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Studies on the biology, life history and ecology of Dinarmus

acutus Thomson, a parasite of European origin, were conducted from

1967 to 1969 under both laboratory and field conditions. The host

insect was the vetch bruchid, Bruchus brachialis Fahraeus. Surveys

conducted during the summers of 1967 1968, and 1969, showed that the

parasite was well established in the Willamette Valley and in some

areas east of the Cascade Mountains.

Under laboratory conditions, the parasite had a spring emergence

period and a summer emergence period. It was recovered in the field

in small numbers during July or early August and more abundantly be-

tween mid-August to September. D. acutus exhibited both univoltine

and bivoltine habits in that the females of the spring generation were

capable of producing both non-diapausing and diapausing individuals.

A direct relationship existed between the population density of

the spring generation and the density of the summer brood. If parasites

were not recovered during the spring emergence period, the population



of the summer, brood was not related to the density of the host (bruchid)

population. If parasites of the spring population were recovered, the

population of the summer brood displayed a delayed density response

to the summer emerging host (bruchid) population.

The number of parasites entering diapause during the 1968 and

1969 seasons was linearly orientated in that the percent of parasites

entering diapause increased as the season progressed. Laboratory

studies showed that the breaking of diapause was, not dependent upon

preconditioning cold-temperatures of -2.1°C and 5.8°C and that temper-

ature rather than light was responsible for breaking diapause. The

parasite overwintered as fully-grown third instar larvae in vetch pods

and seeds, but was unable to overwinter as adults.

Investigations of D. acutus biology revealed that the males

emerged two to three days earlier than the females and the parasites

lived significantly longer on a honey and water food source than on

plain water. The female mated only once and began to oviposit at

(X) 40.7 days and ended at (X) 67.8 days. A female produced (1) 35.2

offspring in a sex ratio of approximately 1:1. The net reproductive

rate of the species (R0) was 17.11, its intrinsic rate (rm) was 0.3118

and its mean length of generation time was 9.1 weeks.

Females showed a preference for mature vetch pods and fourth

instar bruchid larvae. The egg was deposited within the cavity of

the seed and on the surface of the bruchid host. Upon hatching, the

parasite fed externally and underwent three recognizable larval in-

stars. The life cycle of the non-overwintering brood required about

24 days from egg to adult. The life cycle for the overwintering brood



required approximately 10 months for completion. In the laboratory,

the parasite preferred to attack the pea weevil, Bruchus pisorum L.,

rather than the vetch bruchid. However, no parasitized pea weevils

were found in cultivated peas.

Autoparasitism was observed in 55.6 percent of overwintering

D. acutus females. Multiple parasitism was found in 12 percent of

the bruchid larvae attacked by D. acutus. Superparasitism was found

to occur in an increased ratio corresponding to the density of 1, 3,

or 5 female parasites per cage. Females of D. acutus distributed

their eggs in a non-random pattern and no interference occurred among

females ovipositing at densities greater than one female parasite per

cage.

Another parasite, Tetrastichus bruchivorus Gahan, was a univol-

tine species which parasitized the first larval instar in bruchid eggs

and lived as an internal parasite. It had an obligatory diapause and

overwintered as mature larva. Its distribution was more restricted

than D. acutus.

A third parasite, Eupelmella vesicularis Retzius, was a pri-

mary parasite of the vetch bruchid and a hyperparasite of overwin-

tering D. acutus larvae. This species was uncommon.
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A CHALCID PARASITE, DINARMUS ACUTUS THOMSON, OF THE
VETCH BRUCHID, BIWCHUS BRACHIALIS FAHRAEUS

INTRODUCTION

The European bruchid parasite, Dinarmus acutus Thomson, is a

chalcid belonging to the family Pteromalidae and is a primary para-

site of the vetch bruchid, Bruchus brachialis Fahraeus. Its natural

distribution includes Europe and parts of Asia. It was first re-

ported from the United States in 1936, from Rowan and Iredell coun-

ties, North Carolina, and from Adam County, Pennsylvania (Pinckney,

1938). In 1938, the parasite was reported in Oregon emerging from

imported vetch seeds in a seed testing laboratory (Rockwood, 1939).

Since that report, the status of the parasite in Oregon was not known.

For many years, Oregon workers were unable to recover this parasite

or any other parasite from the vetch bruchid. In 1960, Dickason

published a partial life table detailing mortality factors for the

vetch bruchid and reported the absence of parasites in the bruchid

life system. In 1963, D. acutus was introduced from France by Oregon

State University and released on bruchid infested vetch 10 and 20

miles (16.9 and 32.2 km) north of Corvallis, Oregon. In the autumn

of 1965, pickason recovered several D. acutus by sweeping Lana wolly

pod vetch Vicia dascycarpa Ten. and from vetch seed collected in a

field 90 miles (144.8 km) south of Corvallis.

The present study was initially undertaken because there was an

opportunity to investigate a recently introduced parasite on an in-

troduced host that appeared to be free of natural enemies and in



which a partial life table on the host WAS known. During the 1967

season, it was found that the parasite was-well established in Oregon

and that it probably escaped detection during the earlier studies be-

cause of its late seasonal appearance in the field. It was, there-

fore, entirely possible that the parasite was accidentally intro-

duced into Oregon in foreign shipments of vetch seed sometime during

the late 1930's at the time the host bruchid was accidentally intro-

duced. The research was, therefore, not directed toward the effect

of a recently introduced parasite on a host population, but rather

on its role as a biotic agent in the bruchid life system. Since there

was no published information on the biology or the ecology of this

parasite, the purpose of this study was to determine its seasonal and

life history, its role as a regulating factor in the bruchid popula-

tion, and its ecology under western Oregon conditions. The problem

also presents an opportunity to study an introduced parasite on an

introduced host insect attacking an introduced cultivated plant that

exists in nature in a situation free of pesticide applications.



REVIEW OF LITERATURE

Host Insect - The Vetch Bruchid

The vetch bruchid, Bruchus brachialis Fahraeus, is native to

Europe and was first recorded in the United States, in New Jersey, in

1930 (Pinckney, 1937). Rockwood (1936) first reported this insect in

Oregon and since its establishment it has become a serious pest of

hairy vetch seed. The bruchid was also reported infesting seeds of

other varieties of vetch such as woollypod vetch, purple vetch, hairy

vetch, and smooth vetch (Dickerson and Every, 1955).

Its life history in Oregon has been studied by Steinhauer (1955,

1959) and may be summarized as follows: the bruchids emerge from hi-

bernation during the latter half of April or during early May. Mating

occurs shortly after adult emergence and oviposition takes place as

soon as the first vetch pods appear. Oviposition continues through

July and early August. The field population of bruchids reaches peak

densities in late May for the males and a few days later for the fe-

males. The adult population declines steadily after the peak abundance

and by early August no adults can be found in the field.

After a mean incubation period of 14.5 days, the young larva

within the egg bores directly through the chorion and wall of the

valve to gain entry into the pod. The larva then enters the seed

where it undergoes four larval instars and pupates (data summarized

in Table 1).

The adult emerges from the seed by forcing open a disc shaped cap

that was previously cut in the seed coat by the last larval ins tar.
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The adult does not emerge until the pod dehisces, since it is unable

to chew its way out of the dry pod. Upon emergence, the adult seeks

hibernating sites such as cracks in fence post, under lichens, and

under loose bark of trees. Some adults remain in the seed and emerge

the following spring. The new generation of vetch bruchids can be re-

covered in field sweeps during late August until the middle of October.

Table 1. Number of Days for Each Stadium from Hatching of Egg to
Adult Emergence. Adapted from Steinhauer, 1959.

Larval Instar

I II III IV Pupa

Minimum Days
Maximum Days

13 25 35 46 67
33 53 72 75+

Parasites of The. Vetch Bruchid

A number of parasites is reported as parasitizing the vetch

bruchid. Three parasites, Dinarmus acutus Thomson, Tetrastichus

bruchivorus Gahan, and Triaspis thoracicus (Curt.) were introduced

from Europe for the control of this bruchid. Information on D. acutus

and T. bruchivorus will be discussed following introductory comments.

Triaspis thoracicus (Curt.) was introduced from France and

Austria during 1936 and 1939 for the control of several species of

bruchids. Field releases were made in Idaho against the pea weevil,

Bruchus pisorum L.; in Oregon against the vetch bruchid; in California

against the broad bean weevil, Bruchus rufimanus Boheman; and in

Pennsylvania and North Carolina against the vetch bruchid (Clausen,

1956). Despite the numerous introductions, this parasite failed to

become established in the United States.



Bridwell and Bottimer (1933) reported six native species of

American Chalcidoidea attacking the larvae and pupae of B. brachialis.

They were Eupelmus cyanips amicus Gir.; Eupelminus saltator (Lindemann);

Microdontomerus anthonomi (Crawford); Zatropus incertus (Ashmead);

Habocystus sp.; and Eurytoma tylodermatus Ashm. Pinckney (1937) also

reared a native parasite, Lariophagus distinguendus (Foerster), and

Strong in 1939 added two more parasites, Dibrachys cavus Walk. and

Habrolepoidea tarsalis Gir., to the list. None of the nine mentioned

species of parasites is essentially a bruchid parasite.

During the course of this study, three parasites, D. acutus

Thomson, T. bruchivorus Gahan, and Eupelmella vescicularis Retzius

were found attacking the vetch bruchid, B. brachialis Fahraeus in

Oregon.

Dinarmus acutus Thomson

This hymenopterous parasite belongs to the family Pteromalidae.

Published information on D. acutus is scarce and the majority of the

literature deals with taxonomic descriptions of the species. Delucchi

(1956) made an extensive revision of the genus, Dinarmus Thomson, and

Peck (1963) compiled a bibliography on D. acutus and a related species,

D. laticeps (= Bruchobius laticeps Ashm.). There was no published

information found on the biology or ecology of this parasite. However,

the biologies of two related species, D. coimbatorensis Ferr. and

D. leticeps (Ashm.) were reported. Ayyar (1943) stated that

D. coimbatorensis was reared on full grown grubs of the cotton stem

weevil, Pempheres affinis Fst.. Paddock and Reinhard (1919) reported



that D. laticeps was an external parasite of the cowpea weevil larva,

B. quadrimaculatus Fabr., within the seed. Chatterji (1954) gave a

more detailed life study on D. laticeps parasitizing B. chinensis L.

The European parasite, D. acutus was first reported in this

country in 1936 from Rowan and Iredell counties, North Carolina, and

from Adams County, Pennsylvania (Pinckney, 1938). Brimley (1938)

also recorded the parasite from the vetch bruchid in North Carolina.

The first recovery of the parasite in Oregon was reported by

Rockwood in 1938 from bruchid infested vetch seeds at Reedsville,

Oregon, (Pinckney, 1938). From 1939 to 1940, Rockwood (unpublished

progress report data) reported fair to high parasitism of the pea

weevil, B. pisorum and recovered a few parasites from the vetch bru-

chid. He also stated that the percent of parasitism was markedly re-

duced from 1941 to 1945 and that no parasites were recovered in 1946.

In his report, he mentioned that this parasite appeared late in the

season, attacked mature larvae, sometimes pupae, and as the season

progressed parasitism increased, suggesting a short life cycle. In

the fall of 1965, D. acutus was recovered from a vetch field 90 miles

(144.8 km) south of Corvallis, Oregon. Its identification was con-

firmed by B. D. Burks, U. S. Department of Agriculture.

The old world distribution of the European parasite, D. acutus,

as compiled from the literature, includes Austria, France, Germany,

and Sweden. In North America, records of this parasite have been

confined to the United States, specifically to North Carolina,

Pennsylvania, and Oregon.



Tetrastichus bruchivorus Gahan

This hymonopterous parasite belongs to the family Eulophidae and

was introduced from France into North Carolina in 1939 for the control

of the vetch bruchid (Strong, 1939). At the time of introduction, the

identity of this insect was not known, except that it was a species

of Tetrastichus attacking the vetch bruchid. Gahan first described

the species in 1942.

Since its initial recovery in 1940 in North Carolina, the status

of this species in the United States was not certain (Clausen, 1956).

Recently, Wray (1950) reported the recovery of two females from bru-

chid infested-vetch seeds in North Carolina.

In Oregon, there have been several attempts to establish this

parasite against the vetch bruchid (Ritcher, 1966). In June, 1965,

Dickason released 147 adults in cages in a field 10 miles (16.1 km)

north of Corvallis. However, until the recovery of this parasite

during the 1968 studies, its status in Oregon was not known. Iden-

tification of the 1968 specimens was confirmed by B. D. Burks, U. S.

Department of Agriculture, in April, 1969.

Domenichini (1966) compiled a bibliography on T. bruchivorus.

He lists three other species of bruchids that this parasite has been

reported to attack. They are Bruchidus fasiatus Olivier, B. lentis

Froclich, and B. ulicis Mulsan. I found no literature on the biology

of the parasite.

Eupelmella vesicularis Retzius

This hymenopterous parasite belongs to the family Eupelmidae and



8

is widely distributed throughout Europe and the United States. Unlike

D. acutus, published information on this insect is extensive, ranging

from taxonomic descriptions to the biology and ecology of the species

(Peck, 1963). The parasite has a wide range of insect hosts in the

orders Diptera, Hymenopter a, Coleoptera, Lepidoptera, Homoptera, and

Orthoptera. It is not surprising, therefore, that this parasite has

been reported to exhibit both primary and secondary parasitic habits

(Chamberlin, 1941).

Under the synonym Eupelminus saltator (Lind.), Phillips and Poos

(1927) studied the biology of E. vesicularis and reported that the

species is an ectoparasite with five larval instars. Flanders (1950)

reported an interesting phenomenon in which E. vesicularis reproduces

parthenogenetically (thelytoky) in North America and sexually in Europe.

In Oregon, the parasite has been reported attacking the hessian

fly, (Rockwood and Reeher, 1933; Chamberlin, 1941), the vetch bruchid

(Rockwood, 1939; unpublished progress report) and more recently the

weevil Gymnaetron pascuorum (Gyn.) (Dickason, 1968). During the

present study, the parasite was first recovered from vetch pod samples

infested with the vetch bruchid in the summer of 1969. It was iden-

tified by B. D. Burks, U. S. Department of Agriculture, in March, 1970.

Systematic Position of Dinarmus acutus Thomson

Currently, the European Chalcid parasite, Dinarmus acutus Thomson

is classified under the family Pteromalidae, subfamily Pteromalini

(Delucchi, 1956, and Peck, 1963). Previous `to Delucchi's (1956) re-

vision, this species was classified by various authors (Clausen, 1940,



and Thomson, 1943 to 1958) under the family Miscogasteridae.

Literature references to D. acutus appear also under the synonyms.

Sphaerakis mayri Masi and Bruchobius mayri (Masi). Bruchobius is a

junior synonym of Dinarmus, according to Delucehi (1956), and

Sphaerakis mayri is a synonym of D. acutus, making Sphaerakis Masi a

synonym of Dinarmus Thomson.
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METHODS AND MATERIALS

The methods and materials used during this study varied depending

upon the types of investigations being conducted. A more detailed

description of the procedure, therefore, will be included with appro-

priate Results and Discussion sections.

General Description of Study Areas

During the summer of 1965, several D. acutus were taken by

sweeping woollypod vetch, Vicia dasycarpa Ten. in a field 90 miles

(144.8 km) south of Corvallis, Oregon. Since the status of the para-

site was not known in Oregon, the initial thesis research during 1967

was conducted in this area. During the summers of 1968 and 1969, the

study area was chosen nearer to Corvallis because the 1967 study re-

vealed that the parasite was established in the Willamette Valley.

The study area for 1967 was a 24 acre (9.72 ha) hillside pasture

of cultivated Lana woollypod vetch Vicia dasycarpa Ten. near Yoncalla,

Oregon. The field was bordered on the north and south by a field of

tall grass and shrubs, on the west by an oak forest, and on east by

a small stream that ran along the entire lower section of the field.

The cultivated stand of vetch was excellent and was not treated with

insecticides.

The annual precipitation for this study area during the 1967

season averaged 22.78 inches (57.86 cm) with the majority of the rain-

fall occurring during the winter months, while the total precipitation

for June, July, August, and September months averaged 0.22 inches

(0.56 cm). The winter temperatures averaged 8.5°C and for the summer
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months averaged 17.9°C. The temperature and precipitation averages

were based on the U. S. Weather Bureau Climatic Summary for 1967 for

Roseburg, Oregon.

The sampling areas for the remaining two seasons consisted of

four sites in the Willamette Valley. The sampling sites were approxi-

mately five miles (8.04 km) apart and were selected on the basis of

the heavy density of plant stand. All vetch in the sample areas was

an introduced vetch, Vicia villosa Roth., that was growing "wild" in

uncultivated areas and free from insecticide treatments.

The annual precipitation for the study areas near Corvallis was

58.7 inches (149.1 cm) for 1968 and 43.7 inches (111.0 cm) for 1969

while total precipitation for the summer months (June, July, August,

and September) averaged 2.09 inches (5.31 cm) and 1.53 inches (3.89

cm) for 1968 and 1969 seasons, respectively. The winter temperatures

averaged 11.5°C and 12.2°C while the summer month temperatures averaged

17.8°C and 18.2°C for the 1968 and 1969 seasons.

Sampling area Number I was a dense stand of roadside vetch

approximately 10 to 15 feet (32 to 49 m) wide and about one-half mile

(0.80 km) long bordering Highway 99E about one mile (1.609 km) south

of the city of Monmouth in Polk County.

Sampling area Number II was a naturally seeded vetch stand bor-

dering Highway 99E near the Luckiamute river in Polk County. The

vetch was growing on the shoulder and embankment of the road and was

about 15 to 20 feet (49 to 65 m) wide and about three-fourths of -a

mile long (1.21 km).

The sampling area for 1968, designated Number III, was located
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at the E. E. Wilson Game Refuge 10 miles (16.09 km) north of Corvallis

in Polk County and was approximately three acres (1.22 ha) in area.

The sample area for the 1969 season was relocated to an immediately

adjacent area because the 1968 sample site had a light stand of vetch.

The area chosen was located 200 feet (656 m) east of the original area

and included approximately four acres (1.62 ha).

Sampling area Number IV, chosen for 1968, was located at the

north edge of Corvallis, Benton County, in a 25 acre (6.12 ha) field.

As with the game farm site, the sample area was relocated during the

1969 season because of the sparse vetch stand in the original sample

area. The sample area in 1969 was a strip of vetch approximately 30

to 40 feet (98 to 131 m) in width and about one mile (1.609 km) long

growing adjacent to a railroad track east of Corvallis.

Field Studies

The host and parasite populations in the field were surveyed by

weekly insect net sweep samples and by weekly pod and seed collections

to determine the relative abundance, seasonal history, and host-para-

site interactions. The survey for adult bruchids and parasites was

initiated during the first week of May and terminated in the middle

of October, or whenever bruchids and parasites were no longer re-

covered in the samples.

Fifteen samples, consisting of 20 sweeps per sample for a total

of 300 sweeps, were collected on each sampling date during the 1967

season. During the 1968 and 1969 seasons, the sample size was reduced

to 10 samples on each date with the same number of sweeps per sample
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in order to include several representative sites in an area. As pre-

viously mentioned, the sampling areas for the last two seasons were

divided into four sites, encompassing a linear area of 20 miles

(32.2 km).

After a sample was collected, the contents of the sweep net were

shaken into a quart size plastic bag, sealed, and then taken to the

insectary to be processed. Processing of the samples involved empty-

ing the contents from each plastic bag into a gallon jar which had

been painted black to make it light proof. A cardboard funnel was

then fitted to the lip of the jar and the plastic bag inverted over

the funnel opening and secured to the lip of the jar (Figure 1). The

samples were placed under a source of light for 24 hours to permit the

adult insects to migrate upward into the plastic bag. This procedure

permitted the separation of the, adult insects from the sample debris

and thus simplified scoring the samples. The number and sex of vetch

bruchids and parasites were recorded. The vetch pods remaining in

each sample jar were retained in individual ice cream cartons for

subsequent bruchid and parasite emergence. Cotton organdy cloth was

used to cover the opening of the carton to prevent the emerging bru-

chids and parasites from escaping.

With the exception of the 1967 season, the weekly samples of

100 vetch pods were randomly collected from each of the four sites

and retained in rearing cartons for later bruchid and parasite emer-

gence. Pod collections were initiated at the time the pods became

mature and began to dry or harden. The purpose of these samples was

to determine the degree of bruchid parasitism as the season progressed.
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Figure 1. Painted gallon jar with funnel
and plastic collecting bag used
in separating adult insects from
field-collected sweep samples.
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During the 1968 season, an additional 300 pods were sampled from

the E. E. Wilson and Corvallis sites at three day intervals to further

determine the life cycle, of the bruchid and parasites under field con-

ditions. The pods were boiled for five minutes to preserve the devel-

opmental insect stages and then stored in 70 percent, ethyl alcohol.

Because of the time involved in evaluating the samples, it was neces-

sary to select a subsample of 100 pods from each collection date for

dissection and analysis.

Laboratory Studies

Investigations on the biology of D. acutus and other vetch

bruchid parasites were conducted in an insectary located on the 0.S.U.

entomology farm between Washington Way and 35th Street. The daily

temperatures in the insectary for the 1967, 1968, and 1969 summer

seasons averaged 15.2°C, with the winter temperatures (October to

May) averaging 9.9°C, and the summer temperatures (June to

September) averaging 20.5°C.

The cages used for rearing and testing the parasites were

standardized throughout the study. When the rearing cage departed

from the standard, the cage used will be described in the discussion

of the experiment. The rearing cage was a clear plastic cup approxi-

mately 3-3/4 inches (9.52 cm) in height with a base diameter of 2-7/8

inches (7.32 cm) and a mouth opening of 3-1/2 inches (8.89 cm) in

diameter. A 4 inch (10 cm) square of cotton organdy cloth was secured

over the mouth with a plastic lid that was modified by cutting a cir-

cular 2-1/2 inch (6.35 cm) hole from the center of the lid. A smaller
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hole was made with a paper punch 1/4 inch (0.64 cm) from the center

opening so that a tube containing a food mixture of honey and water,

stopped at the end with a cotten plug, could be placed through this

opening. A paper towel disc, the diameter of the cup base, was used

to line the bottom of the cage. The towel disc was necessary to absorb

any excess drops from the, tube of the honey and water mixture (Figure 2).

To determine the life cycle of the parasite, a series of bruchid-

infested seeds were exposed to D. acutus females for 24 hours and the

seeds were dissected for the presence of parasite eggs. The dissec-

tion was made by first carefully cutting around the vetch seed with a

sharp razor blade. Then the blade was inserted slightly into the cut

and twisted, to cause the seed to split and expose the bruchid larva.

If the, bruchid was parasitized, the bruchid and the parasite egg were

placed in a small plastic petri dish (3 mm in diameter) for rearing

and observations (Figure 3). Daily records were kept on measurements

of individual larval head capsule widths, body length and width, as

well as detailed observations of the parasite at various stages of

growth.

Studies on the reproductive capacity and longevity of D. acutus

were conducted concurrently since the two objectives could be obtained

from the same experiment. The insects were subjected to two treatments;

one group was fed a mixture of honey and water and another group was'

fed plain water. A male and a female parasite were introduced into

each of twenty cages containing the food source for the required treat-

ment. Insects used in the experiments were newly emerged parasites

from field-collected vetch pods or emerged from seeds collected during
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Figure 2. Plastic container used for rearing and testing the
adult parasite. Note the cotton plugged tube in-
serted through lid to provide liquid food source.
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Figure 3. Plastic petri dish containing a fully-grown
D. acutus larva. The petri dish is secured to
the floor with soft clay.
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the previous season. The female in each rearing container was exposed

to bruchid-infested pods daily and then the exposed pods were retained

in individual plastic petri dish, approximately 2-1/2 inches (6.35 cm)

in diameter, and stored on trays in the insectary. Pods used for the

study were collected from the field just prior to maturity of the pod.

Previous studies had shown that pods collected earlier in the season

did not contain the parasite. However, about a thousand pods were ran-

domly selected from the, pod collection and kept as control experiments.

Daily observations were made for adult parasite mortality in rearing

containers, and starting approximately one month after the initiation

of this study, the pods that were exposed to the females were examined

daily for parasite progeny emergence.
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RESULTS AND DISCUSSION

Seasonal Appearance of Dinarmus acutus Thomson,

Under insectary conditions, Dinarmus acutus had both a spring

emergence period and a summer emergence period from vetch pods and seeds

collected during the summers of 1967, 1968, and 1969 (Figures 4 and 5).

A spring emergence period for the summer of 1967 (Figure 4) is not

shown because the, study was initiated during that summer. The occur-

rence of a spring emergence period was not discovered until spring of

1968 when it was found that D. acutus overwintered in vetch seeds col-

lected the previous season. The data for the 1967 collections were

from the Yoncalla, Oregon sample area, while the data for the 1968 and

1969 collections were from sample sites near Corvallis, Oregon. The

spring emergence of parasites from the 1969 collections represents

parasites that emerged from diapause during winter of 1969-1970 by

subjecting them to 26.9 °C in a growth chamber for five weeks. The

reason for breaking diapause was to obtain the data on the number of

parasites overwintering in, vetch seeds collected during summer of 1969.

The parasites emerging in spring of 1968 were first observed in

samples (1967 collections) during the fourth week in June and emergence

ceased by the first week in July (Figure 4). The parasites in spring

of 1969 (1968 collections) had a more extended emergence pattern over

a period of five weeks starting the last week in May (Site II), reaching

peak of abundance by the third week in June and ending by the first

week in July (Figure 5). The variation between the two seasons may be

a reflection of difference in locality sampled, but emergence during
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the spring of 1968 was not checked until the fourth week, in June.

The summer generation of parasites began to emerge from pod and

seed collections by the third (1969; Sites I and IV) and fourth (1967)

weeks in August, reaching a peak of abundance during the second week

in September. Emergence ended one (1967) to two (1969; Sites I and

III) weeks after the peak of abundance. This emergence pattern

occurred during summer of 1967 and 1969, while in summer of 1968 the

emergence period was limited to the last week in September and the

first week in October. The yield of parasites during peak of abun-

dance ranged from 5 to 38 parasites for 1968 and 1969 summers and from

none to 7 parasites for the 1967 summer.

The recovery of the parasites and hosts under field conditions

for the three seasons is shown in Figures 6 and 7. The field popula-

tion of bruchids during the spring of the year agreed with Steinhauer's

(1959) study in which the population of bruchids reached a peak popu-

lation during late May and early June for the males and a few days

later for the females (Figure 7a, b, d). The ovipositing genera-

tion declined steadily after peak abundance and by the last week in

July or early August, the overwintering adults were no longer found

in the field. By the second week in August, the new generation of

bruchids began to emerge in the field in approximately equal sex ratios.

The bruchids continued to emerge through August and September display-

ing no sharp peak abundance as occurred in the spring generation. By

the first or second week in October, bruchids were, no longer found in

the field. Interestingly, Figures 6 and 7 also show that the spring

generation of bruchids in the field was considerably larger than the
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new (late summer) generation of bruchids. The total population re-

covered in spring of 1968 (Site I) from 19 April to 24 July, for exam-

ple, was 1,686 bruchids, while the total population recovered in, late

summer from 15 August to 23 October was 580 bruchids, The population

in the spring was therefore approximately three times larger than the,

population recovered in late summer. Roughly the same magnitude of

difference in population size between the spring (ovipositing) and

late summer (overwintering) generations were also found in sample

sites II, III, and IV (Figure 7). The difference in field abundance

was believed to be a reflection of seasonal behavior of the bruchid

rather than actual differences in the two populations. In the, spring,

the ovipositing generation was attracted to the host plants for mating

and egg laying and thus congregated in the field; whereas the new

generation left the field upon emergence in search of hibernating

sites under lichens and loose bark on trees.

The parasite's seasonal activity in the field may be summarized

as follows: the parasite appeared in small numbers in July to early

August and increased in abundance during mid-August to early September.

This seasonal pattern was found during summers of 1967 (Figure 6) and

1969 (Figure 7, Sites I, III, and IV). The parasite, for example,

was recovered by the first or second week in July (5 and 8, respec-

tively) and its population remained relatively small throughout. July

and early August. Only two parasites were recovered from a sample of

200 sweeps during this early period of sampling. By mid-August to

early September, the number of parasites found in the field increased

significantly (Figures 6 and 7) when as high as 84 parasites (Site II,
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10 September 1969) were recovered from a sample of 200 sweeps. In the

summer of 1968, however, the general parasite population was small and

adults were not recovered in July and early August. Only a few adults

were recovered during the period from mid-August to September in Sites

I, III, and IV (Figure 7, 1968 summer). Parasites were not recovered

in Site II.

Generations ter Year

As discussed in the previous section, the parasite had a spring

emergence period and a summer emergence period. Since there were two

emergence periods during the season, the species was believed to be

bivoltine under western Oregon conditions. Table 2 (a, b) presents

fecundity data of females of the spring generation and of the summer

brood. Table 2a shows that the females that emerged in spring pro-

duced non-diapausing individuals from 16 July to 15 August and then

towards mid-August (16 to 31), they produced, diapausing individuals.

The number of non-diapausing individuals produced by the females was

much greater than the number of diapausing individuals (x; 33.2 to

2,3). The females of the summer brood (Table 2b) on the other hand,

produced only diapausing offspring. Since the females of the spring

generation were capable of producing both non-diapausing and diapaus-

ing offspring, D. acutus is not a true bivoltine species, but rather,

one that exhibits both univoltine and bivoltine habits. The follow-

ing diagram illustrates the univoltine-bivoltine habit found for

D. acutus in Oregon:



Table 2A. Total Number of Parasites Produced by Fifteen Females of the Spring Generation at Various
Dates of Exposure to Bruchid-Infested Pods.

Female

July 16 to 31

ND-1/ D'
August 1 to 15

ND D

August 16 to 31

ND D

Total Number of
Offspring

ND

1 24 0 18 0 0 0 42 0
2 21 0 26 0 1 5 48 5
3 3 0 2 0 0 1 5 1
4 17 0 30 0 1 3 48 3
5 15 0 30 0 0 2 45 2
6 10 0 5 0 0 0 15 0
7 13 0 42 0 0 12 55 12
8 2 0 15 0 0 0 17 0
9 0 0 15 0 1 0 25 0

10 17 0 25 0 0 4 42 4
11 14 0 5 0 0 0 19 0
12 11 0 21 0 0 0 32 0
13 11 0 14 0 0 2 25 2
14 12 0 30 0 0 2 42 2
15 4 0 33 0 0 3 37 3

Total 183 0 311 0 3 34 497 34
(497 + 34 = 531)

Average 12.2 0 20.7 0.0 0.2 2.3 33.2 2.3
(33.2 + 2.3 = 35.5)

1/ Number of Non-Diapausing Parasites that Emerged During Summer of 1969.

2/ Number of Diapausing Parasites that Emerged During Winter of 1969-1970 by Subjecting them to 26.9°C
in a Growth Chaplet. for Six Weeks.



Table 2B. Total Number of. Parasites Produced by Ten Females of the Summer Brood at Various Dates
of Exposure to Bruchid-Infested Pods.

Female

August 16 to 31
1/ 2/.ND D

September I to 15

ND D

Total Number of
Offspring

ND

1 0 6 0 0 0 6

2 0 3 0 0 0 3

3 0 2 0 0 0 2

4 0 5 0 0 0 5

5 0 1 0 0 0 1
6 0 4 0 1 0 5
7 0 7 0 0 0 7

8 0 3 0 0 0 3

9 0 1 0 0 0 1
10 0 4 0 0 0 4

Total 0 36 0 1 37

Average 0 3.6 0 0.1 0 3.7

1/ Number of

2/ Number of
26.9°C in

Non-Diapausing Parasites that Emerged During Summer of 1969.

Diapausing Parasites that Emerged During Winter of 1969 -1970 by Subjecting them to
a Growth Chamber for Six Weeks.
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Interestingly, the mean number of parasites produced by the

females of the spring generation was 35.5 parasites per female while

the mean number of parasites produced by the summer brood was 3.7 per

female. This difference, however, is not necessarily a reflection of

the difference in the fecundity of the females, but rather, a reflec-

tion of the hosts available to the parasites. Bruchid-infested pods

used for this study were collected in the third week of July when the

pods were mature and turning brown. It was established during this

study that vetch pods collected during this stage of maturity contained

bruchid-hosts that are free of parasites. Since the vetch pods were

collected only during the third week in July, they contained bruchids

of approximately the same age or stage of development. Both females

of the spring generation and the summer brood were exposed to pods of

this collection. The decline in number of suitable hosts was suggested

by the marked decrease in the number of offspring produced during the

period between 16 to 31 August, at which time mean number of offspring

produced by females of the spring generation and summer brood was 2.5

and 3.7 parasites per female respectively. Since the mean number of

parasites produced by females of the, spring generation did not differ
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from the mean number of parasites produced by the newly emerged females

of the summer brood, it was concluded that the reduction in the number

of offspring was a reflection of the host availability to the females.

Under field conditions, this univoltine-bivoltine nature of

D. acutus was cryptic since the diapausing larvae produced by the

spring generation could not be differentiated from the diapausing

larvae produced by the females of the summer brood. A direct rela-

tionship did exist, however, between the abundance of the spring gene-

ration (parasites recovered during July to early August) and the abun-

dance of the summer brood (parasites recovered during mid-August and

September). Figures 6 and 7 show this relationship. In summer of

1968 (Figure 7) for example, the parasite was not recovered during the

early weeks of summer and the resulting summer emergence during mid-

August and September was small. In Site II, the parasite was not re-

covered throughout the 1968 season. The total population of parasites,

recovered in late summer 1968 from Sites I, II, III, and IV, was 81

adults with a mean of 20.2 parasites per sample site. In contrast,

when seven adults were recovered during July and early August of 1969,

the total population of parasites recovered in late summer from Sites

I, II, III, and IV, was 526 parasites with a mean of 131.5 parasites

per sample site. The rate of increase was about 77 times that re-

covered in early summer. The same relationship existed for the para-

site population during summer of 1967 (Figure 6).

Diapause

In samples of vetch pods collected during the summer, it was noted
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that some parasites (summer brood) emerged in late summer and some

(overwintering parasites) emerged in spring of the following year. A

study was therefore conducted to determine the rate of D. acutus over-

wintering in vetch seeds at successive dates of pod collection. For

a particular collection (pod) date, for example, the rate or percent

entering diapause was determined by comparing the number of parasites

emerging in late summer with those, that emerged in spring. Figure 8

presents data on the yield of D. acutus and the percent of them en-

tering diapause at successive dates of collection of pods during the

1968 and 1969 seasons. As the data show, the percent of parasites

entering diapause at various dates of pod collection varied, depending

upon the sample site and the season (1968 or 1969). When the data for

Sites I, II, III, and IV were combined and averaged, however, an in-

teresting relationship was apparent. The 1968 season depicted a linear

rate of increase in the number of parasites entering diapause (Figure

8e). In the 1969 season, on the other hand, this linear relationship

was not as evident but there was a general increase in percent of para-

sites entering diapause at successive dates of collections.

In fall of 1968, D. acutus was found to overwinter in the last

larval instar within the vetch seed in which it developed. The over-

wintering larvae were commonly recovered in pod collections made during

September. In the winter of 1968-1969, a preliminary study on diapause

revealed that hibernating larvae completed their development to adults

if subjected to warm temperatures (26.9°C). A subsequent study was

therefore conducted in the autumn of 1969 to determine if oyerwinter-

ing D. acutus larvae required a pre-conditioning period of cold
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temperatures before development to adults. Vetch pods were collected

in September and dissected for overwintering parasite larvae. The

parasites were then placed in small petri dishes that were fastened to

the bottom of a large petri plate with soft clay (Figure 9). Each

large petri plate contained a total of 16 small petri plates, or a

total of 16 diapausing larvae. Two temperatures, -2.1°C and 5.8°C

were tested for breaking diapause. A group of five large petri plates,

containing a total of 80 larvae, were used for each treatment. The

larvae to be subjected to -2.1°C temperature were first acclimatized

to 5.8°C for three days before being subjected to -2.1°C. The second

group of larvae was placed in a 5.8°C temperature. The controls were

kept under insectary conditions (mean temperature 15.2°C) until in-

troduction into the growth chamber. After a week of exposure to the

prescribed temperatures one petri plate from each treatment was re-

moved, and with the insectary-maintained control plate, were subjected

to 26.9°C in a growth chamber. Observations for morphogeftesis were

made weekly for a period of five or six weeks.

The data presented in Table 3 (a, b) show that D. acutus larvae

completed their development, pupated, and emerged as adults when ex-

posed to a temperature of 26.9°C. The results also showed that

"breaking of diapause" did not depend upon the cold treatments of

-2.1°C or 5.8°C since development was comparable in controls as in

treatments. It should be mentioned, however, that the controls held

under insectary conditions were exposed to mean temperatures of 15.2°C

with a high of 31.2°C and a low of 6.8°C. It was not determined

whether a low of 6.8°C was sufficient for inducing morphogenesis in
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Figure 9. Large petri plate containing 16 smaller circular
plastic dishes each containing an overwintering
D. acutus larva.



Table 3. Developmental Rates of Overwintering D. acutus Larvae Exposed to 26.9°C in a Growth Chamber
Following Prescribed (-2.1°C, 5.8°C or Insectary Maintained Controls) Treatments. Paired
Experimental Design with Sixteen Larvae per Replicate for Total of 320 Larvae.

A. Weeks of Pre-conditioning at -2.1°C

Weeks at 26.9°C
and Life Stages

One Two Three Four Five
-2.1°C Con. -2.1°C Con. -2.1°C Con. -2.1°C Con. -2.1°C Con.

One
Larvae

a
13(1)7--

/
16 15 16 16 16 16 16 15(1) 16

Pupae 2 - 1 - - -
Adult - - - -

Two
Larvae 4 11 5 5 3(1) 4 2 12 1 16
Pupae 9 5 10 11 11 12 12 4 11
Adult 2 - 1 - 1 - 2 - 3 -

Three
Larvae -(1) 2(1) 1 - 1 1(1) 1 3 1 1
Pupae 4 9 4 4 8 11 9 10 12
Adult 10 4 11 12 6 3 6 2 14 3

Four
Larvae - 2 - - 1 - 1(1) 1 1
Pupae -(1) 1 - 1 3(1) -(1) - - -
Adult 13 12 15 16 13 11 15 14 14 13

Five

Larvae - 1 - - - - 1 1 -
Pupae - - - - - - -(2)
Adult 13 14 16 16 15 14 15 14 14 13

a/ Number in Parenthesis is the Individuals that Died Each Week.



Table 3. Continued

B. Weeks of Pre-conditioning

Weeks at 26.9°C

at 5.8°C

One Two Three Four Five
and Life Stages 5.8°C Con. 5.8°C Con. 5.8°C Con. 5.8°C Con. 5.8°C Con.

One
Larvae 15 16 13 16 11(2) 12(4) 16 16 16 16
Pupae 1 - 3 - 3 - - - -

Adult - - - - - - -

Two
Larvae 11(1)a/ 16 10 16 2(1) 7 4 11 14(1) 16
Pupae 3 5 11 5 11_ 3 1 -
Adult 1 1

Three
Larvae 2 3 5 15(1) 1 -(1) -(2) 2(3) 1 2(3)
Pupae 9 13 9 - 4 7 5 8 14 8

Adult 4 2 - 8 4 9 3 3

Four
Larvae , 6(1) 1 1
Pupae 3 4(1) 6 8 1, 1(1) -(1) 2(1) - -
Adult 12 11 10 11 9 13 10 14 12

Five
Larvae - - 1 - - - 1

Pupae. -(1) 8(1) 1 - 1 -

Adult 15 15 15 5 11 10 13 11 14 12

Number in Parenthesis is the Individuals that Died Each Week.



Table 3. Continued

B. Weeks of Pre-conditioning at 5.8°C

Weeks at 26.9°C One Two Three Four Five
and Life Stages 5.8°C Con. 5.8°C Con. 5.8°C Con. 5.8°C Con. 5.8°C Con.

Six
Larvae 1 - - - 1
Pupae - - - - - - - -
Adult 15 15 15 13 12 10 13 12 14 12

a/ Number in Parenthesis is the Individuals that Died Each Week.
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the control larvae or whether the larvae did not need a cold period

for further development.

There were, however, some differences in the rates of development

between larvae exposed to cold temperatures and control larvae. The

cold-treated larvae appeared to develop more rapidly than the control

larvae during the first three weeks of exposure in the growth chamber.

Only petri dishes containing larvae exposed to the low temperatures

(-2.1°C or 5.8°C) produced adults by the second week of exposure to

26.9°C. The difference in the rate of development between the treated

and control larvae, however, was no, longer evident by the fourth week

of exposure in the chamber.

The developmental rates between the two temperature treatments

indicated that larvae subjected to -2.1°C developed a little more

rapidly than larvae exposed to 5.8°C. This difference was shown during

the second week of exposure and in the total days required for develop-

ment to adults. Individuals exposed to -2.1°C, for example, generally

required four to five weeks of exposure to 26.9°C to complete morpho-

genesis to the adult stage, while individuals exposed to 5.8°C required

five to six weeks.

Within each cold temperature there was no correlation between

the length of exposure to low temperatures and the rate of morpho-

genesis. Parasites exposed to a week of -2.8°C (or 5.8°C), for exam-

ple, developed just as rapidly as larvae exposed to five weeks at

that temperature. The data, therefore, indicate that exposure periods

longer than a week to temperatures of -2.8°C or 5.8°C did not affect

the developmental rate of the parasites.
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An additional investigation was also conducted to determine

whether light or temperature was the factor that initiated parasite

development. Two petri dishes each containing 16 overwintering larvae

(Figure 9), were used for this study. One petri dish was wrapped with

a double covering of aluminum foil to seal out any light source and

the other petri dish was not wrapped in foil. The two petri dishes

were then placed in a growth chamber with a 16 hour light and an 8

hour dark cycles for six weeks. Twelve adults emerged in the light-

sealed petri dish and 14 adults emerged in the petri dish exposed to

the light regime. The results, therefore, suggested that temperature

rather than light was the contributing factor for "breaking diapause"

for this species.

Overwintering Habitat Survey

Prior to the discovery that D. acutus overwintered as mature

larvae in vetch seeds, surveys for D. acutus overwintering habitats

were conducted during the winter months of 1967-1968. Samples of vetch

debris, grass, oak litter, moss, and bark of oak trees were collected

from fields and trees and processed in a Berlese funnel. Shrubs and

trees bordering the vetch fields were also surveyed for overwintering

adult parasites by beating branches over an insect collection sheet.

In addition, vetch seeds were collected from the ground during the

winters of 1967-1968 and 1968-1969 and placed in cartons for possible

spring emergence of the parasite.

After it was established that D. acutus overwintered as diapausing

larvae, an attempt was made to recover the parasites of the spring
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generation with emergence traps. In the winter of 1968-1969, eight

3' x 4' (9.84 m x 13.12 m) pyramid emergence traps were located at

E. E. Wilson Game Refuge and checked weekly during spring and summer

months of 1969 for parasites. In fall of 1969 (October), a study was

also conducted to determine the possibility that the late emerging

adults could overwinter under insectary conditions. Ten parasites

were placed in each of five rearing cages containing cut grass stems

and a food source of a honey and water mixture.

The results of the surveys are summarized in Table 4. None of

the habitats sampled contained overwintering adult parasites. The

Berlese and beating sample methods did, however, recover some bruchids

that were overwintering in moss on sides of oak bark and branches.

This agrees with Steinhauer's (1955) results on the overwintering

habitat of the bruchid. Since no parasites were recovered from these

habitats, two probable hypotheses can be advanced: (1) the habitats

sampled were not adequate in sample size or were not the correct habi-

tats or (2) the parasites, which emerged in late summer did not sur-

vive the winter. The latter hypothesis was tested and the results

presented in Table 5 showed that the adults survived well under insec-

tary conditions until in January when none survived. The parasites

were, therefore, unable to survive in the adult stage during the winter

under insectary conditions.

Under insectary conditions, D. acutus overwintered as fully-grown

third instar larva in vetch pods and seeds that were collected in late

August and September. In the winter of 1967-1968 and 1968-1969,

several attempts were made to recover the overwintering parasites in



Table 4. Surveys Conducted During the Winter Months of 1967- 1968 and 1968-1969 for Overwintering
D. acutus.

Sample Method
Employed Habitat Surveyed

Total Number Recovered
D. acutus B. brachialis

Berlese Funnel. Moss from Side of Oak 0 7

Lichens from Bark of Oak 0 8
Oak Litter 0 0
Vetch and Grass Debris 0 0

Beating Sheet Douglas Fir Foliage 0 0
Moss on Sides of Oregon Oak 0 1
Wild Oregon Rose 0 0
Oak Limbs Covered with Moss .& Lichens 0 2
Teasel 0 0
Snowberry 0 0

Location Winter Total Seeds

Vetch Seed Collection Luckiamute 1967-1968 300 0 1

E. E. Wilson 1967-1968 300
1968-1969 500

Corvallis 1967-1968 100 0 0
1968-1969 100. 0 0

Emergence Traps E. E. Wilson 1968-1969 0
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Table 5. Overwintering Survival Rate of D. acutus Adults Under
Insectary Conditions During the Winter of 1969-1970.

Months
Replicate October November December January

1 10 10 9 0

2 10 9 8 0

3 10 6 6 0

4 10 8 8 0

5 10 9 8 0

Total D. acutus 50 42 39 0

Alive

Mean Survival Per 10 8.4 7.8 0.0
Replicate

Maximum Temperature 31.1°C 21.0°C 15.9°C 13.2°C

Minimum Temperature 6.8°C 4.5°C -0.5°C -4.0°C

Mean Temperature 13.5°C 12.2°C 8.9°C 0.8°C
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vetch seeds under field conditions. As shown in Table 4, no parasites

were recovered from these collections. A probable explanation for the

failure to recover overwintering parasites in vetch seeds may be the

result of the sampling technique. In winter months the sample sites

were generally covered with grass and plant debris. Collection of

seeds required clearing the cover of debris and locating the vetch

seeds by touch. Visual sampling was difficult because most of the

vetch seeds blended well with the soil and were difficult to locate.

There was a tendency to select non-infested seeds over infested seeds

because the former were firm and therefore easily detected, while the

latter were soft and easily overlooked. Another probable explanation

could be attributed to the high overwintering mortality occurring

among the parasites in vetch seeds. If the parasite overwintered in

vetch seeds in the field, it is quite conceivable that the parasites

were subjected to a number of mortality factors present under field

conditions such as drowning, freezing, or being consumed by animals

or birds. Possibly, the breaking down of infested seeds during the

winter months could contribute to mortality of diapausing larvae. A

high overwintering mortality was suggested by the low spring recovery

of parasites in the fields (Figure 7). A small winter survival could

probably explain why parasites were not recovered in the eight emer-

gence traps. Possibly the area covered by, these traps was not adequate

to recover the few surviving parasites.

Alternate Insect Hosts of the Parasite, Dinarmus-acutus

Since D, acutus were recovered in small numbers in July to early
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August and more abundantly in mid-August and September, a survey was

conducted in the Willamette Valley, Oregon, in the summer of 1968 for

a possible alternate host that the parasite may attack prior to availa-

bility of the vetch bruchid. Pods of several species of legumes were

collected for possible seed infesting bruchids that may serve as an

alternate host for D. acutus. The legumes surveyed were: large lupine,

Lupinus polyphayllus Dougl.; small lupine, Lupinus micrantus Dougl.;

scotch broom, Cytisus scoparius Link; vetchling, Lathyrus sphaericus

Retz.; cultivated vetch, Vicia saliva L.; slender trefoil, Lotus

micranthus Bent.; Tangier pea, Lathyrus tingitanus L.; and cultivated

peas, Pisum arvense L. The results of the survey revealed that only

cultivated peas were infested with a bruchid, the pea weevil, Bruchus

pisorum L., but they were not parasitized by D. acutus.

Parasitism of the pea weevil by D. acutus, however, has been pre-

viously reported by Rockwood (unpublished progress report data). In

1939 to 1940, he found "fair to high parasitization" of the pea weevil

under field conditions and recovered a few parasites from the, vetch

bruchid. In 1941 to 1945, however, the percent parasitism was markly

reduced and no parasites were recovered in 1946. Interestingly, the

decline of parasitism in 1941 to 1945 and the absence of the parasites

by 1945 was associated with the extensive use of insecticides, i.e.

rotenone and DDT, for the control of pea weevil (Rockwood's progress

report, 1945). The application of insecticides may have been detri-

mental to ovipositing D. acutus females. The infested peas collected

during the survey were from pea fields that were treated with an in-

secticide for the control of the pea weevil. It is possible, therefore,



46

that the parasite was prevented from parasitizing the pea weevil be-

cause of insecticidal applications.

Since Rockwood reported parasitism of the pea weevil by D. acutus,

a study was conducted to check his observations and to determine if

D. acutus exhibited preference for the pea weevil over the vetch bru-

chid. Mated female parasites were exposed to a combination of treat-

ments involving bruchid-infested peas and vetch seeds and infested

pods. The combinations were: (1) eight pea seeds, (2) four vetch

and four pea seeds, (3) eight pea pods, (4) four pea and four vetch

pods and (5) eight vetch pods. Each treatment was, replicated three

times and each replicate contained four female parasites.

The results of this study are shown in Table 6. The data re-

vealed that the parasites attacked the pea weevil as well as the

vetch bruchid weevil in both pods and seeds. However, the parasites

showed a slight preference for the pea weevil over the vetch bruchid.

In treatments II and III, for example, the parasites showed a higher

percentage of parasitism of the pea weevil in pea seeds (22.2%) and

pea pods (23.1%) than the vetch bruchid in vetch seeds (9.1%) and

vetch pods (10.0%). The results appear to support Rockwood's 1939

and 1940 progress report data in which he found higher parasitism

occurring for the pea weevil than for the vetch bruchid.

Parasite Distribution in Oregon

Surveys to determine the distribution of D. acutus, and other

parasites of the vetch bruchid, were conducted annually in the.

Willamette Valley and few areas east of the Cascade Mountains. The



Table 6. Parasitism of the Vetch Bruchid and Pea Weevil by D. acutus Under Insectary Conditions.

Number of
Treatment Replicates

Total Number of
Seeds Exposed

Total Number of Seeds
Infested & Available
For Parasitism

Number
Parasitized

Percent
Parasitized

Pea Seeds 3 24 18 3 16.67

Pea. Seeds + Vetch Seeds
Pea Seeds 3 12 9 2 22.2
Vetch Seeds 3 12 11 1 9.09

Vetch Pods + Pea Pods
Pea Pods. 3 24' 13 3 23.08
Vetch Pods 3 24a/ 20 2 10.00

Pea Pods 3 55b/ 38 6 15.80

a/ Number Represents the Total Number of Seeds Contained in Three Pods.

b/ Number Represents the Total Number of Seeds Contained in Nine -Pods.
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surveys were centered in these areas because during a survey conducted

in the summer of 1968 no cultivated or escaped vetch was found east of

Bend, Oregon.

The annual survey was conducted during the first and second weeks

in September. Five samples, consisting of 20 sweeps per sample, were

taken from roadside vetch at each locality sampled. The stand density

and the presence or absence of the parasite in sweep collections were

noted for each locality.

The results of the annual surveys for the summers of 1967, 1968,

and 1969 are summarized in Table 7 and Figure 10. The parasite is well

established in the Willamette Valley and in some areas east of the

Cascade Mountains such as Metolius, Powell Butte, Sisters, and the

The Dalles.

Since no alternate host other than the pea weevil is known for

D. acutus, the surveys were limited to vetch and the vetch bruchid-----

host. The distribution of the parasite was correlated with the dis-

tribution of the cultivated or roadside vetch plants in Oregon. The

parasite was not recovered in most areas of eastern Oregon due to the

lack of vetch plants. For this same reason, the parasite was not found

in the The Dalles and in Camas Valley during the summers of 1968 and

1969 because no vetch plants were found in these areas, Interestingly,

patches of roadside vetch plants infested with bruchids were found in

Sisters during the 1968 and 1969 surveys, but no parasites were re-

covered. The bruchid population was low and the plants were growing

out of cycle with the season because of irrigation from adjacent al-

falfa fields (many plants had full blossoms in September). Possibly
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Table 7. Distribution Surveys ,Conducted During- Summers of 1967,
1968 and 1969 for Recovery of D. acutus Adults in Culti-
vated or Roadside :Vetch Stands in Oregon. Five Samples,
Consisting of Twenty Sweeps per Sample, were Taken at
Each Sampling Locality.

Location Year
Density of 1/

Vetch Stand

Total
Bruchid
Collected

Total
D. acutus

Collected

Amity 1967 5 3+++
1968 +++ 177 1

1969 ++ 7 8

Baker 1967 Not Sampled
1968 No Vetch Found
1969 Not Sampled

Camas Valley 1967 +++ 42 41
1968 No Vetch Found
1969 No Vetch Found

Carlton 1967 18 6+++
1968 105 1+++
1969 + 0 1

Central Point 1967 ++ 3 1

1968 Not Sampled

1969 0 87+++

Forest Grove 1967 43 1+++
1968 + 64 1

1969 ++ 37 63

Gladstone 1967 ++ 29 6

1968 71 2

1969 ++ 6 12

Glide 1967 +++ 70 11

1968 +++ 1 1

1969 0 6+++

1/ Subjective Classification of Vetch Stands
+Light Stands of Vetch.

++Moderate Stands of Vetch.
++t-Heavy Stands of Vetch.
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Table 7. Continued

Location Year
Density of /,

Vetch Stand-,

Total
Bruchid

Collected

Total
D. acutus
Collected

Hillsboro 1967 Not Sampled
1968 115+++
1969 16+++

John Day 1967 Not Sampled
1968 No Vetch Found
1969 Not Sampled'

La Grande 1967 Not Sampled
1968 No Vetch Found
1969 Not Sampled

Metolius 1967 17 42+++
1968 + 0 1
1969 +++ 16 1

Ontario 1967 Not Sampled
1968 No Vetch Found
1969 Not Sampled

Pendleton 1967 Not Sampled
1968 No Vetch Found
1969 Not Sampled

Powell Butte 196 7 119 15+++
1968 ++ 3 1

1969 16 1+++

Sisters 1967 + 399 11
1968 +++ 3 0

1969 4 01.44.

Stayton 1967 +++ 36 22
1968 ++ 104 1

1969 No Vetch Found

1/ Subjective Classification of Vetch Standa
+Light Stands of Vetch.

+I- Moderate Stands of Vetch.
+++Heavy Stands of Vetch.
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Table 7. Continued

Location Year
Density of

1/
Vetch Stand

Total
Bruchid

Collected

Total
D. acutus
Collected

Sweet Home 1967 + 1 5

1968 + 126 3

1969 7 23+++

The Da1les 1967 + 1 5

1968 No Vetch Found
1969 No Vetch Found,

Troutdale 1967 3 1+++
1968 ++ 115 2

1969 ++ 26 14

Veneta 1967 36 3+++
1968 +++ 60 3.
1969 + 4 2

Wilderville 1967 3 1+++
1968 ++ 5 1

1969 7 2+++

Yoncalla 1967 29 6+4-I-

1968 ++ 50 1

1969 + 17 2

1/ Subjective Classification of Vetch Stands
+Light Stands of Vetch.

++Moderate Stands of Vetch.
+++Heavy Stands of Vetch.
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the lack of parasites was the result of late seasonal growth of the

vetch plants since parasites were found in roadside vetch stands in

neighboring localities such as Powell Butte and Metolius.

The widespread distribution of D. acutus in the Willamette Valley

and some areas east of the Cascade Mountains implies that the para-

site was accidentally introduced into Oregon along with early ship-

ments of bruchid-infested vetch seeds. The parasite's presence in

Oregon went unnoticed during earlier studies of the vetch bruchid

(Steinhauer, 1955 and 1959; Dickason, 1960; Dickason and Lattin, 1961).

The majority of the earlier studies on the vetch bruchid were completed

before the parasite made its seasonal appearance in the field. These

studies were insecticide control investigations and were usually ter-

minated at the time the first pods dehisced and commercial vetch was

harvested.
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Description of Dinarmus acutus Life Stages

The general description of the adult of D. acutus Thomson is

adapted from Delucchi's (1956) publication in which he cited Masi's

description of the species. Appendix I gives a complete translation

from German of Delucchi's (1956) description of the parasite.

Adult

Female approximately 2.5 mm long, dark violet to black in color;

head vertex, pro- and mesonotum with bronze-colored reflections.

Antenna light brown. Male,similar to female except for shorter and

smaller abdomen. Body, length of male ranging from 2.1 to 2.3

Egg

Egg grayish-white, surface of chorion covered with minute spines.

Egg pedicelled, hymenopteriform (Figure 11a) with an average length of

0.546 mm + 0.038 mm (0.511 mm + 0.044 mm exclusive of the stalk);

average width at widest point 0.139 mm + 0.015 mm (Figure 12a).

Larval Stage

Based on head capsule width measurements, it was established that

the parasite had at least three distinct larval instars. This finding

is contrary to the reported five instars of many pteromalids (Hagen,

1965). This insect could possibly have had an additional moult just

after eclosion, but evidence for this ins tar was not conclusive. One

newly hatched larva, that had migrated off the host was believed to

have moulted. Unfortunately, the, larva had adhered to the petri dish
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Figure 11 A. Egg of D. acutus laid externally on a bruchid
host (30X).

Figure 11 B. First instar larva of D. acutus feeding exter-
nally on .a bruchid host (30X).
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A

B

C

Figure 12. Drawings of D. acutus life stages (A-G, 30X; H, 160X;
I-K, 320X). (A) Egg stage. (B) First instar larva.
(C) Second instar larva. (D) Third instar larva.
(E) Prepupa. (F) Female pupa. (G) Male pupa. (H) Front
view of head capsule of third instar. (I) Mandible of
first instar. (J) Mandible of second instar. (K) Man-
dible of last (third) larval instar. ant antenna;
clp clypeus; lbm labium; lm - labium; 1p labial;
and - mandible; sal duct salivary duct.
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floor and was partly dessicated. Numerous attempts, were made to sub-

stantiate this possible early instar by head capsule and mandible

measurements and analyses but the results were not decisive.

The number of instars was determined by daily measurements and

records of larvae individually maintained in petri dishes (Figure 3).

When a larva moulted to the next instar, there was a statistically

significant increase in width of the head capsule. Moulting occurred

by splitting of the head capsule and the cuticle of the first and

second body segments along the mid-dorsal region and then the new in-

star worked its way out of the old skin by a series of contractions.

The exuviae were very thin and transparent and often not observed.

The number of moults is depicted as histograms showing the dis-

tribution frequency plotted against measurements of the width of head

capsule (Figure 13a, b). Figure 13a is a subsample of total indivi-

duals based on the eleven individuals that were successfully reared

from egg to adult. Figure 13b is based on 150 larvae that were ob-

served either at intervals or throughout their life cycle. In both

histograms, the measurements of the first and second instars were quite

distinct, but the third instar displayed a wide variance in the width

of the head capsule. This variance may be associated with the size of

the host. Unfortunately, no data were taken to correlate the size of

the parasite to the size of the host. However, numerous dissections

of seeds from field and laboratory materials revealed that parasites

attacking adults in the seed were noticeably smaller than those para-

sitizing fourth instar larvae.
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First Instar: Newly hatched larva transparent and with a taper-

ing body of 13 post-cephalic segments (Figures 11b, 12b). Head dis-

tinct with well defined, one-segmented antenna. Head capsule width

0.119 mm + 0.005 mm, body length 0.537 mm + 0.055 mm, body width 0.192

mm + 0.005 mm. Mandibles falcate, lightly pigmented, 0.42 mm + 0.006 mm

in length (Figure 12i). When the larva begins to feed, the post-

cephalic segments became full and rounded.

Second Instar: Larva creamy-white, in some individuals, others

grayish-white with visible yellow mid-intestine line. Fully-fed larva

cylindrical, tapering slightly anteriorly and posteriorly (Figure 12c).

Head capsule width 0.208 mm + 0.015 mm, body length 1.062 mm + 0.094

mm, body width 0.429 mm + 0.107 mm. Mandibles smooth, triangular,

pigmented near the apex (Figure 12j) with definite internal groove.

The mandible 0.076 mm + 0.016 mm in length.

Third Instar: Larva creamy-white with visible dark green mid-

intestine line. Fully-fed larva arched dorsally, tapering slightly

anteriorly and posteriorly, and widest near posterior end of body

(Figures lld, 12d). Head capsule width 0.424 mm + 0.013 mm. Body

length 2.49 mm + 0.069 mm, body width 1.03 mm + 0.08 mm. Mandibles

smooth, comparable to the second instar, 0.098 + 0.016 in length

(Figure 12k). During this stage, the nine pairs of spiracles are

distinct on the abdominal segments and are circular and simple.

Head Structures of D. acutus Larva

The head structure of the fourth instar larva is illustrated in
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Figure 11 C. C-shaped, second instar larva feeding on a
bruchid host (30X).

Figure 11 D. Fully-grown third instar larva (30X).
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Figure 12h. As with most ectoparasites, the antennae are one seg-

mented. The clypeus is a large transparent flap that overlaps the

opening of the preoral cavity. The labrum is a reduced rectangular

structure situated in the center of the clypeus. The mandibles are

prominent beneath these structures and are smooth and triangular in

shape. The maxillae and maxillary palpi are reduced to projecting

lobes. The labia and their palpi appear as flattened disc-like lobes

and each lobe contains a seta and two sensellae.

Prepupal Stage

This stage is marked by the cessation of feeding and a contrac-

tion and thickening of the body segments (Figure 110. The larva

changes from yellowish-white to almost pure white and a dark green to

gray material is secreted from the mid-intestine. Near the termination

of the prepupal stage, there is a general narrowing of the thoracic

section and a general swelling of the posterior segments (Figure 12e).

Pupal Stage

The freshly emerged pupae are exarate, white in color, but

generally darkened and becomes black prior to adult emergence. The

last larval skin is usually attached to the posterior end of the pupa.

Head capsule width 0.785 mm + 0.081. Body length 2.047 + 0.318 mm,

body width 0.927 + 0.052 mm. The female pupa (Figure 12f) is

generally longer and more tapered while the male pupa (Figure 12g)

is shorter and rounded posteriorly.
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Biology of Dinarmus acutus Thomson

Emergence

63

The parasite worked its way out of the, pupal covering by a series

of movements that split the pupal skin along the dorsal region of the

head and thorax. The adult then chewed a hole in the seed coat and

emerged from the seed. The exit hole of the parasite measured 1.063 mm

+ 0.074 mm in diameter and was characterized by its rough circular

edges (Figure 14). Under laboratory conditions, the males ganerally

emerged two to three days earlier than the females.

Longevity

The results of a longevity study of D. acutus in which adults

were given water or a honey and water food mixture, are summarized

in Table 8. The data indicate that the parasites were able to sur-

vive on either sources of food, but the mean rate of survival of both

males and females reared on the honey and water mixture was signifi-

cantly greater than those reared on water. The mean survival of males

given a honey and water mixture increased over those presented only

water from 9.2 + 2.5 days to 64.1 + 6.50 days (approximately 7 times)

while the, mean survival of females increased from 13.6 + 2.30 days

to 94.2 + 6.40 days (approximately 7 times). The females in both

treatments lived longer than the males.

In nature, the adult parasites probably feed on nectar secretions,

of flowering plants. A nectar source seems essential for the species

survival since the bruchid host does not reach a suitable stage until
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Figure 14. Exit hole of D. acutus from vetch seed showing
the rough edges chewed in the seed coat.



Table 8. Longevity of Parasites of the Spring Generation and Summer Brood When Fed Water or Honey
and Water.

Longevity
Number of (Days)

Food Source Sex Parasites Range Mean

A. Spring Generation

Water Male 20 5-29 9.2 + 2.5
Female 20 5-30 13.6 + 2.3

Honey and Water Male 20 33-86 64.1 + 6.5
Female 20 62-125 94.0 -T- 6.4

B. Summer Brood

Honey and Water Male
Female

18
18

20-45 31.4 + 6.0
26-73 44.9 +11.0
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40 + days after the parasite emergence (Table 9). The non-synchrony

of the parasite to suitable host stage may indicate the presence of an

alternate host in the parasite life system.

The longevity of the summer generation of D. acutus is depicted

in Table 8. The results showed that the survival of this brood was

about, one-half the duration of the spring generation. The mean sur-

vival of males decreased from 64.1 + 6.5 days to 31.4 + 6.0 days

(approximately two times) and the females from 94.2 + 6.4 days to

44.9 + 11.0 days (approximately two times). This decrease in survival

duration was probably a reflection of the unfavorable environmental

condition during the fall season.

Reproductive Capacity of Dinarmus acutus Females

The data on the number of offspring produced by D. acutus are

based on 15 out of 20 females because five females produced no off-

spring. The results summarized in Table 9, show a wide variation in

the total number of progeny produced. The total ranged from 6 to 67

parasites produced per female with an average of 35.2 offspring. Ten

individuals were the largest number of offspring obtained from an in-

dividual female in a one day period. The mean number of males to

females was 17.1 to 18.0, a sex ratio of approximately 1:1. The fre-

quency of progeny produced, daily is illustrated in Figure 15. As the

graph shows, the females produced the greatest number of progeny during

the first 29 days of oviposition and then oviposition declined. The

females started oviposition at a mean age of 40.7 days (18 July) and,

ended under laboratory conditions at a mean age of 67.8 days



Table 9. Length of Oviposition Period and the Number of Offspring Produced by Fifteen D. acutus Females
Under Insectary Conditions.

Age of.Female

{Days)
Total Oviposition

Period (Days)

Number and Sex of
Offspring Produced

Per Female
Total Offspring

Produced
Per Female

Beginning of
Female Oviposition

Ending of
Oviposition Male Female

1 40 64 24 14 28 42
2 40 77 37 21 32 53
3 45 82 36 3 3 6
4 41 82 41 28 23 51
5 44 69 25 18 29 47
6 39 63 25 12 3 15
7 34 63 29 44 23 67
8 42 78 36 11 6 17
9 41 62 21 6 17 23
10 41 72 31 29 17 46
11 36 56 20 16 3 19
12 43 62 19 15 17 32
13 40 55 15 7 20 27
14 41 66 25 15 28 43
15 44 66 22 18 22 40

Total 611. 1,017 406 257 271 528

Mean 40.7 67.8 27.1 17.13 18.1 35.5

C.I. at 95% +1.70 +4.8 +4.20 +5.7 +5.5 +9.4
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Figure 15. Length of oviposition period and the number of offspring produced by 15 D. acutus
females under insectary conditions.
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(1 September), although some lived as long as 94 days.

A life and fertility table for D. acutus was constructed to esti-

mate the growth parameters for the species under insectary conditions.

The temperatures range from 7.2 °C to 35.6 °C with the mean of 20.0°C.

The life and fertility data are presented in Table 10. The statisti-

cal calculations for R
o

, rm, and T parameters are presented in

Appendix II. In the life table, the first column gives the pivotal

age (x) of the parasite in weeks, the second column lists the fraction

(lx) of the number of females surviving at the beginning of age class

and the third column (mx) is the mean number of female progeny produced

per week per female during that age interval (x).

From the calculations (Appendix II), the net reproductive rate

(R
o) for the species is 17.11, its intrinsic rate of natural increase

(r ) is 0.3118 and its mean length of a generation is 9.1 weeks. The

rm value is a biological parameter describing the rate with which a

population will increase in a given environment (unlimited). This

value is also used as a numerical rating index of the effectiveness of

a parasite in suppressing the growth of populations of its host under

various environmental conditions. Messenger (1964) evaluated the rm

of an aphid Therioaphis maculata (Buckton) and its braconid endopara-

site, Praon palitans Muesebeck, at two temperatures, 21°C and 12.5 °C.

He reported that the aphid and parasite had nearly identical rm at

21° C but the r
m value for the parasite was significantly lower than

the host at 12.5°C. Under caged conditions, the parasite at tempera-

tures of 21°C was able to suppress the host population but at a cooler

temperature of 12.5°C, the parasite was not effective in suppressing
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Table 10. Life and Fertility Table for Fifteen D. acutus Females
Under Insectary Conditions.

(In Weeks)

0.5 1.00

1.5 1.00

2.5 1.00

3.5 1.00

4.5 1.00

5.5 1.0()

6.5 0.07 0.07

7.5 1.00 1.27 1.27

8.5 1.00 5.07 5.07

9.5 1.00 6.40 6.40

10.5 0.87 4.60 4.00

11.5 0.53 0.50 0.26

12.5 0.33 0.00 0.00

13.5 0.13 0.33 0.40
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the increase in aphid numbers. Unfortunately, the rm for the vetch

bruchid was not determined but the knowledge of the rm for the species

does give a clue to the, life characteristic of the species. Should the

r
m of the host be calculated, a comparison could be made as in Messenger's

study to determine the relationship of the parasite and the host repro-

ductive capacity. Also, the rm value of D. acutus can be used as a

point of comparison with other parasites that may be present in the

bruchid life system.

Copulation

To obtain virgin insects for mating studies, 16 males and 22 fe-

males were collected upon emergence and separated in cages according to

sexes. To observe the mating behavior, a male and a female were intro-

duced into a cage and observed continuously for a period of one hour.

The number of matings and attempts to mate (mounts) were recorded along

with any particular courtship behavior. Tests were conducted for seven

consecutive days between the hours of 3 p.m. and 4 p.m. Each daily

mating study consisted of three replicates.

The results show that the female accepted the male within one or

two days after emergence from the seed. When a male approached a fe-

male, he normally fluttered his wings rapidly and followed closely be-

hind the female, stroking the sides of her abdomen with his antennae.

If she appeared receptive, she stopped and once the male had mounted,

he proceeded to stroke her antennae by rubbing the inner sides of his

antennae against the outer edge of the females antennae. If the female

submitted, the male backed a little and bent the tip of his abdomen
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under that of the female and the act of copulation lasted only four

to five seconds. If the female was not receptive, she dislodged the

male with her posterior legs. Generally, a mated female did not mate

more than once, but on few occasions, a second copulation did occur.

Oviposition Behavior

The oviposition behavior was observed by introducing mated females

into cages containing pods of bruchid-infested seeds or harvested

bruchid-infested seeds. When a female settled on a pod or seed, the

pattern of search and manner of oviposition were noted. Detailed obi-

servations were compiled before a general pattern of oviposition was

deduced.

The female of D. acutus was observed to oviposit in both bruchid-

infested seeds within pods and in exposed bruchid-infested seeds.

Numerous observations were made and by compilation, the following

general pattern can be inferred: before ovipositing, the female

examined the entire surface of the pod or seed by means of tapping

motion with the antennae (Figure 16). When on the pod, she generally

centered her search in the areas where there were swellings on the

wall of the pod because of the underlying seeds. It was not uncommon,

however, to observe the parasite investigating a bruchid egg or a

bruchid entrance hole by tracing its borders with her antennae. On

the seed, she exhibited preference for the area that had the, thinnest

layer of seed cover between the seed surface and the bruchid larva

within the vetch seed. When she detected a suitable host, she stoPPed

and the pattern of movement of her antennae changed, from a tapping to
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Figure 16. D. acutus female examining the pod surface for
an oviposition site.
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a circular motion followed by a series of slow longitudinal movements.

She then arched her body so that the tip of her abdomen touched the

surface (of the pod or seed) and released the ovipositor while the top

of her abdomen was slightly curled downward (Figure 17). In this posi-

tion, she drilled through the surface, stopping briefly for periodic,

up and down abdominal movements as if to aid in penetration. During

the initial drilling, her antennae moved constantly, but this activity

was terminated as her ovipositor penetrated deeper into the seed. When

the full length of the ovipositor was inserted, her abdomen proximal to

the ovipositor touched the seed or pod surface (Figure 18). During

this time, her antennae were folded close to her head. Simultaneously,

the abdomen underwent a series of slow longitudinal contractions. Ovi-

positing generally took 20 to 30 minutes and the retraction of the ovi-

positor was effected simply by lifting the abdomen.

The oviposition behavior throughout the season was also investi-

gated to determine the optimum time for oviposition during the day and

during the season. Four mated females were introduced into a rearing

cage containing six bruchid-infested vetch pods. There were four rep-

lications of each experiment and hourly readings were taken for a

period of 24 hours for both frequency of oviposition and frequency of

alighting on the pods. The study was conducted one day out of each

month for three consecutive months starting late July and ending the,

last week of September, 1968.

The results, presented in Figure 19, show the mean frequencies of

pod alightment and oviposition for four females for a 24 hour period

in each of three consecutive months. The data reveal that the fre-
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Figure 17. Female ovipositing in bruchid
infested vetch seed. Note the
ovipositor is perpendicular to
the top center of the seed.
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Figure 18. Female ovipositing in bruchid infested vetch seed.
Note the female's abdomen, proximal to the ovipositor
is touching the pod surface when the ovipositor is
inserted its full length.
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quencies of oviposition declined as the season progressed, with 28 July

having the highest rate of oviposition and 20 September the lowest.

This decline in oviposition frequencies seemed to correspond with the

developmental stages of the bruchid host which will be discussed in

more detail in a later section. The optimum period for oviposition

was between 1 to 4 p.m. The frequencies of alightment on pods depicted

an interesting behavior in which the females exhibited a single peaked

frequency curve during the July experiments, while during August and

September experiments, the females displayed a two peaked frequency

curves. The reason for this behavior is not known.

Pod Preference of D. acutus Females

To determine if there was an oviposition preference of D. acutus

females for green pods or brown, mature vetch pods, a total of 12 fe-

males were used. Three females were introduced in each of four cages

containing three green and three brown bruchid-infested vetch pods.

Hourly readings for 12 hours were taken for both attractiveness and

suitability of the pods for parasite oviposition. Attraction for ovi-

position was based on the frequency of alighting on the pods and suita-

bility by the, frequency of oviposition.

The preference for green or brown and mature vetch pods exhibited

by the females is summarized in Table 11. The results show a distinct

preference for the brown pods over the green pods. The incidence of

oviposition, however, was lower than expected and may be ,a reflection

of the stage of the bruchid host contained within the brown pods. The

pods utilized for this study were the first brown pods that appeared in
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Table 11. Frequency of D. acutus Investigating and Ovipositing in
Bruchid-Infested Pods.. Three Females were Introduced in
Each of Three Cages Containing 'Three Brown POds. and Three
Green Pods for a Period of Twelve Rours

Replicate

Brown Pods Green Pods
Number

Investigating
Number

Ovipositing
Number

Investigating
Number

Ovipositing

1 11 2 0 0

2 12 0 0 0

3 7 1 0 0_
Total 30 3 0 0

Mean 10 1 0 0

Table 12. Seasonal History of Hairy Vetch, Vicia villosa in
Corvallis, Oregon. Data are Based on Field Observations
During Summers of 1968 '.and 1969.

Phenomenon SUmmer of 1968 Summer of 1969

First Bloom 9 May 16 May

First Pod 6 June 28 May

First Brown Pod 10 July 18 July

Dehiscing Rate

15 July

14 August

16 September

Percent Dehisced

0.00

66.00

85.30
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the field and the infested seeds most commonly contained bruchids in

the third larval instar. Some seeds contained fourth larval instars

and these instars were generally attacked by the females. Occasionally,

a female was observed visiting on a green pod but in no instance did

the parasite take the time to investigate the pod before leaving. In

contrast to the third and fourth bruchid instars in the brown pods, the

green pods contained earlier bruchid stadia that were not suitable for

oviposition.

It therefore may be speculated that under field conditions, the

parasite is attracted to brown pods that may or may not contain a

suitable larval host. However, once attracted to the pod, the female

finds the host by actively investigating the pod surface with her

antennae and probably detects a host by its movement within the seed.

Stadia Attacked

The female will attack the third and fourth instar larvae, pupae,

and adults of the vetch bruchid in seeds in field and laboratory

materials. The preferred stage seems to be a fourth instar larvae,

followed by the pupa then the adult stage and the third larval in-

star in descending order of attraction. Its preference for the fourth

instar larva is shown in Figure 20a, b, c. The illustration is a com-

posite of field and laboratory data with some information of the host

life cycle adapted from Steinhauer's (1955) thesis. Section C of this

illustration is the seasonal history of the vetch plant in Oregon.

The data (Table 12) on the phenology of the plants are from field notes

and experiments. Section B illustrates the duration of various stadia



Figure 20. Preference of D. acutus females for the fourth bruchid instar. (A) Frequency of offspring
produced by 15 females during the summer of 1969. Data is adapted from the reproductive
capacity study. (B) The seasonal life history of the bruchid host in vetch seeds. The
data are adapted from Steinhauer's (1955) thesis (solid lines) and from the data obtained
from the dissection of field infested vetch seeds (dotted lines). (C) Seasonal history of
the vetch plant in Oregon, based on field observations of the plant phenology.
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of the host insect throughout the summer. The solid lines depicting

the stadium duration are data from Steinhauer's study and the dotted

line extension of this stage is extrapolated data from 1968 seed dis-

section of field collected materials. The initiation of the points of

the graph for each instar was determined by: (1) The date of first

observation of bruchid eggs on pods in the field, and (2) plotting the

minimum and maximum days for completion of each instar based on the

date of oviposition. Section A is a graph on the numbers of offspring

adapted from the reproductive capacity study. Its position in the

illustration is based on the dates of parasites emergence and is por-

trayed here to exemplify the relationship of the bruchid instars and

the yield of parasite.

As shown in Figure 20, the greatest frequency of parasite pro-

duction seems to be correlated closely with the fourth larval instar

of the bruchid. However, the frequency of parasitism does not corre-

late closely with the, field estimate for this instar. This discrepancy

could be easily explained by considering the difference in the universe

of the bruchid population sampled. The field data represent a broader

picture of the bruchid seasonal development and includes individuals

produced throughout the season. The fecundity data, and Steinhauer's

data, utilized bruchids that were collected or selected at one point

in time early in the activity period of the vetch bruchid. Conse-

quently, only a portion of the natural population was represented.

Under field conditions, the presence of the fourth larval instar would

be extended and, therefore, offer a longer period of time for parasi-

tism, which would then show a broader bell-shaped curve that would
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correlate more closely with the last larval stadium. This relationship

is illustrated by the dotted line in Section A.

Interestingly, the initiation of parasite attack coincides with

the browning (drying) of pods, which supports the pod preference study.

Apparently, the seasonal development of the fourth bruchid instar cor-

relates closely with pod development. On few occasions, a third instar

larva was found parasitized. In all cases, the larva made a shallow

seed cavity that,was near the seed coat and was apparently close enough

that the female parasite detected, its presence.

Additional data obtained from seed dissections of field collected

materials also supports the preference of this parasite for the last

larval instar. The frequency of parasitism occurring in the fourth in-

stars, pupae, and adults is summarized in Table 13. As depicted, the

mean percent parasitism for the fourth larval instar was 74.2 percent;

pupae, 22.8 percent; and adult, 3.0 percent.

Egg Placement

The egg was deposited within the cavity of the vetch seed and on

the body of the bruchid host (Figure 11a). When deposited on the larva,

no special area was preferentially selected for egg placement. On the

pupa, the egg was commonly laid on the venter of the first and second

abdominal segments, however, in a few instances the egg was placed on the

dorsa of the abdominal segments. The bruchid host was stung before the

egg was laid, but host paralysis was not immediate since numerous dis-

section of vetch seeds revealed parasite eggs on mobile bruchid hosts

(larvae and pupae). Within 30 to 36 hours after subjecting the host to



Table 13. Frequency of D. acutus Parasitism on Fourth Larval Instars, Pupae and Adults Under Field
Conditions.

Location
Total MeanE. E. Wilson. Corvallis

Total Number of Bruchids Attacked by D. acutus 73 28 101 50.5

A. Number of Bruchids Attacked During the 53 22 75 37.5

Fourth Instar.

Percent of Larval Parasitism. 72.60% 78.57% 74.25%

B. Number of Bruchids Attacked During the 18 5 23 11.5
Pupal Stage.

Percent of Pupal Parasitism. 24.66% 17.86% 22.77%

C. Number of Bruchids Attacked Duriag the 2 1 3 1.5

Adult Stage.

Percent of Adult Parasitism. 2.74% 3.57% 2.97%
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the parasites, the bruchids were paralyzed. A paralyzed bruchid larva

or pupa was creamy-white, soft in texture, insensitive to being touched,

and showed no signs of deflation. On some individuals, a small yel-

lowish brown spot was present on the body at the point where the

bruchid was stung.

Hatching

After an incubation period of two days, a fully-formed larva

could be seen within the egg chorion. Within a mean of 2.4 + 0.18

days, eclosion took place by a transverse rupturing of the egg chorion

immediately posterior to the pedicel. The young larva then worked its

way out of the egg by a series of contractions and pulling movements.

The entire process of hatching took approximately 15 minutes. The

empty chorion was transparent and inflated.

Larval Activities and Developmental Periods

The first instar larva of the parasite was quite active and mo-

bile. In the first 6 to 12 hours, it did not settle to feed until it

had explored the surface of the host. During this period, the larva

would attack and kill any egg or first instar larva of D. acutus that

it encountered. In a number of instances, the first instar larva was

observed to attack another larva at the middle of the victim's body.

The larva attacked the eggs by feeding on the contents of the egg.

Apparently, this activity prevented or eliminated competition for food

and thus assured its survival to the adult. When the larva settled to

feed, it generally preferred the dorsal area of the larva or pupa. If
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the host was a teneral adult, it attached itself to the soft dorsal

abdominal segments by working its way under the elytra and hind wings

(Figure 21). The mid-intestine of the larva assumed a yellow color

with feeding and the larva moulted into the second instar after 2.0

+ 1.724 days of feeding.

The second stage larva embraced the host with its body in a

"C-shape" fashion and aided feeding by squeezing the sack-like host

between its head and terminal portion of the abdomen. The host at

this stage was rather soft but still retained its general form. After

2.25 + 0.17 days of feeding, the larva moulted and became a third

instar.

The third larval instar had the longest stadium of all instars,

7.48 + 0.33 days. It was during this stage that the larva attained

its greatest growth. By the time the larva was fully grown, it had

consumed the entire host, leaving only the head capsule of the larva

or a flattened pupae skin. However, if the host were an adult, the

entire abdominal terga were depressed, leaving a boat-like shell of

the adult bruchid. At the end of the third stage, the, larva either

entered into the prepupal stage or overwintering stage. An overwin-

tering larva could be differentiated from a non-overwintering larva

by the presence of an orange substance within the last three or four

terminal segments. When the larva entered hibernation, this orange

substance was excreted and could be found on the larva in the rearing

container or in the cavity of the vetch seed. The larva then hiber-

nated in a "C-shape" position (Figure 11d). The overwintering larva

seemed heavier and thicker in appearance than the non-overwintering
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Figure 21. Bruchid parasitized by a second larval instar of
D. acutus. Note the larva is attached to the soft
dorsal abdominal segments after working its way
under the paralyzed bruchid's elytra and hind wings.
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individuals. Unfortunately, no measurements were made to determine

the difference in size or weight of the two larva forms. In the spring,

development to the adult proceeded after a period of warm temperatures.

The prepupal stage was short, 1.09 + 0.02 days. A newly formed

pupa could be seen within the integument within 20 hours after the,

larva emptied its gut contents (Figure 11e). The last larval skin was

moulted after a longitudinal split. This started at the head and pro-

ceeded posteriorly. The cast skin was commonly found at the end of

the, pupal abdomen.

A newly moulted pupa was white but within three days it became

light brown. By the seventh day, the entire pupa was black. After

an incubation period of 8.67 + 0.09 days, the insect transformed to

the adult stage.

In summary, the entire life cycle of the parasite from egg to

adult required about 24 days for the non-overwintering brood and re-

quired approximately 10 months for the overwintering parasites. The

compendium of the life cycle is presented in Table 14.

Parthenogenesis

Many species of parasitic Hymenoptera exhibit a type of partheno-

genesis that constitutes a sex-determining mechanism. Fertilized

(diploid) eggs produce females and unfertilized (haploid) eggs pro-

duced males. This type of reproduction is termed haploid facultative

arrhenotoky (Imms, 1964). On some occasions (some symphytan

Hymenoptera), fertilized eggs may produce both males and females and,

unfertilized eggs, in a diploid condition, develop into females. This



Table 14. Summary of Egg, Larval, Pupal and Mandible Measurements and the Length of Each Stage.

Stage
Head Capsule
Width (mm) Length (mm) Width (mm)

Mandible
Width (mm)

Length of Each Stage
(Days)

Egg 0.511 +0.044 0.139 +0.015 2.4 +0.18
0.549 +0.038
(With Stalk)

First Instar 0.119 +0.008 0.537 +0.055 0.192 +0.005 0.042' +0.006 2.04 +1.74

Second Instar 0.208 +0.015 1.062 +0.094 0.429 +0.107 0.076 +0.016 2.25 +0.173

Third Instar 0.424 +0.015 2.490 +0.069 1.03 +0.075 0.098 +0.01 7.48
a+0.328/-

Prepupa 0.432 +0.222 2.01 +0.159 0.945 +0.66 1.09 +0.02

Pupa 0.785 +0.081 2.047 +0.318 0.927 +0.053 8.67 +0.09

a/ The Life Cycle for the Overwintering Brood Required Approximately 10 Months for Completion from
Egg to Adult.



90

type of reproduction is called facultative thelytoky.

Since there was a possibility that D. acutus might be a

thelytokous species, mated and non-mated females were exposed to bru-

chid-infested pods for one week. Five females were used for each

treatment and each female was placed singly in rearing cages containing

bruchid-infested pods. The pods were then removed and placed in vials

for parasite emergence. The sex of the emerging parasites was recorded.

The data on this study are summarized in Table 15. The results

show that virgin females produced only male offspring (25 males, 0

females) while mated females produced offspring of both sexes (22 males

and 9 females). Since non-mated females produced only males, the data

indicate that D. acutus was an arrhenotokous species and exhibited a.

type of reproduction common to many other parasitic Hymenoptera.

Obligatory Parasitic Habit of D. acutus

Although it was recognized that D. acutus was probably an obli-

gatory parasite, a small study was conducted to determine if this

species could survive as a phytophagus insect. Mated females were

subjected to infested and non-infested seeds. Bruchid-infested seeds

can easily be distinguished from non-infested seeds by the presence of

the first instar larval entrance hole in the seed coat. Five females

were used for each treatment and each female was placed singly in

cages containing eight seeds of the prescribed treatment. The females

were exposed to the seeds for a week. The seeds were then placed in

vials for parasite emergence. The results presented in Table 16 showed

that D. acutus cannot survive as phytophagus insect. Only vetch seeds
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Table 15. Offspring of Mated and Non-Mated Females. Five Mated
and Five Non - Mated Females were Placed Individually in
Cagas-Containing Bruchid- Infested Pods for One Week.

Female

Number and Sex of
Offsprings Pt0d4ced
by Mated Females

Number andSex of
Offsprings Produced.
by Non -Mated Females

Male Female Male Female

1 4 2 9 0

2 8 0 7 0

3 5 6 2 0

4 2 1 3 0

5 3 0 4 0

Total 22 9 25 0

Mean Per Female 4.4 1.8 5.0 0

Table 16. Trials Conducted to Demonstrate the Obligatory Parasitic
Habits of D. acutus.. Females were Introduced Singly.
Into Cages containing Eight Vetch Seeds of the Prescribed
Treatment.

Female

Non-Infested Seeds Infested Seeds
No. of

Bruchid
No.' of

D. acutus
No. of

Bruchid
No. of

D. acutus

3

2 0 0 0 5

0 0 0 2

4 0 2 4

5 0 0 1

Total 0 0 5 15
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containing the bruchid hosts yielded parasites.

Host-Parasite Relations

Parasitism includes several different relationships which will

be discussed to present the terminology, used in this thesis. A pri-

mary parasite is an entomophagous species that attacks a host which is

phytophagous. Autoparasitism is a special form of hyperparasitism in

which a parasite attacks its own species. Flanders (1937) reported

this phenomenon in certain species of Aphelinidae in which the male

developed as a hyperparasite of the female, which developed as a pri-

mary parasite. Hyperparasitism is a broad term that describes any

degree of parasitism beyond primary which would, therefore, include

those parasites that are secondary, tertiary, or any level beyond

primary parasitism. The terms multiple and superparasitism were in

terpreted differently by various investigators. The confusion apparent-

ly stems from the broad definition of Fisk (1910) when he coined the

term "superparasitism." For clarity, the usage of these terms in this

study will be defined as follows: multiple parasitism is the parasiti-

zation of a single individual host by two or more species of primary

parasites. Superparasitism, on the other hand, refers to the superabun-

dance of individuals of a single species of parasite attacking a single

host and there are more parasites that can reach maturity. If all in-

dividuals of the same species were, capable of reaching maturity, they

would be termed gregarious parasites.
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Autoparasitism: Vetch seeds used for the autoparasitism study

were from field-collected pods and seeds that were gathered late in

the season to insure that the infested seeds exposed to the parasite

would contain overwintering parasite larvae. Four females were intro-

duced into rearing containers that contained 25 seeds for a period of

72 hours. The treatment was replicated four times and the seeds dis-

sected and scored for incidence of autoparasitism.

The results of the study, presented in Table 17, clearly revealed

that D. acutus attacked D. acutus larvae that were overwintering in

vetch seeds. Ten of the total eighteen D. acutus larvae, or 55 per-

cent, were autoparasitized. Unfortunately, none of the parasites

found parasitizing the overwintering larvae was reared to the adult

stage because mortality occurred during the first instar. The first

instar larvae of D. acutus, as was mentioned in the section on larval

activities and developmental periods, were quite active and wandered

away from their host and subsequently died of desiccation; thus, the

type of autoparasitism exhibited by D. acutus was not determined and

it is not known whether the males, as in Flander's study, were the

hyperparasitic form.

Another bruchid parasite, Tetrastichus bruchivorus Gahan, was

also present in vetch seeds that were presented to D. acutus females.

This parasite is an internal parasite and was commonly found in late

summer collections as fully-grown larvae (within mummified bruchid-host)

overwintering in vetch seeds (Figure 22). Table 17 shows that 19

T. bruchivorus were available for hyperparasitism but none of the 19

was attacked by D. acutus. Perhaps their presence within mummified



Table 17. Frequency of Autoparasitism Under Insectary Conditions. One

Infested Vetch Seeds Exposed in Groups of 25 Seeds with Four
Hundred Field Collected
Female D. acutus Per Replicate.

Replicates Percent
1 2 3 4 Total Parasitized

Total Number of Infested Seeds Used Per 25 25 25 25 100

Replicate..

Total Seeds not Available to Parasites 18 15 14 14 61

Because of Field Mortality of Host
Larvae, Pupae or Adults.

Total Number of Seeds per Replicate Con-
taining BruChid (larvae, Pupae or

7 10 11 11 39

Adults) D. 'acutUs larvae or
T. bruchivorus larvae.

A. Bruchids Available for Parasitism
during Experiment.

0 1 1 0 2

Number Parasitized. 0 0 1 0 1

B. D. acutus Available for Auto- 6 3 4 5 18

parasitism during Experiment.

Number Autoparasitized 5 1 0 4 10 55.56

T. bruchivorus Available for Hyper- 1 6 6 19

parasitism during Experiment.

Numbet Hyperparasitized. 0 0 0 0 0.00
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Figure 22. Mummified vetch bruchid larva containing mature
T. bruchivorus larva internally. Overwintering
form dissected from vetch seed.
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hosts prevented parasitism by (1) masking a suitable stimulus for ovi-

position such as larval movements in vetch seeds or (2) by deterring

ovipositing due to an unfavorable stimulus for host acceptance. The

latter possibility seemed probable since on several occasions I ob-

served females actively ovipositing in vetch seeds containing larvae

of T. bruchivorus; but upon seed dissection, none of the T. bruchivorus

examined was parasitized. Apparently, the larval presence in vetch

seed was detected by the female but the hard, dried covering formed

from the bruchid host deterred oviposition.

Multiple Parasitism: The above results showed conclusively that

D. acutus females will not hyperparasitize T. bruchivorus larva in its

mummified host. However, multiple parasitism involving D. acutus and

T. bruchivorus could possibly occur before the host is killed and mum-

mified. To investigate this possibility, field-collected seeds were

exposed to D. acutus females for 72 hours and the parasitized bruchid

hosts were dissected for T. bruchivorus larva. Twenty-five parasitized

D. acutus bruchid larvae, were randomly chosen, dissected, and examined

under a binocular dissecting microscope for the presence of the inter-

nal parasite. The data revealed that three of the 25 parasitized

bruchid hosts (12%) contained T. bruchivorus within their body cavity.

The internal parasite larva was small, white, and approximately 2 mm

in length. The bruchids that contained the internal parasites in

their body cavity did not differ in general appearance or mobility

from those that were not parasitized by T. bruchivorus.
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Superparasitism: To determine the occurrence of superparasitism,

a constant host, density of eight infested seeds per cage was presented

to D. acutus females at densities of 1, 3, and 5 per cage. Each treat-

ment or parasite density was replicated six times and the parasites

were exposed to the infested seeds for 48 hours. The seeds were then

dissected for incidence of superparasitism.

The data obtained, Table 18, revealed that the rate of superpara-

sitism corresponds directly with the increase in parasite densities.

At the density of one female, the number of hosts superparasitized was

1 of 39 or 2.56 percent. At density of 3 females the number of hosts

superparasitized was 6 of 33 or 18.18 percent and at the density of

five females, the number of host superparasitized was 21 of 37 or

56.76 percent. A linear rate of increase is also depicted between

superparasitism and parasitism where the total percent of superparasi-

tism increased in direct proportion to the percent of total parasitism

(Table 18). At 2.56 percent superparasitism, for instance, the rate

of parasitism was 28.2 while at 56.76 superparasitism, the rate of

parasitism was 78.34 percent. Kaya and Nishida (1968) attributed this

linear relationship of superparasitism with parasitism to parasites

that distribute their eggs at random and to those that possess an im-

perfect sence of discrimination between parasitized and unparasitized

hosts.

To test the hypothesis of random and non-random distribution of

eggs by D. acutus, a table of observed and expected frequencies for

hosts containing 0, 1, 2, 3, 4, and 5 eggs was constructed for each

parasite densities (Tables 19, 20, and 21). The expected frequency



Table 18. Frequency of Superparasitism Under Insectary Conditions. Eight Infested Seeds Per
Cage were Presented to D. acutus Females at Densities of 1, 3 or 5 Per Cage.

Total No. of
Total No. Seeds With Live

Density of No. of of .Seeds Hosts & Avail. for No. Percent No. Percent
Females Reps. Exposed Parasitism Para. Para. Superpara. Superpara.

1 6 48 39 11 28.72 1 2.56

6 48 33 13 39.39 6 18.18

5 6 48 37 29 78.34 21 56.76
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Table 19. Mean Frequency of Parasitism by D. acutus at Density of
One Female. Calculations Based on Stoy's Formula
Developed for Salt's (1932) Study.

No. of Eggs
on Host

Observed Number. Calculated Number.
Of Hosts of Hosts

0 4.667 3.173
1 1.66 7 1.289
2 0.000 0.0002
3 0.000 0.000
4 0.000 0.000
5 0.000 0.000

(X
2
= 6.57 with 2 d.f. P = >0.05)

Table 20. Mean Frequency of Parasitism by D. acutus at Density of.
Three Females. Calculations Based on Stoy's Formula
Developed for Salt's (1932) Study.

No. of Eggs
on Host

ObserVed Number
of Hosts

Calculated Number
of Hosts

0 3.333 3.000
1 1.16 7 0.944
2 0.833 0.054
3 0.16 7 0.002
4 0.000 0.000
5 0.000 0.000

(X2 Significant at P = >0.001)
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Table 21. Mean Frequency of Parasitism by D. acutus at Density of
Five Female's. Calculations Based on Stoy's Formula
Developed for Salt's (1932) Study.

No. of Eggs
on Host

Observed Number Calculated Number
of Hosts of Hosts

0 1.333 4.971

1 1.333 1.074

2 1.833 2.024

3 0.833 0.004

4 0.500 0.00006

5 0.333 0,00005

(x2 Significant at P >0.001)
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was calculated by the use of the formula developed by Stoy for Salt's

(1932) study. Stoy (in Salt, 1932) showed that if a parasite distri

butes progeny at random, the number of hosts that will contain a given

number of eggs can be determined by:

Z = liCx (1/N)13 (1-1/N)x-P

Where Z = the number of host containing p parasites

N = the number of host

x = the number of parasite eggs distributed

and C
x

= the, number of ways p eggs can be distributed by x number
of parasite eggs.

The frequencies presented for density of one female (Table 19)

show that in the observed distribution, the frequencies of 0 and 1

egg approximated closely with the calculated but the frequency for

two eggs was too high. A Chi-square test showed that the, deviation

between the observed and calculated distribution was significant

(X
2
= 6.57; P = >0.05). An identical conclusion can be made for the

frequencies presented for densities of three and five females where

the Chi-square was significant for both densities of P = <0.001. The

data, therefore, suggest that D. acutus females did not distribute

their eggs at random when independent of other females or in the pre-

sence of other females. To determine if interference occurred among

the ovipositing females, the mean number of eggs laid by a female act-

ing independently was compared to the mean number of eggs laid by a

female in the, presence of other parasites. Table 22 presents the

average eggs laid per female at each parasite density. A test of dif-

ference between the mean eggs laid per female at each density was per-

formed and the results revealed that there was no statistical difference



Table 22. Average Number of Eggs Laid per Female at Each Density of Females (1, 3 or 5

Egg Class

(f)

Frequency of Eggs Laid in Each Density of Females

One Female Three Females Five Females

1 10 7 8

2 1 5 11

3 0 1 5

4 0 0 3

5 0 0 2

Total Eggs 12 20 67

Average Eggs
Laid per Female 2.0 1.0 2.0

X
2

= 0.383 with 2 d.f. P = <0.58.
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between the average eggs laid by a female,ovipositing independently

or in the presence of other females of the same species.

Host-Parasite Interactions

The numerical response of the parasite population to the host

population for 1967, 1968, and 1969 seasons is depicted in Figures 6

and 7. As shown, the host population in the spring was significantly

larger than the parasite population. Parasites that were recovered

during July ranged from none to two adults at the time the bruchids

numbered well into the hundreds. The earliest recovery of adult para-

sites in the field was in the first week of July (Figures 6 and 7).

The low numbers of parasites in spring could be attributed to two

factors: (1) the general attractiveness of the vetch plants in early

spring to the parasites and (2) the occurrence of high overwintering

mortality among the parasites. In the pod preference tests, it was

established that the, females showed a definite preference for the brown

vetch pods over the green pods. Assuming such a preference was exhi-

bited under field conditions, the parasites would not be attracted to

the vetch plants until the pods were dry or brown. In the section

concerning the stadia attacked, it was also shown that the parasite's

appearances in the field were correlated to the dry or brown vetch

pods. The brown vetch pods, in turn, were also shown to be related

to the stage of development of the preferred bruchid host (fourth lar-

val instar). A high mortality among the overwintering parasites was

indicated because the parasite was recovered in low numbers in spring

even after the vetch pods were brown. Unfortunately, attempts to
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determine if mortality in the winter was the factor determining the

size of the parasite population in spring were not conclusive.

As discussed in the generations per year section, there was an

interesting relationship between the presence or absence of the para-

site in early summer and the size of the emerging parasite population

in mid-August to September (Figures 6 and 7). When the parasite, for

example, was not recovered from July to early August, as in 1968, the

resulting parasite population in late summer (mid-August and September)

was also small and in one case (Site II, Luckiamute) was absent through-

out the season. When few adults were recovered in July to early August,

as in 1967 and 1969 (Sites III, E. E. Wilson; and Site IV, Corvallis),

the late summer parasite population was larger and displayed a delayed

density response to the emerging bruchid population. However, the

sample Sites I and II for the 1969 season, the parasite population

did not show a density response to the bruchid population. It was not

determined whether conditions existing in sample Sites I and II were

unfavorable to the parasite.

The numerical, relationship between the host and parasite popula-

tion during late summer, however, did not represent a complete picture

since a good portion of the parasite population was in the overwinter-

ing stage in vetch seeds. To procure more information on the non-over-

wintering and overwintering parasite population, weekly samples of one

hundred vetch Pods were collected during the 1968 and 1969 seasons from

the four sites near Corvallis. The advantages of the pod collections

were as follows: (1) both the non-overwintering and overwintering

parasites were represented in the sample, (2) an estimate can be made
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on the rate of parasitism elicited by D. acutus per number of host per

one hundred pods and (3) the influence of other parasites in the bru-

chid life system was also represented, i.e. T. bruchivorus and

E. vesicularis. The probable disadvantage in the pod collections

were as follows: (1) A biased estimate may be represented since a

good portion of the vetch pods dehisced upon drying and (2) estimate

of the spring generation of adult parasites was not represented.

The data obtained are presented in Tables 23 and 24. As the data

show, the rate of parasitism by D. acutus in the four sample sites

during the 1968 season was much lower than the rate of parasitism dur-

ing the 1969 season. During the 1968 season, for example, Site I had

a rate of parasitism that ranged from 0.38 percent to 4.46 percent

(X = 1.88) while in the 1969 season, the rate of parasitism ranged

from 7.14 to 54.41 percent (X = 34.16). The same relationship also

existed for Sites II, III, and IV. Interestingly, the rate of para-

sitism in the pod collections corresponded quite closely to the num-

ber of parasites recovered by the sweep samples. That is, a low rate

of parasitism, as exhibited in the 1968 pod collections, was also re-

lated to the low recovery of parasites in the field. Figures 6 and 7

show the abundance of D. acutus adults in the four sites during the

1968 and 1969 seasons. As the figures indicate, the abundance of para-

sites was much lower in the 1968 season than in the 1969 season.

Figure 8d, e, showed an interesting relationship between the

abundance of D. acutus and the internal parasite, T. bruchivorus.

The results showed that high numbers of T. bruchivorus were associated

with the low abundance of D. acutus (1968 season; Sites III and IV).



Table 23. Rate of parasitism at various dates of vetch pod collections during summer of 1968, One-hundred pods were collected weekly from
each of the four sample sites.

Dates of Collection
Location 7-3 7-10 7-17 7-24 7-31 8-7 8-21 8-28 9-4 9-11 9-18

Site I Monmouth

Total no, of seeds with
D. acutus, T. bruchivorus

154 267 222 30 137 240 220 119 205 202 265and E. vesichlaris

A. No. of seeds with
bruchids 154 267 222 30 137 240 220 117 203 192 265

Percent infested 100 100 100 100 100 100 100 98.3 99.0 95.5 99.2

B. No. of seeds with
D. acutus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 2 10 1

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.0 4.5 0.4

C. No, of seeds with
T. bruchivorus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.4

D. No, of seeds with
E. ve.sicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Table 23. (continued)

Location
Date of Collection

7-3 7-10 7-17 7-24 7-31 8-7 8-21 8-28 9-4 9-11 9-18

Site II. Luckiamute

Total no. of seeds with
D. acutus, T. bruchivorus

110 100 35 254 8 179 29 11 160 131 179and E. vesicularis

A. No, of seeds with
bruchids 110 100 35 254 8 179 29 11 160 129 177

Percent infested 100 100 100 100 100 100 100 100 100 98.5 99.9

B. No. of seeds with
D. acutus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,0 2,0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.1

C. No. of seeds with
T. bruchivorus 0.0 0,0 0.0 0.0 0.0 0.0 O. 0 0.0 0.0 0.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D. No. of seeds with
E. vesicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Table 23. (continued)

Dates of Collection
Location 7-3 7-10 7-17 7-24 7-31 8 -7 8-21 8-28 9-4 9-11 9-18

Site III. E. E. Wilson

Total no, of seeds with
D. acutus, T, bruchivorus and
E. vesicularia 134 181 209 84 200 140 117 62 217 180 124

A. No, of seed with
bruchids 134 179 208 84 200 136 112 61 20S 170 118

Percent infested 100 98.9 99.6 98, 9 100 97, 2 95, 8 98, 4 94, 5 94, 5 95, 2

B. No, of seeds with
D. acutus 0,0 0,0 1,0 0,0 0,0 4,0 5,0 1,0 12 10 6

Percent parasitism 0.0 0.0 0.5 0,0 0,0 2,9 4,2 1,6 5,6 4,6 4,8

C. No, of seeds with
T. bruchivorus 0,0 2,0 0.0 2.0 0,0 0.0 0,0 0,0 Q,0 0,0 0,0

Percent parasitism 0.0 1, 1 0,0 1, 1 0,0 0,0 0,0 0,0 0,0 0.0 0,0

D. No, of seeds with
E, vesicularis 0. 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0

Percent parasitism 0. 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0, 0 0. 0



Table 23. (continued)

Dates of Collection
Location 7-3 7-10 7-17 7-24 7-31 8-7 8-21 8-28 9-4 9-11 9-18

Site IV. Corvallis

Total no, of seeds with
D. acutus, T, bruchivorus

132 25 73 130 144 98 153 77 79 54 154and E. vesicularis

A. No, of seeds with
bruchids 130 25 71 128 128. 92 141 75. 75 50 145

Percent infested 98, 5 100 97, 3 98, 5 88, 9 93, 9 92, 2 97, 4 95, 0 92, 6 94, 2

B. No, of seeds with
D. acutus 0.0 0,0 0.0 0,0 0,0 0.0 0.0 1,0 1,0 2,0 0,0

Percent parasitism 0.0 0, 0 0, 0 0, 0 0.0 0, 0 0, 0 1, 3 1, 3 3. 7 0.0

C. No, of seeds with
T. bruchivorus 2,0 0,0 2,0 2,0 16,0 6,0 12,0 1,0 3,0 2,0 9,0

Percent parasitism 1.5 0, 0 2, 7 1, 5 11, 1 6, 1 7.8 1 3 3, 8 3, 7 5.8

D. No. of seeds with
E. vesicularis 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0.0

Percent parasitism 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0.0 0,0



Table 24. Rate of parasitism at various dates of vetch pod collections during summer of 1969. One-hundred pods were collected weekly
from each of the four sample sites.

Dates of Collection
Location 7-2 7-8 7-16 7-23 7-30 8-4 8-13 8-20 8-27 9 -3 9-10

Site I. Monmouth

Total no. of seeds with
D. acutus, T. bruchivorus and
E. vesicularis 165 166 156 104 113 94 140 70 58 68 52

A. No. of seeds with
bruchids 165 166 156 104 112 94 130 46 36 30 32

Percent infested 100 100 100 100 99. 1 100 92. 9 65. 7 60.0 50.0 51. 6

B. No. of seeds with
D. acutus 0.0 0.0 0.0 0.0 0.0 0.0 10.0 18.0 22.0 37.0 30.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 7. 1 25. 7 37,9 54. 41 48. 4

C. No, of seeds with
T. bruchivorus 0.0 0.0 0.0 0.0 1.0 0.0 0.0 6.0 0.0 0.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0. 5 0.0 0.0 8.6 0.0 0.0 0.0

D. No. of seeds with
E. vesicularis 0.0 0.0 0.0 0.0 1. 0 0.0 0.0 0.0 0.0 0.0 0, 0

Percent parasitism 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0, 0 0.0



Table 24. (continued)

Location
Dates of Collection

7-2 7-8 7-16 7-23 7-30 8-4 8-13 8-20 8-27 9-3 9-10

Site II. Luckiarnute

Total no. of seeds with
D. acutus, T. bruchivorus and
E. vesicularis 6 6 109 119 150 63 67 156 102 164 154

A. No. of seeds with
bruchids 6 6 109 119 150 62 64 154 101 142 143

Percent infested 100 100 100 100 100 98. 4 94. 1 98. 7 99.0 86.6 92. 9

B. No. of seeds with
D. acutus 0.0 0.0 0.0 0.0 0.0 1.0 3.0 2.0 1.0 22.0 11.0

Percent parasitism
0. 0 0.0 0.0 0.0 0, 0 1.6 4.5 1.3 1. 0 13.4 7. 1

C. No. of seeds with
T. bruchivorus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D. No. of seeds with
E. vesicularis 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0



Table 24. (continued)

Dates of Collection
Location 7-2 7-8 7-16 7-23 7-30 8-4 8-13 8-20 8-27 9-3 9-10

Site III. E. E. Wilson

Total no. of seeds with
D. acutus, T. bruchivorus and
E. vesicularis 30 161 139 108 118 178 165 178 174 143 166

A. No. of seeds with
bruchids 27 146 129 98 115 167 158 166 151 95 133

Percent infested 90.0 90. 7 92. 8 90. 7 97. 4 93. 8 95.8 93.2 86, 8 66. 4 79.6

B. No, of seeds with
D. acutus 0.0 0.0 0.0 0.0 0.0 1.0 7.0 12.0 20.0 29.0 22.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.6 4.2 6. 7 11.5 20.3 13.2

C. No. of seeds with
T. bruchivorus 3.0 15.0 10.0 10.0 3.0 11.0 0.0 0.0 3, 0 8. 0 11.0

Percent parasitism 10.0 9.3 7.2 9,3 2.5 6.2 0.0 0.0 1.7 5.6 6.3

D. No. of seeds with
E vesicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0



Table 24. (continued)

Dates of Collection
Location 7-2 7-8 7-16 7-23 7-30 8-4 8-13 8-20 8-27 9-3 9-10

Site IV. Corvallis

Total no. of seeds with
D. acutus, T. bruchivorus and
E. vesicularis 87 206 172 162 151 191 204 161 145 221 225

A. No. of seeds with
bruchids 86 198 159 145 148 175 180 130 110 156 156

Percent infested 98.8 96.1 92.4 89.5 98.0 91.6 88.2 80.7 75,9 70.6 72.6

B. No. of seeds with
D. acutus 0.0 0.0 0.0 0.0 0.0 0.0 7.0 24.0 29.0 51.0 48.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 3.4 14.9 20.6 23.1 22.3

C. No. of seeds with
T. bruchivorus 1.0 8.0 13.0 17.0 3.0 16.0 7.0 7.0 6.0 12,0 8.0

Percent parasitism 1.2 3.9 7.6 10.5 1.9 8.4 3.4 4.4 4.3 5.4 3.7

D. No. of seeds with
E. vesicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 3.0

Percent parasitism 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 1 1



114

The data suggest that there may be competition among the two species

for a common host. Further, in the superparasitism study, none of the

mature T. bruchivorus larvae within mummified host was parasitized by

D. acutus, which suggests that T. bruchivorus was limiting D. acutus

by reducing the number of available hosts. The limiting of D. acutus

numbers by the internal parasite, however, was not probable since the

multiple parasitism study revealed that D. acutus attacked hosts that

contained early instars of T. bruchivorus. It is therefore likely

that D. acutus would limit T. bruchivorus numbers by killing or para-

lyzing the hosts containing the internal parasites. Also, if the

internal parasite was limiting D. acutus numbers, there should be an

inverse relationship between the abundance of the former and the lat-

ter, i.e. when the population of one parasite was low, the other should

be higher or vice versa. The analysis of the pod collections for the

1968-1969 seasons (Tables 23 and 24) revealed that this relationship

did not exist. As was discussed earlier, the percent of bruchids

parasitized by D. acutus, for instance, was higher in the 1969 season

than in 1968. The percent parasitized by T. bruchivorus, on the other

hand, did not change and remained relatively constant for the two

seasons. During the 1968 season, for example, the rate of T. bruchi-

vorus parasitism in Site IV ranged from 1.53 percent to 11.11 percent

(x = 4.62) and parasitism in the 1969 season ranged from 1.15 percent

to 10.46 percent (Tc = 4.74). The factor limiting D. acutus numbers,

therefore, was not the action of T. bruchivorus.

A third parasite, Eupelmella vesicularis Retzius, was also re-

covered in the pod samples. Its influence on the bruchid population,
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however, was believed to be unimportant because parasitism by this

insect seldom exceeded one percent (Table 24, Site IV, 1969).

Diagnostic Key to the Parasites of the Vetch Bruchid

The adult parasites encountered in pod collections can easily be

identified to species. Figures 23, 24, and 25 are photographs of

three species of parasite recovered from the vetch bruchid during

this study. As shown in the photographs, the adult parasites are

distinctive in appearance and easily differentiated. The recognition

of different larval parasites in vetch seeds, however, may cause some

degree of difficulty. A diagnostic'key was devised to assist in re-

cognizing and diagnosing the parasite species in seeds. The key is

adapted only for vetch seeds that were collected in late August through

September.

Diagnostic Key to Parasites of the Vetch Bruchid Found
in Vetch Seeds

1. Seeds with exit holes 2

Seeds without exit holes 4

2. Margins of exit holes smooth (Figure 26A);
1.60 + 0.36 mm in diameter; walls of seed
cavity smooth B. bruchialis

(vetch bruchid)

Margins of exit holes rough (Figures
26B, 26C) 3

3. Diameter of exit holes 1.06 + 0.10 mm,
Figure 26B; seed dissection reveals a
light brown pupal cast skin,(Figure 26E);
grayish substance (feces) flattened
against the walls of seed cavity D. acutus
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Diameter of exit holes 0.44 + 0.02 mm,
Figure 26C; seed dissection reveals a
mummified bruchid larva reddish brown
in color, hard and wrinkled (Figures 26F,
26K, 26L) T. bruchivorus

4. Seed contains live larva, pupa, or
adult

Seed contains dead larva or larva
with dried leathery integument

5. Larva, pupa or adult as
26G, 26H, and 261

Larva and pupa, not as
26G and 26H

6. Seed containing larva

Seed containing pupa 8

9

in Figures

in Figures

B. brachialis

7. Larva without setae on integument
(Figure 26N); larva may have orange
substance just beneath the last three
abdominal segments or orange sub-
stance in seed cavity ..... ..... D. acutus

Larva with long setae (Figure 26M) E. vesicularis

8. Pupa body length is 2 to 2-1/2 times
longer than the body width (Figures
260 and 26P) D. acutus

Pupa body length is 4-1/2 times longer
than the body width (Figure 26Q) E. vesicularis

9. Larva yellowish brown, hard B. brachialis

Larva reddish brown, wrinkled. Dis-
section reveals a mature larva,
(Figures 26L and 26R) T. bruchivorus
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Figure 23. D. acutus female.

Figure 24. T. bruchivorus female.
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Figure 25. E. vesicularis female.
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Figure 26. (A) Exit hole. of B. brachialis in vetch
seed.

(B) Exit hole of D. acutus.

(C) Exit hole of T..hruchivorus.

(D) Cross-4section of.seed showing bruchid
exit hole.

(E) Cross,-section of seed: showing
D. atutus exit hole. Note the pupal
cast skin.

(F) Cross section of seed showing
T. bruchivorus exit hole. Note
the hard, dry, mummified bruchid
larva contained within the seed
cavity..

(G) Pupa of.E. bruchialis.

(H) Larva of B. brachialis.

(I) AdUlt of B. brachialis.

(3) D..acutUslarva.

(K) Mummified bruchid larva.

(L) T. bruchivorus larva.



Figure 26. Continued

(M) E. vesicularis larva.

(N) D. acutus larva.

(0) D. acutus pupa (male).

(P) D. acutus pupa (female).

(Q) E. vesicularis pupa.

(R) T. bruchivorus larva.
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Biology of Parasites of the Vetch Bruchid other than D. acutus

Two additional parasites were found attacking the vetch bruchid,

Bruchus brachialis F. The first parasite, Tetratichus bruchivorus

Gahan, was recovered in the summer of 1968 from dissection of seeds.

The second parasite, Eupelmella vescicularis Retzius, was found during

the spring of 1969 emerging from seeds collected in 1968.

Tetrastichus bruchivorus Gahan

Oviposition Behavior

The female, T. bruchivorus Gahan, was observed ovipositing in

bruchid eggs that were on the surface of the pod. As with the ovi-

position study of D. acutus, numerous observations were made and the

following general pattern can be inferred: the female generally

located a bruchid egg almost immediately upon alighting on the vetch

pod. The bruchid egg was then examined by means of a tapping motion

with the antennae. If the, egg contained a suitable stimulus, the

female arched her body, tapped the egg surface a few times with the

tip of the abdomen and released the ovipositor. With the abdomen

slightly curled downward, she drilled through the egg surface and

exhibited two ovipositing behavioral patterns; either a shallow probe

or a deep probe. A shallow probe was associated with eggs which con-

tained a first instar larva of the bruchid. The female generally in-

serted the ovipositor about one-third to one-half its length (Figure

27) and displayed little abdominal movements. The deeper probe was

associated with bruchid eggs which had hatched and the larva had left

the chorion and entered the pod. The female generally inserted the
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Figure 27. Tetrastichus bruchivorus Gahan female ovipositing
in egg containing the first bruchid larval instar.
Note that the bruchid egg is secured to the surface
of the vetch pod.
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full length of her ovipositor. The female displayed left and right

swaying movements as well as up and down abdominal movements during

this deep probe. Oviposition took an average of one minute and forty-

seven seconds and the ovipositor was retracted by lifting the abdomen.

Host Preference

A preliminary study on pod preference revealed that the females

of this species were attracted only to green vetch pods. Also, when

the females alighted on the green pods, they showed a distinct orien-

tation to bruchid eggs. As a result, a study was conducted to deter-

mine their preference for bruchid eggs of various stages of maturity.

The eggs were subjectively classified into four groups: (1) eggs with

two dark transverse bands, (2) eggs with fully-formed first instar

larvae, (3) hatched eggs with transparent chorions containing frass

of the first larval instar and (4) entrance holes of the first instar

that were exposed by removing the hatched egg chorions from the surface

of the pod. The last classification was not one of egg maturity but,

one that was included to determine if the presence of the egg chorion

was essential for inciting oviposition. Each treatment was replicated

six times and for each replicate, ten females were introduced into a

cage containing ten eggs of the specified maturity. The preference

for any particular class of eggs was determined by the frequency of

investigation and oviposition displayed by the females. The frequency

of investigation was believed to be a measure of attractiveness of a

particular egg class, while the ovipositing frequency was the measure

of its suitability. The frequency of investigation and oviposition
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was observed for a period of two hours.

The results, presented in Table 25, revealed that the females of

T. bruchivorus showed little interest in bruchid eggs with two trans-

verse bands; that is, bruchid eggs three to four days old. Only in

one case was a female observed to investigate an egg of this maturity.

The females, however, showed interest to the other three egg classes

and displayed similar frequencies of investigation (20, 20, and 17,

respectively). The age of the bruchid eggs in these categories would

be: class II equaled to 13 to 14 days old and class III and IV greater

than 15 days old. Since the females were attracted to class IV as well

as to classes II and III, the presence of the bruchid egg was not needed

to attract the females. The presence of the bruchid eggs, however,

was necessary for inciting oviposition since class II and III depicted

a high rate of oviposition (34 and 23, respectively) while class IV

had only a single incidence of oviposition. Interestingly, the females

did not exhibit difference in preference for class II or for class III

(X
2
= 2.0; P = <0.100) which suggested that the presence of the bruchid

larvae in eggs was not essential for oviposition.

An additional study was conducted to determine the specific in-

star the parasites preferred. Pods containing bruchid eggs of class

I and II as well as first instar larvae in vetch seeds were exposed to

the females for a period of 24 hours. The bruchids were dissected by

crushing the eggs or the larvae in a drop of Hoyer's solution between

a glass slide and a cover slip. The specimens were then examined un-

der a compound microscope for the presence of the parasite.

The results of the dissection revealed that only class II, eggs



Table 25. Frequency of Investigation and Oviposition Elicited by T. bruchivorus on Bruchid Eggs of
Various Maturity Under Insectary Conditions.

Egg Maturity

Behavior
Elicited

Replicates
Total1 2 3 4 5 6

Class I

Eggs With Two- Transverse Bands InveStigating 0 0 1 0 0 0 1

Ovipositing 0 0 0 0 0 0 0

Class II

Eggs with Fully Formed First
Instar Larvae Investigating 3 6 2 1 20

Ovipositing 7 7 3 3 34

Class III

RatChed Eggs Investigating 2 2 4 5 6 1 20

OvipoSiting 4 5 4 3 2 5, 23

Class IV

Egg Chorion Removed, Leaving
Exposed the Bruchid Holes in
Pods Investigating 0 3 3 4 2 5 17

Ovipositing 0 1 0 0 0 1
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with fully-formed larvae, contained T. bruchivorus eggs or larvae.

This age class would be 11 to 19 days following oviposition, The egg

was deposit0 singly in the body cavity of the larva.

Seasonal Appearances

Figure 5 shows the spring emergence pattern of T. bruchivorus

under insectary conditions from pods and seed collection during the

1968 and 1969 seasons. The emergence data for the 1969 collections

represent parasite emergence in an 26.9 °C growth chamber during the

winter of 1970. As with the D. acutus emergence study, diapause was

broken so that this research could be completed.

As shown in Figure 5, T. bruchivorus had only one generation a

year. Emergence began by the fourth week in May and reached an

emergence peak by the second week in June and terminated by the third

week in June. The total period of emergence requires one month. The

period of peak emergence was in close synchrony with the development

of bruchid stage (class II, eggs with fully-formed first larval instars).

In the 1968 season, for example, the first batch of bruchid eggs was

observed in the field on 6 June (Figure 20c). Based on Steinhauer's

study, a newly laid bruchid egg took a minimum of 10 to 19 days to

develop to the first instar. Therefore, these eggs would be at a

suitable stage on the 16th through 25th of June. Since T. bruchivorus

peak emergence was in the second week in June (possibly the 14th),

the peak abundance of the parasite corresponded well with the develop-

ment of the first larval instar of the bruchid.
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Oregon Distribution

Figure 28 shows the areas where T. bruchivorus was recovered in

Oregon during the 1967, 1968, and 1969 surveys. Although extensive

surveys were made in the Willamette Valley and in a few areas east of

the Cascade Mountains, the evidence indicated that the spread of

T. bruchivorus was centered around Corvallis, with Monmouth (Site I)

being the species' most northern distribution. This restricted dis-

tribution pattern suggests that the parasite s point of establishment

in Oregon was near Corvallis. The survey data further supported this

supposition. In the 1967 survey, for example, the species was re-

covered only from pods collected near Corvallis; but, in the 1968 and

1969 surveys, the parasite had expanded its range to include Monmouth

(Site I), Luckiamute (Site II), and E. E. Wilson Game Farm (Site III).

Possibly, the parasite may have been introduced from an early

release made on 5 June 1965. Approximately 147 adults were imported

from France to Oregon and released in cages in a field 10 miles

(16.9 km) north of Corvallis (near Site III). The cages were 2'

x 4' (6.56 m x 9.84 m x 13.12 m) in dimensions and were secured over

field vetch plants that were beginning to form pods on their lowest

racemes. Prior to dehiscing, the pods in these cages were collected

and kept for parasites. Parasites were not recovered from these pod

samples. The establishment of the parasite in Oregon was, therefore,

not known until its recovery in summer of 1968. A possible explanation

for the parasite's establishment being unnoticed, may be the escape

of the parasites from the field cages. The screen mesh of the cages

was 32 mesh to an inch (2.54 cm) and was too large to contain the



EN AREAS WHERE t BRUCHIVORUS

WAS RECOVERED

Figure 28. Distribution of T. bruchivorus based on the 1967, 1968, and 1969 surveys.



129

parasite. During spring of 1969, for example the emerging parasites

in the collections were unknowingly placed in rearing containers with

the opening covered with a screen mesh similar to the field cages.

Within an hour it was noted that the parasites were escaping from

these containers.

Eupelmella vesicularis Retzius

As discussed in the literature review section, E. vesicularis

Retzius has a wide host range and exhibits primary as well as secondary

parasitism. An investigation was therefore conducted to determine if

the species will hyperparasitize D. acutus, T. bruchivorus, or be a

primary parasite on B. brachialis larvae overwintering in vetch seeds.

The vetch seeds used for this experiment were from field collected

pods that were gathered late in the season so that seeds exposed to the

parasites would contain overwintering D. acutus larvae. Four females

of E. vesicularis were introduced in rearing containers and the

treatment was replicated eight times. After an exposure period of

five days, the seeds were dissected for the type of parasitism.

The results of the study are given in Table 26. The data show

that E. vesicularis did parasitize D. acutus larvae overwintering in

vetch seeds. With an average number of 4.88 D. acutus larvae per 25

seeds, 2.38 larvae (48.72 percent) were hyperparasitized by E. vesi-

cularis. Interestingly, the data also show that none of the

T. bruchivorus was parasitized by E. vesicularis. Apparently, the

overwintering larvae of T. bruchivorus within mummified hosts in

vetch seeds did not have the necessary stimulus for E. vesicularis



Table 26. Frequency of Hyperparasitism by E.
Hundred Field Collected Seeds Exposed
Replicate.

vesicularis (Retzius) Under Laboratory Conditions. Two
of Twenty-five Seeds with Four. Females Perin Groups

1 2 3

Replicates
4 5 6 7 8 Total

Percent
Parasitized

Total Number of Infested Seeds 25 25 25 25 25 25 25 25 200
Used Per Replicate.

Total Seeds not Available to 16 11 16 12 15 15 12 12 109
Parasites because of
Field Mortality of Host
Larvae, Pupae or Adults.

Total Number of Seeds Per Replicate 9 14 9 13 10 10 13 13 91
Containing Br-Uchida (Larvae,
Pupae, or Adults) D. acutus
Larvae or T. bruchivorus
Larvae.

A. Bruchids Available for 12
(Primary) Parasitism
During Experiment.

Number Parasitized. 0 0 0 1 0 0 1 2 16.67

B. D. acutus Available for 5 6 6 3 39

Hyperparasitism During
Experiment.

Number Hyperparasitized. 2 5 2 4 1
19 48.72



Table 26. Continued

C. T. bruchivorus Available
for Hyperparasitism
During Experiment.

4 4 0

Replicates Percent

4 5 6 7 8 Total ParPsitized

3 3 9 8 38

Number Hyperparasitized. 0 0 0 0 0 0 0 0 0 0.00
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parasitism. The parasite also displayed primary parasitism; the fre-

quency of bruchid parasitism, however, was rather low (2 of 12 bruchids

were parasitized), the majority of the bruchids remaining in the seed

at that time in the season were either in the pupal or adult stage and

possibly not in the preferred stage for the parasitism by E. vesicularis.
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SUMMARY

Studies on the biology, life history, and ecology of the European

bruchid parasite, Dinarmus acutus Thomson, were conducted from 1967 to

1969 under both laboratory and field conditions in western Oregon. The

host insect during this study was the introduced vetch bruchid, Bruchus

brachialis Fahraeus, and the most common host plant utilized for

studies was the introduced vetch, Vicia villosa Roth.

It was found during laboratory studies that the parasite had two

emergence periods, a spring emergence and a summer emergence. The

spring emergence of the parasite extended over a period of five weeks,

starting the last week in May, reached, a peak population abundance by

the third week, and emergence terminated by the first week in July.

The summer emergence of parasites began during the third or fourth

week in August, reached a peak abundance during the second week in

September, and then terminated within one to two weeks.

The parasite was recovered in the field in small numbers during

late July or early August and increased in abundance between mid-

August to early September. The parasites collected during July and

early August were the spring generation and the parasites taken during

mid-August and September were the summer brood.

Dinarmus acutus was not an obligatory bivoltine species as implied

by the emergence cycle discussed, above, but rather one that exhibited

both unvoltine and bivoltine habits. That is, the females of the

spring generation (spring emergence period) were capable of producing

both non-diapausing and diapausing individuals, whereas the females of

the summer brood (summer emergence period) produced only diapausing
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offspring. This univoltine-bivoltine nature of D. acutus, however,

was masked under field conditions because the diapausing larvae pro-

duced by the spring generation could not be differentiated from dia-

pausing larvae produced by the summer brood.

There was a direct relationship between the population density

of the spring generation and the density of the summer brood. In sum-

mer of 1968, for example, the parasite was not recovered in the field

during the early weeks of summer and the resulting summer population

was small. A total of 81 parasites was recovered from the four sample

sites (I, II, III, and IV). When few as seven adults were recovered

during July and early August (1969), the resulting summer population

was larger. A total population of 526 parasites was recovered from

the four sites during mid-August and September, 1969, in contrast to

only 81 adults during the 1968 season.

An interesting relationship also existed in the number of para-

sites entering diapause at successive dates of vetch pod collections.

The 1968 season depicted :a linear rate of increase (Figure 8e) in the,

number of parasites entering diapause. In 1969 season, however, did

not display this linear relationship, but there was a general increase

in the percent of parasites entering diapause at successive date of

field collections.

Studies on the relationship of temperature to diapause revealed

that the "breaking of diapause" for this species did not depend on the

cold treatments of -2.1°C or 5.8°C because development of the larvae

in the untreated controls was comparable to individuals that were

subjected to preconditioning cold temperatures. Diapausing larvae in
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the untreated control and in the cold treatments completed their de-

velopment, pupated and emerged as adults when exposed to temperature

of 26.9°C in a growth chamber. An additional study was also conducted

to determine whether light or temperature was the factor that initiated

continued morphogenesis. The results of the study showed that tempera-

ture, rather than light, was the contributing factor for "breaking

diapause."

The parasite, under insectary conditions, overwintered as fully-

grown third instar larva in vetch pods and seeds collected in late

August and September. In contrast, the adults of the summer brood

were unable to survive the winter. The inability of the adults to

survive the winter under insectary conditions suggested that D. acutus

overwintered in the field as third instar larvae within vetch seeds.

Numerous attempts were made, during winter months of 1967-1968 and

1968-1969, to recover parasites overwintering in the field, but the

results were not conclusive. Assuming the parasites overwintered in

vetch seeds, they would be subjected to a number of mortality factors

present under field conditions such as seed breakdown, moisture,

freezing, or being eaten by small animals and birds. A high overwin-

tering mortality under field conditions was suggested by the low spring

recovery of parasites in the, field (Figure 7).

Pods of several legumes were surveyed for a weevil or bruchid

host that could serve as an alternate host for the parasite. The re-

sults of the survey revealed that only cultivated peas were infested

with the pea weevil, Bruchus pisorum L. but none was parasitized by

D. acutus. Under laboratory conditions, the parasite attacked the
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pea weevil in pea seeds and pods and exhibited a slight preference

for the pea weevil over the vetch bruchid. Parasitism of the pea wee-

vil was 22.2 percent and 23.1 percent respectively, while parasitism

of the vetch bruchid was 9.1 percent and 10.0 percent, respectively.

Annual surveys conducted during summers of 1967, 1968, and 1969

revealed that the parasites were well established in the Willamette

Valley and in some areas east of the Cascade where host

plant was present. This widespread distribution of D. acutus in

Oregon implies that the parasite was accidentally introduced into

Oregon along with early shipments of bruchid-infested vetch seeds.

Studies on the biology of D. acutus showed that the males emerged

two to three days earlier than the females. The parasites, lived sig-

nificantly longer under laboratory conditions on a honey and water

food source than on plain water. The mean survivial of males given

a honey and water mixture increased over those presented only water

from 9.2 + 2.5 days to 64.1 + 6.5 days while the mean survival of

females increased from 13.6 + 2.30 days to 94.2 + 6.40 days.

The female mated only once during her life and accepted a male

within one or two days after emergence from the seed. The parasite

initiated oviposition at a mean age of 40.7 days and terminated under

laboratory conditions at a mean age of 67.8 days, although they lived

as long as 94 days. The total progeny produced ranged from .6 to 67

parasites per female, with an average of 35.2 offspring per female.

The ratio of male to female offspring was 17.1 to 18.0, or a sex ratio

of approximately 1:1. The net reproductive rate (R0) for this species

was 17.11, its intrinsic rate of increase (r m) was 0.3118 and its
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mean length of generation time was 9.1 weeks.

The female displayed a distinct preference for the brown or mature

vetch pods over partially grown green pods. This attraction to brown

pods seemed to be a response associated with the seasonal development

of the bruchid host. The fourth larval instar of the vetch bruchid was

the preferred stage for the parasite, followed preferentially by the

pupa, the adult stage, and lastly, the third larval instar.

The egg was deposited within the cavity of the vetch seed and

actually in contact with the bruchid host. The first larval instar

of the parasite hatched within 2.4 + 0.18 days of incubation and after

a period of activity began feeding externally on the bruchid host.

On the basis of measurements of width of the larval head capsule, the

parasite has three recognizable larval instars. The first larval

stadium required 2.04 + 1.74 days, the second stadium required 2.25

+ 0.17 days, and the third stadium required 7.48 + 0.33 days for

development. When the third instar was fully developed, it either

continued development to the prepupal stage if it were a non-diapausing

individual, or remained as an overwintering larva if it were a dia-

pausing form. An overwintering larva could be differentiated from

a non-overwintering larva by the presence of a dark orange substance

within the last three or four terminal segments. If development con-

tinued, the prepupal stage required only 1.09 + 0.02 days. The pupal

stage required 8.67 + 0.09 days before the insect moulted to the adult

stage. The life cycle of the non-overwintering brood required about

24 days from egg to adult. The life cycle for the overwintering brood

required approximately 10 months for completion.
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The European bruchid-parasite was determined to be an

arrhenotokous species and exhibited a type of reproduction common to

many parasitic Hymenoptera. The species was an obligatory parasite

and was unable to survive as a phytophagus insect in the absence of

a suitable insect host.

There were several host-parasite relationships displayed by

D. acutus. Autoparasitism, in which D. acutus oviposited on overwin-

tering D. acutus larvae, was observed during the late summer of 1969.

In an experiment in which overwintering D. acutus larvae within vetch

seeds were exposed to parasites, ten of the 18 larvae were attacked

by D. acutus. During the same experiment, another bruchid parasite,

T. bruchivorus was present in 19 of the seeds and available for hyper-

parasitism by D. acutus, but none was attacked. As previously specu-

lated, hyperparasitism of T. bruchivorus did not occur because

T. bruchivorus was an internal parasite overwintering in a hard outer

covering formed from the bruchid host. However, early in the season

during the period of T. bruchivorus was feeding internally within

the host, there was an opportunity for multiple parasitism in which

D. acutus would oviposit externally on internally-parasitized bruchid

larvae. In an experiement designed to determine this possibility,

multiple parasitism was found in 12 percent of the larvae sampled.

Superparasitism in which D. acutus deposited more than one egg

on an individual larva was found to occur during the experiment in

an increased ratio corresponding to the density of 1, 3, or 5 female

parasites per cage. There was also a linear rate of increase between

superparasitism and parasitism, in which the total percent of super-
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parasitism increased in direct proportion to the percent of the total

parasitism. Such a relationship was attributed to those parasite

that distribute their eggs at random or to those that had an imperfect

sense of discrimination between parasitized and non-parasitized hosts.

A test on random and non-random distribution of eggs by D. acutus re-

vealed that the, females distributed their eggs in a non-random pat-

tern. There was no statistical difference between the average number

of eggs laid by a female ovipositing singly or in the presence of

other females. This suggests that no interference occurred among

females ovipositing at densities greater than one female per cage.

The numerical response of D. acutus population, in relation to

the host population, depended upon the size of the spring generation.

When few adults were recovered in early summer, July to early August,

the late summer parasite population displayed a delayed density re-

ponse to the emerging bruchid population (1967 and 1969, Sites III

and IV). When the parasite, on the other hand, was not recovered

in July to early August, as existed in the 1968 season, the resulting

parasite population in late summer was small and did not show a den-

sity response to the bruchid population. It is suggested that the

presence of T. bruchivorus could be limiting the abundance of

D. acutus by competing for a common host or larval stage because

there seemed to be a relationship between the high numbers of the

former and the, low abundance of the latter. The multiple parasitism

study and the data on the pod collection, however, revealed that

T. bruchivorus was, not limiting the numbers of D. acutus.
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Studies on the biology of T. bruchivorus was also conducted to

determine its role in the bruchid life system. T. bruchivorus was an

internal parasite of the vetch bruchid that attacked fully-formed

bruchid-larva within eggs. The parasite was a univoltine species. It

appeared by the fourth week in May, reached a peak abundance by the

second week in June and emergence terminated by the third week in June.

The emergence period of this parasite, under insectary conditions, was

in close synchrony with the development of the preferred bruchid larval

instar under field conditions. The distribution of the parasite in

Oregon was centered around Corvallis with Monmouth (Site I) being the

species most northern distribution. This restricted distribution pat-

tern suggested that the parasite point of establishment in Oregon was

near Corvallis.

A third parasite, Eupelmella vesicularis Retzius, was found to

be a primary parasite on the vetch bruchid and a hyperparasite on

overwintering D. acutus larva in vetch seeds. In one experiment,

48.7 percent of the overwintering D. acutus larvae were hyperparasi-

tized by this species. This parasite was not commonly encountered

and appeared in the study areas for the first time during 1968.
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CONCLUSIONS

Dinarmus acutus is established throughout the 'Willamette Valley

and some areas east of the Cascade Mountains. As a result of the cur-

rent studies, it is concluded that the parasite is not an effective

parasite of the vetch bruchid in Oregon. Factors that seem to limit

the parasite's effectiveness are as follows:

1. The parasite was poorly synChronized with a suitable stage

of the host insect. Females of D. acutus did not begin to lay eggs

until 40.7 + 1.7 days after emergence. The dissection of several

females revealed that they were capable of egg laying within one week

after emergence.

2. The parasite overwintered as a fully-grown third instar

larva within the vetch seed and therefore, was subjected to a number

of mortality factors, such as freezing excessive moisture or being

eaten by small animals. A high overwintering mortality was indicated

by the low parasite population in early summer (July and early August).

3. Since the abundance of D. acutus was dependent upon its

overwintering survival, which in turn becomes a reflection of its

regulatory ability, the parasite is believed to be poorly adapted

to western Oregon conditions.

4. The parasite displayed both auto- and superparasitism under

insectary conditions. Such attributes are detrimental to the survival

of the, species and reduces its effectiveness as a biotic agent.

5. The rate of parasitism displayed by D. acutus was generally

low (Tc = 10 Percent) and only in one set of samples did parasitism

exceed 50 percent.
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Tetrastichus bruchivorus is a primary (internal) parasite of the

vetch bruchid and its distribution was centered around Corvallis,

Oregon. An evaluation of this parasite's effectiveness as a biotic

agent cannot be established with certainty, but some attributes favor-

ing and not favoring the parasite, can be concluded at this time.

Favorable attributes:

1. The peak population abundance of the parasite in spring,

under laboratory rearing conditions, was in close synchrony with the

preferred stage of the bruchid (Class II).

2. None of the overwintering larvae in vetch seeds was hyper-

parasitized.

Unfavorable attributes:

1. Since the parasite preferred the first instar larva and does

not kill its host until the host's last larval instar, the parasite

is subject to the same mortality factors as the bruchid host. Dickason

(1960) found that 80.8 percent of a bruchid cohort died before reaching

the pupal stage.

2. The parasitewo susceptible to multiple parasitism by

D. acutus. Twelve percent of bruchids parasitized by D. acutus con-

tained an early instar of this parasite.

3. Since the parasite was univoltine and overwintered in vetch

seeds, it was also prone to the same overwintering mortality factors

as D. acutus.

44 The rate of parasitism displayed by this species in field-col-

lected materials never exceeded 15 percent.

The third parasite, E. vesicularis, has a wide host range and
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the rate of parasitism displayed by this species seldom exceeded one

percent.
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APPENDIX I

Dinarmus acutus Thomson
1/

Syn: Sphaerakis mayri Masi, 1924.

Female (type): body dark violet, almost black; head vertex,

pro- and mesonotum sides with bronze-colored reflections; abdomen

with brown tone; antennae, red brown; tergum, light brown, almost

transparent; coxae of body color; trochanters and tarsal claws brown;

femur completely dark with metallic reflections. Tibia for the most,

part is dark brown, distally whitish as the tarsi, fore tibia trans-

parent as the hind tibia. Individuals of the sourthern region are

greenish with bronze color reflections (Masi, 1924).

Head is somewhat broader than the thorax (85:75), slanting,

broader than high (85:65), with slightly narrowed forehead-depres-

sion which contains the middle ocellus; mouth opening rather small;

gena convex and with straight mouth edge; subocular structure hardly

shorter than the eyes width (22:27). Distance between the two hind

ocelli, 1.5 times greater than, that between hind ocellus and eye

(20:13). Facial surface strongly reticulated and with short hairs.

Clypeus longitudinally lineated, its front margin in the middle

slightly projecting, the two indicated teeth broadly obtused. Anten-

nae directly inserted above the facial center. Antennal sockets

very close, standing side by side, scapus reaching the middle ocellus

and twice as long as the clava (33:16). Pedicellus slender, shorter

1/ English translation from Delucchi's (1956) article entitled
"Beitrage zur Kenntnis der Pteromaliden," pages 243-245.
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than the first funiculus segment, the latter twice as long as broad.

Funiculus segments from the first up to the fifth, decreasing in

length and increasing in width, last funicular segment slightly trans-

verse to square and of similar length as the first clava segment.

Sensilla linearly short and not very numerous. Flagellum much shorter

than the maximum head width (61:85).

Thorax not much longer as broad (100:75). The sharp fold of the

pronotum reaches laterally to the pronotum margin, just in front of

the front coxae and defines an almost uniformly thickened, strongly

reticulated collar which forms with the front part of the pronotum,

a nearly right angle rather than a pointed angle; this front part of

the pronotum is slightly concave. The front section of the mesonotum

strongly traverse, uniformly convex, toward the parapsides gradually

narrowed and the latter pointedly truncated at the tegular appendage

so that the prepectus is covered by the pronotum, down to the poste-

rior upper side point. Parascutules groves clearly visible to the

middle of the scutum. Transscutellar suture uniform and slightly

bent backward. Posterior section of the mesonotum hardly shorter

than the front part (37:42), however, equally strong reticulated and

haired. Scutellum broader than long, and relatively large. Front

part of the postscutum strongly developed and laterally provided with

a small groove; the posterior part of the postscutum on the other

hand is strongly reduced and finely punctuated; both parts of the

postscutum are separated by a diagonal groove. Distal region of the

metanotum has the shape of a narrow, knife-edge, smooth stripe, which

is situated between two broad, deep, and ribbon transversal grooves.
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Propodeum 2-1/2 times longer than the metanotum, slightly saddle-

shaped, with a narrow, less reticulated, rounded nucha. The middle

of the propodeum reticulated to punctated, reticulum more delicate

than on the mesonotum; surface of the propodeum slightly convex;

between the stigmata are situated two excavations on the front-margin

of the propodeum, which are subdivided by small keels and defined on

the outside by the bent lateral folds. These lateral folds reach

the nucha on each side of the propodeum and carry on their end few

long hairs; beginning with the fold, the propodeum is so strongly

bent backwards that most posterior part of the propodeum is entirely

covered and that the very narrow fovea apicalis becomes invisible.

Spiracular sulcus is indicated only behind the stigma and is irregu-

larly shaped. Stigmata are large, connected with the lateral folds

by a small curvature, oval in length and in the middle slightly con-

stricted. Callus vaulted, finely reticulated and relatively densely

haired. Coxae less sculptured than the thorax pleura, posterior

coxae directly before the insertion suddenly and strickingly reduced.

Posterior femora broad and compressed. Pleura, inclusively the

upper part of the mesoepimeron reticulated; only the demarcation of

the latter from the mesoepisternum is smooth; wings are hyline;

veining is thin, marginal 1.5 times longer than, the stigma (27:18),

stigma roundish and small. Secula large and fused. Costal cell of

the forewing scarcely haired only on the lower side.

Petiolus small. Abdomen nearly heart shaped, tapering sharply

to the rear, longer than broad (87:65), dorsally flat, ventrally

convex; first abdominal tergite 1/3 of the abdominal length, its
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posterior margin protruding slightly posteriorly. The entire abdomi-

nal surface is lightly haired.

Body length: 2.5 mm.

Male: similar to the female, only the abdomen is shorter and

smaller; the row of basal hairs is more developed on the forewing.

Pedicullus longer than the first funicular segment (8:6); the latter

is not constant in its length, it is equally long as the following

or hardly shorter as each of the joining four segments, generally

as long as the sixth one, which is square.

Body length: 2.1 to 2.3 mm.
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APPENDIX II

The following calculations of rm , Ro, and T are adapted from

Southwood (1966) pages 284-291.

R = the net reproductive rate or the number of times a popula-
tion will multiply per generation.

1 m d
o x x x

=Elm
x x

= 17.11

r
c
= capacity for increase.

= log R
e o

Where T
c
= cohort generation time (mean

age of the mothers in a cohort

= log 1.77 + log 10
10:0

= 2.839663
10

= 0.2839664

n/w = the reproductive period
oldest reproductive age

= 8/13.5

= 0.5929

at the birth of female off-
spring).

From the graph on page 289 in Southwood, the percent difference

between rill and ro is 20 percent. Therefore, r was estimated by:
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0.284 x 0.2 = 0.0539

Antilog of 0.0539 = 0.341, a rough estimate
of r

m

r = intrinsic rate of natural increase may be calculated using
m

the formula:

-rmx
fo 1 m d =1

x x x

and by trial and error method.

r
m

= 31

mx e-rmx
(1
x x
m ) (e-rmx)

6.5 2.015 0.133320 0.009332
7.5 2.325 0.108067 0.137249

8.5 2.635 0.071719 0.363620

9.5 2.945 0.052602 0.336640

10.5 3.255 0.038388 0.153560
11.5 3.565 0.028439 0.007394

12.5 3.875 0.020651 --

13.5 4.185 0.014996 0.000600

E (lxmx) (e-rmx) = 1.008391

r
m

= 32

6.5 2.08 0.124930 0.008745

7.5 2.40 0.090718 0.115214

8.5 2.72 0.065875 0.334012

9.5 3.04 0.047835 0.306176

10.5 3.36 0.034735 0.138960

11.5 3.68 0.025223 0.006557

12.5 4.00 0.018316 ---

13.5 4.32 0.013570 0.000542

E (lx x) (e-rmx) = 0.910206

The calculation of true r 's can be found graphically by plot-

ting the two above trial r
m
's against their sums of column 4 (next

page). rm was therefore calculated to be 0.3118.
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T = generation time.

= log Ro

r
m

= 2.8397
0.3118

= 9.1 weeks


