongly
affected by the temporal patterns of female moth/trap competition for
males. The occurrence of protandry and that mated-females call
infrequently while mated -males remain sexually active appear to be the

key factors regulating the intensity of this interaction. Female/trap
competition is also seen to affect the timing and magnitude of
immigration of males into non-host caneberry fields (Fig. 5).
The influence of female/trap competition has have suggested to be
an important factor affecting pheromone trap catch of other lepidoptean
pests (Riedl et al. 1976, Miyahara et al. 1977). Data from our study
suggest that using cumulative trap catch as a proxy for emergence in
validating phenology models is subject to serious error.
While phenology models based on degree-days have been used
successfully to predict development for a large variety of insects,
they are not as appropriate in modelling such specific activities as
mating and oviposition. These behaviors usually have specific
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temperature thresholds but the relation of activity level to
temperature is more complicated and fundamentally different than
poikilotherm development.

Amore precise method to model development is to incorporate a
separate function to account for moth sexual activity. Other population
and phenology models have developed similar methods. Hogg and Qitierrez
(1980) developed a simple equation to relate temperature with moth
activity for the beet armyworm in California. Falcon et al. (1976) used
a low temperature threshold for oviposition in their phenology model
for the codling moth, Cydia pamenella L.

In our model, female moth activity is assumed to be limited by a
lower temperature threshold. Above this temperature, activity increases
linearly until some upper threshold is reached where activity is
assumed to be 100%. Analyses by Taylor (1963) for a large number of
species supports this two temperature threshold response. While Taylor
found that activity is decreased at some higher temperature this was
not included in the model because A. citrana flies during the evening
and these temperatures seldom occur.
One assumption of our method is that the activity period of A.
citrana is constant during the season. A number of studies have
demonstrated that timing of sexual activity can be shifted by the
occurrence of cool or warm temperatures prior to the activity period
(Carde and Roelofs 1973, Baker and Carde 1979, Haynes and Birch 1984).

While preliminary hourly trap catches of males in the spring and summer
suggest that the periodicity of flight activity of A. citrana is not
affected by temperature (Appendix, Table A-1) additional studies are
needed.
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The preliminary success of the PETE-A model in predicting egg
hatch for A. citrana is encouraging and supports the need for
additional studies to improve the calibration of the model. The
validity of parameter values estimated from the courtyard experiments
is not known. Detailed studies are needed to correctly model the
influence of cool temperaturs on delaying mating and oviposition for
this species under field conditions.

Table I-1.

Caneberry fields sampled for A. citrana from 1983-1985.

Year

Name

1983

Tsugawa

Red Raspberry

Woodland,

Jones

Evergreen

Pioneer,

WA

Medium

Jones

Red Raspberry

Pioneer,

WA

Low

Duyck

Boysenberry

Cornelius,

Sniegrev

Evergreen

Woodburn,

OR

High

Sniegrev

Boysenberry

Woodburn,

OR

Low

Ditchen

Marionberry

Salem,

Rowell

Marionberry

Scholls,

Tsugawa

Red Raspberry

Woodland,

Rowell

Marionberry

Scholls,

1984

1985

Crop

High > 1.0 larvae/sample; Moderate

Larval Population

1,ocation.

WA

OR

OR

High

High

OR

WA
OR

> 0 < 1.0 larvae/sample;

Low = no larvae collected in samples.

High

Medium
Medium
Medium

Table 1-2.

Developmental data for A. citrana reared on artificial media and leaves-in the field and laboratory.

Experiment

Sax

Life Stages
lst

2nd

3rd

4th

5th

Larva

Pupa

Field

M

163.1±28.17

77.7±15.33b

83.7±16.440

55.1±13.83d

109.7±23.06e

489.3±57.27g

179.5+16.061

671.8±45.41k

Media

F

166.0±28.83

81.8±19.83b

80.2±14.45c

60.2±18.67d,s

162.0±16.44f

550.2+51.89h

168.4±14.61j

718.6±43.591

Field

M

165.3+29.118

80.4+18.69b

84.5±19.240

55.3±14.10d

119.6+29.72

505.1±39.68g

176.8+20.221

681.9±39.74k

Leaves

F

167.1±26.87

80.8±19.01b

82.4±16.65c

59.7±16.12d,s

157.4±19.24f

547.4±36.58h

163.0±16.33j

710.4±43.331

Lab

M

112.4+17.788

66.4±12.170

48.8 ±10.029

61.2 ±12.39.

108.0 ±12.39*

386.8±29.45t

178.3+12.611

565.1±34.00w

Media

F

112.0+21.00

66.8+20.330

55.8±19.22p

67.0±17.048

157.0±17.23f

458.6±31.150

167.6±12.38j

626.2±39.23x

Lab

M

115.0±18.418

69.2±16.450

50.1±11.699

61.7 ±10.87.

109.8±14.63e

405.8±27.64t

172.2+15.221

578.0±35.56w

Leaves

F

116.3+20.77m

69.8+19.700

55.6±14.24

69.8±14.618

165.3418.25!

476.8+32.440

161.3±17.22j

638.1±27.94x

Means within in each life stage followed by different letter are significantly different, p < .05, Fisher's LSD.

Total

Table 1-3. Degree-day totals calculated from five lower thresholds for A. citrana larvae and pupae
reared in the field on artificial diets.

Lower threshold temperature
3

4

Date/Stage

5

(C)

6

7

Larvae

3/21/84

624.0

582.0

537.8

495.3

452.6

4/23/83

619.8

559.0

499.5

442.0

386.6

6/22/83

592.0

549.3

505.3

460.4

416.5

7/09/84

604.9

523.6

447.2

371.4

304.3

8/05/83

549.3

508.6

467.0

426.2

385.1

10/01/84

857.7

701.9

563.5

443.6

411.3

641.3

570.7

503.4

439.8

392.7

109.4

69.3

43.1

40.9

49.8

17.0

12.1

8.6

9.3

12.7

C.V.

Pupae

3/21/84

215.2

195.3

175.9

156.8

137.9

4/23/83

224.3

198.4

173.3

150.2

133.8

6/22/83

185.5

173.0

161.4

150.9

139.4

10/01/84

233.9

214.4

194.6

179.1

160.6

X

214.7

195.3

176.3

159.3

142.9

s

20.9

17.0

13.7

13.6

13.0

9.7

8.7

7.8

8.5

9.1

C.V.

Table 1-4. Comparison of development times (c days + s.e.) for A. citrana larvae
reared on several food sources varying in percent nitrogen, n=20 at 25*C.

Food Source

Percent Nitrogen

Third Instars

Fourth Instars

Dead leaves

1.79

19.9+2.07a

13.0+3.26b

Green leaves

4.22

12.6+2.07b

9.1+1.64c

Insect diet

4.13

12.9+1.53b

9.3+1.78c

Green canes

3.87

13.2+2.19b

8.6+1.55c

Means followed by different letters were significantly different, p < .05, Fisher's LSD Test.

Comparison of developmental times (x days + s.e.) of A. citrana larvae reared at 20C on
Table 1-5.
varying concentrations of artificial diet 1/, n=40.
Male larval
development

Insect diet
concentration

Proportion
>5 instars

Female larval
development

Proportion
>5 instars

100%

4.18

33.1+1.45a

0.0

35.8+1.44b

0.0

75%

3.69

33.0+1.87a

0.0

35.7+2.29b

0.0

50%

2.86

36.4+2.15b

0.0

38.8+2.82c

0.21

25%

1.79

40.2+2.98c,d

0.16

42.0+3.29d

0.48

1/ Spruce budworm diet C. occidentalis (McMorran 1965).

Means followed by different letters are significantly different, p < .05, Fisher's LSD.
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Figure I-1.

Schematic diagram of the modified PETE-A model

for A. citrana.
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Figure 1-2.

Female A. citrana sexual activity as a function

of time and temperature.
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Figure 1-3.

Male and female emergence and weekly pheromone

trap catch for: (A) Tsugawa's red raspberry, 1983,

Woodland, WA; (B) Duyck's boysenberry, 1983, Cornelius,
OR;

(C) Ditchen's marionberry, 1984, Salem, OR; and,

(D) Rowell's marionberry, 1985, Hillsboro, OR.
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Figure 1-3.
1.00
bJ

.80

a
.60

.40

4

.20

750

600

450

300

150

900

a

1200

1050

DEGREE-DAYS

1.00

450

360.

80 1.

2711-

.60

W

a
4Q0.

eg; 180

0.

5

g

g so
150

450

300

750

600

900

1200°M

1050

DEGREE-DAYS

1.00

250

80 g
12 200 -

a

ZS

a i50.

z

0
0

40

12

100
0.

.20 g

0250

350

450

650

550

750

850

950

.000
1050

DECREE-DAYS

1.00

200

.80 g
a
.60

6

5
.20 a

a.

40

0 -0

125

250

375

500

DEGREE-DAYS

625

750

875

4"

1000

52

Figure 1-4.

Effects of high levels of parasitism on

emergence of A. citrana in:

(A) 1983 Sniegrev had >40%

parasitism while Duyck and Tsugawa had <5% parasitism;

and (B) 1984 Ditchen had >60% parasitism and Rowell <5%
parasitism.
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Figure 1-4.
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Figure 1-5.

Weekly pheromone trap catch patterns:

(A)

Sniegrev's evergreen blackberry and boysenberry,

Woodburn, OR; (B) Jones' evergreen blackberry and red
raspberry, Pioneer, WA.
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Figure 1-5.
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Figure 1-6.

Comparison of cumulative field egg hatch with

PETE, and PETE-A model predictions for: (A) 1983;
1984; and,

(C) 1985.

(B)
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Figure 1-6.
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SECTION II

TEMPORAL PATTERNS OF COMPETITION BETWEEN A PHEROMONE TRAP AND FEMALE
MOTHS FOR MALES OF ARGYROTAENIA CITRANA IN A SEMI-ENCLOSED COURTYARD.
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ABSTRACT

The influence of female moth/pheromone trap competition in shaping
temporal patterns of trap catch during the emergence of Argyrotaenia
citrana was studied in a series of experiments conducted in a
semi-enclosed courtyard. Results fran these studies demonstrate that
for A. citrana three distinct periods of pheromone trap catch
interpretation each bounded by a specific ratio of active
males-to-calling females exists. In the first period, trap catch is
high and few females are mated. During the second period, the density
of virgin females and female mating peaks. Pheromone trap catch is
equal to or lower than totals during the first period. In the third
period, virgin-female density and female mating decreases sharply while
pheromone trap catch of males exhibits a small second peak. With
immigration of males, patterns were similar, except the second
pheromone trap peak is larger. This pattern was consistent in all
experiments, and appears regulated by protandry and the cessation of
calling by mated-females, while mated males continue to respond to
pheromone sources. Thus, for A. citrana female/trap competition may
be a major factor affecting the level of synchrony between peak
pheromone trap catch and female mating and trap interpretation in pest
management.
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INTRODUCTION

Pheromone traps have been widely adopted in insect pest management
as inexpensive and useful monitoring tools. Trap catches are used to
establish economic thresholds for pest populations and to time control

measures. Inherent in the use of pheromone traps is the assumption that
male response to these artificial pheromone sources coincides with
female activity. Pheromone trap catch is used to 'biofix' phenology

models for a number of important pome and decidious tree fruit insect
pests (Welch and Croft 1983). Yet, this relation does not hold for all
insects; several authors have reported asynchrony between trap catch
and population emergence (Oloumi- Sadeghi et al. 1975, Riedl et al.

1976, Miyahara et al. 1977). Increased understanding of factors
affecting pheromone trap catch would aid in their successful use in
insect pest management.

Competition between female moths and pheromone traps for males is
commonly inferred to be an important factor influencing trap catch
(Riedl et al. 1976, Carde 1979). This form of competition results from
differences in the number, size, and quality of natural and synthetic
pheromone plumes, and from the influence of climatic and environmental
factors on moth sexual behavior. Because these interactions are
complex, female/trap competition has commonly been studied with
computer simulation models (Nakamura and Oyama 1978, Hartstack et al.
1979, Nakamura 1982).

Investigation of female/trap competition in field populations is
hampered by the dynamic interplay among population density, sex ratio,
and mating status of both males and females. A few studies have
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documented reductions in trap catch from increased competition levels
following the addition of virgin females to field populations (Howell
1974, Elkington and Carde 1984). Field studies, however, demonstrating
the temporal influence of female/trap competition on trap catch have
not been reported.

Pheromone trap data collected over a 3 year period for the
tortricid

Argyrotaenia citrana (Fernald) suggests female/trap

competition was an important factor affecting trap response for this
species (Knight and Croft 1986a). Croft et al. (1986) measured the
impact of variable densities of virgin females of this species on daily
trap catch of males in a semi-enclosed courtyard on the Oregon State
University campus. Their results demonstrated trap catch could be
reduced up to 3% per calling female per night under conditions of
relatively constant male density in the courtyard.
This paper reports results from further courtyard experiments
conducted in 1984 and 1985 which demonstrate the role of female/trap
competition in shaping temporal patterns of pheromone trap catch during
the emergence of several generations of A. citrana.
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MATERIALS AND METHODS

Sexual biology of Argyrotaenia citrana A number of aspects of
the sexual biology of A. citrana are discussed by Knight (unpublished
manuscript). The lower threshold for flight and calling behaviors for
laboratory-reared A. citrana adults is 9°C. Male flight and female
calling begins after dusk, peaks between 11:00 PM and 2:00 AM, and
continues until sunrise.

Virgin females begin calling the first night after emergence.
Mated females call infrequently. The frequency of male mating peaks 2-3
days after emergence. Males rarely mate more than once per night. Male
moths live an average of 12 days, virgin females 14 days, and mated
females 11 days when supplied with water at 25°C.
Pheromone release rates for both virgin females and the synthetic
Pheromone releaser have been estimated in the laboratory (Knight,
unpublished data). Using a static collection system, females released 2
-3 ng of pheromone per minute. Release rate of the lure was calculated
fram recapture on Porapak as 120 ng of pheromone per minute.
Comparision of relative attractiveness of traps baited with the
synthetic lure and with virgin females found that the lure was
approximately 3 - 4 times more attractive.
Courtyard Experiments The vegetation and physical features of
the courtyard on the campus of Oregon State University have been
described by Croft et al. (1986). The courtyard is 50 X 25 meters and
is bounded by walls ranging in height from 20-25 meters. Vegetation
within the courtyard includes a mixture of grass, shrubs, and deciduous
trees interspersed with concrete walkways. An analysis of the role of
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vegetation on pheromone trap performance in the field and courtyard is
presented by Knight and Croft (1987).
A single pheromone trap (Pherocon 1C) was placed in the courtyard
at the beginning of each of the four experiments. The commercial A.
citrana pheromone capsule (Trece, Palo Alto, CA) loaded with
z- 1l- tetradecenal and z-11-tetradecenyl acetate (Hill et al. 1975)

was replaced weekly. Air temperatures were measured with a standard
clock-driven thermograph housed in a Stevenson screen.
During each experiment, 250 moths of each sex were released. This
number was chosen to reflect population densities overwintering in

caneberry (Maus spp.) fields (Knight and Croft 1986d).

Moths were

obtained from a stock colony reared at 24°C, 16:8 L:D and 75 % RH.
Virgin moths were 1-3 days-old. Mated moths were 3-7 days old; all
moths were from colonies of 1:1 sex ratio.
The release of populations in the courtyard was based on data
collected in 1983 on the cumulative emergence of a field population of
A. citrana as a function of degree-days (dd). Males emerged earlier
than females, and separate curves were used for emergence of each sex
during the experiments. A logistic function was used in all but the
third experiment. A cumulative normal curve was used in this experiment
(Stinner et al. 1974). DD were calculated (Baskerville and Bmin 1969)

with a lower threshold of 5°C and an upper vertical threshold of
32°C.

In all experiments, dd accumulated during the previous 24 hours in
the courtyard were used to calculate the number of moths of both sexes
emerging on that day. Moths were randomly assigned emergence positions
within the courtyard. Newly emerging moths were placed in the courtyard
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between 10 AM and 2 PM. Males were marked with an orange fluorescent
dye (Radiant, Richmond, CA) and placed on foliage. Females were placed
in small screened cages within Pherocon 1C traps. Female-baited traps
were placed 0.75 - 1.5 meters above the ground and in vegetation when
possible.

Traps were checked daily for marked male moths. Males caught in
female traps were removed. Only one male was allowed to 'mate'
successfully with a female per evening. The probability of an
individual male's mating success was set at 90% based from laboratory
observations of virgin pairs (Knight, unpublished data). Trapped males
determined to have mated were replaced with laboratory -mated males,

marked with a blue fluorescent dye, and randomly re-released into the
courtyard. Trapped males determined not to have mated with females were
replaced with males from the stock colony and marked with their same
color. Females calculated to have mated were replaced with
laboratory-mated females from the stock colony. In the summer
experiment, non-mated females were randomly re-located each day.
The probability distribution of age-specific female moth
survivorship was established from laboratory and field data (Knight,
unpublished data). A daily survivorship rate was used in the first
experiment. In the later three tests, survivorship was treated as a
function of dd. Females determined to have died were removed along with
their trap each day. Experiments were run until the pheromone trap
failed to catch for five consecutive nights. Data on emergence, density
of virgin females, trap catch, and female mating were grouped into
approximate 33 dd intervals to compare adult emergence and mating with
pheromone-trap catch within and between experiments.
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Immigration Study The courtyard was assumed to be situated in
the center of a 0.4 hectare caneberry field. The population density and
distribution of A. citrana within this field was the same as within
the courtyard. Only males were allowed to immigrate into the courtyard.
Distance from any position within the field to the courtyard was not
considered to be limiting immigration.
Within the caneberry field, females were assumed not to call after
mating, and males were allowed to mate only once per evening. Equations
1 and 2 were used to calculate the numbers of virgin females and total
number of males in the field on each day (k) during the experiment.
K-

Fk = xk

/8 (Xi * 0.9(k-i) * V(k_i)

(Equation 1.0)

where: Fk = number of virgin female moths on day k.
V = percentage of female moths of age (k-i) not mated.
xk = number of female moths emerging on day k.
X. = number of female moths emerging on day i.

Kam(

Mk= Yk

(Yi * 0'9(k-i)

(Equation 2.0)
)

where: Mk = number of male moths in field on day k.
yk = number of male moths emerging on day k.
Yi = number of male moths emerging on day i.

Survivorship for both sexes was assumed to be 0.9 per day (each
day was assumed to accumulate 16.5 dd though actual totals ranged from
14.5 - 19.8 dd). V, the probability of being unmated as a function of
age, was derived from data on female mating collected during the fall
and summer experiments. The average age of females mating in these
experiments was slightly greater than 2 days with 90% of the females

66

mating within 5 days of emergence. Mating of female moths in the field
was assumed to occur more rapidly than during the courtyard experiments

due to the greater number of males within the field and the more
homogeneous structure of the caneberry field. Therefore, the square
root of the courtyard mating distribution grouped for the fall and
summer experiments was used to establish the rate of mating in the
field.

The number of males available for immigration each night (Ik)
was calculated from equation 3.

Ik = 0.25 * (Mk - Fk) * ACTIV

(Equation 3.0)

For Mk > Fk; otherwise Ik = 0
The direction of male movement was assumed to be random but
continuous, therefore, only 25% of the available males each night would
move into the courtyard. The level of activity of males, ACTIV was
calculated with air temperatures during the flight period with a
statistical method described in Knight and Croft (1986a).
Immigrant males were marked with green fluorescent powder and
released randomly into the courtyard. Female traps catching immigrants
were allowed to be mated, but these males were not replaced. Since it
was not possible to remove all immigrants from the previous day's
release, the actual number of immigrants within the courtyard was
somewhat greater than the number which was calculated to move from the
hypothetical field into the courtyard.
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RESULTS

Courtyard Experiments: Fall 1984 Over 50% of the males released
during the experiment were caught, 9.2% in the pheromone trap and 42.8%
in female traps (Table 1). Less than half of the females were mated

during the experiment (112

:

250). Twenty-one mated females caught

moths. The average age of females mating was 2.02 + 1.35 days. Female
longevity averaged 4.7 + 2.04 days or 49.1 + 20.83 dd.
During the first 9 days of the experiment, female mating was low
and trap catch peaked (Table 2). From days 10 to 21, emergence of both
sexes, the density of virgin-females and mating activity peaked and
coincided with a second peak in pheromone trap catch (Table 2). During
this period, the ratio of females mated to males trapped was high, and
fairly consistent (3.2-4.8

:

1) between the 3-day intervals. On a daily

basis, however, this ratio was highly variable. For example, on the
18th night no moths were caught in the pheromone trap, whereas 16
female-baited traps caught (Fig. 1).

During the last 12 days of the experiment, female mating, density
of virgin females, and ratio of mated-females to trapped-males dropped
dramatically (Table 2). These results were affected by the onset of
cooler temperatures after the 21st day (Fig. 1). From the 23rd to the
26th day, trap catch and mating activity ceased, while nighttime
temperatures fell below 9°C, the threshold temperature of calling by
laboratory-reared female A. citrana (Appendix, Fig. A-1). Temperatues
rose after the 26th day, and during the next 7 nights, 9 moths were
caught in the trap, creating a third, smaller pheromone-trap peak. Only
3 females were mated during this period.
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Spring 1985 The number of males caught in the pheromone trap
during this experiment was half the total number trapped during the
fall experiment (Table 1). This may have been because the pheromone
trap was moved from a lower branch of a crabapple, Malus sp. in the
fall to a sourwood, Oxydendrum arboreum (L.) surrounded by an open,
grassy area in the spring. In a separate analysis of trap catch as a
function of trap position within the courtyard, a pheromone trap placed
in this area caught less than half the number of moths than a trap
placed in the crabapple habitat (Knight and Croft 1987).
The number of mated females were similar in both experiments, but,
the total number of males caught in female-baited traps.were less
(Table 1). Fifteen mated-females caught male moths in this experiment.

Female longevity averaged 76.8 + 36.75 dd, and the average age of
females mating was 4.75 + 3.49 days.

Daily low temperature during the first 34 days of the experiment
ranged from 4 - 10°C, averaging 1°C below the female temperature
activity threshold. The pattern of mating and trap catch was strongly
influenced by the occurence of periods warm enough for moth activity.
Nearly 50% of all mating occurred on 4 evenings when temperatures were
suitable for active flight and calling (Fig. 2).
The initial pattern of trap catch and female mating was similar to
that observed during the fall experiment. Pheromone trap catch peaked
slightly before male emergence (Table 3). Female mating peaked nearly 2
weeks later coinciding with peak female emergence. Unlike the earlier
experiment, however, pheromone trap catch dropped off sharply as mating
peaked, and only 3 males were caught in the pheromone trap after the
30th day of the experiment.
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Summer 1985 Temperatures were warm during the entire experiment
and emergence occurred rapidly. Daily low temperatures ranged from 11
20°C. The pheromone trap was moved to an Azalea near the middle of
the courtyard. Catch in the pheromone trap was higher than in the
previous experiments, but the overall percentage of moths caught and
numbers of females mated were lower (Table 1). This may have been
caused by lower male survivorship due to high temperatures. In
California, A. citrana is reported to be much more abundant in the

cool, coastal areas and has an upper developmental threshold of 32°C
(Bassinger 1938). High daily temperatures during the summer experiment
averaged over 33° C. Only 8 mated females caught males. Average
longevity of females was 79.1 + 30.67 dd, and the age of mating
females averaged 2.15 + 1.22 days.

Trap catch peaked prior to peak male emergence (Table 4). Mating
peaked later, coinciding with female emergence. Following a decline in
female density, mating decreased, but trap catch numbers remained
constant with a small second peak occurring.
Immigration Experiment 1985 Temperatures were consistently high

with low temperatures ranging from

15 - 19°C. Excluding immigrant

males, total pheromone trap catch was similar to the summer and fall
experiments (Table 1), but the percentage of males trapped was low,
perhaps due to the high temperatures (average maximum temperature =
34°C). Interestingly, even with nearly twice the number of males
released in the courtyard compared to the previous experiments only 57%
of females were mated. Thirty mated females caught males. Female
longevity averaged 72.7 + 31.03 dd, and the average age of mating
females was 2.12 + 1.21 days.
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The pattern of trap catch and female mating without including
immigrants was similar to the previous experiments. Trap catch peaked
early before peak male anergence (Table 5). Mating peaked with fanale
anergence. Trap catch increased as mating declined. No trap catch or
mating occurred after the 16th. day, possibly due to high male mortality
from the hot, dry weather.

With immigration of males included, patterns of trap catch and

mating remained similar to the earlier experiments. Prior to the peak
in mating, the pheromone trap was more efficient than fanale traps in
attracting males. Female mating peaked during the peak in male
immigration and virgin-female density. However, following a decline in
virgin- fanale density and fanale mating, pheromone trap catch peaked

dramatically (Table 5).
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DISCUSSION

Analysis of the results from these four experiments suggest that
peak pheromone trap catch of A. citrana is not a reliable index of
peak female mating. Instead, accurate interpretation of trap data is
dependent upon knowing the relative abundance of female and male moths.
In these experiments, three distinct periods of trap performance each
bounded by shifts in the ratio of females mated to males trapped
(RFMMT) were identified (Tables 2-5).

The first, is defined by the earlier emergence and higher initial
density of male A. citrana. During this period, female/trap
competition and RFMMT are low. Trap catch may be high and a peak in
pheromone trap catch may occur.
The second, occurs as female emergence peaks. Density of calling
females is high, and subsequently female/trap competition and the level
of mating are high. Despite an increase in the overall density of
males, pheromone trap catch may be about equal to or lower than during
the first period.

The third, begins as female emergence and virgin female density

decline. The pheromone trap becomes more 'apparent' to males, and RFMMT
drops sharply. Depending on the length of survivorship of males and the
range and level of male movement, pheromone trap catch may also peak
during this period.
For A. citrana, the earlier emergence of males, the cessation of
calling by mated females, and the ability of males to mate more than
once coarsely defines these three periods of trap performance (Fig.
3a). Moreover, these periods are finely sculptured by a specific set of
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biological characteristics of the insect. For example, the relative
attractiveness of the natural versus artificial pheromone sources, the
calling rate, and the periodicity of calling and response regulate
interactions and competition between females and pheromone traps.
In addition, climatic conditions may play an important role in
shaping these periods. Temperature was shown to be a major factor
affecting moth activity and subsequent mating and trap catch during the
first 2 experiments (Figs. 1 and 2). The occurrence of low temperatures
effectively shuts-down moth activity, extends the period of mating
activity, and affects the pattern of mating activity and trap catch
between time periods.
High temperatures can also affect pheromone trap catch and mating
activity. Extended periods of temperatures above the upper threshold
for development of A. citrana (32°C) occurred during the last 2
courtyard experiments. Lower catches of males in these experiments may
have been due to temperature-related decreases in moth survivorship.
The degree of movement of male moths, as well as, the size of the
active space for a pheromone trap define the relative 'range of action'
of the trap (Van der Kraan and Van Deventer 1982). In the initial 3
experiments, the courtyard was treated as a small, isolated field
without immigration of males. In these experiments, the overall sex
ratio of moths within 25 meters of the trap was 1:1. Yet, male moths
are active fliers, and under normal field conditions, ananotactic
flight of males towards artificial pheromone sources would be expected
to increase the ratio of males to females passing into the calling
range of the pheromone trap, particularly as calling by females
declines. The immigration experiment was an attempt to include this

73

response. Results from this experiment more clearly portrayed the
variation in RFFMT and levels of female/trap competition which might
occur in the field (Fig. 3c).
Data from a mark-recapture study with A. citrana (Knight and
Croft 1986d) showed males could be trapped up to 200 meters from a
release point after only 1 evening. Thus, the assumption of a 0.4 ha.
source of moths surrounding the courtyard would be expected to

underestimate the influence of male movement on trap catch. Amore
realistic experiment would include an area approximately equal to the
'range of action' of the pheromone trap.
In the immigration experiment, male movement (into the courtyard)

was assumed to be affected by climatic conditions (activity level
determined by air temperatures), and the density of calling females.
Males were assumed to mate once per evening and then become inactive
for the remainder of the flight period. As a result, the number of

males immigrating into the courtyard was a function of male
survivorship and the density and mating status of females. We believe
this is a reasonable assumption, and is supported by results from a
regional study of A. citrana distribution (Knight and Croft 1986d).
This study clearly demonstrated a massive movement of males out of
overwintering sites occurs following the completion of female emergence
and oviposition.

Results from the courtyard experiments were also consistent with
weekly pheromone trap catch and larval field-rearing data collected in
1983 from a number of caneberry fields with high overwintering
densities of A. citrana (Knight and Croft 1986a). Two peaks in
pheromone trap catch were observed (Fig. 3b). The first, occurred

74

slightly before peak male emergence. Trap catch declined during peak
female emergence. The second larger peak, occurred following the
completion of female emergence. This pattern is reflected by results
from the immigration experiment (Fig. 3c).
We believe the courtyard and our experimental design are a useful
approach for studying moth population dynamics such as female/trap
competition. Croft et al. (1986) showed A. citrana populations

maintained in the courtyard were isolated from outside populations. In
addition, with the use of female-baited traps, we were able to monitor
and control the population density and mating status of females. Yet
this, and other aspects of the experiment, placed constraints on
interpreting our results (Croft et al. 1986). For example, keeping
females stationary during all but 1 of the experiments is probably not
valid because calling females may move frequently to new sites; and
capturing males in female-baited traps is unrealistic, and probably
reduced the number of females mated and pheromone trap catch each
evening.

Another major factor influencing the use of the courtyard may
result from its mixture of diverse vegetation and open areas. Traps in
certain areas are several times more attractive than in other positions
(Croft et al. 1986). Traps placed above concrete or open grassy areas
appeared to catch fewer moths than those within the canopy of shrubs
and trees (Knight and Croft 1987). The specific moth behaviors
associated with these observed patterns have not been studied, nor is
it clear what influence they exerted on the experiments' results,
however, they do highlight the importance of trap placement in
pheromone trap monitoring programs.
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Pheromone traps are used to monitor a number of other tortricid
and oleuthrid insect pests, such as the codling moth Cydia
pomenella L., the oriental fruit moth Grapholitha molesta
(Busck), and the summer fruit tree leafroller Adoxophyes orana (F.
v. R.) which share similar attributes in their life histories and
sexual biologies with A. citrana. The influence of female/trap
competition on pheromone trap catch of these species, however, is not
as well understood. Riedl et al. (1976) inferred that a similar type of
competition to that reported herein was influencing trap catches of
codling moth, and affected interpretation of peak male activity.
Additional study of the dynamic interplay of temperature, moth

movement, and competition between females and pheromone traps are
needed to understand their influence on pheromone trap catch and the
use of pheromone traps in pest management programs.

Table II-1.

Total number of male bravrotaenis Citrana released, trapped in pheromone traps and

female-baited traps, and the number of females mated during each pheromone trap/female moth
competition experiment conducted in a semi-enclosed courtyard on the campus of Oregon State
University, Corvallis, OR.

EXPERIMENT

MALE
TYPE

MOTHS
RELEASED

9 CAUGHT IN
PHEROMONE TRAP

FEMALE -TRAP

TOTAL
CAUGHT

VIRGIN

3131

34 (10.9%)3

145 (46.3 %)

179 (57.2%)

MATED

1242

10

( 8.1%)

42 (33.9%)

52 (41.9%)

30

BOTH

437

44 (10.1%)

187 (42.8%)

231 (52.9%)

112

100

1 CAUGHT IN

1 FEMALES
MATED

FALL
82

SPRING

VIRGIN

290

18

( 6.2%)

119 (41.0%)

137 (47.24)

MATED

102

3

( 2.9%)

23 (22.5%)

26 (25.5%)

17

BOTH

392

21 ( 5.4%)

142 (36.2%)

163 (41.6%)

117

VIRGIN

273

34 (12.51)

81 (29.7%)

115 (42.1%)

78

93

15 (16.1%)

35 (37.6%)

50 (25.5%)

24

BOTH

366

49 (13.4%)

116 (31.7%)

165 (45.1%)

102

VIRGIN

286

28

SUMMER
MATED

IMMIGRATION
( 9.8%)

89 (31.1%)

117 (40.91)

56

69

13 (18.8%)

17 (24.6%)

30 (43.5%)

11

355

41 (11.5%)

106 (29.9%)

147 (41.4%)

67

IMMIGRATION 428

41 ( 9.6%)

134 (31.3%)

175 (40.9%)

72

TOTAL

82 (10.5%)

240 (30.7%)

322 (41.1%)

139

MATED
BOTH

1

783

Total virgin male moths released equals 250 moths plus virgin moths trapped in female-baited traps

which were determined not to have mated.
2

Total mated male moths released equals the number of virgin males trapped in female-baited traps
determined to have mated plus all mated males trapped in female-baited traps.
3

Numbers in parentheses are percentages of males of each type caught in traps.

Table 11-2.

Temporal patterns of emergence, virgin female density, pheromone trap

catch, and female mating of

citrana grouped into 3-day intervals from fall experiments

conducted in a semi-enclosed courtyard, Corvallis, OR.

TIME
PERIOD
(DAYS)

#

MALES
EMERGING

#

FEMALES
EMERGING

.

AVERAGE
VIRGIN FEMALE
DENSITY

PHEROMONE
TRAP
CATCH

FEMALES
MATED

#

1 - 3

5

1

0.3

0

0

4 - 6

11

8

6.0

2

0

7 - 9

42

19

15.0

8

10

10 - 12

67

34

22.0

5

16

13 - 15

83

73

50.0

9

34

16 - 18

35

73

77.3

8

38

19 - 21

6

25

71.0

3

11

22 - 24

1

10

49.0

0

0

25 - 27

0

7

22.3

5

3

28 - 30

0

0

6.0

2

0

31 - 33

0

0

0.7

2

0

250

250

44

112

TOTAL

Dashed lines separate periods of pheromone trap catch interpretation in relation to the
emergence of male and female moths (see text for further explanation).

Table 11-3.

Temporal patterns of emergence, virgin female density, pheromone trap catch,

and female mating of A, citrana grouped into 3-day intervals from spring experiments
conducted in a semi-enclosed courtyard, Corvallis, OR.

TIME
PERIOD
(DAYS)

#

MALES
EMERGING

#

FEMALES
EMERGING

AVERAGE
VIRGIN FEMALE
DENSITY

PHEROMONE
TRAP
CATCH

FEMALES
MATED

#

8

5

2.4

0

0

6 - 10

14

6

9..8

0

0

11 - 15

19

8

16.0

2

1

16 - 20

60

28

26.6

7

22

21 - 25

97

75

63.8

4

18

26 - 30

43

76

97.2

5

29

31 - 35

9

34

81.0

1

30

36 - 40

0

17

50.2

1

16

41 - 45

0

1

17.2

1

1

46 - 50

0

0

4.8

0

0

51 - 55

0

0

0.2

0

0

250

250

21

117

1 - 5

TOTAL

Dashed lines separate periods of pheromone trap catch interpretation in relation to the
emergence of male and female moths (see text for further explanation).

Table 11-4. Temporal patterns of emergence, virgin female density, pheromone trap catch,
experiments
and female mating of h, citrana grouped into 3-day intervals from summer
conducted in a semi-enclosed courtyard, Corvallis, OR.
TIME
PERIOD
(DAYS)

#

#

MALES
EMERGING

FEMALES
EMERGING

AVERAGE
VIRGIN FEMALE
DENSITY

PHEROMONE
TRAP
CATCH

FEMALES
MATED

#

10

6

3.0

3

1

1 - 2
3 - 4

60

27

22.0

15

12

5 - 6

105

67

57.0

13

24

7 - 8

61

77

102.0

5

20

9 - 10

14

46

105.5

3

22

11 - 12

1

18

77.5

0

12

13 - 14

0

8

53.5

2

6

0

1

24.5

2

3

15 - 16
17 - 18

0

0

8.5

1

1

19 - 20

0

0

4.5

4

1

21 - 22

0

0

0.5

1

0

250

250

49

102

TOTAL

Dashed lines separate periods of pheromone

trap catch interpretation in relation to the

emergence of male and female moths (see text for further explanation).

Table 11-5.

Temporal patterns of emergence, virgin female density, pheromone trap catch, and female matin

of A, citrana grouped into 3-day intervals from immigration experiments conducted in a semi-enclosed
courtyard, Corvallis, OR.

TIME
PERIOD
(DAYS)

#

MALES
EMERGING

WITHOUT IMMIGRATION
AVERAGE
PHEROMONE
FEMALES
VIRGIN FEMALE
TRAP
EMERGING
CATCH
DENSITY
#

#

FEMALES
MATED

WITH IMMIGRATION
PHEROMONE
#
MALES
TRAP
FEMALES
IMMIGRATING
CATCH
MATED
#

1 - 2

11

7

3.0

2

0

3

2

0

3 - 4

37

17

9.0

7

2

30

8

5

5 - 6

90

47

24.0

7

7

66

9

10

7 - 8

76

76

60.5

6

19

115

11

27

9 - 10

28

64

91.0

3

23

103

9

45

11 - 12

7

29

83.0

8

10

77

17

23

13 - 14

1

8

57.5

3

4

27

17

21

15 - 16

0

2

27.0

5

2

5

7

8

17 - 18

0

0

13.0

0

0

2

2

0

19 - 20

0

0

6.5

0

0

0

0

0

21 - 22

0

0

1.5

0

0

0

0

0

250

250

41

67

428

82

139

TOTAL

Dashed lines separate periods of pheromone trap catch interpretation in relation to the emergence of male
female moths (see text for further explanation).
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Figure II-1.
basis:

Fall courtyard results plotted on a daily
pheromone trap catch, number of mated females,

and low night-time temperatures (SC).
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Figure 11-2.
basis:

Spring courtyard results plotted on a daily
pheromone trap catch, number of mated females,

and low night-time temperatures (°C).
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Figure 11-3.

Pheromone trap catch of A. citrana:

(A)

hypothetical representation of three periods of catch
in relation to male (M) and female (F) emergence; (B)

weekly pheromone trap catch of males from red raspberry
field located near Woodland, WA; and (C) pheromone trap

catch and number of females mated for each 2-day period
during the immigration courtyard experiment.
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Figure 11-3.
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SECTION III

IMPACT OF CLIMATIC FACTORS ON LARVAL SURVIVORSHIP OF ARGYROTAENIA
CITRANA OVERWINTERING ON SMALL FRUITS IN THE PACIFIC NORTHWEST.
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ABSTRACT

Samples of Argyrotaenia citrana overwintering on red raspberry and

blueberry in Oregon and southwest Washington documented high mortality
of immature stages following a severe winter storm in 1983-4. Analysis
of population age structure before and after this storm found older
larval stages most susceptible to low temperatures. Laboratory
bioassays conducted at -5°, -10°, and -15°C demonstrated
laboratory-reared 3rd instars are significantly more tolerant to
sub - freezing temperatures than 5th instars. Larvae sprayed with water

before exposure are significantly less tolerant than dry larvae.
Pre-conditioning larvae for 28 days with a 12:12 hour cycle of 6°C
and -1°C increased 3rd instar tolerance but decreased 5th instar
tolerance to -10°C exposure. Experiments in the field during 1984-5

demonstrated field-collected 3rd instars are significantly more cold
tolerant than older larval stages. Analysis of winter temperatures from
Salem, Oregon for 1978 to 1985 suggests that winters can be classified

as mild or cold based on the number of hours below -5° C during the
season. Correlation of this factor with degree-day totals from January
1st to peak pheromone trap catch of A. citrana for these years is

high indicating that winter temperatures have a significant impact on
the phenology of spring moth emergence.
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INTRODUCTION

A key factor affecting insect abundance and age structure in
temperate climes is overwintering survival. Insects in these regions
have adapted to this unfavorable period through behavioral and
Physiological mechanisms including: dispersal, dormancy, cold
hardiness, and use of protected micro-habitats (Danks 1978). Studies of
overwintering insect populations usually focus on interactions of these

mechanisms with population density. Few have discussed the importance
of variation in stage-specific overwintering survivorship on insect
population dynamics probably because most temperate-zone insects
overwinter in a specific diapausing stage (Tauber and Tauber 1976).
Some temperate-zone insects overwinter in several non-diapausing
larval stages (Danthanaryana 1975, Bode 1975, Ayre 1985). Their
survivorship depends upon location of protected micro-habitats and low
temperature conditioning. Yearly variation in their population age
structure may significantly effect emergence and oviposition. For
economically important species, this response can be an important
factor affecting their temporal occurrence and management later in the
season.

The tortricid, Argyrotaenia citrana (Fernald) is a major pest
of red raspberry Rubus idaeus L., blackberry Rubus spp., and
blueberry Vaccinnum spp. in the Pacific Northwest (Berry 1978).
Larvae overwinter in several instars and do not diapause (Powell 1964).
Timing of emergence of the overwintering generation between years is
variable (LaLone 1980) and not explained adequately by differences in
degree-day accumulations from January 1st (Knight and Croft 1986a).
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Results reported herein from samples of field-collected
overwintering A. citrana populations, laboratory and field studies on
cold hardiness, and correlations between historical weather and

pheromone trap data suggest age-specific susceptibility to sub- freezing
temperatures is an important factor influencing the age-structure and
emergence of overwintering A. citrana in the Northwest.
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MATERIALS AND METHODS

Sampling field populations A 16 ha. red raspberry field near

Woodland, WA was sampled 26 November, 27 December 1983, and 3 March
1984. Sampling for overwintering A. citrana on raspberry consisted of

randomly selected collections of leaf material along 2m of row at 20
sites on each date. Samples collected in November were separated into
green leaves remaining on plants and dead leaves tied to trellises.
Randomly selected samples of all leaf material (20) were also collected
(25 an dia. on sides of rows) on the ground along 2 m of row in
November and December samples.

A 16 ha. blueberry field (Vaccinum sp.) near Cornelius, OR was
sampled on 9 November 1983, 17 November, 5 January, and 28 February
1984, and 9 January, and 28 February 1985. Twenty bushes were chosen
randomly on each sampling date, and each plant searched for larvae.
November samples were subdivided into larvae occurring in buds or
senescent leaves. In the November and January samples 1983-4, leaves
within a circumference of 80 an beneath 20 randomly selected bushes
were sampled.

All samples were hand-sorted in the laboratory. Measurements of
larval head capsule widths were used to sort larvae into age/size
classes (Coop 1982). All larvae were reared to pupation. Analysis of
variance (ANOVA) of transformed sample counts, log (x+1) was used to
test for differences among mean population densities in each habitat
and on each sample date. Individual pair-wise means were compared with
Fisher's least significant difference test. A chi-square test was used
to detect differences in population age structure between sampling
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dates. The first three instars and the fifth and sixth instar were
grouped in this analysis.
Overwintering survivorship In November 1984, field-collected
larvae and pupae were placed in leaf packs enclosed in nylon mesh bags
(mesh size = 0.5 X 0.5 mm). Average volume of bags was ca. 2000 an3.
Initially, larvae were placed individually in 1 oz. plastic cups with
raspberry leaves and stored for 48 hr. at 10°C to allow larvae to
settle and web leaves. Five larvae of the same age-class (third,
fourth, and fifth instar) were then placed in each bag with foliage.
Bags were sewn shut and either tied on trellis wires or placed on the

ground beneath red raspberry plants at the Oregon State University
Entomology Farm, Corvallis, OR. Ten to 16 bags were tied on the wire,
and six bags were placed on the ground for each age-class. Two bags
with five pupae each were tied-up on the trellis.
One-half of the bags placed in the field were sampled for larval
survivorship and molting on 28 December 1984. All remaining bags were
evaluated on 3 March 1985. On 5 January, 10 bags with five
laboratory-reared larvae of each age-class were set up in a similar

manner. Since, no larvae in bags placed on the ground survived, these
data were not used in the subsequent analyses. ANOVA was used to test
for differences in percent survivorship per bag for total larvae and
percent survivorship per bag of those recovered between instars and
sampling dates for field-collected larvae. A one-way ANOVA was used to
test for differences in survivorship among instars for
laboratory-reared larvae. All percentage data were transformed with
arcsin

x

prior to analysis.

Low temperature bioassays Sub - freezing temperature bioassays
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were conducted with third and fifth instar A. citrana fram a
laboratory colony maintained at 24°C and 16:8 L:D. Larvae were reared
on artificial diet (pre-mixed codling moth diet, BioServe, Frenchtown,
N.J.). Larvae in each age-class, five per cup, were placed at -5°,
-10°, and -15°C and exposed for variable time periods ranging from
0.5 to 40 hrs. Fifty larvae were tested per treatment. Following each
treatment, larvae were placed on artificial diet and reared to the
adult stage to detect sublethal effects (Asahina 1969). Control larvae
of each age-class were reared on media at 24°C. Percent survivorship
was corrected with Abbott's equation and analysed with probit analysis.
A F-test to compare regression lines (libisburg 1980) was used to

evaluate differences between instars and tests.
Three temperature bioassays were performed: a standard bioassay
test of third and fifth instars at the three low temperatures, an assay
of larvae sprayed with water prior to the test at -10°C, and an assay
of larvae pre-conditioned to low temperatures. In this latter
experiment, newly eclosed larvae from the laboratoy colony were reared
on red raspberry leaves to either the third or fifth instar. Larvae
were then placed individually on foliage and reared under a fluctuating
temperature, 12:12 hour cycle of 6° and -1°C for 28 days.
Conditioning temperatures were chosen to reflect average December
temperatures in western Oregon. Larvae were bioassayed in the manner
described above.

Analysis of winter temperatures and emergence Hourly temperature
data from November to February for 1977 to 1985 were collected from a
nearby NOAA weather station in Salem, OR and cumulative hours and
longest continous duration below 0°, -5°, and -10° C for each
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year were summarized (Table 5). Precipitation falling during these
periods also was tabulated. Discriminant analysis was used to determine
whether years could be successfully classified as mild or cold based on
these data (Morrison 1976).

Weekly pheromone trap records for A. citrana (LaLone 1980;
LaLone, unpublished data) for 1978 through 1982 along with data from
Knight and Croft (1986a) for 1983 to 1985 were plotted with respect to

degree-days accumulated from 1 January with a lower threshold of 5°C
and an upper vertical threshold of 32°C for each year. Correlation
analysis of degree-day totals from January 1st to first pheromone trap
peak with the longest period of time below -5°C during each winter
was conducted to test for a relationship between winter severity and
timing of emergence.
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RESULTS

Sampling field populations In November 1983, the density of A.
citrana in red raspberry was high and significant differences (p <
.001) in larval counts taken among dead leaves wrapped on trellises,

green leaves remaining on canes, and fallen leaves on the ground were
found (Table 1). The age distribution of the population on this date
was not significantly different among habitats and ranged from second
to sixth instar and pupae. The median age of the population was a
fourth instar.

Between the first two sampling dates, a severe winter storm
occurred from 20 to 25 December. During this storm, temperatures fell
to -12°C and remained below freezing for more than 130 hours and 81
hours below -5°C. The storm released 0.11 an of precipitation,
primarily as freezing rain and snow. Samples of dead leaves tied on
trellises collected on 27 December contained both living and dead
larvae. Dead larvae were dark-colored, but otherwise appeared normal.
Populations of living larvae were significantly lower than in November
(p <.001), their age distribution was significantly different (p <
.001), and the median age was now a third instar. The combined

densities of living and dead larvae in December was not significantly
different from the density of living larvae in leaves tied-up on the
trellis in November (p = .92). The age distribution of combined alive
and dead larvae was not different from the November samples (p = .15).
There were no green leaves left on the plant, and no living larvae were
found in the ground-leaf samples in December (Table 1).
Weather between the December and March samples was relatively
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mild. Only 19 hours with temperatures below -5°C occurred. In March,
the population density of A. citrana among dead leaves tied with
canes was significantly lower than in December (p <.001) and the median
age of the population was a fourth instar.
The population dynamics of A. citrana on blueberry during 1983-4
were similar to those on raspberry. Density of A. citrana on
blueberry in November 1983 varied significantly (12 < .01) between buds,

leaves on the plant, and fallen leaves at the base of bushes, (Table
2). In January, the mean density of A. citrana in buds was
significantly lower (p < .01) than in November. Both living and dead
larvae were found in buds. No leaves remained on plants and no larvae
were collected in leaf samples from the ground (Table 2). The age
distribution of living larvae in January was significantly different
than the November sample (p <.001), and the median age was a third
instar. In February, the mean density was significantly lower than in
December (p < .01) and the median age of the population was a fourth
instar.

In November 1984, average density of A. citrana on blueberry
bushes was significantly lower (p < .001) than during the previous year
(Tables 2 and 3). Significant differences in population density (p <
.001) existed between buds and leaves on the plants (Table 3). The
median age of the population was a third instar.
Weather between November and January at the blueberry site was
highlighted by a single moderate storm with temperatures below -5°C
for 26 hours. Few dead larvae were recovered within buds. The average
density of A. citrana in the January samples was significantly lower
(p < .01) than in November, and the median age of the population was
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still a third instar. Between the January and February samples, average
temperatures were lower than normal, but never fell below -5°C for

more than 9 hours. The population density in February was not
significantly different from January (p = .27), and the population's
median age was a fourth instar.
Overwintering Survivorship Percent recovery of larvae placed in
leaf packs ranged from 64 - 82% for each instar (Table 4). Some larvae
were undoutedly lost due to difficulty in locating dead larvae among
leaves or to larval movement out of leaf packs. Significant differences
in survivorship were found between instars for both field-collected and
laboratory-reared larvae (Table 4). Field-collected pupae did not
survive the winter in leaf packs. Mortality of field-collected larvae
assayed in March was significantly higher than in January (p < .01).
Laboratory-reared larvae appeared to be more susceptible than
field-collected larvae to winter conditions (Table 4). Larvae of all
ages fed on leaves during the winter. A higher percentage of 3rd than
other instars molted before January. Molting increased dramatically in
all age groups after January (Table 4).
Bioassays Significant differences in response to subfreezing
temperatures were found between third and fifth instars at -10°C. At
-5° and -15°C regressions were not significantly different (Fig.
1). All larvae survived less than 2 hours of exposure at -15°C. The
effect of surface water contact for larvae caused significant increases
in larval susceptibility at -10°C, and 3rd instars were significanly

more tolerant than 5th instars (Fig. 2). Preconditioning larvae to low
temperatures affected each stage differently (Fig. 2). Fifth instars
had significantly lower tolerance to -10°C after exposure, while
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third instars were more tolerant.
Winter temperature and emergence patterns Analysis of winter
temperatures suggests that two types of weather patterns can be
identified in the PNW. In 1978, 1981, and 1983, winters were mild with
no major winter storms. Temperature lows in these years fell between
-0° and -5°C for only a few hours. In the other years, at least one

major storm occurred. Temperatures were much lower in these years and
often remained below -5° C for long continous periods (Table 6).
Precipitation patterns during periods of subfreezing temperatures
were also distinctive. Sleet and snow typically occurred each winter
when temperatures were a few degrees below freezing. In 1979 and 1984,
however, storms with freezing rain and sleet occurred during cold
periods with temperatures below -5° C (Table 6). Discriminant
analysis of winter temperatures successfully classified winters as mild
or cold based on the number of hours below -5° C (p = .08).
Plotting pheromone trap data for 1978-85 revealed two types of
emergence patterns for A. citrana. During mild years (1978, 1981,
1983), pheromone trap data peaked early at approximately 350 to 450
degree-days (Fig. 3a). Following colder winters (1979, 1980, 1982,
1984, 1985), however, first peak in pheromone trap data occurred
between 650 to 750 degree-days from January 1st (Fig. 3b). Correlation
analysis of degree-day totals from January 1st to peak trap catch with
number of hours below -5°C was significant (p < .05, R2 = 0.55).
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DISCUSSION

Tolerance to climatic factors is an important factor determining
the distribution and abundance of insect populations in ecological
'fringe areas' (Wilson 1968). FOr an individual species, fringe areas
represent a gradient of favourability determined by climate, host, and
habitat distribution. A. citrana is distributed from southern
California to the Pacific Northwest (Powell 1964). On grape in the
Salinas Valley and citrus in the southern coastal areas of California,
A. citrana has continous development during the year (Powell 1964).
While, caneberry is generally grown in areas of the Northwest which do
not experience severe frosts, winter storms occur over much of this
area. Mortality of A. citrana populations is high during the winter
(70 - 97%) and only individuals within protected habitats survive. In
caneberry, this is best provided by mats of dead leaves covering canes
in certain fields.

Results from our study suggest significant differences in
tolerance to sub-freezing temperatures exist between immature stages of
A. citrana. F011owing the winter storm in December 1983, survivorship
of third instars was greater than 60% compared to less than 5% for
fifth and sixth instars combined. Similar findings of greater tolerance
to low temperatures by 3rd instars were reported by Ayre (1985) for the
noctuid Pseudaletia unipuncta (Haw.). Explanation for these
differences must involve some physiological and/or behavioral mechanism
associated with this stage.
Exposure to cool temperatures may condition insects to
sub-freezing temperatures (Atwal 1960). Numerous insects accumulate
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cryoprotectants, such as polyhydric alcohols, trehalose, or proteins
which lower their supercooling points (Asahina 1969, Denman and Horwath
1983). Analysis of the hemolymph of overwintering A. citrana larvae,
however, failed to detect measurable levels of glycerol or raised
levels of sugars (Knight, unpublished data). Yet, third instar A.
citrana became less susceptible to sub-freezing temperatures following
exposure to low temperatures, while, conditioned-fifth instar A.
citrana were more susceptible, and suggest that some physiological
conditioning occurred.

Salt (1950) suggests that time-temperature bioassays provide only
an approximate measure of cold hardiness. For example, LT50 values
for larvae conditioned at -10° C, however, were greater than the
longest continuous period which occured in the field below -10° C
(Table 5). The actual response of field A. citrana populations to
cold temperatures may represent an acquired increase in susceptibility
to sub-freezing temperatures during winter, perhaps in conjunction with
poor nutrition and other imposed stresses (Swain 1975).
External contact moisture is an effective pathway for ice crystal
formation within an insect (Salt 1960) and may be an important factor
influencing survivorship of field populations overwintering in the
Northwest. Bioassay results showed wet larvae were significantly less
tolerant to sub-freezing temperatures than dry larvae. Temperatures
below -5° C with accompanying precipitation (1979 and 1984) would
likely increase the probability of freezing, except for larvae in the
most protected places.
The importance of food within the gut of an insect acting as
nucleating agents for innoculative freezing is well known, for example,
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Parry (1978) found feeding aphids more susceptible to freezing than
non-feeding individuals. Most A. citrana larvae feed on dead leaves
and green canes during the winter. The freezing point of these food
sources is not known, nor whether some fundamental difference in
feeding behavior of young versus older larvae during the winter creates
the observed variation in their susceptibility. Data from this study,
however, indicate larvae of all ages feed and molt during winter.
FUrther work is needed to clarify the mechanism(s) involved in
age-specific susceptibility to sub-freezing temperatures.
We conclude from our findings that winter acts as a biological
sieve influencing the age structure of A. citrana populations. In
response to spring emergence patterns and accumulated annual
degree-days, the median age of overwintering A. citrana varies
between years. The magnitude and duration of low temperatures acting
with precipitation patterns during this time period selectively
modifies the age-structure of the surviving population. Thus
development of a predicitve phenology model based on degree-day
accumulations for A. citrana will be difficult. This suggests
increased understanding of the relation between pheromone trap catch
and emergence is needed to strengthen the use of traps in monitoring
adult emergence and predicting subsequent larval infestations.

Table III-1.

Population density (i ± s.e.) and age structure of A. citrana in a red raspberry field

located near Woodland, Washington, 1983-84.

DATES

Status

Habitat
Leaves tied-up

30.2 ± 4.57a,x 2/

on trellis

Green leaves

3 March

27 December

26 November

16.2

Alive

5.5 ± 0.60b

Dead

24.1 ± 2.96c

Total

29.6 ± 3.32a

1.8 ± 0.34d

± 3.51y

on plant

Leaves on ground

0.0 ± 0.00

2.8 ± 0.46z

Percent of population in age/class 2/
Age/Class

Alive

Alive**

Dead

Total N.S.

Alive**

1st

0.0

0.0

0.0

0.0

0.0

2nd

1.6

0.0

0.0

0.0

0.0

3rd

15.1

63.3

14.8

24.0

34.7

4th

44.7

26.6

49.4

45.1

50.8

5th

31.9

8.3

29.0

25.0

12.6

6th

3.9

0.0

3.8

3.1

1.9

Pupa

2.8

1.8

3.0

2.8

0.0

1 Means of population density of A. citrana followed by different letters are
significantly different, p < .05, Fisher's LSD.
2/ lst-3rd and 5th-6th classes were grouped for chi-square analysis. **Age distributions
significantly different at p < .05 from 26 November, df=3.

N.S..=not significantly different.

Table 111-2.

Population density (lc ± s.e.) and age structure of A. citrana in a blueberry field

located near Cornelius, Oregon, 1983-84.

DATES

9 November
Pabitat
Buds on

28 February

Alive

1.4 ± 0.25b

0.7 ± 0.13e

Dead

4.0 ± 0.45c

Total

5.4 ± 0.47d

Status

8.1 ± 0.85a,x

plant ./

Dead leaves

5 January

5.3 ± 0.57y

on plant
Leaves on ground

4.6 ± 0.48y

0.0 ± 0.0

Percent of population in age/class 2
Age/Class

Alive

Alive**

Dead N'S'

Total N'S'

Alive**

1st

0.0

0.0

0.0

0.0

0.0

2nd

1.5

0.0

5.2

3.8

0.0

3rd

28.6

52.2

28.1

35.0

40.3

4th

39.5

34.8

38.6

37.5

52.6

5th

30.3

13.0

22.8

20.0

7.1

6th

2.6

0.0

5.3

3.7

0.0

Pupa

0.0

0.0

0.0

0.0

0.0

1/ Means of population density of A. citrana followed by different
letters
are significantly different, p < .05, Fisher's LSD.

V 1st -3rd and 5th-6th classes were grouped for
chi-square analysis. **Age distributions
significantly different from 9 November at p < .05, df = 4.

N.S.=not significantly different.

CD
OJ

Table 111-3.

Population density (i ± s.e.) and age structure of A. citrana in a blueberry field

located near Cornelius, Oregon, 1984-85.

DATES

17 November

9 January

28 February

Habitat
Buds on plant 2/

4.7 ± 0.67a

Leaves on plant

1.5 ± 0.34b

Age/Class

2.0 ± 0.36b

1.6 ± 0.21b

Percent of population in age/class 2/
0.0 N.S.

1st

0.0

2nd

7.8

10.9

3.0

3rd

51.7

56.5

45.5

4th

21.6

21.7

24.2

5th

10.3

6.5

19.6

6th

5.2

2.2

8.9

Pupa

3.4

2.2

0.0

0.0

**

1/ Means of population density of A. citrana followed by different letters
are significantly different, p < .05, Fisher's LSD.
2/ 1st -3rd and 5th-6th classes were grouped for chi-square analysis. **Age distribution

significantly different at p < .05 from 17 November.

N.S.=not significantly different.

Table 111-4.

Overwintering survivorship for instars of A. citrana placed in mesh bags and tied

on trellis wires, 1984-85.

Field-collected 1/

Lab-reared a/

Date Sampled/Instar
Date Sampled

28 December

2 March

2 March

3rd

4th

5th

3rd

4th

5th

3rd

4th

5th

.77

.70

.76

.64

.70

.72

.70

.82

.80

.89a

.71b

.57c

.82a

.37d

.37d

.48w

.29x

.27x

.68k

.451

.441

.481

.25m

.24m

.34y

.24z

.22z

.22

.11

.68

.70

.83

.47

.25

.45

Percent

recovered
Percent alive
of recovered 2/
Percent alive
of total 1/
Percent

molted

0.0

1/

Forty 3rd and 4th instar and twenty-five 5th instar were checked on each date.

2/

Fifty individuals of each instar were tested.

2/

Differences in the mean percentage alive larvae recovered per bag were tested with ANOVA and

Fisher's LSD.

A/

Means followed by different letters were significant at p < .05.

Differences in the mean percentage alive larvae of total per bag were tested with ANOVA and

Fisher's LSD.

Means followed by different letters were significant at p < .05.

Table 111-5.

Winter weather patterns reported by the NOAA station located at Salem, Oregon

for 1978-1985.

Total period (hours)

Year

<0°C

<-5*C

<-10'C

Longest continuous
period (hours)
<O'C

<-5*C

Precipitation (cm)
when temperature

<-10°C

<O'C

< -5 °C

77-78

220

0

0

42

0

0

1.25

0

78-79

879

228

21

212

72

15

0.97

0.63

79-80

384

60

12

93

16

7

0.07

0

80-81

251

0

0

39

0

0

0.02

0

81-82

313

49

0

66

14

0

0.01

0

82-83

292

9

0

17

5

0

0.00

0

83-84

280

100

12

133

29

12

0.27

0.23

84-85

525

51

2

46

13

2

0.07

0
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Figure III-1.

Log time-probit response lines for 3rd and

5th instar A. citrana tested at -5°, -10°, and -15°C.
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Figure 111-2.

Log time-probit response lines for 3rd and

5th instar A. citrana sprayed with water and tested at
-10°C (Wet) and conditioned for 29 days with
fluctuating temperatures of 6° and -1°C (fond).
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Figure 111-3.

Weekly pheromone trap catch of A. citrana for

1978-1985 plotted with respect to degree-days
accumulated from January 1st following:
winters, and (B) cold winters.

(A) mild
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Figure 111-3.
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SECTION IV

REGIONAL POPULATION DYNAMICS AND SEASONAL SPATIAL PATTERNS OF
ARGYROTAENIA CITRANA AS MEASURED BY A PHEROMONE TRAP GRID AND
LARVAL SAMPLING.
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ABSTRACT

Larval sampling and a pheromone trap grid with 103 traps spaced 200 m
apart were used to assess overwintering and movement of the tortricid,
Argyrotaenia citrana (Fernald) in a region of caneberry Rubus
spp., filberts Cordaylus aveliana, open fields, and woods in the
northern Willamette Valley, OR.

A. citrana overwintered primarily in

marionberry fields within compact masses of dead leaves tied to canes
on wire trellises. A. citrana did not overwinter on red raspberry,
and survivorship on evergreen blackberry was low. Over 70% of total
pheranone trap catch in early season occurred in five traps located in

marionberry fields. In 1984, cool temperatures had a direct effect on
trap catch by reducing both numbers of traps catching moths and total

moths trapped. Peak catch in spring occurred three weeks after peak
male emergence. Following peak male emergence, the number of traps
catching moths increased dramatically indicating males were moving
throughout the region. As emergence of summer adults began, however,
moths were once again trapped primarily within marionberry. During the
remainder of summer, the number of traps catching increased weekly.
Peak emergence coincided with peak trap catch in August. Summer larval
samples indicated females dispersed into raspberry and blackberry
fields adjacent to overwintering sites in marionberry. In 1985, trap
catch in the spring was lower than in 1984, but was similarly
restricted to marionberry.
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INTRODUCTION

Difficulty in studying mobile, polyphagous insect pests, such as
tortricid moths, and predicting changes in their population patterns
from a few point samples (i.e. within a single crop or field) has
created need for area-wide and regional management studies (Rabb and
Kennedy 1979). Spatial and temporal variation in the abundance and
quality of habitat are major determinants of these species' population
responses (Stinner et al. 1982). Attainment of pest status by many
tortricids is tied to the regional distribution of overwintering sites
and alternate hosts, and to dispersal of moths into commercial sites
(Hoyt et al. 1983).

The orange tortrix, Argyrotaenia citrana (Fernald) is a pest
of numerous crops in the western United States (Powell 1964). In the
Pacific Northwest, it is a pest of caneberry, Rubus spp. (Berry
1978).

Pheromone traps have been used in this regionsince 1978 to

monitor moth flights and densities to better time pesticide
applications and establish action thresholds (LaLone 1980); yet
reliable control of this pest remains difficult. These problems result
from poor understanding of its population dynamics and uncertainity in
interpreting pheromone trap catch data (Knight and Croft 1986a,c). For
example, it is not clear whether orange tortrix overwinters primarily
in caneberry or uncultivated hosts or of what importance cane
maintenance has in determining field population densities. In addition,
it has not been established whether pheromone trap catch is correlated
with field population density, and little is known about intra-field
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movement and male attraction to pheromone traps during the season.
A large, relatively uniformly distributed network of sex pheromone
traps was used to study the regional dynamics of orange tortrix. This
grid along with larval sampling allowed us to view the principal
overwintering sites and movement within the region. Results indicate
that orange tortrix overwinters largely within suitable commercial
caneberry fields. Early-season pheromone trap catch is highly
correlated with overwintering population densities. The movement of
males toward pheromone traps within the region appears to be regulated
by vegetation type, wind patterns, and mating status of females.
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MATERIALS AND METHODS

The study was conducted from 24 March to 18 September 1984 and 26

March to 1 May 1985 at a site located in the northern Willamette Valley
near Scholls, OR. This site contained a diverse mixture of caneberry
fields: red raspberry Rubus idaeus L.,

(4 fields); marionberry

Rubus ursinus Cham. and Schlecht, (4 fields); and evergreen
blackberry Rubus laciniatus Willd., (3 fields)

(Fig. 1).

These

crops are hosts for orange tortrix but vary in their phenology and
associated culture (Childers 1973).
Caneberries are trained on a 2-4 wire linear trellis. The method
and timing of cane tieing determines the amount of dead leaves
remaining between canes on the trellis during winter. Raspberries are
generally spring-trained and loosely wrapped so few leaves remain on
wires. Marionberry canes are thorny and summer- or fall-trained which
causes considerable leaf material to be retained. Evergreen
blackberries are trained in the fall, thornless, and losely wrapped so
few leaves are tied to wires. Larvae overwinter in caneberry primarily
among leaves tied-up on trellises (Knight and Croft 1986b).
Evergreen blackberry fields are grown in alternate-year cycles.
Fields are cut during winter after harvest, and new growth controlled
with chemical herbicides (Sheets et al. 1975). In 1984, EV1 was in
production, and EV2 was down but this was reversed in 1985 (Fig. 1).
EV3 was up in 1984, but down in 1985. In 1984, two new caneberry fields
were planted: MAR4 and RR4. These fields were bare ground in spring,
but by the end of the season, canes were 1-1.5 m long. In 1985, both
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fields were in full production.

Caneberry fields were sprayed with pesticides during 1984. RR2 and
RR3 were sprayed with Bacillus thuringiensis Berliner on 13 June
and malathion on 20 June. Marionberries were sprayed with B.t. on 11
June and 18 June, and also sprayed with carbaryl on 15 July. Evergreen
blackberry fields in production were sprayed with carbaryl on 14
August.

Other major vegetation within the study site included: filberts
Corylus avellana (Wals.), mixed woods, and open fields. The area
was bounded by the Tualitin River on the north. A 10 hectare

marionberry field was located across the river just outside the study
site (MARS, Fig. 1).

Pherocon 1C traps (Trece, Palo Alto, California) baited with
synthethic orange tortrix pheromone (Hill et al. 1975) impregnated in a
rubber septum were used. One hundred three pheromone traps placed in a
uniform grid, approximately 200 meters apart at 1 to 2 m height were
located in all habitat types ranging from woods to open fields (Fig.
1). Traps within caneberry were checked bi-weekly, other traps weekly.
Trap sticky-liners were replaced after catching >30 moths. Pheromone
capsules were replaced every 4 weeks.
Three mark-recapture releases were conducted to assay male

movement within the study site on 23, 28, and 31 August 1984. Male
moths were collected with pheromone-baited plastic cone traps from
MARS. On each date, 260 field-collected male moths were marked with
flourescent powder (Radiant Color, Richmond, CA) and released from a
different point source (10 m diameter) within the study area (Fig. 2).
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Traps were checked every 1-3 days under UV light to detect marked moths
for 2 weeks after release.

Mark-recapture data were analysed to discern direction and extent

of male movement. Location of markedmoths caught in a pheromone trap
was plotted as a X-Y coordinate (release site was 0,0). Linear
regression was used to determine if the slope of Y versus X was
significantly different from zero. The relation between number of moths
captured and distance from the release point was examined with
nonlinear equations from Taylor (1978).
Effects of immigration from MAR5 located outside the study site
were evaluated in August 1984. Ten Pherocon 1C traps without stickum,
but covered with orange fluorescent powder and baited with pheranone
were placed 30 m apart along the southern border of MARS for two wks.
All traps in the study area were checked for marked moths for the
following two weeks with UV light.

Discriminant analysis (Morrison 1976) was used to determine if
trap catch classes could be identified by a linear combination of
variables describing the habitat surrounding each trap within the
region. Traps were divided into four classes based on peak weekly catch
during spring 1984. Traps with catches less than 20, 20 - 50, 50 - 100,
and >100 moths per week through July 1984 were grouped. Correlation
analysis was used to compare trap catches during a similar time period
between 1984 and 1985.
Vegetation and physical features within 100 m radius around each
trap were mapped. Eleven habitat types were recognized. The percentages
of each habitat type within the region are listed in Table 1. A digital
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image analyser was used to calculate percentage habitat within each
circle. Variables were included in the discriminate analysis with the

minimum Wilks' lambda method (Morrison 1976). The maximum probability
of F for a variable to enter the test was 0.05.
Larval sampling within caneberry was conducted in March 1984 and
1985 for overwintering orange tortrix and in July 1984 for first summer
generation. March samples consisted of twenty, randomly selected, 2 m
collections of leaf material tied between canes and on the ground at
the base of canes.

Samples were hand-sorted in the laboratory. Samples

of summer generation larvae were five, twenty minute visual searches of
caneberry foliage per field. MARS, located outside the region, was also
sampled. Filbert orchards were sampled by inspecting nut clusters and
branch terminals for orange tortrix (Calkin and Fisher 1985). Other
vegetation within the region i.e. wild blackberry, wild rose, fruit
trees, etc. were nonsystematically searched during the season.
Linear regression was used to correlate overwintering population
density in caneberry fields with cumulative pheromone trap catch at 50%

male emergence with data from this study and from those reported by
Knight and Croft (1986a). A predictive phenology model was used to
estimate male emergence (Knight and Croft 1986a).
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RESULTS

Overwintering populations

Orange tortrix overwintered primarily

within commercial marionberry fields (Table 2). Of these, MAR1 had the
largest population in both years and MAR3 had the lowest. Densities in

marionberry were higher in 1984 than in 1985. A single larva was found
in EV1 in 1984 indicating a small population overwintered in this
field, however, in 1985, EV1 was not in production and no orange
tortrix were found among the canes cut to ground level. No larvae were
found overwintering in red raspberry or in leaves collected from the
base of canes within any field.
Mark-recapture releases Approximately 29.2, 23.8, and 19.2% of
marked males were recaptured in releases. Most moths were caught in
traps close to release sites and over 81% of those trapped were caught
within 200 m (Fig. 2). Several moths were caught over 600 m from
release sites. Trap catch as a function of distance was similar in all
three experiments. The pooled-data (Fig. 2) best fit equation 1.0 where
Y equals moths caught at distance X in meters.
In Y = -0.23 + 238.7/X

Equation 1.0.

Wind direction in the northern Willamette Valley during summer is
typically from the SW. Slopes of trap catch location of marked males
were significantly different from zero in 2 of 3 tests and when all
data were grouped, p < .001 (Fig. 3). These data suggest that more
moths were caught along a SW-NE direction.
Ten moths marked from non-sticky traps in MARS were caught in four
traps within the study region located closest to MARS along the
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Tualitin River (Fig. 1). These traps were 400 to 800 m from MAR5. All
marked -moths were caught during the first two weeks after marked-traps
were placed in MAR5.

Pheromone trap data, 1984

Catches in the first three weeks

occurred among 15 traps within the region. Highest counts were taken in

marionberry fields (Table 3). After the third week, between 60-80% of
the total moths trapped each week through the end of June were caught
in one of the five traps (out of 103 total traps) located within the
three marionberry fields (Tables 3 and 4; Fig. 1).
Influence of cool temperatures on trap catches was significant in
early season. For example, nighttime temperatures during 5-11 May were
warmer than during the previous weeks, and both the number of traps
catching (37) and total moths caught (760) increased sharply (Table 3,
Fig. 4a). The following week, however, temperatures were cooler and
frequently below the flight threshold (9°C) for orange tortrix
(Knight and Croft 1986a); and 14 traps caught 496 moths, despite an
increase in male emergence (Table 3, Fig. 4b). Percent catch in

marionberry fields increased inversely with mean weekly temperature
(Table 3). Peak pheromone trap catch occurred from 2 June to 15 June
though only 28 traps caught moths (Fig. 4c). Interestingly, peak trap
catch occurred ca. 3 weeks after peak male emergence (Tables 3 and 4).
During the week of 29 June, percent total pheromone trap catch in
marionberry dropped off sharply from 74 to 49%, while total traps
catching moths increased from 34 to 47. This trend continued
dramatically in the following 2 weeks. While, adult emergence was
almost zero and total moths caught remained low, a total of 94 and 76
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traps, respectfully, caught one or more moths (Table 4, Fig. 4d).
Sumner generation adult emergence began near 1 July (Table 5).
Trap catch during the summer was different from spring flight. Percent
catch of moths caught within marionberry fields was ca. 40%, but
gradually decreased weekly. Total traps catching was initially low, but
increased consistently each week. Peak emergence and peak trap catch
coincided the week of 21-27 August. During the last four weeks of the
study, either 101 or 102 traps caught moths (Table 5, Fig. 4e).
Summer larval sampling, 1984 Larvae were found in all but 2
caneberry fields (Table 2). Trap catches in RR2, the most isolated
field from overwintering sources, never exceeded 21 moths per week. EV1
had a small overwintering population. Here, trap catch peaked at over
70 moths per week in spring, yet during summer, trap catch never
exceeded 10 moths/week. This reduction may have been caused by repeated
chemical burning of the new primocanes which are the primary feeding
site of young larvae. Larval counts in MAR5 were exceptional high
indicating a large population probably overwintered in this field.
By summer, larvae were found in several caneberry fields which had
no overwintering populations (Table 2). RR1 was fairly isolated fram
marionberry fields, but during spring, weekly trap catch was
consistent, though small. This may have been due to an adjacent 0.8 ha.
of wild blackberries and the field's proximity to a small creek
bordered by dense vegetation (Fig. 1). EV2 located adjacent to MARI and
RR3 located next to MAR3 both developed populations of orange tortrix
during the summer at levels similar to nearby marionberry fields (Table
2). These paired-fields were separated by <5 m. Visual searches of the
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two new caneberry fields (RR4 and MAR4) conducted later in September
found low density larval populations. These two fields were located
close to the three established marionberry fields (Fig. 1).
Pheramone trap data, 1985 The trap grid was re-established in
1985 to determine if the widespread pheromone trap catch observed in
mid - September 1984 would be correlated with trap catches the following

spring. It was not (Table 6, Fig. 4f). Instead, cumulative trap catches

during spring were highly correlated to catches during a similar time
period in 1984 (r = 0.79, p <.001). Spring temperatures were warmer
than in 1984 and more traps caught moths in the first few weeks.
However, when nighttime temperatures cooled during the week of 24
April, an increased proportion of moths were caught in traps located
within marionberry (79%), similar to 1984 (Table 6).

Correlation between population density and pheromone trap catch
Cumulative catch for traps located within caneberry was highly
correlated with overwintering populations early in the season, p <
.001, R2 = .99 (Fig. 5). Data collected from several fields in 1983
showed a similar relationship, p <.001, R2 = .93. However,eis
relationship was highly correlated, variability in trap catches in
caneberry fields which did not host larvae was large, especially later
in the season. Proximity to source fields appeared to be a major factor
affecting trap catch in these fields.
Discriminant analysis of trap catch patterns

Peak catch in all

but two traps were correctly classified based on habitat structure
surrounding traps (Table 1). These two traps, were located at distances

125

slightly greater than 100 m from the center of marionberry fields and
had higher peak trap catches than expected. The significant variables
chosen in the discriminant analysis were areas of red raspberry,
evergreen blackberry, and marionberry. Table 1 clearly shows that the
proximity of these habitats to a pheromone trap within this region
separated traps into four peak-catch classes. For example:
1)

If a trap was not located near to a caneberry field it was

grouped into class 1 (=< 20 moths per week).
2) If a trap was located near red raspberry it was grouped in

class 2 ( between 20-50 moths per week).
3)

If a trap was located near evergreen blackberry it was grouped

in class 3 (between 50-100 moths per week).

4) and if a trap was located near marionberry it was grouped in
class 4 (=> 100 moths per week).
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DISCUSSION

This study provided new insights into the overwintering
distribution of orange tortrix and its regional movement patterns.
Significant variation in the suitablility of commercial caneberry
fields for overwintering larval populations was clearly demonstrated.
In California vineyards, orange tortrix overwinters on herbaceous weeds
(Kido et al. 1981). Extensive searching of the common weed species
present in caneberry fields over the last three years failed to show
that orange tortrix overwinters on similar hosts in the Northwest.
Results fran this and an earlier study (Knight and Croft 1986b)

demonstrates larvae do not survive through winter among leaves on the
ground at the base of canes. Careful examination of canes during the
winter supports earlier findings that larvae survive beneath dead
leaves adjacent to living canes (Rosenstiel 1949). During the winter,
larvae feed on dead leaves, plant buds, and canes (Knight and Croft
1986a). The mat of dead leaves which remain on the trellis when canes
are wrapped in the summer or fall provides protection from adverse
climatic factors. Though temperatures measured within mats of dead
leaves were not different from ambient air temperatures (Knight,
unpublished data), these leaves provide larvae protection fran
dessication, drowning, chilling winds, and frost to which unprotected
larvae in the persistent winter rain and wind in the Northwest are
exposed.

Rosenstiel (1949) found orange tortrix overwintering on buds of
red raspberry. Our results do not support this, and we conclude that
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survivorship on this host is low. Survivorship on wild blackberry and
other non-commercial hosts is probably also dependent on location of
protected areas, such as leaves trapped against canes. Results indicate
that very low density populations overwinter outside commercial
caneberry fields.

Our results have generated new management considerations for

orange tortrix on caneberry in the Northwest. Decisions on when and how
to cut out old fruiting canes and tie-up the new primocanes are based
on factors, such as labor availability, avoiding frost damage, and

control of plant pathogens (Septoria sp.). Results from our study
suggest that where orange tortrix is a severe problem, control may be
improved by delaying cane tieing until leaves have dropped.
Control of primocanes may be another cultural approach useful in
reducing populations in certain fields. First instars experience high
mortality and reduced growth rates when fed mature caneberry leaves
(Knight, unpublished data). During the summer, larvae feed primarily
within the leaf terminals of new canes. Burning of these canes
increases yield and cane quality, while labor costs associated with
pruning are lowered (Sheets et al. 1975). Timing of these practices
could be adjusted to increase mortality of young larvae.
Pheromone trap catch is used in making control decisions for
orange tortrix (LaLone 1980). Our results demonstrate that early-season
pheromone trap catch is closely related to overwintering population
density (Fig. 4). Variability in trap catches in fields which do not
harbor overwintering moths, however, is large. Trap catch of these

mobile moths is tied to the population density within the surrounding
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area and may represent the potential for female moth immigration and
the development of orange tortrix populations within the field during
the summer. The relation of trap catch with field population density
present at harvest was not evaluated in this study due to the
application of pesticides.
Information on range and frequency of female orange tortrix
movement from this study is limited. The occurrence of populations
during summer in fields adjacent to overwintering loci suggests females

moved at least 100 m. The fact that no population developed in RR2
suggests females did not fly 400-600 m (Fig. 1). An earlier study
attempted to measure female movement with light traps (Knight,
unpublished data). After two months of trapping during a period of high
adult emergence, however, only 2 females were caught and both in the
trap closest to the field source. Studies of other tortricoid species,
such as Cydia pomenella (L.) suggests female moths are generally
sedentary, but a few individuals make extended flights to new fields
(White et al. 1972). More study of female orange tortrix movement is
needed to determine their dispersal range.
Our results suggest the use of pheromone trap grids to study
lepidopteran pests may be an useful approach in understanding their
regional dynamics (Croft 1979). One difficulty with this method,
however, is in interpreting whether trap catch patterns reflect
intrinsic population distribution and movement or the influence of
traps upon these basic attributes. The extent to which this
experimental design is useful may depend upon trap spacing and the
active space of the synthetic pheromone dispenser. No study has been
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made of the activation threshold for male orange tortrix response to
females or synthetic pheromone. Data available from other species of
tortricids, such as Grapholitha molesta (Busck)

(Baker and Roelofs

1981) suggests males are probably not attracted directly by these
sources from distances greater than 100 m. Thus, if orange tortrix is
similar, the 200 m spacing of traps in our study should have avoided
interactions between traps. Trap catch, therefore, represents a
relative sample of the number of males within or which entered each
trap's zone of influence.

Many factors affect the movement of male moths into the active
space of traps. These include wind direction, temperature, vegetation,
and mating status. For example, recapture of marked males demonstrates
males flew in all directions within the region, but greater numbers
flew along a SW-NE line (Fig. 3).

Air temperature also affected

flight. During warm weeks in spring, more moths were trapped and more
traps caught then when temperatures were cooler. The mark-recapture
experiments conducted during late summer suggest that moths were flying
over wide areas within the study site. Widespread trap catches during
the summer were perhaps a consequence of warmer temperatures.
Close analysis of trap catch patterns within the region suggests
that differences in the number of moths caught by individual traps was
influenced by the vegetation surrounding each trap. For example, trap
catches within filbert orchards were surprisingly high. Yet, while
larvae can develop successfully when fed young filbert leaves in the
laboratory (Knight, unpublished data) it has never been found on
filbert (AliNiazee 1980). A possible explanation for our trap results
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may be that the canopy structure of filbert orchards creates a suitable
microhabitat i.e. low wind turbulence and mean wind velocity (Shaw
1982) where male moths can more easily locate pheromone sources.
Analysis of the eight traps which caught the fewest moths suggests
that traps in open areas, such as grain, pasture, or abandoned fields
caught few moths even though in many cases they were close to sources
of moths, such as MARI_ (Table 7). The influence of vegetation on trap

catch is also demonstrated in Fig. 6 which shows cumulative catches

during early and the total season for traps surrounding MAR1. Trap
catches were high in EV3, but low in traps located at similar distances
in non-host vegetation <1 m height. The high catch in EV3 may be
explained by either olfactory attraction of RUbus spp. to either
males or to females which males then responded or due to the physical
structure of the caneberry canopy which may have increased the active
space of the pheromone lure (Shaw 1982). We believe that low catch in
traps placed in MARS supports the latter theory, but the importance of
olfactory cues in host location by orange tortrix needs further study.
Perhaps the most unexpected result from this study was the
tremendous increase in the number of traps catching moths during the
weeks of 23-29 June to 8-14 July. In this period, 34 traps caught their
first moth and a 3-fold increase in the number of traps catching per
week occurred. Contrasted to the week of peak trap catch (2-8 June)
When 28 traps caught 2642 moths, 94 traps caught 653 moths during the
week of 8-14 July (compare Figs. 4c and 4d). The cause of this strong
inverse relation of number of moths caught with number of traps
catching is demonstrated in Fig. 7 which portrays the apparent movement
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of males out of overwintering sites (MARI) into the surrounding region
during June-July.
Earlier results from pheromone trapping orange tortrix suggested
peak trap catch in some caneberry fields respresented immigrants moving
from adjacent fields with overwintering populations after peak moth
emergence (Knight and Croft

1986a). The influence of competition

between virgin female orange tortrix and pheromone traps for male moths
on trap count data has been studied in some detail (Croft et al. 1986,
Knight and Croft 1986c). Knight and Croft (1986c) showed in a
semi-enclosed courtyard a second peak in pheromone trap catch occurs
after emergence is completed and virgin female density is low. Data
from our study support these results and emphasize the importance of
female/trap competition on male movement and response to pheromone
traps.

Table IV-1.

Average percentages of habitat types within a 100 meter radius

around pheromone traps classified by peak trap catch in the region study site.

Peak Pheromone Trap Catch Density Classes 1/

Total
Proportion
in Region

___2___

____1

4

17.6

0

9.9

0

Houses/Roads

7.7

0

6.2

9.5

7.7

Fruit trees

1.6

0

0

0

1.4

Red raspberry

2.5

17.4

4.3

4.5

Evergreen blackberry

1.0

0

48.0

16.0

3.4

Marionberry

0.7

0

0

51.4

4.2

Habitat
Filberts

1

73.7

15.9

Woods

16.6

8.0

3.8

5.4

15.2

Open fields

42.4

17.1

14.7

13.5

39.3

Wild blackberry

2.6

1.2

0

0

2.3

River

1.5

0

0

0

1.1

Down caneberry field 2

5.9

0

0

0

5.00

1 Classes based on peak trap catch during the early season in 1984;
<20: class 2 20-50, class 3 50-100, and class 4 >100 moths/week.
2

Includes fields out of production and newly planted.

class 1

Table IV-2.

Population density estimates (x ±s.e.) of A, citrana from caneberry

fields located within and adjacent to the regional study site, 1984-85.

Tim
Field

Spring 19841

RR1

0

RR2

0

RR3

0

RR4

New

EV1

0.1

Summer 19842
2.4

4.2

± .05

±

Spring 19851

.68

0

0

0.

+ 1.16

0

0

0

0

04

EV2

04

1.2

±

.37

0

EV3

0

2.8

±

.86

04

MARI

1.4

± .39

8.4

± 1.03

0.9

±

.33

MAR2

1.1

± .33

6.2

± 1.24

0.8

±

.30

0.6

± .21

4.4

±

0.4

±

.13

MARS
MAR4
MAR5 3

1

New
NS

.68

0

41.4

± 6.47

0

N.S.

Population sampling consisted of collecting all leaves tied on trellis among

canes, and on ground in twenty-two randomly selected meter sections of row.
2

Population sampling consisted of five, twenty minute visual searches for

larvae per field.
3

4

Field located across river outside study site.
Field not in production.

New = Field planted in spring of 1984
N.S. = not sampled.

Table IV-3. Regional pheromone trap catch data from March - May 1984.

Sample
Date

Percent

Total

Total

Catch

Trap

Traps

Marion

Catch

Percent 1

Mean low

Adult

Weekly

Catching

Emerg.

Temp. o C

.

Field
3/30

47

17

12

0.30

3.9

4/07

65

20

10

0.75

4.2

4/13

46

13

8

0.60

4.1

4/20

79

47

12

3.38

4.7

4/27

70

63

13

5.51

2.2

5/04

78

122

16

10.06

4.2

5/11

79

760

37

16.29

5.6

5/18

86

496

14

20.21

4.2

5/25

80

390

9

12.89

3.9

1

Calculated with degree-day developmental model (Knight & Croft 1986a).

Table IV-4.

Sample
Date

Regional pheromone trap catch data from June - July 1984.

Percent

Total

Total

Catch

Trap

Traps

Marion

Catch

Catching

Percentl

Mean low

Adult

Weekly

Emerg.

Temp. 0C

Field
6/01

67

1010

36

15.35

6.9

6/08

72

2642

28

8.02

8.3

6/15

72

2549

28

4.89

8.7

6/22

74

2258

34

1.43

7.9

6/29

49

658

47

0.31

10.6

7/07

30

1060

94

0.02

10.3

7/14

21

623

76

0.07

9.1

7/23

52

653

54

0.15

10.5

7/30

46

105

37

0.37

10.2

1

Calculated with degree-day developmental model (Knight & Croft 1986a).

Table IV-5.

Sample
Date

Regional pheromone trap catch data from August - September 1984.

Percent

Total

Total

Catch

Trap

Traps

Marion

Catch

Percentl

Mean low

Adult

Weekly

Catching

Emerg.

Temp. 0C

Field
8/05

43

437

70

3.40

11.2

8/12

36

1068

93

9.51

10.6

8/20

20

1251

94

16.47

11.3

8/27

28

2784

101

25.14

11.9

9/03

23

2278

101

18.90

9.7

9/10

14

1687

102

12.47

12.2

9/17

09

1532

102

9.07

8.9

1 Calculated with degree-day developmental model (Knight & Croft 1986a).

Table IV-6.

Sample
Date

Regional pheromone trap catch data from March - May 1985.

Percent

Total

Total

Catch

Trap

Traps

Marion

Catch

Catching

Percentl

Mean low

Adult

Weekly

Emerg.

Temp. 0C

Field
3/26

57

7

6

0.08

2.1

4/02

67

6

5

0.40

2.1

4/10

62

39

20

0.72

5.6

4/17

61

138

35

3.22

6.0

4/24

79

62

17

4.47

3.6

5/01

74

295

42

6.82

5.1

1 Calculated with degree-day developmental model (Knight & Croft
1986a).
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Table IV-7.

Analysis of habitats surrounding 8 traps with lowest catch

within regional study site in 1984.

Trap Catch

Trap #
60

Before

Total

30 June

Season

0

17

Surrounding Habitatl

Center of wheat field located
<200 m S of MAR1

39

0

18

Fence row between strawberries
and abandoned field located
<400 m SW of MAR1

27

0

24

Edge of wheat field, near woods
<600 m SW of MAR1

37

0

29

Edge of filberts and pasture
<600 m SW of MAR].

71

1

29

Located in new MAR4 field
<200 m E of MAR1

26

1

34

Border of woody area next to pasture
<600 m SW of MAR1

40

5

36

In abandoned field next to filberts
<400 m W of MARL

258

2

37

In middle of pasture
<600 m SW of MAR5

1 see Fig. 1 for trap locations.
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Figure IV-l.

Map of regional study site located in

Washington County, OR.
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Figure IV-2.

Recapture of marked-moths as a function of

distance from the release site.

25

15

100

300
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Figure IV-3.

Recapture of marked moths from releases on:

(A) 23 August; (B) 28 August; (C) 03 September; and (D)

total of all releases ( * = location of traps catching,

0= release point.
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Figure IV-4.

Distribution of pheromone trap catch during:

(A) warm week in spring 1984; (B) cool week in spring
1984; (C) peak trap catch in 1984; (D) peak number of

traps catching in spring 1984; (E) last week of study
in 1984; and (F) early spring 1985.
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Figure IV-5.

Regression of cumulative pheromone trap catch

of A. citrana at 50% male emergence in caneberry fields
with overwintering population density per 2 m of row
(closed circles are data from regional study in 1984,
open circles are data from 1983).
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Figure IV-6.

Map of region surrounding MARI showing

cumulative trap catches before 30 June and total
season.
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Figure IV-7.

Weekly pheromone trap catches of trap (#61)

located in MARI and total of all traps located outside
caneberry fields during 1984.
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Table A-1.

Hourly trap catch of male A. citrana.
Date

Hour

August
1983

May
1984

May
1985

5-6 P.M.

0

0

0

6-7

0

0

0

7-8

1

0

1

8-9

0

3.

3

9-10

0

1

4

10-11

4

7

11

11-12

18

11

14

12-1

34

20

35

25

11

21

2-3

6

6

14

3-4

2

2

12

4-5

1

1

8

5-6

1

4

7

6-7

0

0

4

7-8

0

0

2

1-2 A.M.

mean ±SD

13.22+1.33

13.33+1.89

13.92+2.41

Table A-2:

Parameters used in PETE model for A. citrana run from March 1st.

DD-totals

Overwintering distribution

1983

Egg

293

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

S. larva

500

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

9

9

7

5

5

L. larva

425

3

3

4

5

5

5

4

4

2

2

2

2

2

3

3

4

3

0

0

0

4

0

0

0

0

Pupa

300

3

3

4

5

5

5

4

4

2

2

2

2

2

3

3

4

3

0

0

0

4

0

0

0

0

Adult

150

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

10 10 15 15 10 10

5

5

5

5

5

0

0

0

0

0

0

0

0

0

Oviposition

1984

Egg

293

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

S. larva

500

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 13 20 12

9

5

3

L. larva

425

3

3

3

2

2

2

2

2

1

0

1

2

2

3

3

0

0

2

0

0

2

0

0

2

0

Pupa

300

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Adult

150

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10 10 15 15 10 10

5

5

5

5

5

0

0

0

0

0

0

0

0

0

0

0

0

Oviposition

0

0

0

0

0

5

1985

Egg

293

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

S. larva

500

0

0

0

0

0

0

0

0

0

0 14 14

12

9

4

4

4

1

1

1

1

1

1

2

2

L. larva

425

2

5

5

4

3

2

2

2

2

0

0

1

0

0

0

1

0

0

0

0

0

0

0

0

0

Pupa

300

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Adult

150

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

10 10 15 15 10 10

5

5

5

5

5

0

0

0

0

0

0

0

Oviposition
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Figure A-1.
females:

Regression of daily trap catch vs ACTIVITY by
(A) during courtyard experiments; and (B) by

ten females housed in sticky traps in field, 1985.
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Figure A-1.
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Figure A-2.

Calculation of ACTIVITY used in the phenology

model to regulate oviposition.

ACTIVITY = (Z NORM 1) (1-

( Z NORM 2) (

(e

1-1) +

(T:-AA)a
Q"

e

WHERE

Z NORM =

- ica

(1-

0,,u.3

e

0.a.wa +

w=

X=
X=

cr
-4 ±

for Z NORM 1
Tor

0--

=

13. 93

=

Z.41

=
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cr
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-0.1201676
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Figure A-3.

Seasonal nitrogen and percent water moisture

levels in red raspberry foliage.
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Figure A-4.

Map of major caneberry production areas in

Oregon and southwestern Washington with locations of
NOAA temperature monitoring stations.
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Figure A-4.

