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INTRODUCTION 

The Tachinid, Digonichaeta setipennis Fall., dealt with in this 

paper is considered to be the most important entomophagous parasite 

of the nropean earwig, Forf ioula aurioula'i L. The European earwig 

was accidentally introduced, into the United States, where it has 

proven to be an obnoxious pest of towns and, cities as well as a poten- 

tial menace of agricultnal areas in Oregon, iashthgton, Rhode Island. 

and parts of California. It is also imown to have been introdnced. in- 

to British Colmabia, parts of South &nerica, Tasmania and New Zealand. 

lxi New Zealand. it has been reported by Dr. R. J. Tillyarci, according 

to Dr. i. R. Thompson (1928) to be of considerable economic importance 

as a pest of apricots, peaches and nectarines. 

Attempts have been made to introduce Digoniohaet stip.nie 

Fall. from Europe into New Zealand, Seattle, iashington, Portland, 

Oregon, and. British Columbia. The exact status of the introdnetions 

into New Zealand. is not iiown to the writer. The attempted. intro- 

duction into Seattle resulted. in complete failure, and the British 

Columbia introductions (Buckell 1929) are of too recent date for 

d.etermining success or failure. The rearing of the parasite has 

been successfully accomplished. at the Portland Earwig Parasite 

Laboratory to a point where sufficient stock is now available for ex- 

tensive colonization, and. the parasite is known d.efinitely to have 

become established. in Portland., Oregon. 

This paper is Intended to be mainly a contribution to the know- 

ledge of the bionomics of Digon1chaet setipennis Fall. as observed 

under flestern Oregon cond.itions, and. a description of the methods of 
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operation employed, in rearing this arasite at the Portland. Earwig 

Parasite laboratory. 
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Oregon State Board of Horticulture, who devoted much of his time and 
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HiSTORY OF THE PARASITE IN OREG(I 

The tremendous nwabers of the Europoan earwig, Forficula auricu- 

lana L., present in the city of Portland and, environs resulted in the 

establishment in 1923 of an organized campaign against this obnoxious 

pest. The administration of the campaign was conthicted by the Oregon 

State Board of Horticulture, with Mr. H. C. Atwell, Horticultural 

Commissioner of the first district, in general charge. The Oregon 

State Mriciltura1 Experiment Station assisted in the undertaking in 

an advisory capacity. Expenses of the campaign were financed jointly 

by the city of Portland and the county of Multnomah (Fulton 1924). 

The main emphasis of the earwig control project from 1923 to and in- 

cluding 1929 was the application of poisonous baits. 

In 1923, Dr. L. O. Howard, at that time Chief of the United 

States Bureau of Entomology, while in Europe, investigated the 

possibilities of parasites of the European earwig. He learned that 

experiments were being coniucted at the Rothamsted, Experimental 

Station, Harpenden, England, with two European species of Tachinid.s 

whose larvae live as internal parasites of Forficula aunicularia L. 

These parasites, Dionichaeta setipennis Fall. and Ith,acodineura 

antiuMeigen, were then being shipped to New Zealand. 
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In the early part of 1924, Mr. Atwell, with the assistance of 

Dr. L. O. Hiìard. and the Oregon State Agricultural Experiment Station, 

made arrazigents with Dr. A. D. Imrns, Chief Entomologist of the 

Rothamsted Experinnt Station, to ply the city of Portland and. 

Multnouah county with the two Tachinid parasites. 

The parts of the Oregon State Agricultural Experiment Station 

project "Breeding Parasites of the European Earwig" of 1924, which per- 

tamed, to Djgpnjchaetp setipnis Fall. read. as follows: 

"Two Dipterous parasites of the family Tachinidae are important 

parasites of the earwig, Forfiu1a aurioularia L., in Europe. 

Arrangements have been made by the State Board. of Horticulture to have 

these narasites sent from Eng]and by Dr. A. D. Inins of the Rothamste5. 

Experimental Station." 

"The rearing of the rasites shall be a major jroject of a 

member of the Department of Entomolor of the Oregon Agricultural 

Experiment Station. As much of the life history of the parasites as 

possible shall be carried. on at Corvallis where they can be given more 

constant attention. At time of eg laring the parasites shall be 

taken to Portland. and. released. in special caíes which have been stocked 

with earigs during the previous season. The cages will be plarmed by 

the entomologist detailed for this work, and. built by the city of Port- 

land. and. located. in a city park where they can be oared. for by a park 

attendant under direction of the entomologist." 

"Dipnichzet setiìeunis - This species will be sent fr England. 

during the autumn as puparia packed. in sterilized. sphaum moss." 

"Manipilations at Corvallis, fall of 1924 - Parasite puparia will 



be placed in porou2 tubes, 3 or 4 per tube with sand, covered with 

cheesecloth and placed in ground, deep enough to avoid frost, but in 

such a manner that thay can be readily emined. Puparia should not 

be forced in arw way but should be all allowed to ierge at normal 

season." 

"Spring of 1925 - These tubes should be examined frecjuently for 

emergence. Flies will be placed in glass cylinders for feeding and 

mating, one male in each cage with 6 or 7 females. Vhan the flies 

have been kept three weeks to a month after emergence, they should be 

taken to Portland." 

"Llanipulations in Portland, spring of 1925: 

1. Arrangements shouli. be made to have young earwigs in cages fed 

and. watered frequently. The oil moat should be kept filled from time 

the earwigs batch. 

2. The screens shouLl. be fitted to specially prepared. cages in 

advance of shipping parasites there, and. all cracks should be care- 

fully stopped up with cotton. There should be two large cages for 

each species of rasites. 

3. The flies should be taken to Portland. and liberated. imúaediately 

in large cages. Hiding places will be provided for the earwigs which 

are easily accessible to the flies." 

"Summer of 1925 - arwigs in cages should have plenty of food. and 

water during summer and a supply of parasite puparia should be 

collected and returned to Corvallis. If parasitization has been 

successful, it may be necessary to renew the supp].y of earNigs in the 

oages." 



"Autumn of 1925 - Some boards should. be placed. on the ground and 

soil loosened up to provide plenty of good underground. nests for 

hibernating earwigs." 

"Corvallis, 1925-26 - Further manipulations in Corvallis will 

follow those of the previous year." 

Follo'wirg these preparations maòe for receiving and. caring for 

the parasites as they arrived from Ergland, word was received. from 

Dr. A. D. Imrns that Mr. A. Li. Aitson, the entomologist working with 

the parasites at the Rothamsted. Experimental Station, had become ill 
and. that parasite shipuents could not be made until sane later date 

than was previously planned.. 

Dr. Don C. Mote, Chief Entomologist of the Oregon State ricul- 

tural Experiment Station, Limied.iately coìmuunicated with Dr. L. O. 

Howard of the United States &reau of Entomolor, asking that arrange- 

ments be made for sending to Oregon at least enough parasite material 

from United. States governmit agents in Europe for life history 

studies. This resulted in several shipuents in the fall of 1924 and. 

spring of 1925, amounting in total to 596 puparia of Dion1chae 

setiewjFal1., to the Oregon State Agricultural Experiment Station 

and. to Mr. L. P. Rookwood, Entomologist of the United. States ßureau 

of Entomology, at Forest Grove, Oregon. The parasite material forming 

these shinents was collected. in g1and and France by Dr. vi. R. 

Thompson and. Dr. H. L. Parker, Agents of the United. States Bureau of 

Entomology. These and. subsequent shipments were made under the direct 

suiervision and. advice of Dr. L. O. Howard. 

On May 3, 1925, Dr. Howard Stearns and Mr. L. P. Rockwood trans- 
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ported. all the Digonihaeta setDennL pall. material, which then indu- 

d.ed ad.ults as well as puparia, to the insectary at Portland, which hM 

been constructei from the plans made by Lir. B. B. Pulton, Assistant 

Entomologist of the Oregon State Experimit Station. 

During 1926, to and. including 1928, additional shients of the 

parasite were made to the Portland. Earwig Parasite Laboratory by 

workers of the United States Bureau of Entomolor located in France. 

Probably the majority of the puparia were collected in the f leid or 

reared from earwigs collected. in England., shipped to the laboratory of 

the United. States Bureau of Entomolor at 1,reres, k'rance, and. thence 

to Portland, Oregon. 

Dr. Howard C. Stearns carried. on the work of rearing igonichapta 

at the Portland. Earwig Parasite laboratory on a rt time basis from 

hay 3, 1925, to ar4 including June, 1929, at which time he resigned in 

order to enter into his medical interneship. During this period he 

worked, out the general life history of the parasite for Oregon con- 

ditions, developed the main techniques for successful rearing of the 

parasite under laboratory conditions, increased the numbers of the 

parasIte so substantially that further foreign Importations were no 

longer necessary, and. liberated. a few colonies of the parasite in the 

city of Portland. and. environs. 

During that time the operation of the parasite laboratory was 

under the direct supervision of Mr. H. C. Atwell, Horticultural Connis- 

sioner of the Oregon State Board of Horticulture. Although the Oregon 

State Agricultural Experiment Station did. not, during that period, 

directly operate the project, much valuable assistance and direction 



were renderei. by Dr. Don C. Mote, Chief Entomologist of the Oregon 

State rioultural Experiment Station. Mwiy of the methods and 

policies of operation were stgested or approved by Dr. Mote before 

being put into practice. 

In May, 1930, the nici1 authorities of Portland discontinued 

the Earwig Control Bureau operated by the Oregon State Board of Horti- 

cultu.re. Th,r, however, passed the city of Portland ordinance number 

58690 on May 28, 1930, transferring the operations of the Portland Ear- 

wig Parasite laboratory to the Oregon State gricu1tural Experiment 

Station. The city authorities stated in the ordinance that all ex- 

penses in connection with the operations of the laboratory would be 

paid, by the city of Portland. 

Prom May 31, 1930, to the present date, the project bas been 

operated under the direct supervision of Dr. Don C. Mote, Chief Enta- 

rnologist of the Oregon State Agricultural Experiment Station, and the 

technical work of the laboratory has been conducted by the writer, who 

assisted Dr. Howard C. Stearns at the Portland. laboratory during the 

suer of 1929. 

In the sumer of 1930, the first systentic liberations of the 

parasite were made throughout the city of Portland, and. it was 

definitely ascertained that Dionichaeta setlpennis Fall. had. become 

established. in Portland from liberations made previous to 1930. The 

1930 operations have also resulted. in a large increase of the labora- 

tory stock of the parasite. 

Funds have been appropriated by the city of Portland and the 

county of Multnomah for the continuation of the parasite work to be 



done in 1931 in cooreration with the Oregon State Agricultural ¿x-peri- 

mont Station. 

BIONIICS OP DIGONICHLET STIP1IS FALL. 
AS OBSRVD PRIIARILY UDR ViESTN O1GT OODITIS 

Gnera1 Lire Hiztoxr: 

In western Oregon, Dionichaeta setipennts Fall. passes the winter 

in the puaria1 stage. During the spring and or, athilts emerge f r 

overwintering puria. These adults soon ixte. In about 18 dars, on 

the average, after copulation, the females deposit eggs. The first 

stage larva emerges from the chorion inmiedate1y follo'i ovirosition 

anö. crawls about in search of a host. .ihen a European earwig is en- 

countereò, the larva penetrates its body. Three larval stages are 

passed within the body of the host. Thorough descriptions of the 

larval stages were made by Dr. 1. R. Thompson in 1928. 

Some of the larvae entering earwigs early in the season complete 

their development by late June, July and August. These emerge from 

hosts and form puparia from which a rtial second brood of adults 

emerges in the latter part of July to the middle of September. The 

adults of this second brood mate within a few cLays following emergence 

from pizaia and. later deposit eggs containing fully formed first 

stage larvae that enter earwigs. 

All larvae complete their deve1oznent in earwigs before the end. 

of November, emerge from hosts and. pupate. 

nerence 1t from Overwinterim iaria: 

Digonichaeta adults, figure 1, emerge from overwintering puparia 

under western Oregon conditions in the latter part of April, May, 
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June, July and the first part of ugust. Tables I and II give the 

d.aily emergence records for 1927 and 1929 of adult parasites from over- 

wintering puparia formed. by larvae which had lived. in and. killed. 

European earwigs at Portland., Oregon. The emergence dates for 1930 

were practically identical to those of 1929. The list of data in 

table I was taken f rn the 1927 unpublisd report written by H. C. 

Atwell and Dr. H. C. Stearns. 

TABLE I 

Female and Iale nergences of First Brood Adults in 1927 

Date M.les Females Total - 

April22 1 0 1 

Marl 0 1 1 

9 1 0 1 

II 1 0 1 

14 1 0 1 

16 7 2 9 

2]. 1 0 1 

23 1 2 3 

24 5 0 5 

25 1 2 3 

26 3 0 3 

27 1 0 1 

29 1 1 2 

7 2 9 

31 1 2 3 
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TLE I - Cont'd.. 

D.te JLales Fema1s Tota]. 

June]. 2 0 2 

4 6 4 10 

5 1 3 4 

6 7 3 10 

7 8 6 

8 0 3 3 

9 1 9 10 

10 4 3 7 

1]. 9 9 18 

12 6 2 8 

13 15 6 2]. 

14 8 7 15 

15 5 5 10 

16 2 2 4 

17 6 4 10 

18 4 5 9 

19 1 1 2 

20 5 8 13 

2]. 3 3 6 

22 2 2 4 

23 2 4 6 

24 3 2 5 

25 2 1 3 

26 1 0 1 
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TABLI I - Cont'd.. 

J)ate Males Females Total 

Juiie27 O 3 3 

28 0 1 1 

29 3 1 4 

30 1 0 1 

July 1 0 2 2 

5 3 0 3 

6 1 0 1 

8 4 0 4 

10 0 2 2 

12 0 1 1 

16 0 1 1 

TABLE II 

Female amd. Male mergences of First Brood. Ad.ults in 1929 

Date Males Females Tota' 

May16 3 1 4 

17 2 2 4 

18 3 0 3 

19 11 14 

20 10 1 11 

22 20 2 22 

23 27 9 36 

24 1 0 1 

25 6 0 6 
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TA-PILE i:i - Cont'd. 

nate Iales ena1es Total 

1ar26 12 2 14 

27 15 3 18 

28 2]. 6 27 

29 16 8 24 

30 7 0 7 

31 41 11 52 

Junel 13 5 18 

2 12 3 15 

3 97 36 133 

4 93 27 120 

5 65 25 90 

6 38 13 51 

7 87 25 112 

8 25 7 32 

9 49 10 59 

10 190 50 240 

11 127 57 184 

12 172 106 278 

13 161 68 229 

14 225 96 321 

15 140 79 219 

16 84 44 128 

17 83 43 126 
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TJRLE II - Cont'd. 

Date a1es Females Total 

June 18 46 105 251 

19 115 102 217 

20 160 157 317 

21 167 159 326 

22 157 143 300 

23 146 170 316 

24 107 164 271 

25 101 137 238 

26 79 120 199 

27 92 134 226 

28 70 128 198 

29 30 54 84 

30 64 120 184 

July 1 50 92 142 

2 48 94 142 

3 37 69 106 

4 25 53 78 

5 22 76 98 

6 33 51 84 

7 25 42 67 

8 30 41 71 

9 22 59 81 

10 11 18 29 
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TABI II - Cont'd 

Date a1es Females Total 

July 1]. 12 21 

12 8 17 25 

13 6 19 25 

14 9 18 27 

15 11 19 30 

16 9 14 23 

1? 2 11 13 

18 2 13 15 

19 2 6 8 

20 4 7 11 

21 2 7 9 

22 4 16 20 

23 4 11 15 

24 1 10 11 

25 1 8 9 

26 0 7 7 

27 1 5 6 

28 0 3 3 

30 0 5 5 

31 2 5 7 

Lug. 1 1 4 5 

2 0 1 1 

6 0 1 1 

8 0 1 1 
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In the earlier part of the emergence period, the rna1 issue 

in larger numbers than do females (Stearns, 1925, Thesis). 

the time the midpoint of the emergence period is reached, which is 

generally about the last half of Juiie, the males and females issue 

in approximately equal numbers. Following the midpoint of emergences, 

the females predominate in numbers; when the latter part of the 

emergence period is reached practically all of the flies issuing are 

f emal es. 

Since much of the efficiency of rearing Dipr4chaeta under 

laboratory conditions depends upon a thorough 1ìowled.ge of the mating 

habits of the species, extensive observations concerning copulation 

were made at the Portland. laboratory. 

Copulation may take place soon after adults issue from puparia 

and especially is this the case of adults of the first brood.. Females 

of the first brood were observed. to mate even before the chitin had 

fully dried., and. many were observed. to mate before they had. taken food. 

or moisture. Adults of the second. brood. rarely mate until the third 

or fourth day following emergence. 

The following summaries of cases were the results of tests con- 

ducted. to determine how soon mating might take place following 

emergence from puria: 

Case I - On female matd. in twenty minutes after emerging ñom 

the puparium with a male which had been emerged. four hours. 
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Case II - One female mated in twenty-seven minutes after 

emerging from the puparium with a male which had been emerged about 

twenty-six hours. 

Case III - One female mated in thirty minutes after emerging from 

the pupariwn with a male which bad, been emerged about twenty hours. 

Females mate once, but males have been o bserved. to mate as many 

as four times. Liales that mate more than once do so within intervals 

of three or four days between matings. 

Copulation was not observed at the Portland laboratory, during 

1929 and 1930, to take place below a temperature of 52 F. Although 

matings were observed throughout the daytime, they were most 

frequent between 7:00 A.M. and 11:30 A.M., when the approxinte 

temperature was from 56 to 800 .i'nen the temperature was above 

850 F., few matings took place. ceptions to these observations 

were noted in July, 1930, when on several days the afternoon tempera- 

tures were above 92° F., and mating took place frequently. 

There appears to be a marked correlation between temperature and 

the length of the copulation peri3d.. Records were kept of 45 cases 

of mating flies in which the length of each mating and. the average 

temperature during each mating were recorded. These records show 

that the duration of copulation varies Inversely as the temperature 

increases. Table III gives the results of these observations and. the 

following is a summary of the data collected: 

(1) The range of time for copulation was from 15 to 90 minutes 

in the 45 cases recorded. 
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(2) The average length of the period of copulation at 56° F. was 

73.5 minutes. 

(3) The average length of the period of copulation at 600 F. was 

63.6 minutes. 

(4) Th average length of the period of copLalation at 64° F. was 

42.3 minutes. 

(5) The average length of the period of coplation at 66° F. was 

41.1 minutes. 

(6) The average length of the period of copulation at 76° F. was 

30 minuts. 

(7) The average length of the period, of copulation at 83° F. was 

28 minutes. 

T.LBLE III. 

)uration of Copulation Periods in 45 Pairs of 

ionicbaeta setiçennis i'all. at Various Temperatires 

Case 1uxnber Av. degrees (F.) daring Iumber of minutes 
each cou1ation datipn each pu1ation 

i 60 70 

2 60 65 

3 5 80 

4 56 70 

5 56 85 

6 56 90 

7 56 76 

8 56 70 

9 56 78 
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Av. degree ('.) during Number 0±' minutes 

Case Number eao cowlatign duration each conulation 

10 64 35 

11 64 60 

12 56 83 

13 56 60 

14 60 65 

15 60 65 

16 56 70 

17 56 60 

18 56 60 

19 60 53 

20 64 25 

21 64 50 

22 64 50 

23 76 20 

24 76 40 

25 83 28 

26 83 30 

27 83 20 

28 83 22 

29 83 30 

30 83 15 

31 83 30 

32 83 44 

33 83 30 
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TABLE III - Cont'd. 

Case Number Average degrees (i?.) thiring Number of minutes 
each oouUaton duration each copulation 

34 83 30 

35 83 30 

36 64 42 

37 66 65 

38 66 38 

39 64 23 

40 66 32 

4]. 66 37 

42 66 31 

43 64 54 

44 66 45 

45 66 40 

Pre-oviosition Period.: 

The length of time required for development of fertilized eggs 

within t1 uterus of the fna1e n.y vary from thirteen to twenty-two 

days, depending upon the prevailing teniperature during the time of 

deve1onent. In the earliest part of the season of 1930, the ferti- 

lized. eggs required twenty-two to twenty cia,rs for developnent, in 

mid-season seventeen and. eighteen days, and. as the seasonal warmth 

increased, the eggs matured in thirteen days. In the last part of the 

1930 season, when the prevailing temperature became lower, the eggs 
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c3eve1oped in eighteen to uineteen dars. The average deve1opmenta1 

period or the fertilized. eggs within the uterus is 17 to 18 days, 

which confirms the statement maie by Dr. Howard C. stearns in 1927, 

"the dissect1ons o the ad.ult gravid. females of .gonjchaeta seti- 

Dennis showed that tiny larvae do not become mature until 17 or 18 

days after copulation occurs. 

Table IV. gives the records of the length of time of the pre- 

ovipositiox periods of 59 females. Most of the females used in 

obtaining the data contained in Table IV were mated on different 

dates and the date that each feimle first deposited eggs was recorded. 

The period over which these records were kept was from iay Z1 to and. 

including September 15, 1930. 

TABLE IV 

Record of length of the Pre-oviposition Period of 64 
Females Mated on Different Dates in 1930 

Case Date of mating Date of deposition No. days re- 

Number 1930 first eggs, 1930 quired. develo- 
pent of es 

I May30 June21 22 

2 May 31 June 22 22 

3 Junel June22 21 

4 June2 June23 21 

5 June 3 June 24 21 

6 June4 June25 21 

7 June 5 June 25 20 

8 Juxìe6 June26 20 
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TABLE IV - Cont'.. 
:No. d.ays required. 

Case Date of mating Date of deposition for d.evelopment 

Nber 19Z0 first eggs, .93O o ggp 

9 June? June27 20 

lo June8 June28 20 

11 June 9 June 29 20 

12 June 9 June 26 19 

13 June 10 June 29 19 

14 June 11 June 30 19 

15 June 12 July 1 19 

16 June 13 July 1 18 

17 June 14 July 2 18 

18 June 15 July 3 18 

19 June16 July4 18 

20 June 17 July 5 18 

21 June 18 July 6 18 

22 June 19 July 7 18 

23 June 20 July 8 18 

24 June21 July9 16 

25 June 22 July 10 18 

26 June 23 July 11 18 

27 June 24 July 12 18 

28 June 25 July 13 16 

29 June 26 July 13 17 

30 June 27 July 14 17 

31 June 28 July 15 17 
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TLBL IV - Cont'd. 

Case Date of mating Date of deposition 

No. d.ajs required 
for develorznent 

1930 first egs. 1930 of eggs 

32 June 29 July 16 17 

33 June 30 July 17 17 

34 Julyl July18 17 

35 July 2 July 19 17 

36 July 3 July 20 17 

37 July 4 July 21 17 

38 JulyS July22 17 

39 July6 July23 17 

40 July? July24 17 

41 July 8 July 25 17 

42 July 9 July 26 17 

43 July lO July 27 17 

44 July 11 July 28 17 

45 July 12 July 29 17 

46 July 13 July 30 17 

47 July 14 July 31 17 

48 July15 iig.l 17 

49 July 16 Aug. 2 17 

50 July17 Aug.3 17 

51 July 18 Aug. 4 17 

52 July19 Aug.4 16 

53 July20 Aug.5 16 

54 July21 Aug.6 16 
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TA3LE IV - Cont'd.. 

o. days required. 

Case Jate of ting Jate of deposition for deve1ovaent 

Thnber 19Z0 first egg 90 of eggs 

55 July 22 aug. 7 16 

56 July 26 Aug. 10 15 

57 July 31 Ai.zg. 13 13 

58 Aug. 1 Aug. 14 13 

59 Aug. 2 Aug. 15 13 

60 Aug. 4 Aug. 17 13 

61 Aug. 4 Sept. 11 18 

62 Aug. 25 Sept. 12 18 

63 Aug. 26 Sept. 14 19 

64 Aug. 27 Sept. 15 19 

Oviposition: 

A Dionte±aata fezm1e about to deposit eggs, first seeks out 

situations in which uropean earwigs are hiding and. deposits eggs con- 

taming fully developed. first stage larvae within close proximi 

the host. The eggs 1tch id.iately following oviposition. The fact 

that the feiiale deposits eggs containing mature first etage larvae was 

first advanced by l'antel who, in 1909 says Dr. .1. R. Thompson (1928) 

'tconclud.ed. from a study of the f&ale reproductive system and. the 

morpholor of the primary larva, that the female probably disseminates 

hatched. or nearly hatched. larvae in the neighborhood of the host' Lir. 

A. Li. Aitson in 1924 confirmed. Pantel's theoretical conclusion that 

eggs are deposited. containing fully developed larvae which imnd.iate1y 

hatch. 
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In a few cases gravid females at the Portland laboratory were 

seen to deposit eggs directly upon the bodies of European earwigs, but 

this action appears only to happen when ovipositing females are en- 

closed within a small area with numerous hosts. The fact that female 

.i)jgonchaeta do, under certain conditions, deposit eggs upon the body 

of earwigs probably identifies the Tachinid parasite of earwigs 

reared and described by flewport in 1853 under the name MetoDia 

forfiou1e as Bi.gonjcheta setjpennis Fall. 

In regard to the description of "etoia forficuLae", )r. . R. 

Thompson (1928) says, "In 1853, G. Newport published a short paper on 

a Tachinid reared. by him from earwigs collected in the vicinity of 

indon. He described lt as a new species under the name Metopia 

rfiou1ae, but this description is unrecognizable as the type no 

longer exists and cannot be identified with certainty. It is doubt- 

fully referred by iezzi and Stein to the genus J)igonichaeta (Kat. Pal. 

Dipt. 3), but according to Iielsou (1912) this can scarcely be 

correct as the species observed by Newport was said. by him to deposit 

eggs upon the bodr of its host, which is not the habit of either 

the known parasites of earwigs. It seems more probable, however, 

that Newport's account of oviposition is simply mistaken and that 

the parasite he discovered was Dionichaeta or thacodineura, as no 

others have been discovered in spite of the fairly extensive 

inves t Igat ions made." 

normally, oviposition takes place in the daylight, although not 

as readily in the mornings as in the afternoons. The peak of the 
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daily oviposition curve appears to be reached soon after the maxi- 

mum afternoon tnerature, which generally occurs in Portland. during 

the summer months between 3 and. 5 P. L. Females will deposit eggs 

freely after d.ark under electrio lights when kept with earwigs or in 

containers containing earwig odor or earwig secretions, providing the 

temperature is fairly high. The exact degrees of temperature necessary 

for egg deposition were not definitely determined, but observations 

made at the Portland laboratory would indicate that a certain re- 

quired tanperature is necessary before females will oviposit. 

The following experiment was conducted to determine, if possible, 

what host quality or qualities of the European earwig induced Dioni- 

females to oviposit. 

OviDosition Experiment 

Date: July 8, 1930, 3 to 4 P. Li. 

Place: Portland. iarwig Parasite laboratory, Portland, Oregon 

Materials and subjects used in the experiment: 

1. Thirty glass tubes. Each tube measured 7.5 cm. long and 1.5 

cm. in diameter. These tubes were throughl' washed. and. rinsed. five 

times just previous to the experiment, and precautions were observed 

to keep the tubes from coming In contact with objects which might 

contaminate them. The ends of the tubes were plugged with clean 

cellulose cotton. 

2. ?ive glass vials. Each of these vials measured 11.5 cm. 

long and 3 cm. in diameter. 

3. Twenty-five Digonichaeta setennis Fall. females. These 
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females contained. eggs ready for cieposition. 

4. About 125 European earwigs, Pofioiu. auriou:Laria L. 

Step - Ten of the jgpaicìaeta females were ii4uced. into olean glass 

tubes. One f ea1e was placed. in each tube. The end.s of the tubes were 

tightly plugged. with cellulose cotton. 

- Five Djgpniphaeta females were inciuced into olean glass 

tubes. One female was placed in each tube and, one earwig was also 

placed. in each tube. The end,s of the tubes were tightly plugged with 

cellulose cotton. 

fep .j - Five Digpniphaet females were induced Into clean glass 

tubes. One female was placed. in each tube and. the ends of the tubes 

were tightly plugged. with cellulose cotton. ach of these tubes con- 

taming a female parasite was placed. in a vial which contained. about 

twenty earwigs, and, the end. of the vial was plugged with cotton to 

prevent the escape of earwigs. this arrangement it was assumed. 

that the parasite could. see the hosts but could. probably not nell 

them. 

step ;.ï - Five tubes were filled. with earwigs and. the earwigs were 

lc.ept in each tube for about two minutes and. then released.. Then in 

each of these tubes a female j)igonicheta was placed. and. tubes con- 

taming females were placed in a situation where no earwigs could be 

seen by the parasites. 

esults: 

1. None of the females mentioned. in step I cieposited eggs. 

2. Each of the females mentioned. in step II d.eposited eggs 

freely. 
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3. None of the females mentioned, under Step III deposited 

eggs. 

4. .ach of the females mentioned, under Step IV deposited 

eggs freely. 

Co1olus1onß: Odor of the uropean earwig is probably the main 

stimulus causing jgpnjpl.aeta setipennis to oviposit. There is a 

possibility that females which deposited eggs were able to taste 

secretions left in the glass tubes by the hosts. 

gg deposition normally extends over a period. of three to five 

days. This fact was substantiated by observations made of depositing 

females and by dissections made on females ready to oviposit. The 

majority of the eggs are generally deposited on the first and. second 

days of the oviposition period. 

The females deposit about 250 eggs, on the average. There 

appears to be a direct connection between the size of the female and 

the number of eggs contained in the uterus, for the smaller females 

contain less numbers of eggs than do the larger females. Counts were 

made of the number of eggs found. in the uteri of eight females of 

representative sizes, nall, average and. large. In each case in 

which the egg counts were made, the females died. just previous to 

the oviposition period.. 

Table V. gives the results of these counts. 
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number of eggs in uteri of eight females of representative sizes 

Relative size of female Number of eggs in each 
parasite uterus 

nall 142 

ll 160 

Average 259 

Average 270 

Average 239 

Average 262 

Large 324 

Large 382 

2036 

Average: 254.5 

Habits QL larva d ffects UDon ii Host: 

The mature first stage larva soon escapes from the chorion 

following oviposition. Table VI. gives the results of the elapsed 

time following oviposition mitil the larvae emerged from the chorion 

membrane in ten recorded oases in 1930. 
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TABLE Vi. 

Ingth of Timo in Vhioh Ten Larvae Became Free Fron Chorions 

Time larva became 

Time egg was d.epositod. free of chorion Elapsed. 

Case No. P.M. P.í. t.jm 

1 2:01 and. 30 sec. 2s02 and. 15 seo. 45 sec. 

2 2:05 and 48 sec. 2:06 and. 50 sec. 62 sec. 

3 2:09 and. 3 sec. 2:10 and. 1 sec. 58 sec. 

4 2:45 and. 9 seo, 2x45 and. 39 seo. 30 sec. 

5 2:48 and. 6 sec. 2:49 and. 3 sec. 57 sec. 

6 3:02 and. i seo. 3:02 and 41 sec. 40 sec. 

7 3:04 and. 5 sec. 3:05 and 10 sec. 65 sec. 

8 3:08 and. i 3:08 and. 59 sec. 58 seo. 

9 3:10 and. 2 seo. 3:10 and. 39 seo. 37 seo. 

10 3:20 and. S sec. 3x20 and 50 seo. 42 sec. 

Average: 49.4 8ec. 

. 

The newly emerged. larva immediately crawls about in search of 

a host. It moves for about a millimeter, more or less, stops, raises 

its bokr On its anal base and. waves its body to and. fra. If no host 

is encountered., it again crawls a short distance and repeats the per- 

f ormance of stopping and waving its body in search of an earwig, 

and the process is continued. until a host is found.. ihen a host is 

finally encountered, the larva attaches itself at once to the cuticle 

of the earwig. enerally this contact with the host is de by one 

of the legs or on the ventral surface of the abdomen or thorax, although 

many larvae were seen to contact hosts at practically all external 
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points of an earwig's body. 

After contact of the larva and. host Is made, the larva crawls 

over the bOd7 Of the earwig in search o a coria. ilhen a coria is 

foun(1, the larva bores into the body of the host. Marï larvae which 

Lai]. to find a membrane attempt to penetrate the chitin. This they 

are unable to d.o, and. after a time they give up the attempt of boring 

through the hard material and. seeic a coria through which to make ai 

entrance into the host's body. Almost any coria of an earwig's bodr, 

except the coria between the segents of appendages, may serve as a 

point of entrance for the larva. In some cases larvae are able to 

bore into their hosts within a few minutes, but maij often require 

more than an ixur to complete the process. Al]. that nrks the point 

of entrance into the body of the earwig are the two anal spiracles 

through which the parasite breathes. 

].ir. A. LI. Aitson in 1924 was the first to esoribe the actions 

of the first stage larva following emergence from the chorion and 

until it bores into the host. His description was: "L small, heavily 

armored. larva appears, which rapidly moves off tovard.s the earwigs; 

these it mounts by way of the legs, and. having discovered a soft 

integument (in the neck or between the thoracic scierites), it 

proceeds to bore in until its anal seents block the point of pene- 

tration". 

The larvae al:pear to be attracted to the host within a certain 

range probably by a ohemotropism caused by the odor given off by ear- 

wigs. The iiximt extent of this range was not ascertained., but it 
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was determined, by experiments that the larvae appear to be attracted. 

to earwigs at least within a range of 51 m.m. To determine the path- 

war of a larva to the host, a clean piece of paper was used on which 

was pinned an earwig. In one case a first stage larva was placed on 

a paper 32 in.m. away from an earwig and. in two other oases larvae were 

placed on a paper 51 m.m. away from earwigs. The course selected by 

the larva in each case was followed lighU,y with a pencil by an 

operator, using a high-power magnifying glass. The course selected 

by the larvae indicate that there is an odorous attractive given off 

by the host which attracts the larvae. igures 6, 7 and. 8 are photo- 

graphs of the traced pathways of three different larvae to hosts. 

Dr. Howard. Stearns recorded in 1927 that certain first stage 

larvae, which he observed., rnain alive 16 hours following emerging 

from the ohorion, but the larvae which he mentioned, were allowed to 

eiter hoats. Tests were conducted on August 14, 15 and 16, 1930, 

to d.etermthe how long first stage larvae might remain alive without 

boring into the bodies of earwigs. Seven larvae, which emerged from 

their chorions at approximately 2:15 P.Li. August 14, 1930, were 

placed on a cabbage leaf. i'or the convenience of recording, these 

larvae were designated as Case I, and each of the larvae were later 

assigned the letters A, , C, D, ., F, and G respectively. The time 

at which each larva died was recorded. 

Five other larvae, which eerged from their chorions at 

approximately 2:20 P.E. August 14, 1930, were placed singly in 

separate glass tubes without arj other material within the tubes 
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except cellulose cotton plugs at the ends of tubes. This last group 

of five larvae were designated. as Case II and. each of the larvae 

was assined. letters A, ß, C, D and. respectively. The time which 

each larva died. was record.ed.. 

The results of these tests showed that the larvae which were 

placed. on the cabbage leaf lived 36.1 hours on the average, and. that 

the larvae which were placeô. upon glass lived 24.3 hours on the 

average. The records of these tests are given in Tables VII and. VIII. 

TABLE VII. 

Records of the Length of Time YhIch Five First Stage larvae 
Reined. ilive Upon a Cabbage Leaf 

kpprox. time each 
Case larva became free Time each larva died. Total time each 
No. frofl phorjç, 1930 1930 larva reainealive 

l- Aug. 14, 2:15 P.M. Aug. 15, 8:12 P.M. 29 kirs., 57 min. 

l-B Aug. 14, 2:15 P.. kg. 15, 10:20 P.Li. 32 hrs., 5 min. 

l-C Aug. 14, 2:15 .t.L. Aug. 15, 11:00 P.. 32 hi's., 45 min. 

l-D Aug. 14, 2:15 P.Li. Aug. 13, 2:30 P.L. 36 hrs., 15 min. 

l- Aug. 14, 2:15 P.L. g. 16, 4:00 A.M. 37 hrs., 45 min. 

l-F Ang. 14, 2:15 P.M. Aug. 16, 8:22 A,.L1. 42 hrs., 7 min. 

l-G A. 14, 2:15 P.M. Aug. 16, 8:30 .k.LI. 42 h.rs., 15 min. 
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TABI2 VIII. 

Reoords of Leugth of Time Which Five First Stage Irvae Raine 
Alive Upon Glass 

Approx. time each 
Case larva became free Time each larva fleô Total time each 

o. ÍrQrn chorion, 1930 1930 larva remaine& alive 

II-A Aug. 14, 2:20 P.M. Aug. 15, 2:02 P.M. 23 hrs., 42 min. 

II-B Aug. 14, 2:20 P.M. Aug. la, 2:15 P.M. 23 hi's., 55 min. 

li-C Aug. 14, 2:20 P.M. Aug. la, 2:30 P.M. 24 hi's., 10 min. 

11-]) Aug. 14, 2:20 P.M. Aug. 15, 2:40 P.M. 24 hi's., 20 min. 

ll- Aug. 14, 22o P.M. Aug. 15, 4 i. 25 hi's., 40 min. 

The fractured. hypodermal cells of the parasitized. earwig 

surround.ing the entrance hole of the larva grad.ually grow, formthg 

a sheath in which the larva is enveloped. within the body cavity. 

This "integwnental sheathu was mentioned. by Mr. A. LI. Aitson in 1924, 

and. Dr. I. R. Thompson stated. in 1928 "when the parasite moults, the 

skin Is not pushed. d.own to the posterior extremity but remains in 

place, lining the interior of the integumental sheath, the first stage 

ezuvium which is situated near the neck of the sheath being, as 

Pantel points out, so perfectly conserved. that the structural 

arrangents are almost exactly as in the first stage larva". 

All three larval stages of the parasite within the body of the 

host appear to feed. on the blood. tissue and. possibly upon a small 

portion of ad.ipose tissue (Pantel, 1910, after Thompson, 1928). 

Careful d.issections of over one hundred. Darasitized. earwigs and. ear- 

wigs which baci harbored. ionichaetu larvae were macle in 1930, and. 
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the results of these d.issections revealed, the following positive and 

negative conditions: 

1. No musculate tiss-ue of the hosts appeared to be consumed by 
the larvae. 

2. No nervous tissue of the hosts appeared to be consumed by 
the larvae. 

3. None of the intestin.al tract appeared to be disturbed by 
the larvae. 

. The ovaries of fenule earwigs were, in almost all cases, 
partially atrophied or much under-developed. This agress 
with findings of Dr. ii. R. Thompson in l)28. 

5. The tI1nteg.mfltal sheath" was always directed caud.ad. 
providing the larva entered the cervical or thoracic coria 
of the host. This supports the findings of Dr. d. R. 
Thompson (1928). 

6. The "integumental sheathe' was always directed cepbalad 
providing the larva entered the intersegmental coria of the 
caudal half of the abdomen of the host. 

7. Adult earwigs can mature two parasite larvae, and maiy are 
able to mature three parasite larvae. 

8. Most all of the adipose tissue of the earwigs appeared 
undisturbed. This su.bstantiates the findings of Pantel. 

9. A cylindrical fora meconin was always foundwithin the body 
of the host following the emergence of the mature larva. 
This substa::tiates the findings of Dr. I. R. Thompson (1928). 

No external effects are noticeable in earwigs parasitized. by 

larvae. Parasitized earwigs appear normal throughout 

the period of parasitization. They seem to eat and move about as 

do unparasitized earwigs. 

arwigs which have served as hosts may appear normal in actions 

from a few hours to several days, but gradually become weaker and 

inactive until death occurs. The host ry live from a few hours to as 
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ny as twenty-tour d.a,rs, and. possibly longer, following the emergence 

of the nature larva. Dr. Thompson stated in 1928 "we have founl on 

several occasions earwigs from which iionichaeta larvae had. emerged. 

and. which were still alive. They were, however, very feeble and. 

succumbed in a short time". As a rule d.uring relatively warm weather 

arwigs which have served. as hosts dde within a few d.ays following 

the ergence of the parasite larvae, and. they generally live for a 

.ich longer period if the prevailing temperature is relatively low. 

This statement is substantiated by the data given in Table IX, for 

cases 1 to 7, inclusive, are records of hosts from which parasite 

larvae emerged. tiring a period. of relatively high temperatures, 

and. cases 8 to 13, inclusive, are records of hosts from which parasite 

larvae emerged during a period of relatively low temperatures. 

TLBL IX. 

Record of the Length of Time Jhich Thirteen arwigs 

Lived. i'ollowing the nergence of Parasite Irvae 

Time in days each 
Case Date parasite larva host lived following 
Ip. emer from host te hoßt dXed. larval morenoe 

1 Sept. 1, 1929 Sept. 3, 1929 2 days 

2 Sept. 3, 1929 .ept. lo, 1929 7 days 

3 Sept. 12, 1929 Sept. 17, 1929 5 days 

4 sept. 12, 1929 :3ept. 15, 1929 3 dajs 

5 Sept. 8, 1929 Sept. 8, 1929 1/2 day 

6 Sept. 16, 1929 $ept. 22, 1929 6 days 

7 Oct. 2, 1929 Oct. 4, 1929 2 days 
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TA.L IX - Cont'd.. 

Time in daïs each 

Case Date rasite larva host lived following 

No enereô fron host Date host died. larval emergence 

8 Nov. lO, 1930 Nov. 23, 1930 13 days 

9 Nov. 10, 1930 Nov. 24, 1930 14 dars 

10 Nov. 10, 1930 Nov. 25, 1930 15 days 

11 Nov. 10, 1930 Dec. 3, 1930 24 days 

12 Nov. 6, 1930 Nov. 26, 1930 20 days 

13 Nov. 6, 1930 Nov. 23, 1930 17 days 

Many earwigs which ld served as hosts for parasite larvae were 

observed. at the Portland. laboratory and. at Corvallis, Oregon, and in 

no case did any earwigs recover from the parasitization. rwis 

which ve served. as hosts do not eat food. following the emergence of 

the rasite larvae. Fifty-five earwigs which had. served. as hosts 

were observed separately in glass vials. These earwigs were given 

food. and. in no case did any of these individuals feed. As a check 

of these observations, ten normal earwigs were inclosad. in vials and 

given food. on which they readily fed. 

The following are typical records which were made concerning 

earwigs which bad. served. as hosts: 

Case 1 - A larva emerged. from an adult earwig at 12:30 P.M., 

Sept. 1, 1929. The earwig reined as active as an wiparasitized ear- 

wig imtil 11:00 P.L., Sept. 2, 1929, although it ate no food. The 

next observation was made at 8:00 A.M., Sept. 3, 1929, and the earwig 



apjoared. less active than a normal earwig. Throughout the .ay of 

Sept. 3, 1929, it gratha1].y became more feeble and cUed. at 5:00 .M. 

Sept. 4, 1929. 

Case 2 - A parasite larva emerged from its host at 10:00 A.M., 

Oct. 3, 1929. The earwig appeared. normal at 4:30 P.L. Oct. i, 1929. 

The host aDpeared. very feeble at 8:00 A.M., Oct. 4, 1929, and. died at 

11:55 A.bi., Oct. 4, 1929. 

hr. A. i. Altson in 1924 first recorded that full grown larvae 

leave their hosts through the intersenental coria of the abdomen 

or the coria surrounding the genital organs. Observations made at the 

Portland insectary substantiate hr. Aitson's findings. 

The larvae, after emerging from their hosts, crawl about seeking 

a protected place in which to pute. Generally they pute in dry 

or damp leaves, under clods, in cracks of bark, in cracks of wood 

and. in or under practically any material. A few larvae were observed 

to crawl into the soil to pupate. 

As soon as the mature larva selects a location for pupation, it 

inineciiately coimnences to pupate. Larvae failing to find satisfactory 

pupating 8ites may crawl about for at least two hours before pupating. 

Liany of the larvae finding satisfactory situations soon after leaving 

their hosts were observed to pupate in about 15 minutes. 

The length of time which larvae spend. inside the bodies of the 

hosts is quite variable. Some of the larvae are definitely known to 

complete their develonent in twenty-one days, and others may remain 

within their hosts for ninety days. There was in l9O evidence, tht 



not exact proof, that SOflE of the larvae completed their growth and 

emerged. from hosts in eighteen days. about 800 earwigs which were 

parasitized on a certain date were placed in a can and. examined. daily. 

On the eighteenth day following parasitization, two puparia were 

fomd. in the can. The results of the observations did. not absolutely 

prove that larvae may develop within the host in eighteen days, be- 

cause some of the earwigs used. in parasitizing may have been para- 

sitized. i nature before being brought into the laboratory. 

Lir. A. Li. Aitson (1924) was the first to record. that length of 

the larval period was quite variable, for he stated that the length 

of the larval period was governed j the time at which the larvae 

entered hosts. Dr. Howard Stearns, in 1926, confirmed. part of 

Aitson's view, for he stated that larvae which enter sarwigs "in the 

early part of the season mature in the earwigs body in 24 to 30 days." 

Ha also stated. "those larvae entering earwigs in late May and. June 

may not become mature until August, september or October." 

One of the probable explanations governing the length of the 

larval period. within a host is the amount of the food. material 

available to the larva within the body of the earwig. The length of 

the larval period apçears to be somewhat proportionate to the 

available food. Or, in other words, larvae inhabiting small-sized 

hosts and. in cases of supra-parasitism (Smith 1929 complete their 

development in a shorter length of time than do larvae inhabiting 

larger earwigs. In the early part of the season many earwigs are 

in the nymphal stages at iort1and, and. the number of puparia found. 

is always larger at that time than later in the season when the 



majority of the earwigs are in t au1t stage. Also, records were 

made of observations on parasitized earvigs kept separately in 

glass vials, and. these records showed that there is evidence that 

parasite larvae complete their cievelopnent in a shorter period in 

small-sized earwigs and. in normal sized earwigs supraparasitizedthan 

they do in large, singly parasitized hosts and. large supraparasitized. 

hosts. 

rthg the suimner of 1929, sixty-five earwigs were parasitized. 

and. each earwig was placed in a seIarate glass tube. ach of these 

ea;rwi.gs was fed. and observed daily. The date of parasitization of 

each host and. the date that each mature parasite larva emerged from 

its host was recorded. A number was assigned. to each case as the 

larva emerged. from the host, and. in cases of supraparasitism a 

consecutive alphabetical letter was added to the case number to 

designate the order in which each larva energed from the supra- 

parasitized host. The results of these records are given in Table X. 

TABLE X. 

Records of the Lengths of the Larval Periods of 

Digonichaeta setipennis Pall. in Sixty-t'wo Parasitized. rwigs in 1929 

ia e ma tur e larva e 1Tumb er d.a,r s 

Date host was para- emerged. from host larva remained 

Case 1:0. sitize. year 2929 year 1929 in host 

l-A July 15 Aiist 25 41 

July 15 August 25 41 

2-A July 15 August 31 47 

2-iB July 15 Sept. 1 48 

3-A July 15 Sept. 1 48 
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TABLE X - Cont'd.. 

Date rna turc larvae Number d.ays 

Date host was para- emerged. from host larva remained. 

Cap No. sitized. ye 1929 year 1929 in host 

July 15 Sept. 2 49 

4-A July 15 Sept. 1 48 

4-B July 15 Sept. 1 48 

5 July 15 Sept. 3 50 

6 July 15 Sept. 12 59 

7 July 15 Sept. 12 59 

8 July 15 Sept. 12 59 

9 July 15 Sept. 13 60 

lo July 29 Sept. 14 47 

II July 29 Sept. 15 48 

12 July 15 Sept. 16 63 

13 July 29 Sept. 19 52 

14 July 5 Sept. 20 77 

15 July 29 Sept. 22 55 

16 July 29 Sept. 23 56 

17 ug. 9 Sept. 23 45 

18 Aug. 9 Sept. 24 46 

19 Aug. 9 Sept. 24 46 

20 Aug. 9 Sept. 24 46 

21 Aug. 9 Sept. 24 46 

22 Aug. 9 Sept. 24 46 
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TiBIE X - Cont'd. 

Date mature larvae Number days 

Date host was para- emerged from host larva remained 

Case p. sit ized, year 1929 year 1929 in host 

23 Aug. 9 Sept. 25 47 

£4 Aug. 9 Sept. 25 47 

25 Aug. 9 Sept. 25 47 

26 Aug. 9 Sept. 25 47 

27 July 29 Sept. 26 59 

28 Aug. 9 Sept. 26 48 

Aug. 9 Sept. 26 48 

30 Aug. 9 sept. 28 50 

31 July 29 Sept. 29 62 

32 Aug. 9 Sept. 29 51 

34 Lug. 9 Sept. 29 51 

35 Lug. 9 Sept. 29 51 

36 Aug. 9 Sept. 30 52 

37 Aug. 9 Sept. 30 52 

38 Lug. 9 Sept. 30 52 

39 July 15 Sept. 30 77 

40 July 15 Sept. 30 77 

41 Aug. 9 Sept. 30 52 

42 Aug. 9 Oct. 1 53 

43 July 15 Oct. 3. 78 

45 July 15 Oct. 1 78 

46 July 15 Oct. 1 78 
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iate mature larvae Iwnber days 

iate host was para- emerged. from host larva remained 

Case No. sitize. year 1929 year 192 in host 

4? July 24 Oct. 1 69 

47 July 29 Oct. 2 65 

48 July 29 Oct. 3 66 

49 iug. 9 Oct. 3 55 

50 Aug. 9 Oct. 3 55 

51 Aus. 9 Oct. 3 55 

52 July 15 Oct. 3 80 

5 July 29 Oct. 4 67 

54 July 15 Oct. 6 83 

55 Aug. 9 Oct. 6 58 

56 .ug. 9 Oct. 7 59 

57 July 9 Oct. 8 69 

58 July 15 Oct. 7 84 

59 July 29 Oct. 8 71 

60 July 29 Oct. 8 71 

61 July 15 Oct. 12 89 

62 July 15 Oct. 13 90 

The adult earwig designated under Case 1 in Table X, 8erved 

as host for three larvae. Two of the larvae matured and. pupated 

and. the third. larva emerged and. appeared underdeveloped.. This 

third larva died. without puatiní. 

The earwigs desigted under Oases 2, 3 and 4 in Table X 

served in each case as supra-hosts for two larvae. In cases 5, 10 
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and. 11 the ho5ts were nyrnp1 earwigs. In cases 17 to 27 inclusive, 

and in cases 28 an 29, the hosts were small to normal sized athilts. 

In cases 39, 40, 43, 45, 46, 58, 59, 60, 61 and. 62, the hosts were 

larger than average sized. earwigs. 

In cornaring the length of the larval period in singly para- 

sitized. and. supraparasitized. hosts, the results of Table X give the 

ollow1ng data: 

1. Earwigs which served as hosts in cases of supraparasitism 

n.tured. parasite larvae in 46.2 days on the average. 

2. arwigs which served as hosts in cases of single parasitism 

matured parasite larvae in 58.6 days on the average. 

3. The range in days for the period of parasite larval xmturity 

in cases of supraparasitism was from 41 to 48 days. 

4. The range in days for the period of parasite larval maturity 

in cases of single parasitism was from 46 to 90 days. 

In 1930, 235 adult parasitized earwigs were kept separately 

in glass vials. They were observed amul fed daily. However, no 

record was kept of the relative sizes of the hosts. As each larva 

emerged from a host, it was assigned a case number, and. in cases 

of supraparasitism each ztured larva was given a consecutive 

alphabetical number to designate the order in which each larva 

emerged from the body of its host. Table XI gives the results of 

these observations. 
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TABLE . 

Record.a of the Length8 of the larval Periods of 

Digonlohaeta setiDennis Fall. in 235 Parasitized European arwigs in 

1930 

te mature larvae Number days 

te host was para- ered from host larva reined. 

Case :io, sitized. rear 1930 year 1930 in host 

1-. Aug. 25 5et. 15 21 

1-B Aug. 25 Sept. 15 2]. 

1-C Aug. 25 Sept. 15 21 

2-A. Aug. 26 Sept. 18 23 

2-3 Aug. 26 Sept. 18 23 

3-A Aug. 26 Sept. 19 24 

3-3 Aug. 26 Sept. 19 24 

4-A Aug. 25 Sept. 21 27 

4-3 Aug. 25 Sept. 21 27 

5-L Aug. 25 Sept. 2]. 27 

5-3 Aug. 25 Sept. 21 27 

6-A Aug. 26 Sept. 21 26 

6-3 Aug. 26 Sept. 21 26 

6-C Aug. 2' Sept. 22 27 

7-A Aug. 26 Sept. 21 26 

7-3 Aug. 2b Sept. 21 26 

8-A Aug. 26 Sept. 21 26 

8-3 Aug. 26 Sept. 21 26 

8-C Aug. 26 Sept. 22 27 

9 Aug. 25 Sept. 22 26 
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TLBLE XI. 

ite ture larvae 1uinber days 

Bate host was .ara- emerged from host larva remained. 

Case fo. sit,ized year 1930 year 1930 in host 

lo aug. 26 Sept. 23 28 

ll- &ug. 25 Sept. 23 29 

11-B Aug. 25 Sept. 23 29 

12-A Aug. 25 Sept. 23 29 

12-B Aug. 25 Sept. 23 29 

13-A Aug. 26 Sept. 24 29 

13-B Aug. 26 Sept. 25 30 

14-A Aug. 25 Sept. 24 30 

14-3 Aug. 25 Sept. 25 31 

15 Aug. 25 Sept. 25 31 

16-A Aug. 26 Sept. 25 30 

16-3 Aug. 26 Sept. 26 31 

17-A Aug. 26 Sept. 25 30 

17-3 Aug. 26 Sept. 26 31 

17-0 Aug. 26 Sept. 27 32 

18-A Aug. 26 Sept. 28 34 

18-3 Aug. 25 Sept. 28 34 

19 Aug. 25 Sept. 29 35 

20-A Aug. 25 Sept. 29 35 

20-B Aug. 25 Sept. 29 35 

21-A Aug. 25 Sept. 29 35 

21-B Aug. 25 Sept. 29 35 
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TABLE XI. 

Date mature larvae Ntnber d.ays 
Date host was para- emargei from host larva remainel 

Case No. stized, year 1930 year 1930 in host 

22 Aug. 25 Oct. 1 37 

23 Aug. 26 Oct. 1 36 

24-A. Aug. 26 Oct. 2 37 

24-B Aug. 2b Oct. 2 37 

25-A Aug. 25 Oct. 2 38 

25.-B Aug. 25 Oct. 2 36 

26-A Aug. 25 Oct. 3 39 

26-B Aug. 25 Oct. 3 39 

27- Aug. 25 Oct. 3 39 

28-A Aug. 25 Oct. 7 43 

26-B Aug. 25 Oct. 8 44 

29 Sept. 23 Oct. 9 46 

30 Aug. 25 OCt. 12 46 

31-A Aug. 25 Oct. 12 46 

31-B Aug. 25 Oct. 12 48 

32-A A ug. 25 Oct. 13 49 

32-B Aug. 25 Oct. 13 49 

33 Aug. 25 Oct. 13 49 

34 Aug. 25 Oct. 14 50 

35-A. Aug. 25 Oct. 16 52 

35-B Aug. 25 Oct. 16 52 

36 Aug. 25 Oct. 18 54 
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T.&BI XI - COnt'd.. 

Jato mature larvae Number days 
Jate host was para- emerged from host larva remained 

Cape Np. sitjzed year 1930 year 1930 in host 

37 Aug. 26 Oct. 19 54 

38 Aug. 26 Oct. 20 55 

39 A. 25 Oot. 21 57 

4O-& aug. 26 Oct. 22 57 

40-B Aug. 26 Oct. 22 57 

41 Aug. 25 Oct. 22 58 

4 Aug. 2b Oct. 22 57 

43 Aug. 25 Oct. 22 58 

44 Aug. 25 Oct. 22 56 

45 Aug. 26 Oct. 23 58 

46-A Sept. 17 Oct. 20 33 

46-B Sept. 17 Oct. 20 33 

47-A Sept. 17 Oct. 20 33 

47-B Sept. 17 Oct. 20 33 

48-A Sept. 17 Oct. 22 35 

48-B Sept. 17 Oct. 22 35 

49-A. Sept. 17 Oct. 22 35 

49-b Sept. 17 Oct. 22 35 

50-A Sept. 17 Oct. 22 35 

50-B Sept. 17 Oct. 22 35 

51 Sept. 17 Oct. 23 36 

52-A. Sept. 17 Oct. 22 35 

52-B Sept. 17 Oct. 23 36 



TA.BL XI - Oont'd.. 

Date mature larvae Number d.ars 

J)ate host was para- emered. from host larva remained. 
Cas6 Io. sitized. year .93O vea 193g in host 

53-A SaFt. 17 Oct. 23 36 

53-.B Sept. 17 Oct. 24 37 

54 Sept. 18 Oct. 23 35 

55 Aug. 25 Oct. 27 63 

56 Aug. 25 Oct. 27 63 

57-A Sept. 17 Oct. 26 39 

57-B Sept. 17 Oct. 26 39 

58 Sept. 17 Oct. 26 39 

59 Sept. 17 Oct. 27 46 

60 Sept. 19 Oot. 27 38 

6]. Sept. 19 Oct. 29 40 

62-A Sept. 18 Oct. 27 39 

62-B Sept. 18 Oct. 27 39 

63 Sept. 18 Oct. 27 39 

64 Sept. 18 Oct. 27 39 

65 Sept. 18 Oct. 27 39 

66-A Sept. 18 Oct. 27 39 

66-B Sept. 18 Oct. 27 39 

67-A Sept. 16 Oct. 27 39 

67-B Sept. 18 Oct. 27 39 

68 Sept. 18 Oct. 29 41 

69-A Sept. 19 Oct. 27 38 

69-B Sept. 19 Oct. 27 38 



TABLE XI - Cont'd.. 

Date mature larvae Nber days 
Date host was para- emerged from host larva remained. 

Case Np. sitized. year 1930 vear 1930 in host 

70 Sert. 19 Oct. 27 

71-i Sert. 19 Oct. 28 39 

71-B Sept. 19 Oct. 28 39 

72 3ept. 19 Oct. 29 40 

73 Sept. 18 Oct. 27 39 

74-A Sept. 18 Oct. 27 39 

74e-B Sept. 18 Oct. 27 39 

75 Sept. 18 Oct. 27 39 

76 Sept. 18 Oct. 28 40 

77 Sept. 18 Oct. 28 40 

78-A Sept. 18 Oct. 28 40 

78-3 Sept. 18 Oct. 26 40 

79-À Sept. 18 Oct. 28 40 

79-B Sept. 18 Oct. 28 40 

SO Sept. 18 Oct. 29 41 

81-A Sept. 19 Oct. 27 38 

81rn-B Sept. 19 Oct. 27 38 

82 sept. 19 Oct. 27 38 

83-A Sept. 19 Oct. 27 38 

S3- Sept. 19 Oct. 27 38 

84 Sept. 19 Oct. 28 39 

85-A Sept. 19 Oct. 29 40 

85-B Sept. 19 Oct. 29 40 
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TABLE XI - Cont'd.. 

Date mature larvae Number d.ays 

iate host was para- emerged. from host larva remained. 

Çase o, stjzed. year 1930 Lvear 1930 in host 

86 Aug. 25 Nov. 1 

87 $ept. 18 Nov. 1 44 

86 Sept. 18 Nov. 2 45 

69 Sept. 18 Nov. 1 44 

90 Sept. 19 Nov. 3. 43 

91 Sept. 19 Nov. 1 43 

92 Sept. 19 Nov. 1 43 

93 Sept. 19 Nov. 1 43 

94 Sept. 19 Nov. 1 43 

95 Sept. 19 Oct. 31 42 

96 Sept. 19 Oct. 31 42 

97 Sept. 19 Oct. 31 42 

98 Sept. 19 Nov. 2 44 

99 Sept. 19 Nov. 2 44 

100-à Sept. 19 Nov. 2 44 

100-B Sept. 19 Nov. 2 44 

101 Sept. 19 Nov. 1 43 

102-i Sept. 19 Nov. 1 43 

102-B Sept. 19 Nov. 1 43 

103 Sept. 19 Nov. 1 43 

104 Sept. 19 Oot. 31 42 
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TAJLE XI - Cont'd. 

Date xmthre larvae Number days 
Date host was para- emerged from host larva remained. 

Case 1QL sltzed. rear 1930 year' 1930 in host 

105 Sept. 19 Oct. 30 41 

106 Sept. 19 Oct. 31 42 

1O7- Sept. 19 Oct. 31 42 

1O7-B sept. 19 Oct. 31 42 

108 Sept. 17 Oct. 29 42 

109 Sept. 17 Oct. 29 42 

110 Sept. 17 Nov. 3 47 

111 Sept. 17 Oct. 29 42 

112 Sept. 22 Nov. 1 40 

113-A Sept. Nov. 2 41 

113-B Sept. 22 Nov. 2 41 

114-A Sept. 22 Nov. 2 41 

114-B Sept. 22 Nov. 2 41 

115 Sept. 22 Nov. 2 41 

116 Sept. 22 Nov. 3 42 

117-A Sept. 24 Nov. 2 39 

117-B Sept. 24 Nov. 2 39 

118 Sept. 23 Nov. 2 40 

119 Sept. 23 Nov. 2 40 

120 Sept. 23 Nov. 2 40 

121-A Sept. 23 Nov. 1 39 



- 53 

TAL XI - Cont'd. 

Date mature larvae Number days 
Jate host was para- emerged from host larva remined 

Case No. ,itize sear 1930 year 19 in host 

121-i Sept. 23 Nov. 1 39 

122 Sept. 19 Nov. 1 43 

323 Sept. 19 Nov. 4 46 

124 3ept. 19 Nov. J. 43 

125-As Sept. 19 Nov. 4 46 

125-B Sept. 19 Nov. 4 46 

126-A Sept. 22 Nov. 1 40 

126-B Sept. 22 Nov. 2 41 

127 Sept. 24 Nov. 1 38 

128 Sept. 23 Nov. 2 40 

129 Sept. 18 Nov. 5 48 

130 Sept. 18 Nov. 3 46 

131 Sept. 18 Nov. 3 46 

132 Sept. 18 Nov. 3 46 

133 Sept. 18 Nov. 3 46 

134 Sept. 18 Nov. 4 47 

135 Sept. 18 Nov. 4 47 

136 Sept. 18 Nov. 4 47 

137 Sept. 18 Nov. 4 47 

138 Sept. 18 Nov. 3 46 

139 Sept. 18 Nov. 4 47 

140 Sept. 18 N0v. 4 47 
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I - Cont'd,, 

Date mature larvae Number Wys 
Date host was para- emerel from host larva reaine 

Case No. sitizeci. 1930 year 1930 in host 

141 Sept. 19 Nov. 4 46 

142 sept. 19 Nov. 4 46 

143-i Sept. 19 Nov. 4 46 

143-B Sept. 19 Nov. 4 46 

144 Sept. 19 Nov. 4 46 

145-i Sept. 19 Nov. 3 45 

145-B Sept. 19 Nov. 4 46 

146-i Sept. 19 Nov. 3 45 

146-B Sept. 19 Nov. 5 47 

147-i Sept. 19 Nov. 3 45 

147-B Sept. 19 Nov. 4 46 

148 Sept. 19 Nov. 3 45 

149 Sept. 19 Nov. 3 45 

150 SeDt. 19 Nov. 3 45 

151 Sept. 23 Nov. 5 43 

152 Sept. 23 Nov. 5 43 

153 Sept. 23 Nov. 5 43 

154 Sept. 23 Nov. 5 43 

155 Sept. 23 Nov. 3 41 

156 Sept. 23 Nov. 4 42 

157 Sept. 23 Nov. 4 42 

158 Sept. 23 Nov. 4 42 

159 Sept. 23 Nov. 5 43 
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TABLE XI - Cont'd.. 

1ate mature larvae Number d.ays 

Date host was para.. emerged from host larva remained. 

Case No. sitized. year 19J year 1930 in host 

160 Sept. 23 Nov. 4 42 

16]. Sept. 23 Nov. 5 43 

162 Sept. 23 Nov. 4 42 

163 Sept. 19 Nov. 5 45 

164e Sept. 19 Nov. 4 44 

165 Sept. 19 Nov. 4 44 

166-i Sept. 22 Nov. 5 44 

166-B Sept. 22 Nov. 5 44 

167 Sept. 22 Nov. 4 43 

168-i Sept. 24 Nov. 4 41 

168-B Sept. 24 Nov. 4 41 

169 Soot. 22 Nov. 4 43 

170 Aug. 25 Nov. 6 43 

171 3ect. 18 Nov. 5 48 

172 Sspt..19 Nov. 6 48 

173 Sept. 19 Nov. 6 48 

174 Sept. 23 Nov. 6 44 

175-A. Sept. 23 Nov. 6 44 

175-B Sept. 23 Nov. 7 45 

176 Sept. 23 Nov. 6 44 

177 Sept. 23 Nov. 6 44 

178-A Sept. 22 Nov. 6 45 

178-3 Sept. 22 Nov. 6 45 
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TABLE XI - Cont'd. 

Jate mature larvae Number d.ays 
Date hcst was ra- emerged from host larva renined. 

Case No. sit1ze&rear 19a ver ]130 in host 

179 Sept. 22 Nov. 6 45 

180 Sept. 22 Nov. 6 45 

181 Sept. 24 Nov. 6 43 

182 Sept. 23 Nov. 2 40 

183-A Sept. 19 Nov. 3 45 

183-3 Sept. 19 Nov. 3 45 

184-A Sept. 24 Nov. 2 39 

184-3 Sept. 24 Nov. 2 39 

184-C Sept. 24 Nov. 2 39 

185 Sept. 18 Nov. 8 51 

186 Sept. 18 Nov. 7 50 

187 Sept. 18 N0v. 8 51 

188 Sept. 18 Nov. 9 52 

189 Sept. 18 Nov. 10 53 

190 Sept. 24 Nov. 9 46 

191 Sept. 24 Nov. 8 45 

192 Sept. 19 Nov. 10 52 

193 Sept. 19 Nov. 7 49 

194 Sept. 23 Nov. 8 46 

195 Sept. 23 Nov. 8 46 

196 Sept. 23 Nov. 7 45 

197 Sept. 23 Nov. 10 48 

198 Sept. 19 Nov. 10 52 
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xi: - Corit'd.. 

Jate mature larvae Number days 
Date host was para- emerged froi host larva remained 

Cape Np. jtjzed,,rar 393( iear J930 in host 

199 Sept. 19 &ov. 7 49 

200 Sept. 19 Nov. 8 50 

201 Sept. 26 Nov. 9 44 

202 Âuß. 25 Nov. 7 74 

203 Sept. 22 Nov. 7 46 

204 Sept. 22 Nov. 10 49 

205 Sept. 22 Nov. 10 49 

206 Sept. 22 Nov. 10 49 

207 Sept. 19 Nov. 8 50 

208 Sept. 19 Nov. 9 51 

209 Sept. 19 Nov. 9 51 

210 Sept. 19 Nov. 7 49 

211 Sept. 23 Nov. 7 45 

2)2 Sept. 23 Nov. 9 47 

213 Sept. 23 Nov. 9 47 

214 Sept. 23 Nov. 10 48 

215 Sept. 24 Nov. 12 49 

216 Sept. 22 Nov. 11 50 

217 Sept. 22 Nov. 11 50 

218 Sept. 22 Nov. 12 5]. 

219 Sept. 19 Nov. 11 53 

220 Sept. 23 Nov. 1]. 49 
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TAJLE XI - Cont'd.. 

Date mature larvae Number d.ays 

Date host was pra- erged. from host larvae remained. 

Case Np. sfliec3. ,ear J930 year 1930 in host 

221-A Sept. 26 Nov. 8 43 

221-s Sept. 26 Nov. 9 44 

222 Sept. 23 Nov. 8 46 

223 Sept. 24 Nov. 9 46 

224 Sept. 19 Nov. 13 55 

225 Sept. 24 Nov. 10 47 

226 Sept. 24 Nov. 8 45 

22? Sept. 26 Nov. 11 46 

228 Sept. 24 Nov. 8 45 

229 Sept. 3.9 Nov. 11 53 

230 Sept. 23 Nov. 8 46 

231 Sept. 26 Nov. 13 48 

232 Sept. 26 Nov. 15 50 

233 Sept. 26 Nov. 16 51 

234 Sept. 26 Nov. 14 49 

235 Sept. 26 Nov. 15 51 

In cases 9, 10, 15, 19, 22, 23, 27, 51, 54, 58, 60, 63, 65, 

70, 75 and. 82 reoord.ed. in Table XI, each of the hosts was para- 

sitized. with two DJ.ionichaeta larvae, but in each case one of the 

larvaed.id. not complete full development. In each of these oases, 

dissections were made of the dead. host and. the undeveloped, larva or 

dead. larva was found.. 
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In oases 61, 64, 72, 73, 79, 84 and. 127 reoord.ed in Table it, 
each host ztured, one parasite larva. Although each of these hosts 

was thought to b ¡o.rasitized. with two larvae, no larva was found. 

in the body of any of these hasts upon being d.issected.. All the 

d.isseotions were made following the death of the host. 

After eliminating cases 9, 10, 15, 19, 22, 23, 27, 51, 54, 58, 

60, o5, 70, 75 and. 82 recorded in Table Xi, because each earwig was 

Imown to have been a host for two parasite larvae, one of which in 

each case did. not reach full development, the comparative data 

regarding the length of the larval period. of Digonichaeta in cases 

of single and. supraparasitism is suzmmrized. as follows: 

1. arwigs which served as hosts in oases of supraparasitism 

mtured. parasite larvae in 37.4 days on the average. 

2. ¡arwigs which served. as hosts in oases of single parasi- 

t1 matured. larvae in 46.4 days on the average. 

3. The range in days for parasite larval d.eveloent in cases 

of supraparasitism was from 21 to 57 days. 

4. The range in days for parasite larval development in cases 

of single parasitism was from 39 to 74 days. 

2.L Punaria1 Period: 

Dr. . R. Thompson in 1928 discussed. the effects of tempera- 

turs and. climate upon the puparia of DdRoniohaeta setiìennis Pall. 

He concluded. from his own observationz of the species in Europe that 

"two types of pupae exist in Dioniceta; the one developing 

rapidly and issuing as an adult in summer and autumn; the other 



hibernating until the following spring". He also stated, "the 

emergence of ind.ivlduals of the rapidly developing type cannot be 

indefinitely retarded by low temperature, nor the emergence of those 

of the hibernating type induced by high temperatures; still less can 

these tynes in sich manner be transfonned one into the other". These 

statements agree in the main with observations made at the Portland 

laboratory and. at Corvallis, Oregon. .lthough there apear to be 

modifications and. additions to these findings at least under Orecon 

cond.i tions. 

Most of the puria formed fran larvae which o:tered earwigs 

in May, June and early July, and. oomjleted. their growth the last 

of June, in July and in the early part of August, remain in the 

puparial stage about fifteen to forty days before giving rise to 

adults. Some of these early formed puparia remain donnant until 

April, Lay, June, July and early August of the followi year. 

Ten puparia collected on July 29, 1930, were placed in a cold 

storage pit in which the average temperature is about 40° F. 

Seven of these puparia gave rise to adults during the month of August, 

while in the cold. storage pit. The remaining three puparia were 

opened Ïebruary 7, 1931, and. were found to be alive up to that time. 

These observations coincida with r. Thompson's findings that there 

are two types of igonichaeta piparia, one developing rapidly and. 

the other hibernating until the following spring, and. that individuals 

of the rapidly developing type cannot be retarded indefinitely by 

low temperature. 
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Puparia formed in the latter part of August, September, October 

and, November remain d.oiant until the following spring and suinnier. 

Early warm spring weather appears to accelerate the emergence period 

in spring and summer, and, cold., early spring weather appears to 

retard. the emergence period in spring and. sumner. 

In order to determine if increased. temperature would affect the 

early emergence of adults from overwintering puparia, twelve over- 

wintering puparia which were previously kept at temperatures between 

40 aM 
550 F. were placed. in a greenhouse at Corvallis, Oregon. The 

following data concerning each puparium was recorded. and. is given in 

Table XII. 

1. The date each larva entered. its host. 

2. date each was greenhouse. 

3. The date each larva emerged from its host. 

4. The date each puparium gave rise to an adnit parasite. 

5. The approximate average daily temperature each puparium 
was subjected to while in the greenhouse was 7Q0 F. 

These puparia were divided into two groups. The first group 

'was placed in the greenhouse on November 27, 1929 and required on 

the average 84.2 days to develop. The second group was placed in the 

greenhouse on Februazy 1, 1930 and required on an average of 31.9 

days to develop. 

Pupara formed at about the same time as were the twelve placed 

in the greenhouse but kept at outside temperatures gave rise to adults 

in June and July, 1930. These observations would indicate that the 

emergence of adults from hibernating Bigpn.chaeta puparia can be 
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forced. by the appiloation o temperature at least after a period. of' 

hibernation. It would. seem that a certain period. of' hibernation is 

necessary before overwinteriig puparia can be forced. by teuiperature, 

for the first group of puria which were p1aoe in the greenhouse on 

Novber 27, 1929 requir 52.3 d.ays of high temperature on the 

average more to develop than d.id the second group of puaria placed 

in the greenhouse on iebruary 1, 1930. From these observations it 

would appear that the overwintering puparia of Dionichaeta go 

through a period of hibernation in which they are not greatly 

effected by tperature, and. that following this period. of hiberna- 

tion their developtent may be forced by temperature. 

TABI X.LI. 

Records Regarding the Twelve Piparia iihich lere 
Forced in Developznnt by High Temperatures 

Case Date pupa- No. of 
Designa- Date larva Date larvae riwu was Date adult days in 
tion Ho. entered pupated placed in emerged from green- 
1929 host 1929 1929 &reeliouse puparium hou.e ____ 

Case 56 Aug. 9 Oct. 7 Nov. 27, 1929 Feb. 17, 1930 82 

Case 11 July 29 Sept. 15 110v. 27, 1929 Feb. 17, 1930 82 

Case 50 Aug. 9 Oct. 3 Nov. 27, 1929 Feb. 18, l930 83 

Case 25 Aug. 9 Sept. 25 Nov. 27, 1929 Feb. 21, 1930 86 

Case 26 Aug. 9 Sept. 25 Nov. 27, 1929 Feb. 23, 1930 88 

Case 59 July 29 Oct. 8 Feb. 1, 1930 Liar. 5, 1930 35 

Case 16 ug. 9 Sept. 24 Feb. 1, 1930 Feb. 28, 1930 28 

Case 49 July 29 Oct. 3 ieb. 1, 1930 LIar. 1, 1930 29 

Case 24 .ug. 9 Sert. 25 Feb. 1, 1930 i.ar. 1, 1930 29 
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T.BL rn. 

Records Regarddng the Twelve Puparia hich bere 

:?oroed. in Developnent by High Temperatures 

Case I.te pupa- o. of 

Designa- Bate larva Date larvae rium was Date adult days in 

tion No. entered, pupated p1ace in emerged from green- 

1929 h03t4 1929 1929 greenou3 puarium house 

Case 36 Aug. 9 Sept. Fab. 1, 1930 Mar. 6, 1930 34 

Case 31 July 29 Sept. 29 ?eb. 1, 1930 Jiar. 6, 1930 34 

Case 55 Aug. 9 Oct. 6 eb. 1, 1930 LIar. 7, 1930 35 

Puparia of Dionichaeta require very little moisture for the 

develorment of adults, for puparia kept in glass tubes in which both 

ends are tightly plugged with cotton readily give rise to adults. 

thmmer and ar1y Fall brood Adults 

Duritg the last o July, August and. the first half of September, 

Dionichaeta adults erge from some of the puparia formed in the 

last of June, July and the first part of August. Table XIII gives 

the record of the daily female and. le emergences for the suniner and 

early fall brood. of adu1ts in 1930 at the Portland. laboratory. 

TABI XIII. 

Daily Inergence Records of Adults of the 

and. Iar1y Fall Brood. in 1930 

Da te 
Year 1930 Females La1es Total 

July29 3 5 8 

30 6 2 10 

31 9 7 16 

Aug. 1 8 9 17 
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TABL XIII. 

1)a te 

Yr 1930 FnaLes Ia1es Total 

Aug.2 8 9 17 

Aug.3 16 14 30 

4 24 9 33 

5 11 9 20 

6 lo 8 18 

7 13 5 18 

8 15 8 8 

9 8 2 10 

10 8 3 11 

11 8 5 13 

12 10 2 12 

13 4 5 9 

14 2 4 6 

15 1 5 6 

16 2 5 7 

17 2 3 5 

18 2 4 6 

19 1 1 2 

20 7 3 10 

21 6 9 15 

22 8 3 11 

23 8 9 17 

24 6 8 14 
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TÄBL XIII. 
Cont 'd. 

Date 
Year 1930 Fales Ia1es Total 

Ag.25 4 8 12 

26 2]. 22 44 

27 19 22 4]. 

28 31 25 56 

29 10 15 25 

30 17 15 32 

31 24 18 42 

Sept. 1 22 17 39 

2 15 11 26 

3 10 5 15 

4 4 5 9 

5 3 1 4 

6 2 5 7 

7 1 0 3. 

8 2 0 2 

9 4 5 9 

10 1 1 2 

17 1 0 1 

No. 7 1 0 1 

The adults of this brood. d.iffer bio1oica11y in a few respects 

from the adu]ts nergin fri overwthtering puparia. There is no 

nale numerical pred.ominance in the early part of the emergence 



period, and. there is no female numerical predominance in the latter 

part of the emergence period. as is the case in the emergence period. 

of adults from overwintering puparia. The adults of the summer and. 

early fall brood are more active than are the adults from the over- 

winterthg puparia. The adults of this second brood. sel&om mate in 

breeding cages until three to four days following emergence. 

The larvae hatching from eggs deposited by the summer and. 
early 

fai]. brood. of females complete their growth in earwigs and. emerga 

from hosts in September, October and November. These larvae 

ic4iately pupate and. the puparia give rise to adults in &pril, May, 

June, July and. early iugust. 

g9nichata setipnnis is primarily a parasite of the 

European earwig, 'oripu.a auroularia L., figure 5. Dr. .1. R. 

Thompson (1928) reports that it has not been recorded. from other 

earwigs in Thrope except one occasion when a Digonic1eta larva 
'was 

found. in a specimen of Chelid.ura albiper.nis Meg. 

V/. Baer (1920) reports the parasite from the following ipi- 

dopterous larvae: Pheosia trernz.la C].., Lasiocamia ouercus L., 

uroctis ciu'iaorrhoeo L., otod.onta trepida isp., Panolis 

variegata Geoze, Dioryctria abietella F., Graho1etha strobilel1a 
L., 

and. Carppapsa pomOnella L. 

A. M. Aitson (1924) reported. that Dionichaeta had. been recorded 

from other hosts of no less than four orders including Lepidopterous 

larvae. lie makes no mention of any of the species parasitized. 
ex- 

cept Forf ioula auricularia. 
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Dr. . R. Thompson (1928) in cUscussing the hosts of Digoni- 

chaeta states, "In the opinion of the present writer, the record of 

rearings from hosts other than the earwig, while not absolutely 

negligible, requires verification, as it seems unlikely that a 

parasite with a host relation as specialized, as is that of Digoni- 

ohaata cou1 complete its d.evelopment suocosafully in insects of 

other groups. 

Tests mad.e at the Portland. laboratory tend. to support Dr. 

Thompson's conclusions regarding other hosts thaii the european ear- 

wig. Lla2ly attempts were mad.e to parasitize different Lepid.opterous 

larvae, ad.ult and. larval Coleoptera, various Orthoptera and. a few 

adult and. larval ilymenoptera. In each case the Digonichaeta larva 

was observed. to crawl off the bod.ies of the pseudo-host without 

making arr attempt to bore into the body cavities; except in one 

instance, a grasshopper which was previously d.ipped. into the body 

fluid. of a uropean earwig. Following this, a igonichaeta first 

stage larva was placed. on the grasshopper's body. The larva was 

observed. to enter the ventral aspect of the cerva-coria but 

the larva died after entering the body of the grasshopper. 

Digpnihaeta has been recorded. from Dennar, Sweden, i'inland., 

Germany, stria, Russia, ngland., l'ranoe and. Northern Italy 

(Dr. d. R. Th1isOn, 1926; ezzl and. stein, 1907; Nielsen, 1912; 

and. Baer, 1920). 
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There are four Iaiowii Ijperparasites of Digonichaeta sti- 

Den11i Fall. They are the IohnewnonH, P}wad.euon scaposue Thorns., 

the Pteromalict, ûibraclivs bpupheaxius (Batz.), the Stapby1tnid, 

rvpdn jjnbjppt Csy. (?), and. au undetermined Tetrostiohine reared 

frorn Dj.goxijpìiaeta in ng1and by Dr. i. R. Thoson (1928) 

sajOvs Thorns. 

Pkv4euor scaposus Thorns. was first reported as a puparial 

rasite of jjgonjcbetp by Lir. A. I. Aitson in 1924. He stated 

"how parasitism takes place has not been discovered, but is 

probabiy throigh the earwig'. This species was frequently reared 

from Dionichaeta puparia shipped to Oregon from Europe. In the 

shipients received in 1925, 1926 and 1927, 10.83 percent of the 

puparia were parasitized. by this species, and there was no indica- 

tioii of periodic recession. Careful handling of all foreign para- 

site material and. the destruction of all . spaposus which emerged 

from foreign puparia resulted. in introducing . setirennis into 

Oregon without this important 1rperparasite. 

.. spaïosus generally emerges from igonichaeta pu.paria in 

early spring just before the begimiing or soon after the beginning 

of the emergeiice period of . seUpennis. This would indicate 

that possibly Aitson's supposition that Phvgadeuon parasitizes 

.. 
setiDeraui8 through the earwig might be correct, for at the very 

ear1iet there would be at least 36 days following the emergence 

of the first Digpnjphaet before puparia will be formed. Liso, 



rmich less than 10 percent of . setipennis puparia are formed in 

June and. July. Other possibilities are that . scaDosus utilizes 

an alternate host or that it finds ove wintering puparia of 

Dionichaeta in which to oviposit and from which a new generation 

arises in late summer and. fall and, parasitizes Digpnchata puparia. 

Stearna in 1925 (unpublished notos) observed an unmated. . scaposus 

f en.le inserting her ovipositor into the empty Dioniohaeta 

puparial case from which she had emerged. 

Dibrachv-s punheanus (Ratz.) 

ibraoZwß bouoheanus (flatz.), figure 4, was first reported as 

a puparial parasite of Digoniohaeta by Mr. A. M. Aitson in 1924. 

It was occasionally reared. from . setipemiis puparia shipped to 

Oregon from Europe. In the foreigia shipments received in 1925, 

1926 and. 1927, 0.53 percent of the puparia were parasitized. by tUs 

species and. there was no indication of periodic recession. . 

bpcheanus is a cosmopolitan species and was first found. to para- 

sitize .. setipeniis puparia in Oregon in 1929. The percentage of 

parasitism of ionichaeta puparia reared at the Portland labora- 

tory was iii 1929 about 0.06 percent, and. in 1930 about 0.04 per- 

cent. 

This species is generally a secondary parasite of a wide 

variety of hosts and is occasionally a primary host (C.i.'i. Lliese- 

beck 1927). Ratzberg reported. it as a probable tertiary parasite 

in 1852 and. it has been reared. from a species of Gelis, a Iper- 
parasite of Apanteles melanoscels (Ratz.) by C. .'. . Lluesebeck 
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in 1927. 

Prom observations macle at the Portland. laboratory in 1929 on 

3]. Digpnihaeta puraria which had, served. as hosts for Dbracws 

bpu.cheanus, the following d.ata was record.ed.: 

1. The largest n-timber of DJbraoìtjs d,evelorin in a single Dioni- 

cJaet puparium was fourteen. 

2. The smallest number of Djbrchys d.eveloping in a single 

ionicht puparium was one. 

3. The average number of Dibrachvs cleveloping from each of 

the thirty-one i)Igonjhaetp puaria were 5.5. 

Barvo& j.bricat,. Csy. Ve) 

The Staphylinid, Barvodxna imbrioata Csy. (?), f1ure 5, was 

reared. in 1930 from Digonjhaeta puparia at the Portland. laboratory. 

The puparia which gave rise to the Staphylinils were found. d,uring 

the summer of 1929 in insectary houses. These puparia were gathered. 

frc insectary houses in Llarch, 1930, and. put separately into glass 

vials. Less than .08 percent of the puparia recovered. from the 

insectary houses were parasitized. by Baryodjna. 

Some of the species of the genus Baryod,a have been reported. as 

puparial parasites of the cabbage maggot, Hy].eznvia brassioae (Bouche). 

Baryo&na imbricata probably is a parasite of 1Lylenria brassioae 

in Oregon, and. it evid.ently gained. access to the insicle of insectary 

houses on roots of le plants which had. been placed in the pits for 

earwig food.. 
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The Portland. Laboratory and. quipment 

Thß laboratory build.thgs consist of a general laboratory room, 

four inseotary bouses, four open pits, a mating shed., a puparial 

bouse, a "confinement room" and. a storage room. The entire plant is 

located. on an area of 41 z 92 feet. The ground. not covered. by 

buildings and. not used. for p.thways is a gard.en area on which earwig 

food. is grown. Figure 10 is a ground. plan of the Portland. Earwig 

Parasite laboratory, and. figure 11 is a photograph of the same. 

As the inseotary is situated. in a residential district, the 

sides exposed. to the street view have beel planted to rambler roses. 

This fence serves the double purpose of partially screening the 

build.in.gs frora residences and of keeping people out of the insectary 

yard. 

The b p ra tQ Ro pin 

The laboratory room, figure 12, is four feet ten inches wide 

and. six feet eight incs long. It has wooden floors, sides and. 

roof. The inside walls are painted with white enamel. The room 

runs east and west and, the door enters from the east. On the north 

side there is a group of two casement windows in front of which is a 

working table. On the east side there is a window through which 

indirect light enters. 

There are four inseotary bouses used. fr the storage of para- 

sitized. earwigs. Each insectary house, figure l3, is about 7 feet 
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square, with wire screen sashes on three sid.es. Each thsectary 

house is constructed. upon a pit, figure 14. The sid.es of the pit are 

mad.e of cement and, extend. beloi the ground. level about 14 inches 

and. above the ground. level about 20 inches. At the junction of the 

wood.en structure and. the cement wall of the pit is a tin trough 

filled, with oil which is constructed. to keep the earwigs from crawling 

above the pit. 
Each inseotary house is entered. through a d.ouble d.00r entrance 

from the east. The roof of each house is wood., covered. with tar 

paper. Each roof hs a screened. opiing which insr be covered. by a 

moveable window frame. This opening serves as a s1rlight and. for 

ventilation. 

The inaeotary houses are equipped. with portable storm 

which fit over the screens on the south and. west sides. These sides 

of the insectary houses face in the directions in which the pro- 

vailiug rains corne in Portland.. The portable storra doors are 

generally not put on until fall and. are taken off in the spring. 

0D1 Pits 

The open pits were constructed. for keeping a constant supply of 

earwigs at the laboratory, but little or no success has been obtained 

in getting a natural increase of earwigs in these pits. Three of 

the open pits are seven feet square and. about two feet deep. The 

sides of the pits are made of cement and. extend. below the ground. level 

about fourteen inches. Around. the top of each pit is an oil moat to 

keep earwigs from crawling out. The fourth open pit is constructed. 
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as are the three other open pits but is seven feet wide and. fifteen 

feet long. 

since no success has been obtained. in rearing earwigs in the 

open pits, these pits might serve as foundations for add.itional 

insectary houses should. operations warrant their construction. 

U1)ar1l Rooi 

The puparial room is used, for keeping puparia iriclosed. in glass 

tubes until they give rise to adult flies, and also for the storage 

of cans containing earwigs which have been hand-parasitized. 

Figure 15 is an interior view of the puparial room. Figure 

16 is a view of this room from the outside. 

The room is eleven feet, eight inches wide, twelve feet three 

inches long and. seven feet high. It has wooden floors, sides and 

roof. The outside walls are clapboard. and the roof is covered with 

tar paper. The sth side is boarded three feet from the ground. and. 

the rest of this distance to the ceiling is screened with a fine 

mesh. Over the screening are suspended. moveable wooden d.00rs which 

are hinged. from the top. These doors are propped tart way open 

during spring, summer and. fall, and they serve as shade protectors 

during that time. 1)urthg the winter months these swinging doors are 

closed and. serve as rm doors. 

A door enters the room from the west side, and. there is a small 

window next to the door. all screened. ventilation windows are on 

the north and. east sides. 
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Along the north sid.e of the room is a series of built-in 

benches on which are placed cans containing parasitized. earwigs. 

Lting Shed. 

The mating shed., f igtzre 17, is a long build.ing with a high roof 

and. its main purpose 18 to serve as shad.e protection to ad.ult 

parasites in mating cages d.uring the wai parts of the day. 

The shed. is 50 feet long and. 10 feet wide. The roof is of an 

inverted. V-shape and the eaves project out from the west side of the 

bui]ing abait three feet. These eaves are eight feet frca the ground. 

A11 sides of the shed. are open except the southern side, which is 

boarded. with clapboards. The floor is of dirt. 
Along the east side of the shed. is a row of double shelves on 

which mating cages are placed.. There is available in this shed. 

much additional space for shelves for mating cages, should operations 

warrant their construction. 

Boom 

The "confinement room, figure 18, is used for keeping the 

fertilized. female parasites until they are ready to oviposit. This 

room is so coustnicted. and located. that it is generally three to five 

degrees less during the daytime than are the temperatures of the 

other rooms or buildings of the inseotary. 

This room is located next to the puparia house on the east side. 

The inside dimensions are nine feet eight inches long, eight feet 

three inches wide, and seven feet and five inches high. The sides and 

ceiling are of a fine mesh screen. Over the screened ceiling is a 
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wooden roof covered with tar per which is an extension of the 

roof covering the puparial house. The floor is of dirt. The screens 

of the south and. east sides are covered. with light muslin cloth which 

excludes the bright rays of the sun. A door which opens to the out- 

side is located on the south side. 

Vithin the "confinement" room are a series of shelves upon which 

cages containing fertilized. females are Kept. 

torage 

The stOrage room, which is three feet five inches viid.e and 

twelve feet three inches long, is located on the north side of the 

pupariaJ. room. The sides and roof are of boards and the floor is Í 

cement. It is entered through a dDor from the west side. 

In the floor of this room is a door opening into a cold air pit. 

The pit is lined. with bricks and is two feet six inches wide, three 

feet six inches long and two feet deep. 

atIn Cages 

The mating cages, figure 19, used at the Portland laboratoij 

are similar in design to the colonization cages used. in handling 

Tachinids at the Gipsy Moth Laboratory at Ileirose Highlands, 

Lassachusetts (Burgess and. Crossman 1929). The modifications in 

structure were designed by Dr. Howard. Stearns, who described the 

mating cage in his 1926 unpublished report as follows: 

"It is 18 inches square and 18 inches high. Three sides and. 

top are of fine mesh wire cloth. bottom is of wood.. The f aLlrth 

side is also of wood, having a circular opening through which the 

arm can be inserted.. Over this opening is a circular piece of wood, 
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six inches in diameter, attached by a spring hinge and. opening into 

the cage." 

Dr. stearns later made a few improvements in the cage which 

resulted. in a cage entirely satisfactory for the purposed use at 

the Portland laboratory. The fourth side, which is of wood, was 

made into a hinged door that swings outward.. This door is locked 

when not in use. The small door over the ciroular armhole was 

changed. to a square door, hinged at the top, and the spring was 

discontinued. 'igure 20 is a view of the mating cage showing the 

door open. 

"Cpnfinenent" Cpes 

The "confinement" cages, figure 21, used. for the confinement of 

fertilized. females during their pre-ovipoition period, is almost 

identical to the reproduction tray used in life history experiments 

with several of the parasites of the Gipr Lioth laboratory at Mel- 

rose Highlands, Liass. This type of cage was originally made and. 

used at the e1rose Highland Laboratory for life history studies of 

QDs1J.ira gonpinnat and was also used for breeding work with other 

gipsy moth rasites (Burgess and Grossman 1929). 

The cage that is used. at the Portland. Laboratory is a wooden 

box, twelve by twelve inches square and five inches deep. The bottom 

is covered with muslin cloth and the top is covered. with a detachable 

glass pane. Ventilation holes one inch in diameter are located. near 

the top on two sides of the cage and, are covered with a fine mesh 

screening. Near the to on one of the sides is another one inch hole 
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used. for introducing adult parasites and food. This hole is kept 

closed by a cork. 

Lieth.od.s Used. jearjn Djpnjchaeta set ipennis FaJJ. 
I'ortlaxid. arv?i Parasite J.aborator 

Receivfli and. Care Fprpj.g Iportation 

Liost of tre DIgoniciaeta sent frOEn Europe to Portland, Oregon, 

were shipped in the puarial stage. Dr. Stearns stated in 1925, 

'aach pupariuzn was inclosed in a gelatin capsule, and. all were packed 

together in a small paper box banked. with cotton, and. in turn this 

smaller box was packed firmly in cotton and. inclosed. in a larger 

wooden box which was tightly nailed.' Precautions were taken iii. 

unpacking the boxes and special care was given to handling of the 

puparia. The boxes containing parasitic material were unpacked in 

the laboratory room and all openings in the room were closed in order 

to prevent the escape of insects that might be contained in the boxes. 

Each puparium was placed in a glass tube, figure 22, and. the 

ends of the tubes were tightly plugged with cotton wads. This was 

done in order to recover for destruction any 1jperparasites that 

might later emerge from the puparia. The packing material was always 

burned as a precautionary measure against introduction of foreign 

insects. 

The puparia in tubes were then placed in the cold. air storage 

pit to retard the emergence period of the adults. The retarding of 

the emergence period was desirable, for foreign puparia gave rise 

adults sooner in the season than did Oregon f oxmed. puparia, and. 
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earwigs might not be of sufficient size to d.evelop parasitic 

larvae if the ad.ult parasites emerged. too early. 

The foreign puparia were generally taken from the cold.-air 

storage pit sometiu in March and. subjected. to outsid.e tempera- 

ti.r e. 

.L ergonce Racks 

¡bach year about 5000 puparia are recovered from the cans, 

figure 23, which contain parasitized. earwigs, and. from insectary 

houses, tiring the winter nxnths and. placed. in glass tubes. L 

single puparium is placed. in a tube and. ends of the tube are tightly 

plugged with cotton wads. The tubes containing puparia are then 

placed. in trays, figure 24. These trays containii tubes with 

puparia are placed. in the emergence racks. The trays and. racks were 

designed. by Mr. H. C. Atwell. 

This procedure is taken as a precautionary measure to insure 

a margin of safety against ijperparasites; as the remaththg puparia 

are allowed. to give rise to alts in the insectary houses and. 

there is a possibility of l,rperparas1tes parasitizing puparia in 

the insectary houses. 

Collection .Q. rwia 

Several locations in the city of Portland likely to have an 

abundance of earwigs are selected. as trapping ground.s. The most 

desirable locations are orchards and cemeteries. 

Strips of black tar paper about six inches wide are placed. on 
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the trunks of trees about three feet above the surface of the 

ground., figure 25. A single nail is dxiven part way into the tree 

trunk and. one end. of the strip of the tar paper is fastened. on the 

nail. The free end. is placed. about the trunk of the tree and. 

fastened. on the nail. 

Two men collect the hid.ing earwigs from under each band. every 

other d.a1y. The apparatus which they use is a whisk broom and. a 

collecting funnel with bottle, figure 26. One of the operators 

loosens an end. of the tar paper band. and. rolls it carefulir back- 

ward.. The other operator at the same time places the funnel on 

the tree trunk just under the band. that is being rolled. backward. 

and. with the other hand sweeps the earwigs from the tree trunk into 

the collecting tunnel. The earwigs fall through the tunnel Into 

the bottle attached at the bottom, r this method. it is generally 

possible to collect between 3000 and. 4000 earwigs from wider each 

tar paper band.. The two operators within an lwur's time often 

collect as n.n.y as ten pints of earwigs. 

The earwigs as they are collected. are emptied. into quart mason 

jars. In each jar a pint of earwigs is placed. The lids of the jars 

have mnall holes punched. in them for ventilation. 

Colleotion j Mu.lt Pa'asites 

As the adult flies emerge from puparia, they are collected. from 

the emergence rack and. from the Insectary houses. In collecting the 

adults in the insectary houses, the open end of a glass tube with one 
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the trunks of trees about three feet above the surface of the 

ground., figure 25. A single nail is driven part way into the tree 

trwk and one smi of the strip of the tar paper is fastened on the 

nail. The free end. is placed. about the trunk of the tree and 

fastened on the nail. 

Two men collect the hiding earwigs from under each band. every 

other day. The apparatus which they use is a whisk broom and. a 

collecting funnel with bottle, figure 26. One of the operators 

loosens an end. of the tar paper band. and rolls it carefully back- 

ward.. The other operator at the same time places the funnel on 

the tree trunk just under the band. that is being rolled backward 

and. with the other hand sweeps the earwigs from the tree trunk into 

the collecting funnel. The earwigs fall through the funnel into 

the bottle attached at the bottom. r this method it is generally 

possible to collect between 3000 and 4000 earwigs from wider each 

tar paper band. The two operators within an hxur's time often 

collect as nny as ten pints of earwigs. 

The earwigs as they are collected are emptied into quart mason 

jars. In each jar a pint of earwigs is placed. The lids of the jars 

have nall holes punched. in them for ventilation. 

CQ1lection j .4u1t Parasites 

AS the adult flies emerge from puparia, they are collected from 

the emergence rack and from the Inseotary hune. In collecting the 

adults in the insectary houses, the open end of a glass tube with one 



end. plugged. with cotton is placed. over each fly. Most of the flies, 

after emerging from puparia in the pit, fly to the screens of the 

insectary buses. ach fly, as socii as a glass tube is placed over it, 

LauB into the tube. The index finger of the operator is placedover 

the open end of the tube to prevent the escape of the fly until a 

cotton wad, is inserted into the opening of the tube. 

The unnber of times necessary for collecting flies each d.ay 

depends upon the number of individuals emerging. Cenerally, collec- 

tions are made at 6:30 A.M., 10:30 Ê.M., 11:30 A.L., 1:15 P.M., 

2:45 P.., 4 P.. and. 5: 30 P.M. 

Deteziriin the Sex Athilt 'lie 

After each collection of adults is made from the insectary 

houses and. from the emergence racks, the flies are taken into the 

laboratory room for sex determination. Each fly is manipulated. with- 

in the glass tube in which it was collected. under a binocular until 

the ventral aspect of the abdomen is viewed. by the operator. The 

operator, in this manner, is able to determine the sex of each indi- 

vidual at a glance. The males and. females in tubes are placed. in 

separate containers. An exjerienced operator can easily determine 

the sex of ten adnits in one minute. 

hen the prevailing temperature is high, the flies move about 

in the glass tubes too fast for the operator to sufficiently view 

the ventral aspects of their abdomens. The flies in tubes are placed 

in a box within the cold. air pit. The law tempature of the pit 

causes the flies to move more slowly, and after being taken out they 
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are easily manipulated, under the binocular. 

The objects of the sex determination are two-fold: first, 

better results are obtained in mating of the flies if males and females 

are placed in mating cages in about equal rnuDbers; and. second., daily 

records of emergences by sexes are kept. 

Mating QL 1ies 

The flies are liberated in mating cages in approximately equal 

nuibers, according to sex. th possible, the males that have been 

emerged. three to four days are placed in the cages with newly emerged. 

feuales, or males which have previously mated. three or more days 

before are placed. with newly emerged. females. Older males mate more 

readily than do newly emerged males (was first noted. by Dr. H. C. 

Stearns in 1927). About sixty fenles and a like number of males 

are placed in a single mating cage and the following data is 

recorded.: .)ate flies were put into the cage; the number of males 

and the number of females placed in the cage; and. the number of 

mating pairs of flies taken out of the cage. 

The mating cages containing flies are generally placed in the 

anlight from about 7 AJí. to il A.Li., for the warmth of the 

morning sunshine seems to stimulate the mating instinct. The in- 

creased temperature following soon after 11 A.Lí. causes the flies to 

move rapidly about the cages and. coplation does not take place as 

readily as under the tnperatures of the morning between 7 to 11. 

ien the flies start to move about too fast, the mating cages 

are rnoved from the direct sunlight to the racks in the mating shed. 
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The n13.tthg cage racks are so located, as to be in the shaie d.uring 

the h.gher tperatures of the day. The location of the mating 

racks is very favorable for copulation of the parasites d.uring the 

warm mid-day and. aftern.oa temperatures. 

..t intervals of every 15 minutes from 6:30 &.Li. until dark, 

the mating cages are carefully viewed. for copulating flies by one 

of the operators. Ih a copulating pair is seen, the operator in- 

serte a glass tube 1aving a d,iameter of one inch, which has one end. 

plugged with cotton, into the cage through the circular arm d.00r. 

The open end. of the tube is put over the mating pair and. the operator 

gently IaiOcks them d.own into the tube with a camel's hair brush 

pushed. through the screen from the outsid.e. Jhei mating flies are 

on the wood.en floor of the cage, the opei end. of the tube is 

moistened. inside by placing the tube d.own upon wet cotton. The tube 

thus moistened. is placed over the matthg flies and. as soon as they 

erceive the moisture on sides of the tube, they immed.iately climb 

uard. on the glass. 

The tube containing a copulating pair is withd.rawn from the 

matthg cage and, the open end. of the glass tube is plugged. with a 

cotton wad.. The mating flies within the glass tube are carefully 

placed. in the shade to cplete copulation. 

ar4ljrig j F1ies dhlch Have ted. 

en the mating flies complete copulation, they are taken into 

the laboratory room and separated. according to sex. The females are 
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plaoe3. in a "conflnemacit" cage about 25 fea1es to the cage. 

record. of the d.ate of copulation and. the number of females in each 

cage is rnad.e on a card. which is attached. to the sHe of the cage. 

The fertilized. females within each cage are placed. in the 'coEÍine- 

ment room. 

The lower teerature and shaded condition of the toonfinement" 

room are verj favorable for the keeping of mated. feale flies during 

their pre-oviposition period.. 95 percent of the females cared for 

in this room reach the period of oviposition, while about 50 percent 

of the females left in the mating cages die before the oviposition 

period is reached.. This is explainable in that flies in the "con- 

finement" room move about less because of the lower temperature, 

and. do not exhaust their energies before reaching the Oviposition 

period, as is probably the case of females left in mating cages. 

The males are liberated into a matthg cage containing only 

taale flies. A card, is placed. on the cage on which is recorded. 

the number 0±' "used" males liberated within and the date on which 

they last mated.. These males are not used, for mating again until 

three or four days later. Careful utilization of males which have 

mated aids in conserving the male population and results in greater 

efficiency of rearing the rasites under laboratory conditions. 

This is an important manipulation, for in the latter rt of the 

aergence period. of the first brood, the females predominate and. 

males are present in relatively small numbers. 



i'_op. L1okstre 

The parasites are fedj cubod cane sutar. The cubes are slightly 

moistened. and plaoe on card.s within breeding cages and on coris 

inserted. into holes of the "oofinement" cages. This swar is supplied. 

fresh every two d.ays and. the re.aining sugar in cages and. tIcoine_ 

ment" cages is given to the earwigs to eat. Occasionally moist cane 

sugar is rubbed. over the siles and, top screens of the mating cages or 

on the cloth bottom of "confinement" cages. r. Howard. stearns 

first reported., in 1927, that a d.iet of cube sugar and. water would. 

serve to keep the flies in a healthy cotid.ition, and, ter being fed. 

on this d,iet fertilized. females would. mature healthy eggs. 

Moist cotton wad.s a'e kept on the topa and, on the floor of the 

breed,ing cages. These cotton wad.s are remoistened. at least four 

times a day. Moisture is applied. to females in "confinement" 

cages by the cotton muslin bottom of the cage resting upon a wet 

cotton wad. This cotton was moistened. once d,aily. 

Parasitization of arwia 

Preliminary to parasitizing of earwigs, the female parasites 

approaching the oviposition period. are tested. daily to determine 

the ect d.ate which they are ready to deposit eggs. This is done 

by selecting two or three females frein a "confinement" cage con- 

taming females thought to be ready, or about rear, for oviposition. 

These females are placed. separately into glass tubes which previously 

contained. earwigs. If the females are ready to deposit eggs, the 

earwig od.or, or possibly earwig secretions in the tube, will cause 
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them to oviposit. 

Three methods of parasitizing earwigs are used at the 

Portland laboratory. These different methoci$ are 1own as (1) 

the inseotary house method.; (2) the mmli cage method; and. (3) the 

hand. parasitizing method. 

In the insectary house method., which was first employed by 

Dr. Howard. Stearns, the pit of au insectary house is first well- 

stocked. with earwigs and the bottom of the pit is supplied with 

1le and. cabbage leaves. The female parasites ready to oviposit are 

turned. loose in the inseotary house. Most of thea drop down into 

the pit and. deposit egs on and. under the le and. cabbage leaves. 

The parasite larvae crawl from the leaves onto earwigs that are 

hiding underneath, or they make contact with hosts that swarm over 

the leaves at night. 

This method of parasitizing, althongh fairly successful, is 

very wasteful of parasite larvae, and. a lower proportion of larvae 

are successful in parasitizing earwigs than by the other methods 

to be described. The inseotary house method is now employed at 

times 'when there are too mai'w depositing females to handle by the 

small cage and hand. parasitizing methods. 

The small cage method., which was first used. by Dr. Howard 

Stearns, is that of pitting about ten ovipositing females into a 

small cage containing about 3000 earwigs. This cage is the same as 

described. und.er "confinement" cage, except that there is a small 

circular door in one of the wood. sides through which earwigs are 



poured.. The flies are allowed. to deposit eggs for several 
hours after 

which the earwigs and flies are released, in the 
pit of an insectary 

house. The female flies are then collected, and. pit into 
a "confine- 

mentt' cage and. are again allowed. to deposit eggs the 
next day. 

The small cage method. appears to be more efficient than the 

insectary house method, but it has the disadvantage of keeping the 

parasites confined. vithin too small an inclosure 
with the host. This 

results in many of the flies becoming exhausted and. dring before al]. 

their es have been deposited.. 

The hand parasitizing method. consists mainly of 
inducing females 

to deposit eggs in transparent glass containers 
in which no earwigs 

are present, arid. placing the larvae on earwigs which are kept from 

moving about by mechanical means. This method results in a high 

proportion of utilization of the larvae proiluced. 
by the female 

parasites. 

For the sake of clarity, the process will be discussed by steps: 

1. The cerci of earwgs selected. as hosts are inserted. 
into 

sprthg paper clips, figure 9. This maj be done by an operator 

holding an earwig in the left hand between the index 
finger and, the 

thumb in such a manner that the aerei protrude. A spring clip held. 

in the right hand i.: fastened. to the cerci of the earwig. Several 

hundred earwigs are placed. in clips. 

lt is convenient to keep a supply of earwigs to be clipped. in an 

open can about six inches square and. deep. To prevent the earwigs from 

crawling out the opening, a line of grease is rubbed. around the inner 
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rgth of the o. 

2. About twenty glass tubes, 5 cm. long and 1.5 cm. in 

diameter, pingged. at the ends with cellulose cotton are filled, with 

earwis for a period of about five minutes. The earìigs are then 

released from the tubes and. the tubes will then contain sufficient 

earwig odor or possibly earwig secretions to induce gravid. females 

to oviposit. 

3. About ten female Dionjohaeta that are ready to oviposit are 

separately placed in the glass tubes described under step 2. Ovi- 

position generally conences at once, but in case the temperature is 

too low for egg deposition, the temperature of the laboratory room 

1y be quickly raised by an electric stove. Following oviposition, 

the larvae immediately break out of the ohorions and crawl about 

within the glass tubes. 

4. Two binoculars designated as A and B are placed side by side 

for later use in parasitizing earwigs. 

5. A tube containing larvae and an ovipositing female is 

selected. The female is changed into another tube containing ear- 

wig odor. 

6. The tube containing larvae is placed under binocular A. A 

cellulose plug is taken out of one end of the tube. An earwig 

inserted in a spring paper c1ip is placed under binocular B. 

7. The operator grasps the tube now under binocular A with the 

left thamb and. index finger, and all movements and adjustments of 

the tube are directed by the left hand. The operator holds a 



c3.isseotin need.le betweenì the thumb and. index finger of the right 

hnd. The and.1e of the needle rests in the palm of the Ìand. and. 

the point of the need.le is pointed. toward.s the left hand.. The 

operator looks through the binocular aiid. selects a larva to be 

used.. At the saine time the point of the dissecting need.le is in- 

sorted. into the open end. of the tube and, as the larva crawls about 

or is waving its body on its ana]. base, it is touched. lightly with 

the point of the need.le. The larva iied.iately releases its hold. 

on the glass and. ad.heres to the need.le. t times, when the larvae 

d.o not leave the glass tube for the need.le, the point of the need.le 

may be d.ipped. into a small vial containing the body f luids of ear- 

wigs. ilhen the need.le is then inserted. into the glass tube, the 

larvae become exceed.ingly active and at once adhere to it. 

8. The operator ied.iately grasps the handles of a spring 

clip, holding an earwig under binocular B between the index finger 

and. tmb of the left hand, views the earwig through binocular B, 

and places the larva on the point of the needle on the earwig. The 

larva then leaves the needle at oioe and. adheres to the host. Tho 

best results are obtained. by placing the larva on the earwig in such 

places that it starts at once to bore into the host. Generally 

such places are the coria surrounding the coxas, the coria of the 

neck region and the coria surrounding the genital openings. 

9. Each adult host earwig is parasitized. with two larvae and 

then set aside for about two hnurs before being released from the 

clip. 



The number of rasitic larvae successfully handled. in this 

maimer tepencis much upon the accuracy and efficiency of the operator. 

Ai exterienced operator can readily place 150 larvae upon earwigs 

in one hour. 

Records kept during 1930 show that about 90 percent of the 

larvae placed on earwigs in this manner reached maturity. 

A supplementary method to the hand-parasitizing procedure may 

be used. in cases in which females die just before the oviposition 

period is reached. A circular, damp blotter is put into a petri 

dish. The dead. female is placed on the blotter under a binocular. 

The operator, using the binocular, opens the abdomen of the female 

with a fine pointed needle. The contents of the uterus are care- 

fully spread out on the olotter. Maxrj of the larvae inrnediately 

break out of their chorions and then are put on earwigs. In- 

complete experiments conducted at the Portland laboratory in 1930 

showed that some of the larvae emerged from their chorions on the 

day after the uterus had, been taken out of the abdomen of the dead 

fennle. 

Stora CaTe Qj Parasitized 

Parasitized earwigs held at the insectary for the rearing of 

laboratory parasite stock are released in the pits of insectary 

houses or released in earwig storage cans. In the earwig storage 

cans a thin layer of dirt is placed on the bottom just previous to 

releasing earwigs. A line of grease is made under the inner lip of 

the can to prevent earwigs from crawling out. About 900 parasitized 
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ei s are placed. in each earwig storage can. 

Parasitized. earwigs are fed. fresh kale and. cabbage at least twice 

daily. They are generally given a light f eed.thg in the morning and. 

a heaV f eed.ing at 6 P.M. The amount of food. fed. to earwigs in each 

insectary house and. earwig storage can may be judged. by daily amount 

consumed.. 

Frequent inspections are made in insectary house pits and. in ear- 

wig storage cans, especial].y under the accumulated. debris for con- 

d.itions not favorable to the arasitized earwigs. Special care is 

taken to see that the soil does not become too damp, which results 

in favorable conditions for an entomophagous fungus to become 

established. 

Cp1onizatip oL Paraajte 

The first attempt to colonize Dioniphaeta in the city of 

Portland was in 1926. A limited. number of gravid females were 

liberated in the city of Portland and near Corvallis, Oregon in 1929. 

extensive liberations of the parasite were made throughout the city 

of Portland. during the summer of 1930. 

The following is a record of the liberations of .igonichae 

made from 1926 to and includirg 1929. 

Liberation 1 - Dr. Howard. Stearns stated (1926), "ÇJrÌ June 24, 

1926, at 1:30 P.M., 52 female and male Digoni.chaeta setjDemjs Fall. 

flies were liberated, along with approximately 10,000 Forficul 

auricularia L., in a region heavily infested. with the latter species. 
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Iost of the females had. been seen mating, and, all had. paired. with 

an equal number of males. The fourteen males were liberated with 

them so as better to insure that mating would. be at a maximum. The 

place of liberation was in a gully lying just south of fourth and. 

ard. streets in s.ith Portland, and. ined,iately west of the Southern 

Pacific electric railwar bridge". 

"The earwigs had. been placed in the cage with the flies about 

an hour before liberation was made, in order to give the flies a good. 

oportun.tty to do any irmried.iate work they might be capable of. No 

larviposition was definitely seen to have occurred., but the 

characteristic actions of the females indicated that larvae were 

being deposited..'t 

"The cage containing earwigs and flie3 to the chosen 

location and. a quantity of bran and. molasses mash placed adjacent 

to the cage for the purpose of attracting larger numbers of earwigs. 

The flies and. earwigs were allowed. to escape through the open door 

of the cage. Several pieces of syrup-soaked. cotton were placed. 

about the cage to serve as a souroe of food for the flies." 

Liberation II - July 9, 1926, fourteen females and twelve males 

escaped. from a mating cage at the insectary grounds, ll2& Inter- 

state avenue (twe1l and. Stearns 1926). 

Liberation III - June, 1926, fifty-two females were liberated 

near ì?ourth and. wood streets, probably near the site of liberation 

number one (Atwell and. Stearns, 1926). 
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Liberation IV - Between May 19 and June 13, 1929, fifty-four 

gravie females were liberated. at the insectary groumìs. 

Liberation V - On June 25 and. July 16, 1929, a total of 162 

gravid females were liberated. forty ces east of the J. E. Stans- 

bi.iry bouse, Columbia Blvd., Portland., Oregon. The Stansberry place 

is located. just outsid.e the north boundary of the city limits of 

PO r t land.. 

Liberation VI - June 26, 1929, 119 gravid. females were liberated. 

near Corvallis, Oregon, by hr. J. G. Thompson, .ssistant ntomo1ogist 

of the Oregon State Agricultural £xjeriment Station. 

Liberation VII - July 29, 1929, fifty gravid. females were 

liberated. at 20th and. sh streets, Portland, Oregon. 

Preliminary to liberations made d.urii the suer of 19O, a 

brief survey was made to determine if uropean earwigs were present 

in all parts of Portland, except in the main business district. This 

survey was conducted. by placing tar paper bands on trees and. the 

relative number of earwigs found. under each tar paper band. was noted.. 

It was fornid. that earwigs were rresent in every section of the city 

in large numbers. 

Fo1lowi the preliminary host survey, a large map of the city 

of Portland. was selected as a working map. On the map the insectary 

was selected. as the colonizing center for the city. Starting from the 

thseotary grounds, a network of triangulation points with a distanos 

of two miles between each was laid. out on the map. 

.&s close as possible to each triangulation point a station was 
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choseii or the liberation of the parasites. 'rom each Of the se1ected 

stations approxirtately 5000 earwigs were collected. and. brou,'ht to the 

irsectary for parasitization. Each lOt of 5000 earwigs was inclosed. 

with 15 gravid. females in a sn.11 parasitizing cage for the period. of 

three days. The earwigs inclosed. in the cage were fed. kale leaves each 

d.ay and. th feimle parasites were given a constant supply of moist 

sugar on cotton batting. The cages containirg earwigs and. ovi- 

positing parasites were placed. in the shade of the mating shed. d.uring 

the d.aytime. At night the cages were moved. into the laboratory room 

and. a bright light which shone directly through the top of glass lid. 

of the cage was turned. on. On cold, nights an electric stove was 

turned. on and. a tempature between 60 and. 70 d.egrees F. was main- 

tamed.. Investigat.ons revealed. that gravid. females will oviposit 

at night provid,ing they were under a turned. on electric light and. 

providing the temperature was fairly high. 

In addition to the 5000 ear-wigs subjected. to ovipositing 

females, 200 parasite larvae were placed. on earwigs by the hand- 

parasitizing method.. The 5000 earwigs subjected to ovipositing 

parasites and. the ear'Nigs hand-parasitized with 200 parasite larvae 

were liberated. at the 8tation at which they were originally trapped.. 

A total of twenty-two liberations of this type were mad.e in the city 

of portland. in 1930. 

Three liberations were also made ii: the city of portland. in 1930 

in which only fertilized. females were turned loose. ach of these 

liberations consisted. of about 100 gravid. female parasites. This type 



of liberation was employed, so that subsequent investigations might 

ascertain which of the two types of liberations appeared. to be the 

most effective. 

The plans for liberations in 1931 are to reinforce all of the 

1930 liberation points with ad.ditional parasites, to establish new 

liberation points at selected. sites about one mile equi-d.istant 

from the 1930 liberation sites, and. to liberate parasites in the more 

heavily earwig infested. d.istricts in Multnomah county outsid.e the 

city limits of Portland.. 

ecoyeries j. Paraßite 

Dr. Howard. Stearns (1926 unpublished. report) recovered two 

puparia of a. etipennis ?all., July 14, 192G, on cabbage leaves in 

the insectary garden. He also reported. in 1927 that he bad recovered 

a few Djgonjchaetp puparia from eaxigs collected. at the site of 

liberation I of 1926. 

In 1929, four .. $etipemiis puparia were recovered from 100 

earwigs trapped July 4 about 100 yards awar from the insectary. 

Although no direct efforts were made in 1930 to recover the 

parasite, several adults and puparia were recovered. A record of 

these recovers is as follows: 

on June 13, 1930, a fertilized female was recovered at the 

insectary grounds by Lr. Murray Canova, laboratory assistant. A 

dissection of this fly showed that most of the eggs had. been de- 

posited.. 

?rom 100 earwigs trapped. on July 4, 1930, just outside the 
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laboratory grouxicis ten puparia were formed. in August and. September. 

On August 17, 1930, two male parasites were recovered in the 

inseotary garden. 

On August 18, 1930, one fertilized female was recovered in the 

insectary garden. 

On August 21, 1930, one fertilized. female was recovered. just 

outside the inseotary grounds. 

On August 26, 1930, a male parasite was recovered at approxi- 

mately one-eighth mile from the inseotary grounds. 

On September 10, 1930, approximately 2000 earwigs were trapped 

at a distance of about 150 yards from the laboratory. These ear- 

wigs were held in a container for six hours and. during this time 

four D. setlpenuis larvae emerged. from hosts and. pupated.. 

On September 14, 1930, a female was recovered on the laboratory 

grounds by Mr. Murray Canova. 

Plans have been made to make a systematic study in 1931 to 

ascertain the percentage of parasitism of earwigs by . setipennis 

in the vicinity of the laboratory and. from some of the 1930 

liberation stations. 
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FIg. 2 -D1on1chaeta puparlum 

pj. - :urepean &rwirs; ::'ie ferale 



Fig. 4 - Adult Dibrachys boucheanus (Patz.) 

Fig. 5 - Adult Baryodma imbricata Cay. (?) 
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- -Point a; ic: erw1C ta oirnied 

Starting point of larva 

The aist3nce ìetreen t:e £tartin joint of the lc've. ene. the point 
.t rhich the eri 7as pimed as 32 ti. 

Fig. 6 - Pathway of larva to hoot 
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-- -. Strtin ;oint of 1zva 

-?o.'t t 'c" erwi; 's :ed. 

The distance between the starting oint of the larva and the poit 
at vrhich the earwig was pinned ras l r. 

Pig. 7 - Pathway of larva to hoet 
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71g. 10 - (k'cwid plan of th. ?ortland Zarwig Parasite Laboratozy 
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Fig. liA - Portland Eerwig Parasite Laboratory 
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Fig. liB -Port1ad Earwig P6j'Etajte Laboratory 



Fig. 12 - The laboratory roan 
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Fig. 15 - The puparial room, internal view 
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Fig. 16 - The hallway and external view of puparial room 
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Fig. 18 - The ccBffinement room 
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FIg. 19 - A tIg Cage 

Fig. 20 - Mating ce,ge showing open doors 



F1. 21 - A conf1riLent cace 

Fig. 22 - Puparium in a glass tube 
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Fig. 2G - Col1cctin Íunnel 

with bottle 

Fig. 25B - Operators 
collectin earwigs from traps 

Fig. 25A - A tar 
paper trap arourxl 

tree trunk 
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