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A CONTRIBUTION TO OUR KNOWLLDGE OF TH} BIONOMICS OF 
DIGONICHAETA SETIPENNIS FALL., A TACHINID PARASITE 

OF T1 EUROPEAN EARWIG 

INTRODUCTION 

The European earwig, Forficula auricularia L., is 

by far the most outstanding species, economically speak- 

ing, of the four hundred odd species of earwigs described 

for the world. In spite of reports of it as a potential 

agricultural pest, the European earwig has built up its 

reputation as a pest almost entirely upon its obnoxious 

habits of appearing inside houses and in other undesirable 

places. 

This insect is native to the greater part of the 

continent of Europe, but it has succeeded in establish- 

ing itself in various other parts of the world. In North 

America it was first reported as a pest from Rhode Island 

in 1911 and is now known to occur in British Columbia, 

New York, Washington, Idaho, Oregon, and California. 

Other parts of the world in which the earwig has estab- 

lished itself are South America, Tasmania, and New Zealand. 

As Forficula auricularia L. is an introduced pest, 

its natural enemies in Europe were studied and found to 

consist chiefly of two species of Tachinid flies. Of 

these, Digonichaeta setipennis Fall., was considered to 

be the more important. The history of its introduction 

Into this country has appeared in other publications and 

will not be repeated In detail here (Mote 1931). 



RESULTS OF INTRODUCTIONS INTO OTHER AREAS 

Status of Digonichaeta in New Zealand. 

The use of i-)ionichaeta setipennis in the biologi- 

cal control of the European earwig was first attempted 

in New Zealand. When Dr. L. O. Howard, then Chief of the 

United States Bureau of Entomology, investigated the pres- 

ence of parasites of the earwig in Europe in 1923, he 

found that Rothamsted Experimental Station, Harpenden, 

England, was already sending shipments of both Tachinid 

parasites, Digonichaeta setipennis Fall. and Rhacodineura 

antiqua Ileigen., to New Zealand. These first shipments 

were wasted, as far as the establishient of the parasites 

in New Zealand is concerned, as the workers there were 

unable to rear them in the laboratory. 

Later, the Oregon Experiment Station corresponded 

with Dr. David Miller of the Cawthorne Institute at Nelson, 

New Zealand, and arranged for the sending of puparia of 

D. setipennis from the Portland Laboratory. A letter was 

written to Dr. Miller asking for information on the success 

of this second venture, but at the time of this writing 

no answer has been received. C. P. Clausen, in charge of 

Foreign Parasite Introduction at Washington, D. C., had 

the following statement to make in answer to a letter 

written him by the author: "As to the New Zealand work, 
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there has been no published statement as yet to the effect 

that establishment has resulted from the importation made 

some years ago." 

Status of Digonichaeta in British Columbia. 

Attempts to control the European earwig in British 

Columbia by the use of parasites were not made until 1934. 

In the summer of this year the Dominion Entomological 

Laboratory at Victoria was sent several thousand earwigs 

parasitized with Digonichaeta larvae from the Portland 

laboratory, then well established. The parasites were 

reared from the earwigs and in 1936 approximately 80,000 

adults emerged, according to W. Downes, assistant ento- 

mologist. The first liberations were made in 1935, and 

in that year a few parasites were recovered at both Sidney 

and Victoria, Vancouver Island. About 70,000 parasites 

were released in 1936, but no recoveries were accomplished 

in that year. Further efforts to recover the parasites 

will be made in 1937--the process being to collect large 

numbers of earwigs from which to rear them. So far the 

efforts to recover the parasites have been merely as a 

check as to whether or not Digonichaeta was becoming 

established in the area. There have been no attempts as 

yet to determine the effectiveness of the parasite in 

controlling the earwig. 
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Status of Digonichaeta in the United States outside of 

Oregon. 

Forficula auricularia L. was reported as a serious 

pest in Rhode Island a few years before it became epidemic 

in Oregon. When importations of the two Tachinid para- 

sites were made into this country, some shipments were 

sent to Rhode Island and some to Oregon. 

For some un]mown reason the rearing of the para- 

sites at Newpo 

letter, Mr. C. 

Newport, Rhode 

last year, and 

whether or not 

In 1933, 

t, R. I., was greatly delayed. In his 

P. Clausen says, "The colonization at 

Island, (of D. setipennis) was made only 

consequently we have no information as to 

establishment was 

1000 parasitized earwigs were sent to 

Seattle, Washington, from the Portland laboratory. Plans 

had been made by the city officials there to rear the 

parasites and conduct a program of liberations to fach- 

Itate a thorough establishment of the flies throughout the 

earwig infested areas of the city. Unfortunately, the 

workers were unable to get Digonichaeta estqblished, and 

so far the authorities have not seen fit to repeat the 

attempts. 
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Status of Digonichaeta in communities outside of Mult- 

nomah County. 

During 1932 and 1933, a total of 82,750 parasitized 

earwigs were sold by the City of Portland to 30 different 

communities located in 13 counties of Oregon. In 1935 

a total of 27,500 parasitized earwigs were sold under the 

same conditions to 8 different communities, representing 

two new counties, and to one community represented in the 

1933 sales. In 1936 only 6000 parasitized earwigs were 

sold to one community to which 10,500 had been sold in 

1935. 

These earwigs were ordered through the county agents 

for the most part and were paid for either by the commu- 

nity or, as in many of the cases, by the citizens wishing 

to rid their property of the obnoxious earwig pests. 

Proper instructions as to how, when, and where to liberate 

the earwigs were given the agents by Mr. Edward Gavin, 

City Insectarian. Whether or not these earwigs were 

liberated in sufficient numbers at any one locality to 

insure mating of the resulting parasite flies the follow- 

ing year is difficult to ascertain. In cases where the 

parasitized earwigs were purchased by several citizens 

together, the distributing of the earwigs in their respec- 

tive premises (according to some reports) undoubtedly 



resulted In too small a concentration of the parasites to 

insure its permanent establishment in that area. 

In all of these areas outside of Jultnomah County 

there has been no systematic attempt made to determine 

whether or not the parasite has become established. In 

one locality, however, incidental recoveries of Digoni- 

chaeta have been made. During the fall of 1933 in Cor- 

vallis, Oregon, two parasite larvae were found in col- 

lected earwigs, and in the spring of 1934 four adults 

were captured. One hundred nineteen gravid female para- 

sites had been liberated in the country northwest of the 

town in June of 1929, and 7000 parasitized earwigs were 

sold to Corvallis in the summer of 1932. If the parasite 

is permanently established there, it has not as yet had 

time to reduce the earwig population very materially. 

During the summer and fall of 1936, an attempt was 

made to systematically check on the presence and activ- 

ities of Digonichaeta in the Portland, Oregon, area. 

It is, taken as a whole, very superficial, as the angles 

presented by this problem are many and diverse. That the 

small amount of information here included may be of some 

value as an addition to our knowledge of the relation- 

ships between the European earwig and its parasite, Di- 

gonichaeta setipennis Fall., is the sincere wish of the 

author. 



DIGONICHAETA IN THE PORTLAND AREA 

History. 
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The first shipments of the ruropean earwig para- 

site, Digonichaeta setipennis Fall., arrived in Corvallis, 

Oregon, in the fall of 1924 and the spring of 1925. The 

parasites were reared and studied in Corvallis during this 

time and then transferred to the newly constructed labora- 

tory in Portland. During the next five years, 1926 - 

1930, the life history under V/estern Oregon conditions 

was further studied, the numbers of the parasite were 

built up, and a few liberations were made. These libera- 

tions, as compiled by Dr. D. C. iiote of the Oregon Ex- 

periment Station (Mote 1931), were as follows: 

Liberation I. On June 24, 1926, Dr. Howard Stearns 

liberated 52 female and 14 male flies together with about 

10,000 Forficula auricularia L. The place of liberation 

was a gully lying just south of 4th. and Ward streets in 

south Portland, and immediately west of the Southern 

Pacific railway bridge. The earwigs liberated had been 

placed in a cage with the ovipositing flies just previous 

to the liberation. 

Liberation II. July 9, 1926, 14 females and 12 

males escaped from a mating cage at the Portland Insectary 

grounds at Killingsworth and Interstate Avenue. 



Liberation III. Between ìay 30 and July 5, 1928, 

341 gravid females and 34 males were liberated at the 

Portland Insectary grounds. 

Liberation EV. August 25, 1928, about 20,000 para- 

sitized earwigs were liberated at 40th. Street and Powell 

Valley Road. 

Liberation V. September 7, 1928, 1* quarts of para- 

sitized earwigs and a few mated females were liberated 

at the same locality as IV (40th. Street and Powell Valley 

hoad). 

Liberation VI. October 2, 1928, 3000 parasitized 

earwigs were liberated near the Fortland Insectary grounds. 

Liberation VII. Betvieen May 19 and June 13, 1929, 

54 gravid females were liberated at the Insectary grounds. 

Ljbertjon VIII. On June 25 and July 15, 1929, 162 

gravid females were liberated near the J. E. Stansbury 

house on Columbia Blvd., just outside the north boundary 

of the Portland city limits. 

Liberation IX. June 26, 1929, 119 gravid females 

were liberated near Corvallis, Oregon. 

Liberation X. July 29, 1929, 50 gravid females were 

liberated at 20th and Ash Streets in Portland, Oregon. 

During the years 1923, to and including 1929, the 

City of Portland and the County of Multnomah jointly 



financed an earwig control campaign. The earwigs were 

present in this area in tremendous numbers and In spite 

of the fact that the Oregon State Experiment Station was 

conducting experiments in the establishment of the para- 

site at this tinie, the citizens of Portland and Mult- 

nomah County demanded immediate action to relieve the 

situation. Thus the activities during this period were 

largely the applications of poisonous baits. 

By 1930 and 1931 the Portland Parasite Laboratory 

had succeeded in rearing enough of the parasites to make 

some extensive liberations and the baiting program was 

discontinued. Briefly summarized, these liberatlons were 

as follows: 

1930. A systematic program of liberations of 

adult flies, mostly gravid or mated females, were made 

over most of the East side residential districts of 

Port1anc with a few points on the West side included. 

1931. A re-stocking of most of the 1930 liberation 

points with mated female flies was accomplished. 

In addition, some of the outlying areas were utilized 

as points for the liberation of parasitized earwigs, 

usually 200 at a time, with the idea in mind to check on 

the two types of liberation as to effectiveness at some 

time in the future. These localities were along the 

Powell Valley Road as far as Gresham (a distance of about 
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17 miles); along Sandy Blvd., including Troutdale and 

points along the Columbia River Highway as far as Bonne- 

ville (a distance of about öO miles); along Terwilliger 

Blvd.; Taylor's Ferry Road; Columbia Blvd. st the north 

boundary of Portland, and along the hstoria Highway as 

far as Linton, which is just eight miles from the center 

of Portland. All these liberations were within Multnomah 

County. 

By the end of 1931 and in 1932 the earwig population 

of Portland had fallen off so materially that the workers 

at the laboratory were obliged to import earwigs for their 

operations from communities outside of the city, even as 

far as Corvallis, a distance of 85 miles! This condition 

was assumed to be due to the activities of the parasite, 

possibly assisted by a normal low fluctuation of earwig 

numbers brought about by other unknown factors. 

During this time embryo plans were formulated, but 

no actual systematic check on the presence or effective- 

ness of the paresite was made. There were, however, 

several incidental recoveries: 

From 1926 on, several recoveries had been made by 

workers in and about the Portland Insectary grounds. 

These consisted of both male and female flies, puparia, 

and severel larvae, (emerged from earwigs trapped in the 

vicinity of the laboratory). 
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In 1927 Dr. Howard Stearns reported the recovery of 

3 Digonichaeta puparia from earwigs collected at the site 

of Liberation I of June 24, 1926. (see page 7) 

The need of a definite and systematic check on the 

effectiveness of the parasite in controlling the earwig 

and the extent of its establishment is probably too evi- 

dent to require emphasis here. It was with this idea in 

mind that a somewhat sketchy survey of the situation was 

made in the summer and fall of 1936. 

Description of Method Used. 

Two different aspects were considered in the survey: 

the presence or absence of the parasites in the areas 

chosen for observation, and the degree of infestation in 

these areas. 

A great many of the recoveries of parasites liber- 

ated in the field are random collections and merely in- 

dicate whether or not the parasites are becoming estab- 

lished. Truly significant recoveries, indicating the 

effectiveness of the parasite or parasites and the per- 

centages of parasitism, are often difficult and time con- 

suming to execute. The types of life cycles of the host 

and its parasite and the stage in which the host is para- 

sitized present a multitude of problems. 

A generally accepted procedure for determining the 
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percentage of parasitism of a larval parasite of any 

particular insect may be illustrated by certain work 

carried on by the Meirose Highiends Laboratory in 

Massachusetts. For such parasites as Compsilura con- 

cinnata, an introduced Tachinid which is parasitic on 

many other hosts besides the Gipsy and Brown-tsil moths, 

collections are made of all the known hosts' caterpillars 

and the parasites reared from them. This is to determine 

the general occurrence of the parasites in the areas in 

question. Then additional semi-weekly, annual, and 

miscellaneous collections of the Gipsy and Brown-tail 

moth caterpillars are made, the parasites reared from 

their hosts, and the percentage of parasitism figured 

out. A check of this nature repeated over a period of 

years would give as accurate a picture of the situation 

as could be expected. 

The European earwig is susceptible to parasitism 

by Digonichaeta setipennis through a period extending 

from about the middle of blay to the end of September, at 

least (Fig. 1). It is known to be successfully para- 

sitized in the 3rd, 4th, and 5th instars; the 5th instar 

being the adult insect. The mature larvae may be found 

emerging from their earwig hosts from the middle of June 

through the summer and fall into November. No larvae have 

been known to remain in the earwig over the winter. 
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With these facts in mind it was decided that an 

undeniably accurate and complete report of the activities 

of Digonichaeta would have to be arrived at by a check- 

Ing process similar to the following: 

A constant number of earwigs (say 100) could be 

collected from each of a number of different localities 

dispersed throughout the area. These collections would be 

kept in separate containers, protected from further para- 

sitism by local Digonichaeta adults and near to natural 

conditions as possible. Each collection would be exam- 

ined for the presence of parasite larvae or puparia 

until the end of the season (November). The collections 

of earwigs would have to be made about every two weeks 

from ivay through the whole season to November. 

Unfortunately, neither time, finances, nor facili- 

ties were available to carry on such a program. The 

procedure actually followed was somewhat different from 

this theoretical one. 

The writer was familiar vïith the activities being 

carried on along these same lines by Ir. C. 7. Getzen- 

daner, of the Federe.l Bureau of Entomology StatIon at 

Puyallup, Washington. Mr. Getzendaner had had several 

hundred of the so-called "Federal" earwig traps (Figs. 

2 and 3) constructed with an additional appliance of his 

own invention included. The traps consist of two cedar 
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boards, 12l by 3k" by -e'", one side of each being cut by 

eight grooves, each 5/16" deep and 3/16" wide. The 

grooved sides of the boards face each other and are held 

in this position by the wire clip at the top and by the 

special appliance at the base. This appliance consists 

of a small metal cup so attached as to catch and retain 

any parasite larvae emerging from earviigs inside of the 

trap. The larvae, not being able to escape from the 

metal cup, form their puparia here where they may be 

easily observed and counted. iir. Getzendaner's use of 

the traps is chiefly for the purpose of determining the 

rate of spread of the parasite (Getzendaner 1936). 

Through his courtesy the writer was able to acquire and 

utilize twenty of these traps during the summer of 1936. 

Two traps were used for each observation point. 

The traps were either hung from a species of tree likely 

to be infested by earwigs in general, or were placed in 

an upright position in shubbery or other situations 

where they would not be in the way and where the earwigs, 

if any, would be most likely to find them. (Fig. 4) 

Ten different localities were originally chosen 

for observation (consult map, 5). 

Location I. The author's premises were chosen for 

the first location for several reasons. First, it could 

well represent the upper Portland Heights district, a 
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region that had at one time harbored a very heavy infes- 

tation of earwigs. second, there had been one liberation 

of 100 mixed male and female adult parasites at the loca- 

tion in July of 1934 and another liberation of 208 mixed 

sex flies at a residence one block distant. The location 

was also obviously convenient and accessible for obser- 

vation. The two traps were fastened to the trunks of a 

maple and a dogwood tree, respectively, by means of the 

v,rire loops clamped to the tops of the traps. 

Location II. A resident of S.E. 28th Place visited 

the earwig laboratory on July 30, 1936. He reported an 

infestation of earwigs on his premises and was given 500 

parasitized earwigs and traps 653 and 654 to set out in 

his yard. This locality is just off of Gladstone St. and 

is designated as Location II. It was thought that a check 

of the effectiveness of parasitized earwig liberations 

could be made in this manner. The two traps were placed 

on each side of the yard in some raspberry canes. 

Location III. Laurelhurst Park was chosen as Loca- 

tion III. his public park is located near the center of 

one of the better residential districts of Portland. 

Several liberations of the parasites had been made in this 

area during 1930-31. Two traps were concealed here on 

July 10, 1936, one in a small tree and the other in some 

shrubbery. When the author returned one week later to 



examine them, both traps had disapteared. Aealizing 

that situations of this nature might be expectec. in any 

territory open to the public, to moro traps were placed 

in a resident's premises at a distance of 6 or 7 blocks 

from the park proper, but still within the Laurelhurst 

district. An examination of these newly placed traps 

ten days later disclosed only a single earwig, On the 

basis of this apparent low infestation of earwigs and 

because of the fact that no complaints had come in to the 

City Hall from this region, the section was abandoned as 

a possible observation point. 

Location IV. The premises surrounding a vacant 

residence just off of Vista Avenue on Portland Heights was 

chosen as an observation site as it was within one block 

of a liberation point of 1931. Trap number 644 was 

stolen after only one observation had been made, but 

observations were continued on the other trap. 

Location V. Three liberations of gravid females 

had been made on the outskirts of 'Vashington Park in 

1930 and 1931, so one of these localities was chosen as an 

observation point. Two traps were placed in the shrubbery 

at the Canyon Road entrance just below the large city 

reservoir. 

Location VI. This site on 39th. and Ellis Streets 

is just north of Woodstock kve, and a few blocks east of' 
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the Reed College property. The residence premises con- 

tained several prune, ap»le, and pear trees upon two of 

which the traps were placed. No past liberations of the 

parasites had been made within five blocks of the site. 

Location VII. The residence on 34th. and Bybee 

Street3 is well within the limits of the East Moreland 

district, Quite a number of liberations of both adult 

female parasites and of parasitized earwigs had been made 

in this area, but none of them was closer than three 

blocks of the observation site. Two or three complaints 

came into the City Pest Bureau during the spring of 1936 

and, as this region represents one of the better resi- 

dential districts of Portland, it was considered important 

to have an observation point here. The two traps were 

placed in the shrubbery around the house. 

Location VIII. This locality, the residence of 

M. L. Smith at 3524 N.E. Nerges Drive near 33rd. and 

Fremont Sts., Is of particular interest. io liberations 

of parasites had been made within ten blocks of the site 

until 1936. .ar1y in June of this year the Smiths re- 

ported earwigs on their premises, while their neighbors 

were apparently almost free of the pests. The preceeding 

year the Smiths had had soil for their garden brought in 

from N.E. 20th. and Fremont, a region which, although 

not investigated, possibly was infested with earwigs to 
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some extent, giving a plausible answer to the question of 

how the pests became localized in their yard. On June 19, 

1936, a cage containing two or three hundred mixed sex 

flies were liberated on the grounds. Two traps were set 

out on small maple trees at opposite ends of the premises 

on July lO, and observations made the rest of the summer. 

Location TX. Council Crest Park is a small area at 

the very crest of the hill from 800 to 1000 feet above 

the main part of the city. Two liberations had been made 

here in the past and it was hoped to get a significant 

check of the infestation. Unfortunately, the traps were 

disturbed several times by inquisitive people and results 

obtained were not considered to be oÍ any value. 

Location X. cuite a number of liberations of para-. 

sitized earwigs were made along Foster Road in 1931. The 

private estate of about twenty acres known as "Fairlawn" 

is situated between two of these liberation points just 

outside of the city limits at 104th. Street. The traps 

were placed on trees, one in each of the two sections of 

the property divided approximately in the center by 

Johnson Creek. 

The following are two tables; the first summariz- 

Ing the observation localities and the other giving all 

the liberation points of parasites made within ten blocks 

of the observation points. 



Loca1it & Trap 

Nuinbe r s 

I 

(Traps 651 & 652) 

II 
(Traps 653 & 654) 

III 
(Traps 641 & 642) 

IV 
(Traps 643 & 644) 

V 
(Trans 645 & 646) 

VI 
(Traps 647 & 648) 

VII 
(Traps 649 & 650) 

VIII 
(Traps 655 & 656) 

Ix 
(Traps 657 & 658) 

X 
(Traps 659 & 660) 

19 

TABLE I 

Date Set Out Location 

7-29-36 2454 SW Sherwood Dr. 
(Portland Heights) 

7-30-36 4135 SE 28th Place 
(off Gladstone, south) 

8-10-36 Laurelhurst Park 
(both traps stolen) 

7-30-36 SW corner of SW 19th 
& Elm Streets. 
( Portland Heights) 

7-30-36 Lower \Vashington Park 
(at Canyon Road entrance) 

8-10-36 SE 39th & Ellis Sts. 
(near Reed College) 

8-10-36 7015 SE 34th St. at 
Bybee St. 
(in East Moreland) 

8-10-36 3524 NE Merges Drive 
(near Fremont & 33rd) 

8-24-36 Council Crest Park 
(Top of Portland Hts.) 

8-24-36 10404 SE 104th Ave. 
("Fairlawn" - near 
intersection of R.R. 
tracks & Foster Road) 



Location 

I 

TABLE II 

(Record of tC1oseTt Parasite Liberation Points) 

Liberation - Date & Place Nature of 

1. at location (6- ? -34) 100 mixed ¿' 

/ 2. 2500 5W Sherwood Drive (6-12-35) 208 mixed 0- 

II # 1. 29th and Holgate St. (6-15-31) 

# 2. at location (7-30-36) 

Distance from 
Observation Pts. 

at location 

i block 

106 mated 5 blocks 

500 parasitized at location 
earwigs 

III (location not used) 

IV # 1. SW Elm & Vista Ave. (6-17-31) 100 mated 

V # 1. near 24th & Burnside (9-4-30) 100 gravid 
(North entrance) 

# 2. Main entrance at Park Ave. (6-7-31) 100 mated ? 

# 3, at location (6-17-31) 100 mated 

VI # 1. 36th & Woodstock St. (6-20-31) 100 mated ? 

i block 

8 blocks 

4 blocks 

at location 

6 blocks 



TABLE II (continued) 

Location Liberation - Date & Place Nature of Distance from ________ __________ ____ _____ ______ - 
Observation Pts. 

VI 
(cont'd) # 2. 36th & Ioodstock t. (6-29-32) 200 mated 6 blocks 

VII 1, 27th & Lambert St. (6-20-.31) 100 mated 10 blocks 

(Edge of golf course) 

# 2. 36th & \Voodstock St. (6-20-31) 100 mated 9 blocks 

# 3. 36th & %Voodstock st. (6-29-32) 200 mated 9 blocks 

# 4. 31st & Lambert St. (7- ? -35) 200 parasitized 5 blocks 
earwigs 

# 5. 31st & Claybourne St. (7-22-36) 500 parasitized 3 blocks 
earwigs 

# 6. 30th & Claybourne St. (7-22-36) 500 parasitized 4 blocks 
earwig s 

VIII # 1. 35th & Tillamook St. (6-18--32) 200 mated 10 blocks 

# 2. 33rd & Shaver St. (7- ? -35) 200 parasitized lO blocks 
earwigs 

# 3. 44th & Siskiyou Sts. (8- ? -35) 200 parasitized 10 blocks 
earwigs 



TABLE II (continued) 

Location Liberation - Date & Place 

IX # 1. at location (6-29-31) 

2. at location (7-l-32) 

X # 1. 101st & Foster Rd. (7-17-31) 

Nature of 

100 mated 

200 mated 

400 parasitized 
earwigs 

Distance from 
Observation Pts. 

at location 

at location 

2 blocks 

ro 
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General survey of Results. 

In interpreting the observations, several factors 

had to be considered. VThen the traps were examined, the 

puparia in the metal cups were counted and thrown away 

each time; whereas the erwigs in the main part of the 

traps were counted and left to remain inside (only a few 

would drop out when the traps were opened). Thus it was 

presumed that a great number of the individual earwigs 

were repeated in the counts of each examination. To add 

to this was the fact that the traps were not in the field 

during the whole active season of the parasite. 

In view of the data obtained, an accurate estimate 

of the total percentage of parasitism in the Portland 

area would be impossible. If, however, the total results 

of the summer's observations are pooled and considered as 

a whole, the following generalization appears probable: 

The earwig populations culminate near the end of 

August, while the issuing of the larval parasites lags 

behind--reaching its peak near the middle of October or 

later. This last is explained by the building up of late 

issuing first generation larvae with the issuance of the 

second generation larvae. 

The following table and its accompanying graph were 

constructed from the totals of earwigs and parasite 

puparia found in the traps examined on the several dates. 
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A rating of the numbers of earwigs and parasites to 

compensate for the different numbers of traps examined 

on the various dates was computed roughly, based on a 

standard of the highest number of traps examined. 



TABLE III 

No. No. Traps Earwig figured No. No. Traps Parasite figured 
Date Earwigs Examined rating Parasites Examined rating 

Aug. 9 34 3 124.4 0 3 0.0 
(10 days) _________ _____________ 

Aug. 18 

_______ 

266 11 266.0 

________ 

7 

_________ 

11 

_______________ 

7.0 
(9 days) 

Aug. 24 

_______ 

291 

_________ 

9 

______________ 

355.6 

_________ 

2 

_________ 

9 

_______________ 

2.4 
(1 week) 

Sept. 1 

_______ 

540 

__________ 

11 

_______________ 

540.0 

__________ 

8 

______ 

11 

_________________ 

8.0 
(1 week) 

Sept. 9 

_______ 

555 

__________ 

9 

______________ 

678.2 

_________ 

3 

_________ 

9 

________________ 

3.7 

(1 week) 

Sept. 22 

_______ 

500 

______ 

11 

______________ 

500.0 

_________ 

30 

_________ 

11 

________________ 

30.0 
(2 weeks) 

Oct. 10 

_______ 

171 

__________ 

10 

_______________ 

188.1 

__________ 

41 

__________ 

10 

_________________ 

45.1 
(2 weeks) _______ ________________ 

tD 
o, 
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Considerations of esults at Individual Stations. 

By other examinations and by asking pertinent ques- 

tions of the residents of several of the observation 

localities, a rating for determining the intensity of 

the earwig infestations, as indicated by the traps, was 

computed. This rating recognizes three degrees of 

infestation: 

Class 1. Traps containing 40 or less earwigs at 
any one time -- pests seen occasionally but not 
considered as pests. 

Class 2. Traps containing 50 to 125 earwigs at 
any one time -- intermediate infestation; earwigs 
conspicuous, but only occasionally appearing in- 
side dwellings. 

Class 3. Traps containing over 125 earwigs at 
any one time -_ heavy infestation. 

With this information on hand, the status of both 

the parasite and the earwig may be considered at each 

individual observation point. 

Location I. The greatest number of earwigs observed here 

was 50, indicating the infestation to be just within 

Class 2, or intermediate. The record of observations 

appears as follows: 
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TABLL IV 

Dates Trap 1. Trap 2. 
Earwigs Puparia Earwigs Puparia 

8-10-36 17 0 - - 

8-18-36 30 0 lO O 

8-24-36 50 0 19 0 

9-1-36 35 0 40 1 

9-7-36 39 0 40 0 

9-22-36 25 1 25 4 

10-10-36 10 2 8 0 

Before 1934 the earwigs had been present in exces- 

sive numbers, but (as indicated by Table II) liberations 

of adult parasites had been made within a block of the 

location; once in 1934 and again in 1935. 

Location II. Only three observations were made here at 

intervals of 19 days, 3 weeks, and 3 weeks, respectively. 

The greatest number of earvíigs noted was 52, placing the 

infestation in the intermediate classification. 

TABLE V 

Dates Trap 1. Trap 2. 

Earwigs Puparia Earwigs Puparia 

8-18-36 25 0 15 0 

9-1-36 52 1 50 0 

9-22-36 43 0 40 6 



The effects of the 500 parasitized earwigs liberated 

here on July 30, 1936, are not very obvious as the obser- 

vations were apparently not carried on long enough. 

Only one puparlum made its appearance from the time the 

liberation was made and the traps set out to September 

22, seven weeks later, when six puparia were observed. 

This might be interpreted as an indication of the length 

of time required to establish D. setiperinis by the 

liberations of parasitized earwigs. The puparia issuing 

in late September and October almost invariably over- 

winter before emerging as adults. Thus the local earwig 

population would not be touched by the parasite for at 

least a year. 

Location III. (Discontinued). 

Location IV. A table of the observations here shows by 

the numbers of earwigs, that the locality had a low 

infestation of the pests. 

TABLI-: VI 

Dates Trap 1. Trap 2. 
Earwigs_ Puparia Earwigs Puparia 

8-16-36 -- - 28 2 

8-24-36 3 0 -- 

9-l-36 20 0 -- - 

9-9-36 16 0 -- - 
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TABLE VI (continued) 

Dates Trap 1. Trap 2. 
Earwigs Puparia Earwigs Puparia 

9-22-36 30 1 -- 

10-10-36 8 1 -- - 

The premises of this vacant residence had received 

rio care for about a year and should have afforded a large 

population of earwigs. It appears significant that this 

low infestation of earwigs, together with the appearance 

of several parasite puparia, should be at a locality one 

block from the liberation site of 100 mated female para- 

sites, made on June 17, 1931. 

Location V. The two traps at this locality were within 

50 yards of each other, but trap 1 was beside a brush 

pile in a moist location, while trap 2 was in a culti- 

vated patch of sparse shrubs on a southern slope. 

TABL} VII 

Dates Trap 1. Trap 2. 
Earwigs Puparia Earwigs Puparla 

8-9-36 4 0 13 0 

8-18-36 34 3 26 0 

8-24-36 60 1 38 0 

9- 1-36 100 1 16 0 

9-9-36 85 2 25 0 
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TABLE VII (continued) 

Dates Trap 1. Trap 2. 
Earwigs Puparla Earwigs Puparia 

9-22-36 60 6 -_ 

10-10-36 50 6 -- - 

The earwig infestation here was rated in the second, 

or intermediate infestation, class for those sites favor- 

Ing the growth of earwig populations. Table II shows 

that 3 llherations of the flies had been made in 1930 

and 1931, the last being at the location observed. 

Trap 1 showed a good number of parasites emerging. 

rap 2 revealed no parasites during the 6 weeks it was 

under observation and on september 9 it was disturbed by 

some curious citizen and withdrawn. 

Location VI. This site was significant in two respects. 

Both traps yielded 150 earwigs, or over, on three dif- 

ferent occasions, and two liberations of the flies made 

In 1931 and 1932 were a good 6 blocks distant. 

TABLE VIII 

Dates Trap 1. Trap 2. 
Earwigs Puparla Earwigs Puparia 

8-18-36 50 2 10 0 

8-24-36 60 1 20 0 

9- 1-36 125 2 100 0 
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TABLE VIII (continued) 

Dates Trap 1. Trap 2. 
Earwigs Puparia Earwigs Puparia 

9-. 9-36 150 0 160 1 

9-22-36 90 0 150 2 

10-10-36 20 11 34 3 

The results as to the times ol' issuance of the para- 

sites in the two traps is almost contradictory--trap 1 

showing the presence of parasites on the first three 

examinations, while in trap 2 they do not appear until 

the last three examinations. The very fact that they 

were on different sides of the lot, with the residence 

between, might have affected this disparity in the time 

and also extent of parasitism. At the present time there 

are no records on the range covered by one of these flies. 

The fact that they are unusually docile and not strong 

of flight, as observed in the rearing work, would lead 

one to expect a small range of flight for the individual 

flies. The house fly, Musca domestica, has been found 

to seldom exceed a city block in its wandering flights. 

Location VII. The East Moreland residential district has 

had 6 liberations within 10 blocks of this site. Two, 

however, were of parasitized earwigs liberated in the 

summer of' 1936 and would not be expected to play much, 
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if any, part in the experiment carried on during the same 

season. 

The earwig population, although an intermediate 

Infestation as indicated by the trap counts, was not con- 

sidered bad by the residents. The presence of a small 

prune tree at the location of trap 2 probably accounts 

for the greater infestation there. 

TABLE IX 

Dates Trap 1. Trap 2. 
Earwi&s Puparia Earwigs Puparia 

8-18-36 23 0 15 0 

8-24-36 19 0 22 0 

9-l-36 50 2 52 1 

9-22-36 10 1 65 9 

10-10-36 2 1 28 12 

This site Illustrates the tendency for the parasite 

issuances to build up towards the end of the season. 

The per cent of parasitism was quite large in trap 2 

and should result in a greatly reduced population of ear- 

wigs for 1937, if the parasite is as effective as we 

think. 

Location VIII. The results obtained at this site have 

been considered apart from the others. In the first place 
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no liberations of either the flies or parasitized earwigs 

had ever been made within 10 blocks distance. The 

residence was new, and dirt had been brought in for the 

garden from other parts of the city (one place being N.E. 

20th and Fremont, a distance of about 15 blocks from the 

site). On June 19, 1936, a cage of, roughly, 500 male 

and female flies (with a predominance of males) was 

liberated on the property. The traps were set out on 

July 10. The following is the record of examinations: 

TABLF. x 

Dates Trap 1. Trap 2. 
Earwigs Puparia Earwigs Puparia 

8-24-36 3 0 5 0 

9-9-36 60 9 22 2 

9-22-36 80 18 13 5 

10-10-36 28 14 9 5 

Three months after the liberation, the parasites 

were issuing in the largest numbers of any of the obser- 

vations made during the summer. '11he per cent of para- 

sitism was apparently quite high. If an examination of 

this site during the same months of 1937 should reveal the 

infestation of earwigs reduced from the intermediate 

class to the first (or insignificant) infestation class, 

the following conclusions could quite safely be made: 
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1. The activities of the parasite are the chief 

controlling factor of the earwig in the Portland areas. 

2. Liberations of the adult parasites accomplish 

control in one season witiiin a limited area of undeter- 

mined extent around the liberation site. 

If, of' the contrary, the infestation is of equal or 

greater proportions in 1937, the only conclusion would 

be that the numbers of earwigs in Portland are being 

controlled by certain extrinsic factors concerning which 

we have no records and very superficial knowledge. 

Location IX. Examinations of the traps set out on Council 

Crest revealed that they had been tampered with, appar- 

ently by curious citizens. 

carded as valueless. 

The records were thus dis- 

Location X As a check on a series of liberations of 

parasitized earwigs made in 1931, two traps v/ere located 

about a block apart in the "Fairlawn" estate just outside 

the city limits on Foster hoad. The traps were not set 

out until August 24, 1936. 

TABLE XI 

Dates Trap 1. Trap 2. 
Earwigs Puparia Earwigs Puparia 

9- 9-36 27 0 13 
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TABLE XI (continued) 

Dates Trap 1. Trap 2. 

____________ Earwigs Puparia Earwigs Puparia 

9-22--36 36 0 9 0 

10-10-36 11 0 0 0 

Vihether or not the earwig infestation here was 

severe in 1931 is not known. The trap examinations show 

it to be in the fiist or insignificant class. 

One parasitized earwig liberation was made on Foster 

Road within 2 blocks of the site, but the next closest 

was more than20 blocks away. The traps revealed no 

parasites On any of the examinations. The establishment 

of the parasite in controlling numbers (if such a con- 

dition occurs) from liberations of parasitized earwigs 

would logically take longer than by the liberations of 

adult flies. It seems most logical, in view of' these 

facts, that the earwig population was low to begin with 

and that the parasite has not been able to establish 

itself well, if at ali, in this area. 

Discussion and Conclusions. 

The results of observations on the activities of D. 

setipnis in the Portland area during 1936 indicate one 

thing surely--the parasite is definitely established in 
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all localities examined within the city limits. 

Many of the localities showed the presence of a 

substantial per cent of parasitism--the actual figures 

of which could not be accurately arrived at because of the 

nature of the observations. 

Throughout the observations ran a certain lack of 

conformity in the numbers of earwigs as compared to the 

numbers of parasites. The following table will help to 

illustrate this point. The ratios of the numbers of para- 

sites to those of the earwigs in the various traps on 

September 22 are expressed as per cents of parasitism. 

Actually they do not express the true per cent for reasons 

previously stated. 

TABLE XII 

Location Trap Earwigs Puparia Per cent 

I 1 25 1 4.0 
2 25 4 16.0 

II i -- - -- 
2 40 6 15.0 

III 

IV 1 30 1 3.3 
2 -- - -- 

V 1 60 6 10.0 
2 -- - -- 

VI 1 90 0 0.0 
2 150 2 1.0 
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TABLE XII (continued) 

Location Trap Earwigs Puparia Per cent 

VII i io 1 10.0 
2 65 9 13.8 

VIII 1 80 18 22.5 
2 13 5 38.4 

Ix - -- - -- 

X 1 36 0 0.0 
2 9 0 0.0 

These results may be explained by one or both of two 

conditions: First, the parasite is very unevenly dis- 

tributed through the area in relation to the numbers of Its 

host, and, second, the generations of the parasite emerge, 

oviposite, and issue at different times in the various 

parts of the city. In either case, there are undoubtedly 

other factors separately Influencing and controlling the 

populations of the two insects to some extent. 

One of these factors, the presence of hyperpara- 

sites of the D. setipennis puparia, should be given con- 

sideration here. Dimick (1931) reports that of the four 

known hyperparasites of Digonichaeta puparia, only three 

made their appearance in the stock imported from Europe. 

The Ichneumonid, Phygadeuon scaposus Thorns., ran a per- 

centage as high as 10.83% in the importations of 1925, 

1926, and 1927. 11he specimens were all carefully destroy- 

ed and in the 10 years of rearing D. setipennis that have 
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followed, this hyperparasite has not appeared. 

Since the practice of mass parasitizing in the open 

pits at the insectary was abandoned, the Staphylinid, 

Baryodina imbricata Osy., has not appeared. 

During the last three or four years, the technical 

operations at the laboratory have terminated in September, 

or earlier, due to lack of funds. For this reason many 

later Issuing puparia are left to remain in the earwig 

stock cans during the fall, winter, and early spring 

without attention. From these puparia many individuals 

of the Chalcid, Dibrachys boucheanus (Katz.), have been 

reared in 1935 and 1936, especially. iany undoubtedly 

emerged and escaped before the technical work commenced 

(June 4, 1935 and June 7, 1936). During the summer of 

1936 all of the hyperparasite emergences except two (an 

unidentified chalcid) were of D. boucheanus. The peak of 

its emergence was about July 4, 1936. Between the dates 

of June 2 and Jul, 29, a total of 378 Digonichaeta 

puparia yielded D. boucheanus individuals. During this 

same period only 475 adult Digonichaeta emerged from the 

first generation puparia. Out of the Digonichaeta puparia 

formed during the summer and vialed by the technical 

workers before the laboratory closed at the end of August, 

1936, 639 D. setipennis adults emerged and only one of the 

hyperparasite, D. houcheanus. 
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Dibrach boucheanus (Ratz.) is known to be cos- 

mopolitan. According to Sweetman (1936) thIs species will 

attack anything resembling the cocoons of hymenopterous 

primary parasites. An experiment carried on by the 

writer in the summer of 1936 showed that this hyperpara- 

site would readily parasitize the puparie. of a large 

¡:.uscjd fly found breeding in the moist frass of the earwig 

cans. 

In all the examinations of the earwig traps during 

the 1936 season, the writer found no D. boucheanus adults 

within the metal puparia cups. The Digonichaeta puparia 

were not retained for rearing, so a definite check on the 

activities of D. boucheanus in the field is not available. 

It Is the author's opinion, however, that its activities 

in the field are not of paramount importance. The hig1ì 

saturation of the hyperparasite in the first generation 

puparia stock at the laboratory is probably due to the 

fact that the Digonichaeta puparia remained in unpro- 

tected and concentrated masses in the stock cans during 

at least eight months of the year. 

There have been cases in the past when parasites 

or predators have been credited with the control of a 

certain insect pest, when actually what has happened is 

a change In the pest's mode of destruction, Its numbers 

still remaining as high as ever. If the records and 
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problems presented by this one summer's work were checked 

in l937, and for several years if possible, the real status 

of the parasite-earwig relationship might be reached. 

The results of one year's work cannot tell the full story-- 

there are too many extrinsic factors concerned for this 

to be possible. 

DEVELOPI1ENT OF DIGONICHAETA LARVAE 

In addition to the work on the status of D, seti_ 

pennis and Forficula auricularia in the Portland area, 

a few experiments and observations were carried on at 

the laboratory concerning the development of the larvae 

and their relationship to their host. Much of this has 

been worked out by Thompson (1928) with contributions by 

Pantel (1909) and Altson (1924). It was the writer's 

intention to re-check some of the observations along 

these lines made by Dimick (1931) at the Portland lab- 

oratory and perhaps record any modifications existing 

under Western Oregon conditions. 

Rate of Development of Larvae. 

On August 20, 1936, an experiment was started for 

the purpose of determining the rate of development of the 

different instars of the parasite larva. Between the 

hours of 9:00 and 10:00 P. ii. on the above date, 350 
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adult earwigs from unparasitized stock were separately 

exposed to one lively parasite larva per earv,rig. These 

earwigs were cared for apart from the other stock earwigs 

in the laboratory and were protected from further possible 

parasitism from any adult D. setipennis flies which might 

be in the vicinity. Careful dissections were made al- 

most every day from August 21 to September 17, l936. 

Dissections were made of from one to as many as four 

earwigs each time. The first instar larvae are rather 

difficult to locste in an earwig's body owing to their 

small size. On three occasions the parasite was not 

located untIl four earwigs had been dissected. 

By tabulating the dissection dates with the instar 

found, the following Information concerning the length 

of the life stages becomes evident: 

1. The length of time spent In the first instar 

stage is fairly constant--being a matter of about 12 

days. 

2. The length of time spent in the second instar 

stage is variable, the shortest time being about 10 days 

in duration and the longest probably a little over 20 

days. 



43 

TABLE XIII 

Date No. Earvîigs No. Earwi ist 2nd 3rd 
Dissected Larvae found in ITar Instar Instar 

Aug.21 i i i 

" 23 1 1 1 

24 1 1 1 

" 25 3 1 1 

" 26 4 1 1 

" 27 4 1 1 

" 29 1 1 1 

" 31 3 2 2 

Sept.1 2 1 1 1 

2 1 1 J. 

II 3 4 3 3 

II 5 3 3 4 

6 3 2 2 

8 3 2 2 

9 2 2 1 1 

(dead) 
" 11 2 2 2 

" 12 2 1 1 

2 1 1 

" 14 1 1 1 2 

" 16 1 0 0 0 0 

" 17 4 3 1 2 
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The length of time spent in the third instar was 

undetermined by this experiment because of a shortage of 

time. Information gathered from other sources (Dimick 

1931) indicates that the parasites can complete their 

total development in the earwig in 21 days, while others 

require as long as 90 days. The shortest time recorded 

from the writer's observations for the passing of the 

first and second stages, only, is 12 and 10 days, respec- 

tively--a total of 22 days. The apparent discrepancy 

may be explained by the fact that the earviigs used in the 

writer's experiment were all adult ones. Dimick reports 

(1931) from Dr. Howard Steam's work with the parasite in 

1926, that young, small, and/or superparasitized earwigs 

are able to mature the larvae in a much shorter period of 

time (24 to 30 days) than can adult, large, and/or single 

parasitized earwigs. The earwigs used in the author's 

experiment were all adults, but were single parasitized 

(except In a few cases) and were of all sizes. The 

amount of food accessible to the earwig host (and con- 

sequently to the larvae) is another factor which affects 

the developmental time. The earwigs in the experiment 

all had an identical and sufficient food supply. 

The development of the larvae of D. setIpennis has 

been traced quite carefully and complete descriptions 

of the three instars and puparium have been made (Thompson 
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1928). Thompson also includes all the meager information 

available at the time (1925) on the length of the stages 

of the larvae and at what part of the season they may be 

found in nature. His figures are derived from dissections 

of earwigs collected in Cambridge, England, and from 

Hyeres, South France. They indicate the dates during 

part of the season when first, second, and third stage 

larvae are found in nature; illustrating the greater speed 

of development of the parasites in the warmer regions of 

its range. 

Thompson's results from the dissections of the Cam- 

bridge earwigs show the presence of first stage larvae 

in earwigs from July 23 to September 23, at least. Con- 

cerning this he says, "The appearance of first stage 

larvae during such an extensive period may be simply due 

to the fact that oviposition extends in this species 

over a considerable length of time, or it may indicate 

that the first stage Is of unusually long duration." 

Vie lmow from work done on the biology of D. setipennis 

at the Portland Laboratory that the first assumption is 

definitely true. The results shown In Table XIII (on 

page 43) elIminate the possibilities of the second 

assumption. 
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Relation of Parasite to Host. 

The relationships of the various insect parasites to 

their hosts is quite diversified. The endoparasitic 

larvae of Diptera show two distinct differences from those 

of the Hymenoptera. The first instar larvae are meta- 

neustic, with very few exceptions. D. setipennis conforms 

to this rule. second, a respiratory connection with the 

outside is established at some stage of their development. 

This connection may be through a tracheal tube of the 

host, or through the hostts integument. D. setipennis 

falls into the latter group, establishing its connection 

at the point and time of entrance. 

With the penetrating of the host's integument or 

tracheal tubes, a primary or secondary sheath, respec- 

tively, is elaborated by the host insect. A3 D. seti- 

pennis penetrates the integument, rather than the tra- 

cheal tubes, it brings about the formation by the earwig 

of a primary sheath. The bases of these sheaths are 

thickened and are called "funnels." The distal part is 

membranous and may or may not enclose the whole insect. 

Concerning this integumental sheath of D. setipennis, 

Thompson (1928) ssys, "The proliferation of the hypodermal 

cells and their reaction to the irritation produced by 

larva results in the formation around the body of the para- 

site of an elongate tube, the 'integumental sheath' 
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through which the parasite has direct access to the at- 

mospheric air....When the parasite moults, the skin is 

not pushed down to the posterior extremity but remains 

in place, lining the interior of the integurnental sheath, 

the first-stage exuvium which Is situated near the neck 

of the sheath being, as Pantel points out, so perfectly 

conserved that the structural arrangements are almost 

exactly as they are in the first-stage larva." (Fig. 7a) 

During the same experiment for determining the rate 

of development of the different instars of the larvae, 

the writer also studied the relationships of the parasite 

larvae to the earwig. The integumental sheath was found 

to be much in evidence, especially after the first ec- 

dysis. The development and growth of the sheath follow- 

Ing the entrance of the parasite larva was traced as 

follows: 

Nineteen hours after the earwigs were parasitized, 

a larva was dissected and examined. The larva was dis- 

tended slightly in a longitudinal direction, accentuating 

the sutures. At Its posterior end a small amount of ex- 

traneous material could be discerned, probably indicating 

the beginning of the sheath formation. 

At 11:00 A. M. on August 24, after an elapsed time of 

3 days, a larva was discovered just under the earwig 

Integument showing through the semi-transparent chiton 



of one of the ventral abdominal segments close to the 

transverse conjunctiva (Fig. 6). This larva was not 

dissected from the earwig. 

On the fifth day a larva was dissected showing a 

definite "funnel" formed at its base and extending up to 

the fifth segment from the posterior end. The larva 

dissected on the sixth day, August 26, showed the same 

extent of Itfunnel formation, the larva itself being 

considerably distended between the heavily scieritized 

segmental plates. 

On August 29, a greatly distended larva was dis- 

sected out which apparently was just about ready to moult 

its first skin. On this larva also, the sheath was rep- 

resented by the funnel structure at the proximal end and 

the membrane extending around the larva to approximately 

the fifth segment (Fig. 7b). 

On September 1, both a first and a second stage 

larva were dissected from separate earwigs. The body of 

the first stage larva was so distended that the con- 

junctiva presented several times the area of the darkly 

pigmented cuticle. The membranous part of the sheath 

could not be differentiated from the distended con- 

junctiva but it gave evidence of extending over at least 

seven of the twelve segments, counting from the proximal 

or posterior end. The main body of the larva appeared 
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separated from the first instar skin and from the sheath 

at the posterior end also. The alimentary tract and a 

dark area (indicating the formation of the second instar 

mouthpart) in the region of the fifth segment from the 

anterior end were apparent for the first time. 

The other larva dissected on the same day was des- 

ignated as a second instar since it showed a new and 

much larger set of mouth parts extending a little distance 

from the distal extremity of the group of first instar 

scieritized plates (Fig. 8). From examinations of this 

larva and subsequent ones dissected for several days 

following, it was observed that the movement of the ante- 

rior part of the larvae away from the point of attachment 

during the process of developing, was due, after the first 

ecdysis, merely to an increase in length ol' the larvae. 

This increase in size must be very rapid for several 

hours after the exuva splits open, as no intermediate 

stages between a first-stage larva (as in Fig. 7b) and 

one in the second stage (Fig. 8) were discovered in the 

dissections. 

At the time of the second ecdysis it was discovered 

that the whole larva was pushing forward leaving the 

funnel to grow longer and longer (Fig. 10). The larvae 

which are ready to issue and pupate show, by the appear- 

ance of the heavily scleritized posterior breathing tubes, 
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that they have moved forward in the sheath the full length 

of the original first-stage larva (Fig. 9). Within a 

few hours after the posterior spiracles become seien- 

tized, the larva breaks loose from its funnel-shaped 

sheath and burrows out through the side of its host between 

the scienites of the abdomen, usually (Fig. il). In 

cases of superparasitism, two larvae have occasionally 

been seen issuing at the same time (Fig. 12). 

"Castration," or suppression of the sex organs, is 

known to occur quite commonly in certain insects, Crus- 

tacea, and other animals as a result of parasitism. This 

condition may also be accomplished naturally by lack of 

food or by malnutrition. In some cases the lack of re- 

productive powers is followed by a change in the sec- 

ondary sex characteristics. There have been a few cases 

in the parasitism by the crustacean, Sacculina, where the 

host crab has overcome its parasite and redeveloped 

functional gonads. 

Parasitic castration of the female earwig by D. 

setipennis has been elaborated upon by Pantel as related 

by Thompson (1928), and other workers including Dimick 

(1931) have found this condition to occur. 

The writer's observations in 1936 (Figs. 13 and 14) 

were in accord with the others, but also showed another 

situation. The ovaries were not noticeably atrophied 
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except in cases where two parasites were present in one 

earwig or where the parasite was almost ready to pupate. 

Apparently the effect is not very strong until near the 

end of the parasitized period. This might allow a female 

earwig to lay its eggs in early winter, in the case of a 

late infection, before the parasite had rendered its 

gonads functionless. 

No mention has been found by the writer pertaining 

to the effect of the parasite on the sex organs of the 

male earwig. In certain crabs parasitized by Sacculina, 

the testes cease producing spermatazoans when the parasite 

has gained a good foothold in its host. Those sperm 

already formed are, apparently, not harmed. If such is 

the case in the earwig, the castration would be of little 

consequence, as the sperm are stored in a large vesicle 

for several months (Fig. 15). Some sperm are probably 

stored by the end of the summer, since the insects mate 

in the fall and early winter. Thus, in spite of activi- 

ties of' the parasite through the fall, many male earwigs 

would still be able to mate with any unparasitized females. 

The writer was unable to detect any difference in the 

appearance of the testes of parasitized and unparasitized 

eariwgs. An examination in February, 1937, of the seminal 

vesicle of one of the experimental male earwigs, which 

had been able to throw off the parasite and withstand the 
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winter, revealed living spermatozoa. 

In all of the dissections made, no evidence was 

found that D. setipennis injures any of the vital organs of 

its host at any time during its development. This has 

been the situation as observed by the other workers. 

CONTRIBUTIONS TO TECHNIQUE OF REARING 

Freshness and Number of Larvae in Relation to Percentage 

of Parasitism. 

The Portland arwig Parasite Laboratory has been in 

operation, at least on a part-time basis, each suimner 

season since its establishment in 1925. During these 

periods various ideas and techniques have developed which 

have contributed considerable efficiency and speed of 

operation to the work of rearing Digonichaeta setipennis, 

Fall. These contributions have produced changes not only 

in the actual methods of parasitizing, but in the care of 

the puparia and adult flies as well. 

Temperature is a controlling factor in the extent 

and time of oviposition. It has been noted that the 

optimum temperature for oviposition is between 75 and 85 

degrees F. It has also been noticed that a certain lag- 

ging period exists after this optimum range has been 

reached before the flies commence to oviposite, even though 
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they are exposed to the earwig odor during this time. A3 

a result of this so-called "lag," the larvae are not pro- 

duced in sufficient numbers, often, to merit the start of 

parasitizing activities until afternoon. Oviposition 

once started may last all afternoon and far into the even- 

Ing or until the gravid females are taken from the earwig- 

odor Impregnated laying-boxes and returned to the cool 

confinement room. 

The technical work at the laboratory during the last 

two seasons has been on an eight-hour day basis as arranged 

by the City of Portland. Since there are duties to per- 

form other than the actual parasitizing of earwigs, (i.e. 

removal of emerged flies from the puparia vials, care of 

confined females, selection and separation of mating 

adults, etc.) It is necessary for at least one of the 

workers to start his eight hours at good season in the 

mornings. By the time his eight hours are three-fourths 

completed, there are many days during the summer when the 

flies have just commenced to oviposite strongly. It 

requires some time to transfer the flies back to the con- 

finement room and by this time there may be more parasite 

larvae than can be handled that day. Whereas the workers 

might put in extra hours in order to conserve on the larvae 

supply, it does not pay them, under the present set-up, 

to do this. With a possible solution to this difficulty 
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in mind, an experiment was conducted during the season 

of 1935 and again in 1936. 

The 1935 experiment was conducted as follows: A 

day was chosen which was considered to have about average 

summer conditions of temperature (e.g. within the optimum 

range of 75 to 85 degrees F.). On this day 600 earwigs 

were chosen at random from the supply brought in from the 

field and parasitized; some with fresh larvae; some with 

larvae kept over night in the cold pit. This cold pit is 

constructed like a miniature cellar (3t6 by 2'6" by 2' 

deep), is lined with brick and is covered with a thick 

wooden trap-door. ìen kept moist by occasional additions 

of water, the pit maintains a fairly constant earth-cold 

temperature throughout the summer. The larvae taken from 

this pit the following day from that on which they were 

laid, had time to become active before the technical worker 

was ready to begin parasitizing. Two-hundred earwigs 

parasitized with one fresh larva each were placed into two 

pint fruit jars, 100 to the jar. A second two hundred 

were treated in the same manner except that the larvae 

kept over night were used instead of the fresh ones. The 

remaining 200 earwigs were used to determine whether para- 

sitization with one or with two larvae per earwig had the 

more merit. This was accomplished by parasitizing 100 

earwigs with two fresh larvae per each and the other 100 
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earwigs with two of the over-night larvae per each. 

These earwigs in their respective jars were fed and 

observed quite regularly during the rest of the summer 

from July 1 until October, but very spasmodically through 

the fall and early winter. The jars were kept inside and 

often went two or three weeks without attention of any 

sort. All of the jars of earwigs, however, received the 

same treatment and were exposed to the same conditions. 

The following is a table giving the data for each group 

treated, the number of puparia retrieved, and the per- 

centage based on the possible of 100 puparia from each 

jar of 100 earwigs. 

TABLE XIV 

(Record of the 1935 Parasitizing Experiment) 

Data of Plots 

I & II 

200 earwigs 
parasitized with fresh 
larvae - 1 per each. 
3rd., 4th., & 5th instars 
July 1, 1935 

III & IV 

200 earwigs 
parasitized with larvae 
kept over night - 1 per each. 
3rd, 4th, & 5th instars 
July 1, 1935 

No. Puparia Percentag 

111 55.5 

ç, 80 40.0 /0 



TABLE XIV (continued) 

Data of Plots 

V 

loo earwigs 
parasitized with fresh 
larvae - i per each. 
All adults. 
July 2, 1935 

VI 

100 earwigs 
parasitized with fresh 
larvae - 2 per each. 
All adults. 
July 2, 1935 

VII 

2 Puparia 

51 

56 

Percentage 

51 .\' /0 

80.0 % 

100 earwigs 80 80.0 % 
parasitized with larvae 
kept over night - 2 per 
each. All adults. 
July 2, 1935 

The following season, 1936, a nearly identical 

experiment was carried on. This time only fourth instar 

earwigs were used and plot Number VII (earwigs para- 

sitized with two "over-nighttt larvae per each) was elimi- 

nated as unnecessary. The experiment was started in the 

middle of June and observed for three months. At this time 

it was felt that most of the parasite larvae had had ample 

opportunity to develop--those which had already emerged 

had, of course, been noted and their dead earwig hosts 

removed. So the remaining earwigs were all dissected and 
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the presence or absence of a parasite larva determined in 

this way. 

TABLE XV 

(Hecord of the 1936 Parasitizing Experiment) 

Plot Data No. Puparia No. Larvae No. Earwigs Total 
Emerged Dissec. Dissec. Per cent 

I 

loo earwigs 28 5 25 33% 

Fresh larvae 
i per each 
June 17, 1936 

II 

100 earwigs 36 2 23 38% 

(same as I) 

III 

100 earwigs 29 4 28 33% 

Over-night 
larvae - i 

per each. 
June 17, 1936 

IV 

(same as III) 30 2 28 32% 

V 

100 earwigs 59 1 14 60% 

Fresh larvae 
2 per each 

VI 

(same as V) 50 8 14 58% 
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These results should not be considered indicative of 

the per cent of kill resulting from lOO Infection as it 

should occur in nature. The earwigs were kept in too 

crowded and unnatural conditions in the jars to obtain 

normal, to say nothing of theoretical, results along this 

line. To demonstrate this point, note should be made that 

the sum of the number of puparia in any of the first four 

jars (of the 1936 experiment) and the number of live ear- 

wigs dissected falls way short of the original number 

(100) of earwigs in each jar. In other words, almost half 

of them died from other causes than parasitism before 

their contained larvae had a chance to emerge. Cannibalism 

is common among earwigs under crowded conditions. 

However, the conditions were the same foi' them all, 

and the results, showing little or no difference (in the 

more carefully controlled 1936 experiment) between fresh 

and over-night larvae infection, are rather convincing. 

The parasitizing of an earwig with two larvae may be seen 

to fall a little short of producing twice the number of 

puparia as were produced by the one larvae infections. 

In the 1935 experiment the per cent yield of puparia 

from earwigs parasitized with over-night larvae appears 

to be from 10% to 15% lower than that from the earwigs 

infected with fresh larvae. These results might be con- 

sidered as evidence for the inadvisability of using any 
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but the fresh larvae. In view of the results obtained 

from the 1936 experiment, however, it may be concluded 

that the keeping of excess larvae over-night in the cold 

pit be recommended, provided the parasitizer discard any 

larvae which did not appear to be in an active condition, 

and parasitize each earwig with two larvae. 
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Fig. 2. 

Federal Earwig Trap- -Closed 
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Fig. 3. 
Federal Earwig Trap- Opened to Show Parts 



Fig. 24. 

Federal Traps--In Position and Opened. 
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Fig. 7a. 
First Stage Larva- -Newly Hatched from Chorion 

(9 OX) 

Fig. 7b. 
First Stage Larva- -Nine Days Old 

(56X) 
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Fig. 8. 
Second Stage Larva 

(56X) 
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FIG.9. POSTERIOR VIEW OF LATE 

THIRD STAGE LARVA 
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Dorsal 

view 

Ventral 

view 
ii 

Fig. 11. 
Mature Larvae Issuing from Abdomen of Earwig 
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Fig. 12. 
Two Mature Larvae Issuing from One 

Earwig Host 
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Fig. 13. 
Healthy Earwig Ovaries 



Fig. 14. 
Atrophied Earwig Ovaries 

(2 OX) 



Fig. 15. 
Genitales of Male Earwig 

(2ox) 
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