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Technical Bulletin No, 766 + September 1941

| UNETED STATES
DPEPARTMENT OF AGRICULTURE
~ WASHINGTON, D.€. -

The European Earwig‘

By B E, Cnvsin, etbomlogist ? and P M. Broe and AL B Lioxx, junior cutoniolo-
gists, Division of Truek Orop and Garden Inseet In restigations, Burean of
fatemnlogy and Plant Quuarantine
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INTRODUCTION

The Buropean earwig (Forfieula awricularie 1.)* has come into
prominence largely as a nuisance in and about human habitations
rather than ns an economic pest. A Fuartive insect with a foul
odor and formidable-appearing forceps, the carwig seems to have
proclivity for creating annoying situations—scuttling out from among
the bed linens. lurking among foodstufts, dropping upon the table
from among cut flowers, marring choice srnnmental plants. and falling
in large numbers when an outer door is opened in the morning. Such
occurrences drive the fidy householder to a war of extermination,
entered into with a zeal out of all proportion to the actnal damage
for which the earwig is responsible.

COMMOXN NAME

There is a popular superstition in Europe to the effect that the
earwig enters the ear and from that point Lores into the brain, and

! Received for publication July 16, 1940,
7 Relired Aungust 31, 1937,
3 Order Dermaptera, famlly Forfieulidue,
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so widespread is this belief that irn nearly or quite all European
languages the common name of the insect bears some reference to the
ear, as does also the scientific name. The origin of this superstition
is a mystery, as the writers have seen no record of an earwig ever
having entered the ear of any creature, although it is quite pos-
sible that the inseet does o on rare sceasions.

DISTRIBUTION

This earwig occcurs as a nabive insect throughout Europe and
western Asit and may be a nuative species in northern Africa, It
has been introduced into East Afrien, the Enst Indies, New Zealand,
Tasmania, Australia (30)," and North America. The distribution
in North America is given below and shown in figure 1:

FicoRe 1L—EKnown distribution of the Buropean earwig in the United States.

Massacuoserts.—Reported from Randolph® Avonf New Bedford
{8), and Fall River (55}, all in the eastern part of the State.

Ruope Ist.ano.—First reported by Glaser (28} and first noted in
1911 according to Jones (35). Distribution, according to Stene (45)
in 1934, limited to the small area bounded by the cities of New-
port, Providence, Portsmouth, Tiverton, and Little Compton.

Nuw Yoww.—Iirst reported by Telt (20} at Auvora in 1912, Dis-
tribution, according to Grosby,” includes Buffalo and Rochester.

4 itnlie numbers in preent beses refer to Liternture Cited, p. 73,

& BousNE, A, 1. RHEOPBAN BARWIG (FORFICURA AtINCULARIA L3 UL 8 Dept. Agr. Insect
Pest Survey 18: 317, 1L [Mimeopraphed. |

% Puuciass, H. €. BURGPRAN BARWIG (FOUFICULA AURICTLARIA Lo, BN 8, Dept, Agr.
Insect Past Sarvey 14: 26-27, 1034, [Mhaeographed.]

T OROsRY, 0, . BUHGPBEAN BARWIG (FORFICULA_ alUrmoUnawta Lo, U 8. Dept. Agr.
fusest Post Survey 1i: 239, 1633,  [Mlmeogrupled.}




THE EUROPEAN EARWIG 3

Ipsano.—-Abundant in some places in Moscow in 1932, according to
Wakeland.® Also rather numerous at Coenr d’Alene in 1935, and
reported in this year by Wakeland, in a letter, as ocenrring at Orofino
and Lapwai,

Cororapo.~Oceurs in large numbers just east of Denver, according
to List.® Thisis the only known record for the State.

Uram.—Abundant in favorable pluces at Farnington, according to
Enowlton.®

WasaiNeroN.—TFirst noted in the Queen Anne Hill section of
Senttle in 1907, according to Coyne (7). Reported abundant in
Beattle in 1913 by Frank (24) and in 1916 by Essig (17). Now
generally distributed and abundant west of the Cascade Mountains
and known to be present in the drier region east of the mountains
in Ellensburg, Wenatchee, Tieton, Yakima, Sunnyside, Walia Walln,
Dayton, Spokane, Colfax, Pullman, Stevenson, White Salmon,
Bingen, and Goldendale. Tivst seen in Pullman in 1928, according
to Webster.’

Orecon —Noted at Albany in 1909, according to Fulton {25), who
also indicates a rather general distribution west of the Cascade
Mountains in 1923, Now present throughout the State west of the
Cascade Mountains and also occurring at Hood River, The Dalles,
Morvo, Pendleton, Weston, La Grande, Union, Hermiston, and
Klumath Falls in the drier eastern portion of the State.

Carrrornia—First noted in the San Francisco Bay area in 1923,
according to Essig (18), although stid to have been present for at
least 4 years previous. Also occurs at Hornbrook, Modesto, and
Aptos, aceording to Mackie (47) (44), and at Crescent City. Ryan
191} reported an infestation in Los Angeles County, but this prob-
ably has been eradicated. Rather generally distributed in the San
Francisco Bay aren but population inereasing only slowiy.

Brrrrsu Corumpia.—First noted in 1919, aceording 4o Gibson and
Glendenning (27) and Treherne (67). Now pather generally dis-
tributed in the extreme southwestern part of the Province.

METHODS OF SPREAD

The enrwig rarvely flies and is not inclined to travel very exten-
sively by crawling, but is admirably adapted for transportation by
man. Wandering at night, it cruwls inte any available hiding place
at the approach of day and thus may be carried long distances in
bundles of newspapers, the Iuggage of travelers, cut flowers, pack-
ages and crates of merchandise, lumber, and shingles, automobiles,
and even rarely in letters. Ships often are imfested, and their car-
goes are likely to carry earwigs. The female can deposit fertile
eggs several months after mating, and the insect iz able to survive
under 2 variety of environmental conditions. Hence it seems some-
what strange that the earwig is not more widely established.

S WARELAND, U, RURCGPEAN BARWIG (FORFICULA AURICULARTA Ly T B, Dept, Agr, In

PenStL Surv%\’ :,l\}: J,S-i.o 1632, [Miumogrilphed.J pt. Agr. Ingect
187, Lr. M. BUROPEAN BRARWIG {FOIFICULA AURICULARIA 5.3, T. . Dept, T,

Peat Bufvey 157 301, 1945,  [Mimeographed i pt. Agr. Insect

0 ENOWLTON, (, F. EBUROPBAN BARWIG (FORPICULA AURICULARIA Ly T, B, Dept. Apr,
Ingect Pest Survey 18: #83. 1938. [Mimeographed,]

L weasteld, R. L., BUROIHAS “ARWIG (FOIICOLA AURICULARIA L T K. Dept. Age,
Jouect Pest Burvey 9: 350, 1920, [Mimeograplied. |
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CLiviatie Facrons 1v ReLaTion 10 EARWIG ABUNDANCE AND
DisTrinreoN

The meteorological duta used in the discussion which follews are
taken from Clayton (7¢), Kineer (3, 36). Ward (65}, and vavious
publications of the United States Weather Brreau unless otherwise
mdicated.

CLIMATIOC FACTORS IN RELATION TO THE ADULTS

The adult eavwig is very resistant o Jrowning in cold water
(p. 37). and the species has become abundant and has spread rapidly
i the coastal areas of Washington and Oregon in spite of the
excessive precipitation doring the hibernation perisd. Turthermore,
the adult hibernating 0 the soil can withstand low temperntures
suecessfully.  Preceding the oulbreak in 1920 at Moscow, Union of
Soviet Boeialist Republies, the mean lemperatures for Decomber,
Jungary, and February were 163, 140, and 14.0° T respectively.
Nevmal precipitation at Mescow in the period October-Miuceh s
4.5 inches, and it was 1 inch less thasn nomud preceding the out-
hreak of 1920, thus giving somewhat less snow protection than
uswal. Tt would appear that rather high vrecipitation and com-
paratively low temperatures are nol imporlant in determining the
~tnfus of the adult.

On the other hand. the distribution of the earwig and the experi-
wiental evidence indicate that the insect s sensitive to low humidity.
In the writers’ experiments. at an hourly averaged yelative humidity
of 30 pereent, ranging between 25 and 33 percent, enrwigs begun
to die within & dayve and all were dead within 6 dayvs; whereas at
an hourly averaged relative monidity of 48 percent. ranging be-
tween 43 and 53 pereent, the inseelts hegan to die within 3 davs and
all were dead at the end of 12 dave  These experiments were ear-
ried out L) porous paper boxes in a room where mortality in airtight
metal hoxes was very low.  Further evidence of the importance of
svaporation i refation to the avatlable moisture was obtnined at
a series of atmometer stations located in both the humid coustal
and the more arid eastern areas of Washington and OQregon {see
aclimowledgment on baels of front cover),

The avrangements at those stations were all exactly alike (e, 23,
Bach consisted of a metal bareier enclosing food and 100 earwigs,
shaded by a lath screen with the spaces equal to the width of a Iath,
the Inths extending north and south in all eases. A white atmometer
~phere equipped with n nonabsorbing valve was placed 3 inches heneath
the sereen and 1 foot above the sirtace of the soil, and a similar at-
mometer sphere attachied to o 2- by 4-inch post was placed beside the
barrier 5 feet nbove the surtuee of the soil.  The stations were located
where they would have free civenlation of air and be without shade
other than that provided by the lath screen.  Three examinations were
made at each station in the course of these experiments, and when no
live earwigs were found 100 additional apecimens were placed within
the barrier.  The experiments were continued from about the middle
of June to the middie of September, 1930, at most of the stations.
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The restilis it ihie coastal aren of Cregon are of particnlar interest,
Phe stations neluded in this aren are indicnted below Teom worth to
~onth. together with the approximate July evaportion in cuble centi-
meters frons the slueded atinenwier: Portlaad €350 and Forest Grove
(i, Corvallis (L000) . Bugene (8700 Roseburg {L030 L Grants Pa-
ey, Talent ¢Ltoor, 1o will be noted that evaporation inereases
crnedally from uorth to ~outh. exeept that it s ligher ac Corvallis

it ke 2 (o of the sotapieter <ttiobs ased o e nrapent carwiz

Ty et i Tl

theree st Fnoenee, N pechiweibon i the sitber of earwies was fond o)
B distiet ]y correhated withy fnerease of svaporaiion, except ot Covval
Heo which neobks e appaoxinee sonthersy Thuit of the area e swhiel,
the enrwie i abandnnt, Corvailic i~ ol the ~outhern nrirein of
Aerpplete, narran . transverse bridee of mesophiytie caniferons vege.
1kl )!:H‘H:l”_\ t‘ulmm'ti.n*_',' the constfoton- aven= o The east sd wesg,
swisd (here i= o hieeak e the onntain- to tlee swest which pervinits e
Hietlst oerih biveeze (o sweeps nerass the valloy, A ~twiilar medacionslogs
Detwoen the presenee of tie seean lnveze abtl carwio di=ivibnvion wie
abeervead b the o td ~eetiors hone e Calinnbite River,




6 TECHNICAL BULLETIN 766, U. 5. DEPT. OF AGRICULTURE

Under the conditions of the experiments in the coastal area of
Oregon no earwigs survived for as much as a month at stations south
of Corvallis, although the insect oceurs in nature at Eugene, Reseburg,
and Grants Pass mainly. if not entirely. in artificially watered
situations.

In the more arid eastern areas of Oregon and Washington exrwigs
do not occur in nature except in irvigated districts or along streamns.
Data for comparisons are imsatisfuctory in some cases. but the rate of
evaporation is high in these eastern areas and, in the experiments, ear-
wigs did not survive except in three irrigated barriers. In af least
one of these. at Hermiston. Oreg.. the insects averwintered and pro-
duced young the following spring.

The earwig is essentially a subterraneau inseet, the femule spending
the greater portion of her life in a cell in the soil, and, from the fore-
going experiments. it will be seen that the survival and abundance
of the insect are particularly dependent on the availability of moisture.

GLIMATIC FACTORS TN RELATION TO THE NYMPIIS

The climatic requirements of the nymphs are not kuown to le essen-
tially different from those of the aduldts: except that whereas the adults
are seldem seriously attacked by disease, and diseased adults have
never been observed prior to their having reared at least one Jot of
young, a heavy mortality occurs among the nymphs in eold, wet
weather owing ro fungous diseases. particularly that caused hy Fide-
mophthora forficulec Giard,

TILE G TIM UM GLIMATE FOR THE EARWIG

Of 47 publications in the Envopean licerature dealing with the ent-
wig us a pest. 37 have appeared in Germany, the Scandinavian coun-
tries. and northwestern Russia.  Henee it seems prohahle that condi-
tions more favorable for the earwig than are found elsewhere in
Furope prevail within this region. The mean maximun. average, and
minimum temperature and precipitation. based on the records for the
following 13 cities in this gencral region, are given in table 1: Capen-
hagen. Kinigsbura. Oslo (Christiania}, Leningrad. Moscow. Upsala,
Greenwich, Berlin, Breslau. Frankturt, Giitersloh. Utrecht, and Wir-
«aw.  The terms “mean maximum® and “mean wminimum?® as used in
the following tables refer to the extreme means found among the cities
under considerstion and not to the group of cities ne » whole.

Tanee 1—Variation in micleorologicel fuciors ey L3 eities in north wesiern
Euwrgpe 1chere farargble conditions yrerwil for e develaputent of the Euro-
pean. eerytig

[The data cover 20 or nrore yeares]
TEMPERATURE

T : ' B ; ! | ;
Item E Jan, { Foh, ; .\lm'.;E AL . )la_\', Jume”July | e Sep D Oer ! Nn\',! Dee.
H 1 . . : N 1 I 1

prm e b L

lop 1ep ep lop lop tap op op ep op ep op

Mean maximum. .. . 38873007 416 . 40 AR ARG 6000 KLU A0 HLA 4346 403
Meannverace . . ... 2.1 M4 ALE 438 A5 ALY OB ALO Aol 45D A05 0 30.3
Mean minimum |, | CILE 1G4 2L MY M AT MR ARG 4D ARE T 15,6
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TanLg 1.— Varietion in meleorologicel factors among 13 cities in northaccstern
Europe where favorable cendilions prevail for the development of the Furo-
pean eariig—Continued

PRECIFITATION

I

i |

Meen maximuwm . A . % S [T 4
Mean avernge. ..o . L g a4 LS A2 ©oal 1
Mean minimum. ... . : oL ZAc 2E )T

i
|
- — _n_’wv-\! - e e ———

It will be noted that this is a cool region, the mean never exceed-
ing 66° F., and that the moderate precipitation, averaging 23.5
inches and ranging between 18 and 30 inches, is distributed rather
umiformly throughout the year with a slight inerease during the
warmer months. In more southern urope, where the carwig has
seldom been reported as a pest. but not including Spain, Portugal,
extresne southern Erance, southern Ttaly, or Greece. the mean temper-
atures are higher although never riging above 5% F.; and precipita-
flon is higher than in the north except in July and August.

The writers have seen references in the Danish literature to dam-
age by carwigs in 6 vears and in 3 of these (1913, 1915, and 1918)
the damage was important (27, 370 ¥}, All these reports of in-
jurions prevalence of earwigs fall within a 10-year peried 191120
and in these 10 yvears three-fourths of the months were warmer and
one-half were drier than normal. It will be noted that most of the
infestations in the United Stutes had their orighn during this period.
In addition there is n veport (44) of serious dumage by earwigs
near Moescow, UL 8. 8, R in 1920, and ¥rank (24) mentions the
ovemrrence of earwigs in stupendous numbers on the ixland of Helgo-
Tand in 1883, It can be shown that the climaiic deviafions at Moscow
during the outbreak vear and the preceding one agree with those
to be poinfed ont in connection with the other outbreaks: but the
elimate of Moseow is not typical of northwestern Europe as a whole,
and the data on this outbreak are excluded from the following
diseussion.

Climatie factors show the same tendencics in all these years in
borh Germany and Demnerle: and as three of the five references are
from Denmnark, the climate of Copenhagen is faken as typieal. In
all the outhreak years at least 4 months of the peried March to
August, inclusive, were drier and at least 4 months were warmer than
normal. Weather records for Copenhagen ave available covering 100
vears, and the likelihood of the occurrence of this combination of

actors in any 1 year is found to be approximately 1 to 4. Hence
it would appesr that the uniform accurrence of this combination of
factors in connection with earwiz outbreaks should be considered
as having significance. TIn the vears preceding an outbreak at least
4 months of the period March to August, inclusive, were warmer than
normal, but only 2 or 8 months were drier than novmal.  In figure 3,
A, the average mean femperature and precipitation at Copenhagen
for the hibernation period October te December. inclusive, of the
vears preceding outbrenk. and {he period January to September, in-
clusive, of {he five putbreak vears arve compared with the normal. In
figure 3, B, the same data are indicated for the entire calendar
vears preceding the outbreaks. Examination of these figures indi-
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cates that earwig populations increase during warm seasons, but that
it is necessary that such a season be followed by one which is both
warmer and distinctly drier than normal if the species is to nerease
to outbreak numbers.

70 : r
PREGUTBREAK YEARS
OUTBREAK YEARS 7 K
60 ;,B
NORMAL

o 5 fovio YEARS
w

50
S {0
-
= a
133
S a0 —
pi1
fa

3
30
1
A B
20
o ( 2 2 3 4

&} |
PREGIPITATION [INGHES)

Fieere 3—Climographs showing mean tempernture and preeipitution at Copen-
hagen, Denmark: o, In yeurs in which there were onthreaks of the Buropean
earwig, heginning with Oclober of preoceding years, compared with the normal.
Peviod, 1911-20; £, in entire enlendar yvears preceding outhrealis of the
Iuropean ewrwig compured with the normai. Deriod, 1911-20,

As previously shown, the hibernating adult is able to survive in
large numbers under intensities of cold and rates of precipitation far
n excess of those found at Copenhagen. Hence it would appear
that the cecurrence of an outbreak during a warm, dry season is
not due to the effect of cold or moisture on the hibernating adult,
and an examination of the data shows that deviations from the
normal during the period October to February, inclusive, preceding
outbrenks are seldom mueh beyond the normal. TFor the 5 out-
break years it is found that 11 months were drier than normal dur-
ing the period October to February, inclusive, whereas the expecta-
tion, hased on 100 years of observation, would be 13.5 mouths, while
in the period March to August, iuclusive, 24 months were drier than
normal, with the expectation 15 months. Of the months warmer
than normal 14 occurred during the period QOctober to February. in-
clusive, with the expectation 13.8, whereas in the pericd March to
Axngust, inclusive, the number was 26 with the expectation 15.6
months. The marked climatic devistions occurred in the period
March to Aungust, inclusive. in the outbrealk vears.

Bos (6, pp. 379-380) states that eggs are deposited in April, in
Germany, and that young uppear late in May or carly in June:
and Vogt (62) records that the exrwig does nof become mature in
Germany until in September. Hence the peculiar climate of the
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outbreak years would affect the eggs and nymphs rather than the
adult. As previously stated. a heavy mortality due to a fungus
disease occurs awmong nymphs at Puyallup, Waslt, in cold wet
weather, aud hence in weather dvier and warmer than normal this
factor would not. be present.

REGIONS IN THE UNITED STATLES IN RELATION 70 THE GLIMATIC
BEQUIREMENTS OF THE EARWIG

As the survival amd abundanee of the insect ave Iargely depend-
ent on the degree of dessication to which it is subjected, the carwig
finds the best conditions in cool latitudes and apparently does not
thrive in aveas in which the July mean temperature approaches 75°

v -\ﬁms
\

;‘i\\

Frouse 4—Regious of the United Stles muoked off in relation to the probibie
survival and abundlance of the Bueepenn earwig.

¥. even when a rainfall of 30 inchesx ix well distributed through the

renr.

With these facts in mind. a map has been prepared (fig. 4) in
which the TUnited States has been marked off into seven zones, or
regions, each having a certain uniformity of climate. It is thought
that if the earwig has adapted itself in one part of one of these
regions it will be able fo extend to any other part if allowance is
made for the diversities of climate which will be found in such group-
ings. Thus, interrelations of climatic factors such as annual snow-
#1211 in relation to temperature and of obscure factors such as type
of soil may alter the status of the earwig in portions of these regions.
Fuarthermore, the writers lack positive information on which to base
the southern limit of some of these regions. but the earwig is not
known to occur where the mean temperature for July rises above 75°
F.. and this isotherm has been used as the southern limit of region
1. as the eastern and southern limits of region 2, and as the eastern
Jimit of region 4. Annual precipitation of 20 inches limits region 1
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on the west. The earwig is not known to occur in nonirrigated -
areas having precipitation less than this, and David Miller, of the
Cawthron Institute, Nelson, New Zealand, states in a letfer that the
Insect is not sble to establish itself in nonirrigated regions in New
Zealand where annual precipitation is less than 20 inches,

UEGION 1

Region 1 includes the infested districts in Rhode Istand, Massa-
chusetts, and New York. In figure 5, 4 the average mean tempera-
ture and precipitation for Block Island, R. I, Providence, R. T.,
Boston, Mass., and Buffalo, N. Y., are compared with those in north-
western Euwrope. It will be noted that the menn temperatures are
distinetly higher in these cities than in northwestern Europe except
in January, February, and March. Oviposition, hatching, and the
stages of nymphal development occur twe or more months earlier,

ao —_— - e e e
DENVER, COLO,
REGION 1, |+ vl
70
| N IE 2 OF REGION 2
R
Pl 4] -
[ By Py -3 2B
60 = T
(I 5t
5 I S T
50 | !
.‘t
0
o
40 —i
o
11
Sf §I
i
30 A
- } !
% 4 NORTHWESTERN EURGPE (NGRTawESTERN EUROPE
8 . [ AN I
2o [ F3 [ [ 2 3 1 2 ) '
I FRECIPITATION (INCHES)
Tag
[: %
=X
w
-
70
2
i
7B, o 6.~ e
Y i
-‘K:
5\_&-‘(%6!0». 4
45 3|
56 )79 S
N [Fa
4 ho
; P
i :;_‘ -
; i
§ 3] F-NORTHWESTERN EUROPE ; ¥ |
30 et ' f ! ot ;
P ] : 2 ~MHORTHWESTERN ZUROPE
]
ol 2| | L I
) [ 2 3 4 5 G 5] [ 2 E) "4 B
PREGIPITATION ([NGHES)

Frovir 5. —Climographs showing mean lemperature and precipitation for varions
parts of the Unbted Seales {sutid lines) and superimposed on cach earve the
similar daln {(broken lines, a3t identical) for & nwuber of cilies in northwest-
ern Burope that sve infested with the Buropean wiirwig: o, Region 1; 2,
plaing area (Denver, Colo.) of region 2; €, plitean aren of region 2; D,
seven cities in region 3; E, four cilics in region 4, The figures on the curves
indicate the months of the year.
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however, than in northwestern Europe, and the tempersiure is dis-
tinctly lower in these cities during the time the insects are developing,
as given by Jones {83}, than in northwestern Europe for the cor-
responding phases of the seasonal history of this insect. Precipita-
tion is much higher throughout the year in these cities than in
northwestern Europe.

The earwig has becone numerous st Newport, R. I., but in 23 years
it has spread over only a small contiguous area, probably not exceeding
25 miles in length. In an equal time the insect occupied the entire
coastal regions of Washington and Oregon. Evidently the infesta-
tious in region 1 ave not developing under highly satisfactory condi-
tions, the main retarding factor prebubly being the wet, cold weather
in the spring.

The averaged menn maximum, mean average, and mean minimum
temperatures and precipitation, based on records for 15 cities well
distributed over the region, are given in table 2.

TanLe 2—dveraged rocords from 15 citics in region 1 showing the variclion in
meteorological fectors +which snay affect the swrviral and abundaence of the
Furopecan earviy

(1B il eover 2% or mage yeaest
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PRECIPITATION

by : :
ches Fachen, Fuches: fiches, Tuches Tncher, Tu beal Inches, Ficker Tnchesl Tnches
4. :.991 -3!53 P4 YT LOS 1 420: 4.0 8,05 | 360
F T

Mean muxinum, ..
Mean aversge.. ... . 3 X BSR4 ke 42 lazizs |20
Meap minfmwm. .. .82 .82 1, 15 ZEE D med 28 zorl 2382013

The weather conditions throughout region 1 as a whole are similar to
those in the sinull infested area.  There ave, however, cousiderable cli-
matie variations in the region from east to west, Winter 1s warmer
and suminer cooler near the Atlantic than at the same latitudes to the
west; annunal rainfull and snowfall gradually decrease toward the
west, and the period of maximum rainfall comes in August on the
Atlantic coust, in July in the medion area, and in June in the west-
ern part, but the totat March-Juse raintail at the western border of
region L ix no greater than at Providence, B. 1. On the whole,
nothing it the spring and sunmer conditions indicates that the ear-
wig could not survive in many loealities throughout this region,

Tuwning to winter conditions, snowfall increases from south to
north throughout this region and the winters are distinetly colder
in the west than at the saume latitudes mnear the Atlantic Ocean.
In this comnection it should be emphasized that the profection
afforded by a covering of snow often aids in the survival of over-

=T eitics ave Burlingion, Vi.; Doston, XMnss.; Block Island, R. I.: New ¥ork and
Buaffalo, N, X.: Pittsburgh, Pa.; Clovelnnd, Ohlo; dMarquette and Grand HRapids, Mich.;
Fort Wayne, Ind. ; Green Bry and Madison, Wi9,; Chienge, 1L ; Saint Paul, Minn.; and
Dubugque, Tows.
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wintering forms of insects. Saint Paul is the coldest city among
the 15 considered, having winter temperatures and snowfall similar
to those found at Moscow, U. 8. 8. R., and the earwig not only sur-
vives at Moscow but also somefimes appears in outbreak numbers.
Hence it would appear that the earwig should be able to survive
winter conditions in the northern portions of region 1. Along the
southwestern margin of this repion the annual suowfall averages
only about 27 inches, which is less than halt that found at places
of comparable temperatures in the Fast. If the earwig should he
unable to survive in the southwestern portion of region 1. this proh-
ably wili be due to the lack of permanence in the snow cover in con-
Junetlon with o rather high summer temperature,

REGTON U

Owing to the range in latitude and the great variation in topog-
raphy, conditions in region 2 are very diverse and discontinuous
The regiou as & whele may be divided into an eastern plains arven
and a western platean avea, as indicated by the broken Iine in figure
4+ The average temperature is lower in the plains area, but the
most striking difference is in the yearly distribution of precipitation.
‘The average precipitation is highest during the period November to
May, meclusive, in the platean area and Jowest during November to
April in the plains aren,  The average mean temperature and pre-
(‘i};]iiatinn of certain fypical localities of the two areas are given In
table 3,

Tame 3—Varivtions in melcorelogioal foctors el muy affect Hhe surrival and
whundaiee of the European earwig in region 3

[10Eg eover W or tote years]
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The Plains Area

The only known infestation in the plains area is that in Denver,
Colo. In figure 5, B, the averuge mean temperature and precipifa-
tion at Denver ave compared with {hose of northwestern Burepe, The
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mean temperature at Denver is distinetly higher theoughout the year
than in northwestern Europe, nlthough the July mean is but 722
The mean annual precipitation s 1498 inches as compared with an
average mean for northwestern Xurope of 23.5 inches, which is move
uniformly distributed through the year than at Denver, where the
period Noveuber to February, inclusive, is dry, )

In the seven eitieg,® as 0 whele the avernge meun tempernture 1s
fower than buonorthwestern JBurepe during the period November to
February, inclusive, although never falling below temperalures at
which the earwig is kuown to survive, and is higher throughout the
remainder of the year, with an average mean for July of T0° ¥.
Annsual precipitstion averages 13,94 inches for these cilies, with «
mepximuwn, of 15.06 and a mininmm of 1167 inclies as compared with
au average of 23.5 inches for nporthwestern lurope. Precipitation
throughout the plains area is similar in seasonal distyibution to that
of Denver wud is near the wverage throughout the year, the greafest
deviation being an excess of 063 inch at Denver in April.

The indications ave thal the earwig should be able to survive und
siowly become Joeally numerous along streams and in artificially
watered situations throughoul the plaing avea excepting that it may
e limited townrd the south by the high daytime temperature,

The Platean dvrea

Indestations in the plateau aren of region 2 inciude those in Mos-
cow and Cueur d’Alene, Idaho; Fanmnington, Utah; Sucramento.
Calif,; and in 2 number of cities m eastern Washington and Oregon.
Iu figure 5, ¢, the average mean temperature and precipitation for
11 Infested cities ™ ju the platesu aven ure compared with corvespond-
ing data for northwestern Burope. TFemperatures here are much
higher, and, in generad, precipitabion is much Jess than In northwest-
ern Europe.

The earwig has been able to maintain itself for about 10 years at
least, ut some places in this avea where it has become moderately
abundant, although progress has been slow both in development of
numbers and in spread.

The warm, dry spring and cavly pavt of summer probably ave fa-
vorable for the eggs and nympls, but low humidity and high temper-
atures in July and August confine the species to situations along
streams or where there is Irrigation. The arew in central Otago.
New Zealand, in which the earwig has become 2 pest receives only
about 15 inches of rainfall annually; but swmmer temperatures ure
mucls Jower than in yegion 2, and the rainfall is rather wniformiy
distributed through the year. A

The mean maxumuny, mean average, and mean minhmum tempera-
{ures and precipitation hased on records for 12 cities nre indicated
in table 3. Among the cities selected”® annual precipitation ranges

FANe moan MANiEURL, Wenn neernge, huwd wean mintmum femperalures anad procipita.
tion Joir the pliin area are bosed on vecords Tor the following Seven eilios; Miles ity
i'l‘!'l{i \I‘[i'{!l'litl. Mont, ; Steriden and Cheyeins, Wy, : Denver znd Tueble, Colo. ; and Santa
e, N, Moex,

A Datn are inclniled for Spokane, Tatbman, Walte Walls, Weoniehoo, Yakimn, nwl
Go!t;enﬂnle o Washingion, and “Uhie Dalles, Mars, Hewmiston, Ln Grande, and Kinpatil Telis
in Ouvegon,

ke table Inclodes detn for Kalispotl, Mont.: Bolse, Tdihe Spebane, Yukimse, wuod
Wailn Walln, Wash, i Avdhanian, Peadicten, Baker, and Iurns, Oreg. ; Modens And Swit fmbe
City, Tl nnd Wihanembicem, Nov,
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between 6.7 and 166 inches, averaging 12.57 inches, and earwigs
survive, in irrigated aveas, ab both extremes. _

As in the plains area, the earwig should be able to survive locally
and slowly increase in numbars along streams and in artifictally
watered districts throughout the platean area, except that spread may
be halted toward the south by the high dayfime temperature.

REGION 3

The entire region marked as No. 3 in figare 4 is infested with ear-
wigs, but conditions become less favorable in southern Qregon. In
table 4 the temperatuves and precipitation for seven cities ™ in this
region {excluding sonthern Owegon} are given, and in figmre 5, 7,
the averages for what are at present the most favorable conditions
known i the United States ave compared with those of northwesiern
Burope, where the insect is apparently in its optimum habitat.

TapiE 4—-TFariction in meleorological factors awhich affect the surrivel and
abundance of the Huropean earwiy in seven citics in region §

fimen cover 20 or inaee yoars]
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Tt will be noted that the two climates are very different, but when
viewed in relation to the adaptations of the earwig the differences
are not so great as they at fivst appear, The fertihzed female ewrwig
remains in the soil, in region 3, from October to April, and the insect
is not readily drowned i cold water. Oceastonally females tending
eggs uve drowned in their cells and o considerable number are forced
tc abandon their eggs and come to the surface during periods of
excessive rain, but on the whole the heavy precipitation durmg the
period October to April, inclusive, ordinarily is not very harmtul to
the species. When the young appear in April, conditions become
increasingly favorable; the low precipitation during the warmer
months is offset by a moist ocean breeze, and the temperatures atter
the adults appear are moderate, Earwigs survive under natural cen-
ditions thronghout this region exeept in southern Oregon.

BHEGION 4

Region 4 includes most of the coastal avea in California which is
reached and distinetly affected by the moist “on-shore” breeze from

¥ The dnta nre for Vietorie, DBritish Colummbin; Betlinglam, Seatils, Tocomsa, and Van-
eouver, Wasl, ; and Portlund and Corvallis, Oreg.
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the ocean and which hins a nean (emperature for July below 75° T,
Infestations are found about San Francisco Bay and at Aptos and
Modesto. The writers inck climatological data for Modesto, which is
near the borderline and may belong in vegion 2.

In figure 5, &, the wean temperature and precipitation tor four
gities in or near infestations ave compared with corresponding data
for northwestern JEurope. It will be noted that the temperature is
rather uniform and much above that of nerthwestern Ifurope, exeent
from June to August. inelusive, and that rainfall is very low from
June te September. inclusive.

Tlie carwig hins become only maderately abundant in this aren, and
its spread has been slow.  One of the retarding factors apparently
ix not. operative in any other inTested region 1 the United States.
S Flanders, of the Califoruia Agricultural Experiment Station,
i detter states:

In makivg eollections of (he Eorepean earwiz o the San Franelseo Doy
region, we lirve fonnd (hat the eacwig underroes a period of acstivadion of
about fonr mondhs. Earwigs that develop (rom exes depositeld during the
winter and oarly spring begin to aestivate abost July. Dhoring the sestivation
period they practivally disappesr from areas where it the ble spring fthey
have been phundant enenglh to etose considerable injury Lo garden 2rops and
annnyaer o householders,

The enrwig 1= a single-brooded speeies, and an inerease in {em-
peratuve brings a quiel pesponse. s 33 necessary in cooler Jati-
Otdes, but in the warmn elimate of the San Francizeo Bay distriets
the exele of development must be made to oceupy a full year in
spite of the tendeney toward acceleration. and this is accomplisued
through the inferpolation of a period of retarded developnent as

pointed out by Dr. Flanders. Xt has been hudieated (72 g0 3) that this
necessity for a slowing down of development may become an inhibiting
factor al w certain point in the southern advanee of some species of
Noctuidae, and this probably is also true of the carwig.

The niean maxiniuu, meall average, and mean minimuwn tempera-
rares and precipitation. based on records for nine cities ™™ in this
region. are indiented in table 5. The average annual precipitation is
1886 inches, ranging amony these cities hetween 1030 and 27.68
inches.

Pankis b.—1 ariaifon s meteorologicel foctors wehich may «ffect the survival and
abundutee of e Huropcan earivly in 1ine cities in vegion 4
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¥ 'Phe eities represented in these data are Berkeley, S8an Francisco, San Jose, Santa Cruz,
Salings, San Inis Obispe, Senta Barbara, Los Augeles, and San Diegs, all in California.
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The mean temperature of region 4 is much above that of north-
western Europe, except during June and July, while the mean an-
nual precipitation averages distinetly lower than that of north-
western Europe and is distributed guite differently through the year,
the period from June to September, inclusive, being very dry in re-
gion 4, whereas this is the wettest pat of the year in northwestern
Europe.

The earwig infestations in this area occur in cities having annual
precipitation near the maximam for the region. Owing to the very
low rainfail during the period June to September, inclusive, con-
ditions, from the standpoint of carwig survival and abundance, are
more like those of region 2 than of region 3. Furthermore, the ear-
wig is handicapped m much of this area by being forced to uesti-
ute.  Owing to these considerations it seems probable that the ear-
wig will be less abundant in most of this area than it has been in
eastern Washington and Oregon.

BEGTON &

No infestation is known in region 5. which is churacterized by a
January mean temperature below 10° F. and an annual snowfall of
less than 40 inches except in the extreme castern part. Barwigs arve
known fo survive in localities having a January mean of 12.6° and
may be able to survive in this region.

HEGION &

No earwig infestation has been recorded frowm region 6, a recent
(1938) report of the occurrence of this insect in Alabuma apparently
being based on & misdetermination. This region is characterized by
ad u?y mean temperature above 75°% I, and rather high precipitation
throughout the year. The annual precipitation, however, does not
exceed that cccurring in the infested area in vegion 1, except in parts
of the seuthern half. In Ewrope the earwig seems fo be less abund-
ant as the July mean temperature approaclies 75° F., and it seems
probable that the insect will have difficulty in becoming established
m region § except in aress adjacent to the more favorable regions to
the north and west.

GREGEON T

Figure 4 gives the general location of region 7, which ig very
irregular in outline. The region is chavacterized by July mean tem-
peratures above 75° F. and very low humidity and precipitation,
No earwig infestation is known here, and the insect probably will not

be able to survive in most of this region.

FOOD HABITS AND ECONQOMIC IMPORTANCE

The European earwig is ommivorous and is ax much at home in a
garbage dump feeding on dead fish and greasy paper as it would
be in the heart of a rose or about foodstuffs in the pantry. A de-
cidedty greater portion of the food is derived from plant than from
animal sources, but animal food is taken regularly, even in the
presence of favored plant materials, and seems to be required. The
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animal foud ineludes insects, spiders, mites, and Protozoa; and nuch
of this probably is dead when eaten. although the earwig feeds ou
living aphids and other small insects and, while ordinarily timid,
sometimes will boldly attack inseels tavger than itself. The carwig
is inclined to accept uny reasonably satisfactory food which muay
be readily available, and for this reasou the stoniacl contents of speci-
mens collected within a few feet of one another often show striking
diffevences. It je < mewhat difficult to determine which ave the pre-
ferred foods of ti - insect, as it will accept readily whatever is al
hand, but mosses (Ceratodon purpurews (L.) Brid> and probably
other species), lichens, the green alga (/*fewrococcus ™) which grows
on trunks of treey, and spores of Tungi seem to be preferrved to higher
plants, with the exception of grasses; and aphids ordinarily make
up the bulk of the animal food. Living plants are preferved to
deadl plants, although the earwig can survive on the latter; and the
vogetable food seldom is derived entively from a single plant species.

The economie status of the enrwig is something of an enigmn, since
it is capable of causing serious damage to a wide variety of culti-
vated pll)nnts but seldomn does so. In North America the insect has
attained prominence as a sericus nuisance in residential districts
rather than as an enemy of plants, and theve are those whe look upon
the earwig as beneficial because of its predaceous habits, The writers
trupped and removed more than 20,000 earwigs from a large city
lot, and the insects secmed to be as pumerous ut the end of the
experiment as in the beginningr, yet no serious damage Lo vegeta-
tion was observed. Opinion as to the economic status of the earwig
in BEurope is very diverse, but these wiio have given most attention
to the insect seem, in general, to believe that the Importance of the
einrwig, both as o pest und as a benefactor, hias been exaggerated.
althowgh agreeing that it oceasionally dees serious damage to a
wide variety of cuitivated plants and likewise is sometimes beneficial.

This potentiality for harmfuainess coupled with the fact that the
enrwig has become a major pest In New Zealand renders somewhat
hazardous any prediction as to the final status of the earwig in the
United Stutes. Certainly the occurrrence of the inseet in' a new
environment shoald not be taken toc lightly.

Atwell {7, p. 87) states that the % * * deagity of ew wig
infestation in any aven is directiy in proportion to the frequency of
human visitations to that area.” In general, this is true at present,
but it is alse true that wheu once introduced and estnblished the
carwig is capable of building up o large population covering o wide
arew in the open country not visited by people in large numbers and
fur from human bubitutions, ss hus ccourred on the gravelly praivies
in a locality adjacent to Parkland, Wush, In western Washington
the earwig has hecome established in wild land in innumerable places
through visits of sportsimen and pienickers and through the dumping
of retuse. With the gradual development and spread of these infes-
tations, it seems probable that all suitable uncultivated areas in this
region eventually will be infested. Then, it cenditions become un-
favoralble in the uncultivated places, serious general damage to

u Determined by Geo. N Joues of the Toiversity of Washingron.
273026-—21 n
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crops may occur. Apparently the earwig did nof become a najor
pest in New Zewland until about 25 vears after its introduction.

Although observations on the food habits of the earwig have been
appearing in the literature for more than 150 vears, the ouly thor-
ough work de aling with the {ood of the inzect in nature s that done
bv Ldistner (44}, “who exaunined the contents of the digestive tract
of 162 Held-collected ear wigs.,  His summary is translated ag follows:

On the basis of the resulits of our crop investigations, we arve of the opivion
thit {hie food of {he earwig varvies aecording to its abwde,  In general, it is
o be condidered an emnivorong inseet it the widest sense of the word, whosoe
food under normal conditieus eonsists predominaut!y  of dead plane pares,
soy Iungus, and the g Cpstoroeegs hentieede whiel i pverywhere common
on ftree tronks. This accounis for (he {requent occurrence of fungus and
Tungug spores In its erop and stomach. Trider tavoeriblie conditions, Lhowover,
the insect atincks livinge phint parts—leaves and  espectully  blossoms—and
thus heeomes o pest.  Ite special proference for e aethers of {he #iwens
iv n striking example of this.

Ir appears rhat animi) atrer is caten Targely i oo deud condition. In
consequence the enrwig ennnot be looked upon ax o heneficinl insect.

The fontake of vegotable matter is very nueh groiter than thao of antnad
matter, Fhe latier presumabiy is devourcd oniy ocensionally, aceidentadly, or
in the absence of other fomd.

Tadgen all iv all. the carwig I= g harmbess erpature which is (o e combaried
anly in those ¢ases in whieh i happens to bieame g pest,

Iowever, the belirvior of the fuseel tow:odd vipe frode as owell as the role it
plays in the vineyvaed and io the Held reomin to e pIneldated.

It = ratler unfortunate fhit most of Lilstners specimens were
taken from appic, pear. and peach treess and from o vine (Clagnefop-
sis sp.) trellised o the side of a house. sinee. as we have fearned.
earwigs in sucl situations ave more or less independent of (he ground.
In the remuining cazes specimeny were taken from a |)In—-0|mnrr
dahlia, and here “also the preponderant liking of the carwig for this
plaat would preclude thele wandering far afield in search of anvthing
else.  Flence his conclusions. while laszed on the Tood of the earwig
in nature, ure deawn from ratber special cages,

In spite of these lmitations his conelusions, in the main. agree
closely with those of the writers,

Liistner gave dead plant material an important olace in the diet
of the earwig. a material the writers have never identified in the
stomach contents, Furthermore. he did not identify any grass at
wll and found moss in only a very few gpecinens, .11111011011 these
have Leen wvery nnpulhmt (‘mnpmw]\ls of the food in the CATWIZS
examined in this investipation, Liistner's failuve to find them pmb.l-
bly was due to the spmml conditions under which his specimens
lived. Tinally. the writers are inclined fo give the earwiz some-
what more credit for the destruction of living injurious ingeets
than is accorded i1t by Liistner.

Brindley (%) reviews mueh of the lierature and concludes that
the unrversaily bad reputntion horne by the carwig among grardeners
15 founded on tradition and ek of judgiment in the fuce of increns-
ing evidence that the insect sometimes is henelicial,  Reh (30, p. 756)
lists the injuries done by the earwig as (1) o flowers. {2) to grasses
and graing. (3) to voung fruit, {4} to vegetables, (3} to ripe fruit,
(6) to vegetables throngh presence of exerement, and {7) to honey-
bees. He also mentions Inarvae and aphids ag being fed upon.
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Schwartz (&9} conducted extensive feeding experiments on ear-
wigs in captivity. He concluded that vegetable food is decidedly
preferved to animal food, but that when simultancounsly oifered both
were caten, except that the mature pupae of cuch Lepidoptera as the
cabbage butterfly (Pieris brassicas L.) and Hemerophila pariana
(Clergk) were always unharmed, apparently owing fo inability of
the carwig to penetrate the pupal shell.

Fulton (25} found that the earwig is omuivercus, the normal diet
congisting principally of green vegetation. although sugar. stureh,
vegetable oils, and fak or lean meat are faken readily.  Among plants
noted as being seriously diwmaged are bean, potato, beet, eabbage,
cawdiflower, pen, dahlia, zinnia, sweot-william. and fig. It also was
observed that holes were eaten in leaves of orchard treeg and berry
buslies and that strawberyy fruifs were attacked.

Gibson and Glendenning (27) stule that the earwig is omnlverous,
the diet ineluding both animal and vegetable marerials,  Garden
plants. both vegetables and ornamentals, were attacked freely, and
heans. potatoes. peas, dabling. roses. carnations. und asters were
noticeably injured. One report was reccived of injury to apples on
the trees.

Tillvard {60) states that the hnsect is said to be very destructive
1n vegetables and flowers and. in some places, swarms inro houses,
where 1t feeds on flowr. stavehe-. und sugar.

Stene (9), reporting an the ceonomic status of the earwig in
Rhode Tsland. coneludes (hat it ig {he general feeling in the
heavily infested area that the eurwig ix a seriouws huisance in
resicdlential districts and more or less of a pest of fHowers and
vegoetables,

Dintick and Mote (451 concluded that the earwig, after it had
been established in Oregon for 23 years. was importuanf as an ob-
noxious pest in and about human labitations rather than as an
enemy of plants, although often reported as damaging flowers, vege-
tables, various fruits, ornamental shrubs and trees, and infrequently
s« feeding on hioney 1n hives of bees, The damage to higher plants
chserved by these writers was small compared with the hordes of
earwigs present. appavently indicating food resources other than cul-
tivated plants, and results of their examinations of a few digestive
tracts in each of several yvewrs indicate that the diet consisted largely
of lichens and pollen.

In the present studies of the fvod habits of the European earwig
347 specimens have heen disscefed, These were collected in severai
years. at variouns places in Washington and Oregon, and during the
entire active seasen for the enrwig, and only a few were dissected at
any one time. OFf the mature earwigs 119 had fed priveipally on
vegelable matter and 36 had included a preponderance of ammal
mntter in their diet. and of the immature earwigs 180 had fed mostly
on vegetation and 12 mostly on animal matter. It is evident that
the main food is usually of vegetable origin and there seems to be a
greater tendency among the adults to feed npon animal matter than
15 the cuse with immature etrwigs, In 2 mreat majorvity of cases,
however, both vegetable and animal feod had been taken, and the
former seldom was derived entirely from a single species of plant.
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In many cases the nature of eitler the plant or animul food could
not be determined delinitely, but the definite records of food com-
ponents that were obtained show that 205 earwigs fed on lower planis
as agninst 139 on higher plants. The lower plant materials eaten
and the number of stomuchs in which each was found were as
follows: Moss (112} ; lichens (30} ; spores of fungi, mosses, and prob-
ably ferns (32) ; and algae (11). The records for higher plants are
as follows: Grass (57), miscellancous (44}, pollen (22}, dandelion
{16). Douglas-fir (4}, and Jrebe seed (12). The determinable
animal food included aphids (50), earwigs {23). various lnrvae £92).
moth seales (17), flies (9}, mites {7}, springtails (4), spiders (2).
thrips (2), Protozon (2), and a minute heetle (1), The moth scalos
rarely occurred in large numbers. which seems to indieate that the
carwigs picked up the individual seules.

Nine experiments were conducted in which earwigs, both mature
and immature, were confined by a meta! barrier abour 3 feet squarc
containing a section of tree trunk bearing lichens, u box of enrth in
which moss was growing, and dandelion plants infested with aphids
which were renewed from time to time. Grass. also, was growing
in some of these enclosures. TFrom 23 to 40 earwigs were put in
each of these enclosures, and after from 2 to 10 Qays had elapsed 6
earwigs were removed from cuch and dissected.

Fifty of the dissected carwigs contained food of mixed vegetable
and animal origin.  Of the other 4. 8 contained vegetuble matter
only, whereas in the remaining specimen the stomach was nearly
cmpty. containing but a trace of aphids. In unly 4 of the 53 speci-
mens containing vegetable food was this derived from a single species
of plant. Aphids were the muin foad in the cuse of only one earwig
that had fed upon vegetation,

In two experiments, in which hamature earwigs were used and
the mefal barrier was placed about the base of an apple tree well
infested with aphids and other insects and which ulso was covered
with lichens, the muin food was lichens, although all the earwigs had
fed to some extenl on insects.

Ixgrry 10 Hoes

Theobald (50, p. 6/) gives an account of serious damage to hops
wmvolving the whole of o J-acre field. He says:

At pight one could witeh (hese insects by the aid of a lantern devouring the
folinge with greaf rapidily, especinlly the young tender leaves. Ay these pests
grew the dumage aatnrally inercased, and mmeh harin was done to the young
powls.

Inatey 1o CEREALS

Injury to barley, vye, and wheat has been mentioned in the litera-
ture, but the most conspicuous damage to cervenls has been that done
to corn. Bickstein {76) records a general infestation in the main
corn-growing area of Baden, Germany, in which an average of threo
to five earwigs per car were found in August and September and 18
o 47 percent of the ears were damaged. In many cases part or all
of the silks had been enten awny, and the kernels at the tip of the ear
were cither eaten away or abortive. A noleworthy parallel between
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the occurrence of eavrwigs in individual fields and the abundance of
corn smut (Ustilego zeae {Beckm.) Ung.} was evident, suggesting
at least the probubility that infection had been brought about through
inocnlation by earwigs. Hearle (32} reports thar earwigs coused
serious damage to.corn n one section of British Columbia by feeding
on the silks, while Coxyne (77} records earwig damage to 5 acres of
corn in which practically ull the ears were injured.

Earwigs frequently are found beneath the husks of corn 1n western
Washington and often are distributed through flelds 2everal acres in
extent.  The silks are eaten and where this occurs before pollination
has taken place o varyving degree of failure of the kernels resulls
{ b G},

Figuer 66 ~Tars of cori with geains wndevoloped beeanse of the feeding of the
Europoan enrwig on the silks,

Ixairy o FLowERS

In articles dealing with the food of the earwig, dumage 1o flowers
15 the form of injury most {requently mentioned. A great variety
of flowering planis are attacked. but dahlias. pinks, carnations, and
zinnias {fig. 7} are among those most severely Injured.

Larwig dumage is n source of serious loss to commercial growers
of dablins in the infested nveas.  All parts of the plants ave attacked.
Seedlings are devoured completely, and the larger plants are sub-
jected to varying degrees of defolintion (fg. 8). The terminal buds
of dallia are eaten, causing the plants fo become misshapen. the
flower buds are injured. producing deformed blossoins (fig. ), and
the petuls of the blossoms are disfigured.

The earwig is particularly fond of pollen, and its feeding on sta-
mens in some cases inferferes =ericusly with pollination of various
plants.
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Ingrwy 1o Farrr

There are numerous references in the Kuropean lilerature to ear-
wig damage to sweel fruits such as apricots, peaches, plums, pears,
and apples; but these accounts, of which that of Frank (23) may be
taken as an example, do not give any details as to the extent of the
damage, Some of these writers state that carwigs do not climb
trees to attack fruit, which is contrary to observations on this point
in Washington: and others associate rot infection with earwig
damage.

Theobald (57) gives an account of damage to plum blossoms.
definitely shown to be caused by earwigs, in which a maxinmum of
90 percent of the Dlossoms were eafen. This dumage occurred in
a voung plum orchard where c¢lean cullure prevailed and i which
the earwigs found a satisfactery hiding place in bands of burlap
about the stakes and trees,

Tillyard (67} stales that the earwig has become n major pest of
truit in central Otago, New Zealand. cating into peaches, nectarines,
and apricots and rendering them useless for sale. D, David Miller.
of the Cawthron Institute, Nelson, New Zealand. in covversation
with the senior writer stated that earwigs bored into hmmature
peaches, and remained alive in the seed cavity until the fruit ripened.
the entrance growing shut in the meantime so that Hve earwigs weve
found in apparently sound peaches. This seems contrary fo the
genceral habit of the earwig, which lends to avord green fruits and
hard tissues, but the senior writer found an earwig in the seed cavity
of what appeared (o be an entively sound peaeh. and W, W, Baker
of the Puyallup, Wash., lnboratory found one in the core of an apple.

Newcomer ™ reports considerable damage to apricols and peaches
o baek-yard trees at Yaklma, Wash,

In the present experiment with meial barviers, blackberry, rasp-
berry, toganberry, youngberry, and gooseberry plants. and two vari-
elies of strawberries were grown in each of the enclosed cultivaterd
plots, and apple, prune, cherry, peach, and plum trees were planted
in the strip of turf.  The everbearing strawberry formed fruit
throughout the season, but very lifile damuage to the fruit was ob-
served, and this damage may have been caused by slugs. Earwigs,
however, huve been found feeding on the flower purts of strawberry.
A small degree of feeding was noted on raspberry fruit, but none on
any of the other berries. With the exception of the apple trees, all
the trees were in their first season and bore no fruit, although they all
bloomed to some cxtent, and no damage to blossoms was observed.
There were two moderately large apple trees in the infested plot. On
one of these trees two limbs were so situated that earwigs could not drop
upon them from higher up in the tree. These two limbs were banded
with a sticky material before the blossoms opened to determine
whether the exclusion of earwigs would have any effect on the crop
of fruit. The fruit set no betler and no more fruit was borne on
these lhmbs than on the others, and there wis no evidence that the
earwigs damaged the unprotected apples.  These apples, of the King
mriety, were firm and not very sweet when ripe. It had been noted

WXEWCOMBR, 2. J, BERGPEAN BARWN (FONFICTLA AURECPLARIA Lo UL 8, Depk Axr.
Tiseet Pest Horvey o800 29850 DM iwweosrnphivl. ]
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with sweet apples that earwigs climbed the tree and began to feed
on the fruit as soon as it approached ripeness and somefimes bored
in to the core and lurked in the seed cavity. Prunes are attacked
(fig. 10) both on the tree and on the ground.

INJURY T0 VEGETABLES

Articles published on the food habits of the earwig mention damage
to u great variety of garden vegelables, but specific accounts of injury
are DOt NUMErous.

Lind and others (47, 38) report that earwigs fed on roots and
leaves of sugar beets and mangels in fields, and these writers also

A

Fraver 16, —1'runes dinsiged by tHhe Buropesn earwiz: A0 A freait with o hite
mitdle al the stem oud; B, an eavwig entoring it pruue.

state that cxuliflower heads in several places were attacked to such an
extent (hat they were rendered wort.lhles«‘s. Frank (27) reports an
outbrenk of earwigs in which potato stalks were eaten bare of folinge
in many instunces.

A number of reports have been received of serious damnge to seed-
Iimg plants, including: cabbage, carvot, and cucumber,

In the present experiments to determine the stalus of the earwig as
» vegelable pesf, an arca 70 by 90 feet was swrrounded by o metal
barrier coated with a sticky material.  Next 1o the barrier a strip of
furf abont 6 teet wide was left all the way around, and the central por-
tion was cultivated and planted to bean, beet, cabbage, celery, com,
cucumber, lettuce, onion, pea. potato, radish, rhubarb.” Swiss chard,
sirawberry. and tomuto, A fransverse metal barrier was then con-
structed at the middle, cutting across the various plantings and divid-
iIng the arer into two plots 43 by 70 feet. One plot was almost free of
earwigs. but in the other, 20,000 enrwigs were liberated. All the plants
were fed on to some extent. and the rows of potato, eabbage, bean, beet,
and rhubarb (fig. 11) were severely attucked for a short distance at the
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ends next to the turf, but as the season advanced the plants outgrew
most of this injury until finally there was very little difference between
the vegetables in the infested and uninfested plots. Tt was noted that
celery, Swiss chard, heads of cabbage and lettuce, and ears of corn pro-
videc}l lurking places for earwips, and the presence of their foul-
smelling excreta rendered these vegetables repugnant,

Fiouke 1l.—Rhutsirh leaf injured by the Buropean eorwis,

INJURY TO SEEDS

The liternture indicates a distinet liking on the part of the ewrwig
for developing seeds. including those of carrvots, pinks, dahlias, and
various eereuls, and iF liag heen noted in divided dandelion hends that
the earwigs had neatly cut ont the developing seeds hefore attacking
the remainder of the blossoms. except possibly the statens; and ear-
wige ure fond of the seeds of a specios of Draba.

Possipre Inaury to CrLorn

Pivces ol both cotton and woolen cloth, plain and treated with fish
oil.were placed with numbers of earwigs in conlainers provided with
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very little other possible food, and the supply of earwigs was renewed
from time to time; but there was no sign of feeding on these cloths even
after an exposure of several weeks. It seems probable, however, that
earwigs are capable of cutting cloth, since out of several hundred
closely woven, strong cotton bags in which earwigs were sent from
Europe two or three contained small holes through which the earwigs
had escaped, and these holes were surrounded by a narrow stained
area such us might have been produced by the salivary secretion of the
earwig. Also, several unsubstantiated reports have been received of
damage to silk garments hung on a clothesline, the cuts occurring at
the line and earwigs being found at these points.

OcerrrENCE 1IN BEEHIVES

There are not many refevences in the Furopean literature to the
occurrence of earwigs in beehives, and Du Buysson (15}, in reporting
such an occurrence n a hive occupied by a run-down colony of bees,
states that the presence of carwigs in beehives never had been reported
in any work on apiculture, This would seem to indicate that earwigs
are of very litfle imporLance to beeleepers.

The writers have received # Tew reports of earwigs in beehives, and
one of these was investigated. Earwigs taken from this weal colony
of bees were found to conlain beeswax, and presumably honey, in most
cases; but, o addition, every specimen had fed on plant material also,
indicating thut the earwigs found it necessary to leave the hive for a
portion of their food. Acting on this indication, poisoned bait was
scaltered on the ground arvound the hive, and the earwigs soon Qis-
appeared from the hive.

QUeUrRBENCE 1N SHIPMENTS 0F QRNAMENTAL PLANTS

Most of the esrwigs intercepted In shipments from Furope have
been Found about vursery steck or ornamental plants or bulbs; and in
the United States interstate shipment of balled shrubs and frees, in
particular, has resulted in heavy loss in a number of instances owing to
the presence of earwigs.

Easwics as Casrizns or DISEASES

The earwig lurks in all kinds of unsanitary situations and there
can be no doubt that it sometimes earries organisms dangerous to
health; aund sinee it often is found about foodstuffs in homes, this
insect may be of some importance in the transmission of disease.
However, no specific cases of disease transmission to a person can be
attributed to this insect. In previous paragraphs reference has been
made to the possibility that the earwig might be a carrier of spores of
corn smut and of rot I fruit, '

Prepatrory Haprrs

Views as to the predatory habit of the earwig and its value arve
“as varied as the observers,”
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Von Schilling (52} suys (in translatioan) :

The eiarwig, because of its mode of life, is extraordinarily misunderstood
and s often portrayed in a false and contradictory light even in good books on
natural history. I is a very voracious insect and lives by no means exelugively
on plant material bat aiso on animals. On apple trees it is decidediy beneficial
and this fur outweighs uny slight damage the inseet may do.”

Thiele (58) questions Vor Schilling’s findings, stating that he can-
not speak for the usefulness of the insect,

Goe {22) thought that the earwig wus styictly carnivorous, whereas
Fulton (26) writes In reply that Tittle observation with & ﬂ.lshhght
will prove this to be erroneous.

Littler (39) reports that he hias seen every larva of the u}dlmw
moth (Carpocapsa pomonelly (1.)) that had gone into the pupal stage
m a badly infested ovchard eaten out by earwigs, but Mugger Idff(.
{48) states that where earwig infestation was heaviest the codhnw
moth was more p) revalent than for some yeurs.

Maclagun (44} vecords thut earwigs were the mwost voracious of
the pwd&toxs oi Sminthurus. Two female eurw igs ate 938 of thesce
insects in 79 days, capturing them alive,

Liistner (403, who carried out an oxiensive inv estigation of the
food of the carwig, concludes that the earwig cannot be looked upon
as u beneficial insect. Brindley 7} is mchnod to disagree with
Liistner and cites numerous records of o predacions habit “from the
Hterature. Schwartz (57) considers thal carwigs eat only weak-
textrred insects of slight activity which they :1ccide!1t.all_\' ancounter
in their search for vegetable food.

In the present investigation several instances of a predaceous habit
were observed in the course of the barrier experiments pwvmnwl\
described {p. 25). A clump of Michaelmas daisy (dster sp.) wa
grown in each of the plots, and each clump beeatue heavily I]‘l‘lL“;i(‘d
with a species of aphid. The aphids disappeared from the plants in
the earwig-infested plot while remaining still abundant in the area
from which earwigs were excluded, and the clump where there were
earwigs did not deve]op any further infestation although aphids
from the uninfested plot were transferred repeatedy to the clean
pI infs. On the other hand, dandelion in the earwig-infested plot

vas heavily infested with aphids. and earwigs collected within 10
feet of an aphid infestation did not have any aphids in their stam-
achs, The apple frees were heavily infested with the European red
mite (Paratetranychus pilosus (C. and F.}) when the experiment
began, and these mites beeame very seavce in July although still
abundant in 4 tree outside the bavriér. The trees were infested also
with the San Jose scale (:lspidiotus perniciosus Comst.), and young
seules were numerous beneath flukes of bavk, but when these flakes were
removed the earwigs ate the young seales.

Codling moth larvae frequently spun their cocoons in the grooved
boards used in determining the earwig population in baltmfr experi-
ments, and earwigs almost inva rmbly perforated these cocoons and
ate the occupants, probably in either the prepupal or early pupal
stage.

Aphids are the animal food most often eaten by earwigs, and there is
evidence that they ave capable of destroying large numbers of these
insects. One male earwig ate 53 living aphids and 13 aphid exuviae
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in 43 minutes, nnd o female carwig ate 36 living ashids and 7 exuviee
in an equal time,  In spite of chis Iwnehual rendency, roses have
been found heavily infested with aphids in gardens where carwigs
WEre NIUNercus.

During an outbreal of tent caterpillurs (Melucosoma disstria T,
and J. phumh\ (Dyar)) earwigs were reported frequently from
the webs of these eaterpiltars, and they also were found iu webs of
[]a/;afumheu teater Harvis and Halisidata argenfata Pack. The idea

eaed curreney that the cavywig was rendering valuable service in
th‘ control of theso pests: and dissection of earwigs from the webs
tended to support this view, sinee remains of cater []!U.UR were found
mn their digestive tracts. To determie the role of the earwig in =uch
situations several expertinents were condueted in which about 10
lapvae of Typhanirie feefor. 10 mm. Jung, were confined with about
25 mafure earwigs in oa plnesize puper box which also contained
apple and dandelion leaves. When aoy of these Inrvae died they
were devonred. but nob a single live eaterpillr was attacked although
the caterpillars used were dumature and eielt experinent was coi-
tnued for 7 days. It appesrs very probable chat ecarwizs found in
the webs of td[l'li)l” s nerely et as seavengers,

Earwigs in confinenent ordinarily bave ~evnied to be timid, hesi-
tating to attack avy insect of considernble size. such ax a large
flve ax Jong as i showed any <igns of life.  They sometimes are
quite bold, Lowever. for when a predatory beetle. Ploresiichus
wlgidus Lec, was conlined with severad earwigs, they attacked the
Leetle at once wnd mmnaged o pull off one leg ot the thomx,  The
exuding blood of the beetle seemed to excite them, and the earwigs
pursued the beetle and fed st the wound, The next «day the heotle
‘wars dead. Large spiders often have been killed und eaten when
confined with carwigs.

From the 1melmmﬂf it will be seen that the enrwig is as unpre-
dictable in the exercise of its predaceous habit ax it is in it attack on
plant=. On the whole it seems probable that this msect is more
beneficial than otherwise i orchards in which no sweet fruits ave
“‘l own, but that in other situations the annoyance and damage eansed
By the errwig outweigh the good it dues,

DESCRIPTION OF THE STAGES
Tie Eaa

The egg (fig. 12, 0y I» shining, pearly white tunged with yellowish,
most often elliptical but sometimes distinetly oval, 113 mm. i aves e
lengih and 0.55 mm. in average width when fivst deposited.  Near the
end of the incubation peuod the egg swells and gradually attains a
volume neavly twice that when first depnqltod

The average number of eggs in 67 egg masses deposited in the field
was 30.3 and the maximum number found wag 58, The egus are
deposited in cells in the soil, and, at least in the lacter pait of the
incubation period, they usnally occupy a spectal cell near the surface
while the female has another cell deeper in the soil to which she
refires when not asttending the eggs. The egegs usually ure found
within 2 inches of the surfuce buf may be found occasionally at a
depth of as much as 6 inches.
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Froune 12.—~The Ruropesh carwig: o Bges, X 200 (The Light spots ace velisctions
from the Helhits used In Kiny the photograph,d B, Earwig freeing Hself from
the egy peilicle, £ Fomaie eavwiy ailending hor eggs.




THE EUROPEAN EARWIG
THE Nyypu
FIRST NYMPHAL INSTAR

Hend (01 . browd. Body about 4.2 mm. long exelusive of the forceps.
Auntenmie with 8 segments. General color n dark sordid gray, the head tinged
with brown. Legs and thorax ventrally paie, translucent. Foreeps slightly
curved, wpering very slightly apieally, set with short bpire,  (The nymipbs
deseribett were 10 days old.}

SECOND NYMPHAL INSTAR

Head 134 wm, brosd. Rody about ¢ mm. long exclusive of the forceps.  An-
tenmute with 10 segments, General ecolor g dark, faintly brownish gray, the
hend tinged distinerly with brown, Legs and vemer of thorax pale. Foveeps
slightly carved, werete, taporing rumewha( toward the tips., set with short hairs.
(The specimens bad been S days in the instar wiren deseribed.)

THIRD NYMPHAL INSTAR
(fig. 18, 4)

Head 1.5 mm. broad. Body about § mm. long, exclusive of the foreeps.
Antennae with 11 segmoents,  Head and abdomen dopsadly infuscate, thorax pale.
Venter pale-brown. Leps tinged distinetly with brown. Foreeps distinetly
eurved townrd apives and somewhat flnttened basally, set with short hairs.
Wing pads not evident, metathornx dorsally broadly emarginite posterioriy.
(The nymphs had Geen 11 days in this instar when deseribed.)

FOURTEL NYMPIAL INSTAR
(g, 13, Ry

Hend 1.9 mm. browd. Body alwmt 8 to 11 mm. long exclusive of the forceps.
Antemne with 12 segments.  Dorsally infuscate {blackish}, the thorax and wing
pads with a pale Interal margin.  Venter of thornx pale, the abdomen infoscnte,
becoming darker posteriorly. Legs pale tinged with browu. Wing pads distinet,
the iohes meeling posteriorly in an acute sngle, Farceps chitinized, semewhat
curved toward waees, somewhat fiartened basally, terete at tips, set with
shurt hafes.

THE ApUuLT

Head 2,2 mm. broad.  Bedy about 13 to 14 mm. fong, exclusive of the foreeps.
Antennae with T4 segments. General color brown, somewhat paler ventrally,
the first three and lagt dorsal abdeminal segments parriaBy infusente.  Prothorax
dark medinlly, with broad, pale mnrgins farernily and posterioriy. Wing covers
pale brown, the pule folded wings somewhat visihle bemeaxth them. Tips of
wings extending posteriorly ro wing covers diurk medinlly with o broud lateral
purgin pale.  Legs brown,  Head n streng transhucent brown, usually infuseate
anterioriy, the erex binck. On the dorsunmt of both the second and third abdomi-
el segments o pair of pores seg on the posterior face of » endlus from whiel
the ingeep is able fo ejoct o repughatorial lguid to g distance of 3 or 4 inches.
{Thiy seevetion causes o hrowning of the skin similay to thar produced Ly the
secretion of bombardier beetles ( Brochinus spp.}}. Foreeps of female but
slightly curved (fig. 13, ), winutely voughened om the epposing margins.
Foreeps of male strongly curved {(Hgz. 13, Dj.

The earwig is able to develop to maturity under very adverse con-
ditions. and aduits may be fonnd of but little more than half the
normal length. The insect also shrinks in dry situations or in the
ubsence of sufficient food. and females vary in length according to
whether they are Leuring eggs.
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Froume 13—Stages of the BDuaropean carwig: A, Third nymphal instar; B,
fourth nymphat instur; €, adult female; D, adult male of the long-forceped
form, Al X &
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The systematic relation of the European earwig to other s]i)aecies
1s indicated in publications by Blatchley (5), Buckell (9),
)P, and Walden (63).

ssig
(79), Morse (45

LONG-FORCEPED AND SHORT-FORCEPED MALES

There are two forms of forceps in the male earwigs which tend
Lo be nonintegrating. In the short-forceped form the forceps enclose
an apical space which is subeircular (fig. 14), wheress in the long-
forceped Form this space is more elongate (fix, 18, D). Ordinarily
the short-forceped form is much the more connnon of the twa. There

Figure 14.--Furopean earwig: Adult male of the short-foreeped form, X 5.

i= vonsiderable evidence rhat this charaeteristic is inhievited.  All the
males in 94200 earwigs received from Bergamo. Italy. in connection
with work on earwip parasites were long-forceped; and there ure
certain localities in western Washington in which a great prepon-
derance of the males are long-forceped. Earwigs from 7 egg masses
were reared to maturity. and long-forceped males appeared in only
ohe lot, which included 5 long-forceped and 7 short-foreeped males.
Both sexes of adults from this long-forceped ancestry were .uafed
with earwigs of both long-forceped and short-forceped ancestry. The
cxperimental conditions were unsatisfactory and did not preclude
the possibility of contamination. No progeny were obtained from
1T226—41—3
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the mating of long-forceped ancestry, but in the other rearings, in
the second generation, both long-forceped and short-forceped males
appeared in every case, although there was a preponderance of the
long-forceped males through the long-forceped female ancestry enly.

'lgixe majority of the scll)ecimens in which one side of the forceps
appears to be female and the other male are functional males; but
rarely a specimen is found which is a true gynandromorph, possessing
in more or less complete development hoth male and female parts
(fig. 15).

Firoune 15 —Diagrammatic drawing of the forveps and sexunl organs of n
gynandromorph earwig, showing male nnd female parts.

SEASONAL HISTORY

There 1s a delicate relationship between the rate of development
in the earwig and the temperature; and as temperature varies not
only from year to year but also according to the location and, in the
case of eggs, according to the depth in the soil, hatching of the egps
or the occurrence of uny stage of development may occur earlier in one
year or in one situation than in another. In 1984 hatching was
3 or 4 weeks earler than usual, with » corresponding advancement in
subsequent stages of development.
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In this bulletin (he seasona! history is given as found by the
writers under the elimatic conditions at Puyallup, Wash,, during the
years 1929 to 1933, inclusive.

When earwigs enter the soil in the fall they form cells which
usually are oceupied by a pair. An occasional male dies during the
winter, but nearly all that enter hibernation survive, at least until
they leave the cells. In January all the males leave the celis, and
most, of them come to the surface. The males then occur in numbers
until the last of April or early in May, when they disappear rapidly,
some of them entering the soil with females for the second time.

Tlhere is some indication that the males leave the cells under com-
pulsion from the females, since, under laboratory conditions which
preclude their escape, males sometimes ave found mangled when in the
compiany of females tending eggs.

The fenuiles begin to leave the soil late in April, and most of them
have appeared on the surface by the middle of May ; but most of them
have disappeared again by the latter part of May or early in June.
u portion of them entering the soil tv deposit » second lot of eggs.
Mating bus been observed in February, May, September, and
December.

As Just stated, some of the Temales deposit two Jots of eggs. The
seasonal history of the more numerous females that oviposit only once
will be considered first,

Jones (33} records the oceurrence of eggs in the fall, but examina-
tions at Puyallup have never disclosed any eggs in November or
December although they have been found as early as January &.
Oviposition here lEegins in Janvary, and most of the eggs have been
deposited by the middle of February. Hatehing begins about April 8,
and most of the eggs have hatched by the latter part of April. Young
begin to nppear above the ground the last week in April or the first
week in May. Most of these are still in the first nymphal instar u
to about the middie of May, in the second up to about the last wee
in May, in the third up to about the middle of June, and in the fourth
nymphal instar up to near the end of June. New adults begin to ap-
pear late in June or early in July, and a majority of the earwigs are
mature by the latter part of July.

About & month after the first lot of eggs has hatched, many of the
overwintered females enter the soil again. and rather meager evidence
indicates that about 13 percent of these deposit a second lot of eggs.
the egg masses usually incinding distinctly fewer eggs than in the
firsr oripogition.  This second oviposition beging early in May and
continnes until carly in June. Hatching beging early in June and
contmuex throogh the third week in June. Young appear above
ground late in June or early in July and o majority arve in the fourth
nymphal stage late in July or eaviy i August.  Mature earwips arve in
the majority Ly the middie of September. '

Adults begin entering the soil for hibernation the latter part of
September, and entrance is completed by the last of October. the
period of maxhmum entrance apparently depending on the advent of
cool weather. Numerous males; an occasional female, and rarely a
nymph remain above the surface throughout the winter. Nearly all
the hibernation celis are within 2 inches of the surface, there being
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more cells within 1 inch than at any other depth, but cells have been
found 6§ inches deep 1n the soll The females spend about 7 months
i the sl withouwt food.

OVERWINTER SURVIVAL
Lxperiments, conducted through (hiree winters al Puyallup, Wash.,

by putting known mumbers of earwigs in small plots enclosed with
metal barviers ({ig. 18) in the fall and determining the survival by

Frovmes e Mool orvier- peed i eXperinenis with BSuropean sarwips,

digeing them up in e spring. have shown that the earwig over-
winters most successfully inoa sandy o or black loam. Suevival of
fenmie earwigs insandy lomn ranged Trom 5 to 37 percent in different
vears with un average of 156 percent. i olher experiments it was
Tound that a pwpnml:‘i.nu ol sand redoesd suevivil and that there
was no survival I pure. coarse sand. T black loam Hlil\l\.tl of fe-
males ranged Tron 13 to 29 poreent with an average of 290 percent,
bt experiments with thix type of soil were not condueled during one
yvenr in which suevival was low. In shot elay.a soil containing muny
amall, hard pellets. the survival of females ranged from O 7 percent.
with an average of 3.1 percent.

In these Imm; experinents it wag noted that survival was lower
when the soil In the barrier was lower than that outside, thus affording
poor drainage.  Even in wel-drained barriers a considerable percent-
age of the eggs were found to be addled after excessive raine and
necagionniiy ‘under such conditions the females were found dead or
moribund in their ceils. It also has Leen observed in nature that an
abnormally large percentage of femules are on_the surface after iimes
of exeessive rain ({juuno' the hibernation period.
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About 175 experhments were conducted to determine the time re-
quired to obtain complete morfality in groups of earwigs completely
submerged in water at various temperatures. Ten earwigs were
placed 1 euch of a series of 2-cunce bottles which were filled with
water at the test temperature. The bottles were fitted with corle
stoppers and placed in u water bath, the temperature of which was
thermostutically controtled. The cork stoppers were repiaced by
coarse-meshed cloth in some cases but no difference in vesulls was
observed when the two methods were compared. Mature hibernaiing
earwigs were used in these experiments. The results are given in the
tollowwng tabulation:

Pimie required for Fime reguired fur
" - completn wmorial- . caatplele mortal.
Temputature {(CF,); ify minaied) Temperature {¢T) : ity (hniers)
1146 ... i . . 0 N e o — - O
105 . . o - I 50 T e e 17
iy . L - N [ T el . U
2 L R o 11 iil} . 5 |
)L - - I, 311) i — . .. a4
3. . _ S i H:T

It will be noted that envwigs are Killed very gquickly in water at a
temperature of 110" ¥. bug that 52 hours complete submergence is
reqiired at a temperature of 30%, this ability fo withstand sub-
mergence in cold waler heing important for an insect that spend-
much of its mature Tife in o cell in the soil. Female earwigs were
no more resistant to these trentments than were the males, and in
some additional experiments it was indicated that immature carwigs
are less resistant than the adulés,

A pair normally oceupies ench hibernation cell until the time for
oviposition approuches: but (he presence of the male in the cell
apparently is not essentinl for the ferlilization of the eggs, since
in somte enses lone females not only deposit fertile egus late in the
winter but alse deposit « second lot of fertile eggs in the spring.

Females were confined within hibernation barriers without males
during each of 3 winters, with rather peculiar results. In each of 2
winters 200 femules were isolated in & well-drained barrier contain-
ing sandy loam; but not # single female survived, although survivals of
females confined with males within two adjrcent sandy-loam barriers
were 12 and 27 percent, rerpeetively,  In the third winter 100 fenmles
were used, 6 of which survived, while stovival of females in an adja-
cent enclosure containing mules was 33 percent. In digging up
the first lots it had been observed that in somwe cases the females
were dend In parrow tunnels, aud this led to the conclusion that the
female was not able to form u satistactory hibernation cell; but the
survival of 6 in the Iast experiment indicntes that this is not true.
and it nlsc has been found that the female will form a cell in which
to guther her eggs when they are scattered on the soil.  The relation
of the muale to survival of the hibernating female remains to be
elncidated.

LiFE HISTORY AND HABITS
Tue Ega STaGE

The average incubation period for winter egg masses in the soil
outdaors, based on 16 records, was found to be 72.8 duys. The period



http:comple.te

38 TECHNICAL BULLETIN 766, U. 8. DEPT. OF AGRICULITRE

ranged from 56 to 85 duys, varying with the warmth of the location
and the depth of the egps in the soil. For the second, or spring.
egg laying the period is nbout 20 days. In the laboratory the winter
ecas hatched in about 15 days and the spring eggs in about 12 days.
Yt will be noted that the time spent in the egy stage was greatly
shortened under higher temperatures.

Tmmedintely after they have hatched the young are nenrly help-
less, being as likely to lie on their bucks with their legs waving n
the sir ag olherwise, and the abdomen is long and dispropertionately
heavy, They sometimes have difficulty in freeing themselves from
the egg pellicle (fig. 12, BY; but the mother earwig, while guarding
them solicitously, has never been observed to aid her young in dis-
entangling themselves. although she gathers them unceremoniously
beneuth her at any alarm, pushing the voung aboul and picking
them up in her mundibles regurdless of whether or not they are in
process of hatching.

NVYMPHAL INSTARS

A total of 136 carwips have been reared from egg to adull, but it
should be pointed out before the results of this work are discussed
that these laboratory records bear little relation. in some respeets,
ta what would be obtained in nature.

By masses deposited in the soit were dug up with the female and
buried in small ointmient jars containing earth. Two or three days
aftor they had hatched the young varwigs were brought into the
Iaboratory and fed singly in small tin boxes. The food consisted
of dandelion hlossoms and a mixture of meat meal, hone meal. and
dried pulverized grass.  The room temperature ranged daily between
¢ and 70° F., varying occasionally 1° or 2° above or below these
temperatures. In the voom the relative humidity ranged between
40 nnd 50 percent. but the humidity in the boxes s nol known,

Fortv-seven pereent of the veared insects were females. 50.8 per-
vent wore males. and 2.2 percent apparently were gynandromorphs.
The average pesiod from hatching to matmity for males was §1.18
days and for fomales 40.86 days.  The average period from hatching
to maturity was 51.2 days for nymphs from winter eges and 47.1
days Tor nymphs from spring eges. The time spent In various in-
stars was - follows:

Arerige

Eririmes nertod

Nymphal fustic: i days) in diya)
st . . . . - . I & I T e 12,42
Seeomd - .o oo e P . 5o 14 10,33
Third. .. . . . . - . B o 15 1. 24
Foavth .- ... .. . VN O T i 1Y 16, 23

As has been stated, these luboratory vesults do not agree very
closely with what is found in nature. This is particularly true of
the first nymphal instar. In nature this instar usually is spent in
the soil, and under Tfavorable conditions about 18 to 24 days are
required for its completion. and nymphs under normal condifions
have been known fo coutinue in the first instar for at least 43 days,
whereas this instar was completed in from 11 to 15 days in the lab-
oratory. The field records for the duration of the second nymphal
instar mdieate a period of 14 {o 21 days, while the third instar seems
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to require about 15 to 20 days in the field and the fourth about 21
days. Thus about 68 days or more are req ired from hatching to
maturity in the field, whereas about 51 days were required in the
laboratory.

The young nymphs are attended by the mother earwig and remain
in or near the original cell in the soil until they have spent a few
duys in the second nymphal instar, whereupon the parent relin-
qtushes her responsibiiity for them. During this early period the
young may be found in the soil with much plant material in their
stomachs, but no foad has ever been found in the cells, and it is not
known whether the young sally forth at night to feed or whether the
mother earwig brings food into the cell.

THE AbuLTs

The females care for their eggs with the greatest devotion (fig.
12, €'}, and in these investigntions eggs were never known to latc
in the absence of the female, probably because it is necessary for them
to be kept in a moist situation, and yet protected from mold. The
care of the eggs includes licking, turning as is done by a hen, and
frequent. shifting of their position, now in a layer on the side of the
cell and now, perhaps, in a heap at the Latton. In spite of her
solicitude for them, the femnale will et her eggs readily it conditions
become too unfavorable or even if she is disturbed too much.

If o female enrwig with her egp mass is taken from the soil and
placed in a suitable container in which the eggs have been mixed
with a quantity of soil, she ab once sets about retrieving the egns,
An egg will be seized in the mandibles and then a search begins for
a suitable place in which to store it, The mother earwig may shove
her way into the earth and emerge again still with the egg in her
mandibles; the cavities on the surface are canvassed and finally the
ege is tucked anway. The process is immediately repeated with a
second egg although the earwig seldom finds the first ege but may
blunder over it and secrete another egg half an inch away. This is
continued until all the eges. at least to a depth of 1 inch in the soil,
have been recovered and placed in scattered caches. A little later the
eges are brought together in one cell. If a number of females with
their egas are brought together in this way they fight viciously for
possession of the eggs until finally some will have no eggs at all.
After the successful ones in this warfare have reared their brood
they will no longer take an interest in eggs, but the defeated earwigs
accept and care for any eggs at this Jate date, After the young have
hatched (fig. 17) the females no longer attack other earwigs.

The earwig seems to prefer to return to a place in which it has
sojourned before. Females with eggs were confined singly in tin
boses helf filled with moist earth. “After the eggs hatched the lids
were liftec slightly at one side to allow egress, and the boxes were
placed among debris on the ground. The mother earwig walled up
the crevice with earth, and the colony was always present in the
morning; but the young were well filled with food, indicating
that the mother or the entire colony had made nightly foraging
expeditions. When a little moisture was supplied to these colonies
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from time to time some of them remained intaet for ax much as o

weeks, but the gregarious habit at this tinme is usually not confine
strictly fo the family gronp,

it

Fravar 170 Female of the Furopean earwiy with eggs nud recently hatelead

FOlnL.
ISE OF THE FORGEPS

The reason Tor the peenfine shape ol the male forceps ix nor
known, since the foveeps apparently do nol perform any funetion in
copulation but are essentindly o piercing esbrument in this sex,
whereas in the female the forceps huve a shearing action. In the
present experiments it was observed that the predaceous ground
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heetle Prerostichus wulgaris (L.) frequently was frustrated in its
attempts to selze a mature earwig owing to the nips delivered by its
intended victim. On one occasion a small short-forceped male, held
between the index finger and thumb, laid hold of the tough inner part
of the finger. There was a slight pain, and when the earwig was
removed two droplets of blood murked the points at which the for-
ceps entered. ‘This was o very unusual oceurrence, but it indicated
the defensive value of the forceps when the earwig is able to apply
leverage to the best advantage. On one occasion a female enrwig
squeezed a disabled fly repeatedly with the forceps until the fly was
dead, but most information on use of the forceps has been obtuined
by observing the tactics of females in the presence of eggs.

When » number of female earwigs are confined together and their

ggs are strewn on the surface of the soil, a vicious fight ensues
whenever two of the females meet. Owing to the flexibility of the
abdomen, the ferceps are brought into play in several ways in these
contests. (1) The abdomen muy be turned toward the adversary and
twisted until the forceps are in a vertical plane after which (he
earwig walks sidewise toward the adversary. (2) Occasionally when
free and frequently when in the grip of the enemy the insect brings
the abdomen forward directly over the head unfil the forceps ex-
tend beyond the head, and attacks her foe in this position. (3)” With
the abdomen straight the female sometimes walks bacloward until
contact can be made, When the forceps are closed about the necl,
the victim is dragged about, and this seems to be the most effective
hold; but when the abdemen is caught there is only a brief struggle
unless the attacker is large and the vietim small, in which case the
victim may be held and visibly crushed as the body of the attacker
pulsates with the powerful periodic applications of pressure.

Under laboratory conditions which preclude the escape of the male
there is good evidence that females sometimes kill the males when the
time for oviposition approaches.

When earwigs are thrown into the web of u large spider the males
rarely escupe, but about half the females escape., When the spider
beging swathing the female in silk she scizes the spider which at
once becomes quiescent, she then cuts the binding threads with her
mandibles, and, with a sudden movement, is away.

FLIGHT

Very few people have seen the European earwig in flight; but this
must not be a rare occurrence under certain conditions, as the writers
have seen as many as 20 flights in 1 day. Oddly enough, this noc-
turnal insect scems to fly most readily in bright, warm sunshine.

It seems necessary for the sarwig to take off from an elevated
object. The wings are opened very quickly, this action being accom-
panied by a slight, quick, upward movement of the szbdomen, and
flight may follow immediately, or there may be a brief delay before
taking off. The earwig is able to rise and fly at least 30 feet, going
around corners of buildings and making rather rapid progress even
when quartering with the wind. Upon alighting, the earwig folds
the wings very quickly in most cases, and it assists this process occa-
sionally by a quick, twirling flirt of the abdomen, and in rare in-
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stances uses the forceps to tuck in the 'wings. Most flights have been
seen in July and hence have been made by recently matured earwigs.

DISPERSION

In July 1929 an experiment with marked earwigs was performed at
a race track one-third of a mile in circumference. Inside the track
was a field of uneut grass that was very dry at the time of the
experiment, and carwigs were abundant in the board fence enclosing
the track. At one point on the periphery of the track 75 marked
earwigs were liberated, and traps (fig. 22, p. 48) were placed at
cach fence post around the track. Three days Jater the marked
earwigs were recovered at varvious points entirely around the track.
The food of the earwigs in this avea was largely moss which had
become shriveled owing to the hot, dry weather.

In July 1931, 176 marked earwigs were liberated on n lot, and
receiving traps were placed at various distances. Only 2 marked
earwigs were recovered (20 feet away) in the recelving traps.
Marked earwigs were found at the point of liberation up to Septem-
ber 8 A year later 252 earwigs marked with silver paint and 265
marked wiih gold paint were placed in separate hiding traps (fig. 22)
beside 2 trees 25 feet apart on a lawn. and 50 earwigs marked with
yellow paint were liberated in a thicket 30 feet from ths margin
of the lawn. Receiving traps were placed at various distances from
those containing the marked earwigs, and these were kept under
observation from July 19 to October 6. The earwigs tended to
stay in their original traps, only a few being found as much as
30 feet away. The maximum observed distance of travel was about
T8 feet.

In Angust 1932 a total of 1,000 earwigs were marked and liber-
ated in a tree beside a paved allev, and 25 traps were placed at
various distances away on the oppovite side of the alley. No marked
earwigs were taken in the 25 traps, but this does not indicate
that the alley acted as a barrier, as no earwigs were taken in a
n]»?p 20 feet from the point of liberntion on the same side ot the
alley.

During the same month 794 earwigs were marked and liberated
in an unsprinkled vacant lot, and traps were placed at various
distances on an adjacent sprinkled lot, the margin of which was
about 50 feet away from the point of release. Fourteen days after
the liberation 2 marlked earwigs were found in the traps on the
sprinkled lot, and these were at distances of 80 and 100 feet. A
great many marked earwigs were still present at the point of
Liberation.

Again in the, snme month 180 marked earwigs were placed in a
hiding trap beside a building where the temperature within the trap
renched 80° I, on some occasions. Receiving traps of similar design
were placed opposite, across a gravelled alley. In the course of a
maonth 8§ marked earwigs were taken in traps across the alley.

These experiments with marked earwigs eonfirm conclusions drawn
from examination of the stomach contents of field-collected ear-
wigs that, when conditions ave favorable, the earwig tends to confine
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its wanderings to a small avea. When conditions are unfavorable,
however, as in the race-track experiment, or when the equilibrium
of the population is distirbed, us when a single lot in the mudst
of an infested area is halwed, the carwig may wander extensively.

EARWIG PARASITES AND PREDATORS
PARASITES

In Europe Lhe earwig is attacked by two tachinid parasites, Bigoni-
cheta setipennss (Fall) and Rhacodineura antiqua Meig, of which
the former is much the more important (59). Much work with
B. setipennis has been done in Oregon by the Oregon Agricultural
Experiment Station ® and others (4¢). The Bureau of Entomology
and Plant Quarantine of the United States Department of Agri-
culture is conducting extensive experiments in the State of Washing-
ton to <etermie the economic status of this parasite, and work
on the problem also is under way in British Columbia under the
aspices of the Dominion Entomological Branch.

Among 17,500 earwigs received from England, 2 were found to
contain w roundworm eoiled in the (horax and abdomen (fig. 18).
These wortns were determined by G. Steiner as either Mermas
nigrescens Dujardin or M. subnigrescens Gobb.

Always present in the digestive tract of earwigs, often to the
number of fifty or more, is a white gregarine with a body apparently
divided into a small anterior and a much larger posterior portion, the
whole oval in outline. A gregurine, {lepsidring oveta (Dufour,
1828}, is said to oceur in earwigs in Europe.

In wet, chilly weather a heavy mortality duc to the fungus
Entomophthora forficulas is obsorved among nymphs of the earwig.
The adults are attacked by this fungus mueh less frequently than
the nymphs, and no earwigs affected by it have been found in cells
in the soil, females so affected having deposited and hatched at
lenst one lot of eggs before heing attacked. The external growth
of I, forficulae {fig. 19, A) consists of a coarse meshwork of white
threads often adhering to the hody of the insect, which has a notice-
ably wet appearance, and bearing clear, round bodies like droplets
of water, The hyphae seewn to develop principally within the body of
the bost, which hecomes distended, the white hiyphae protruding be-
tween the segments.

The wmuscardime fungus (Metarrhizium enisoplice Sorokin) oe-
asionally infests enrwigs (Ag. 19, B) and Barss and Stearns (%)
have Tound a fungous disease, probably due to Osspore destructor
(Metschni) Delucroix, attacking earwigs at Portland, Oreg.

The migratory nymphs of a species of mite of the family Tyro-
glvphidae, which are inerely riders (fig. 20} and not parasitic. ac-
cording to H. E. Bwing, of the Burean of Entomology and Plant
Quarantine, sometimes so burden earwigs that death ensues.

o ATWELL, I, O, and SrEauNs, 1) C. REBORT 0F WOuK DONE, SEASONS OF 125 AND 1920
AT THE PORTLAND INSECTARIEN WITII PARASITES OF TUH HUROPEAN EIRWIGH, DIGUNOCIABRTA
sam‘n‘n:\‘f.}%ls AND UMACODINRUNA aNTiowa, [Alimesgraphed. ] Rpi to Ceep, Bd. Hort, 23
pu. 21954,
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Preparous

In experiments with the introduced ground beetle Pterostichus vul-
garis it was found that in confinement esnch beetle nte an avern
of about one earwig every 2 days. It also was observed that, even 1n
confinement. the earwigz otten was able to ward off the attack of the
predator. Ormerod (42) and Walton and Kearns (64) report that

Fativne I8-—N ronndworm, Jermiis spe ehievging from e Encepean eanvwig,

P. vulgaris feeds on strawberries in Bogland, and the present writers
have found that this beetle not only will est strawberries but also
will attack the berries immedintely after having been confined with an
abundance of earwigs for several days, indicating that a certain quan-
tity of vegetable food is required. The procedure used in deter-
mining the earwig population in baiting experiments was followed
in two areas in Seattle. Wash,, in which this heetle was said to have
controlled the earwig, but no appreciable difference was observed be-
tween the earwig population of these areas and that of comparable
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ureas in which £, rufgaris wis very rure or absent. A colony of 2
polyphagous predatory spevies could hardly be expected to exercise
any appreciable control when introduced mmong a relutively enormous
pepulation of active insects endowed with eonsiderable menns of
deteise.

Prevostichns algidus Lec., a native prodular. is common evervwhere
i the Puvallup, Washi, area, as many as 63 having been found in
fearwig trap, i confinement these beetkes ate an average of 1 earwiy
per beetle every 5 to 7 days, Evidently (his ground beetle is not very

Frovns M—IDNseases of the Earopean earwizx: 1L Harwie Killed by the fungn-
Fnfomophfhora forficetas @ B carwig kKilled by (hoe Fungus Mofurrhisiem aiisu-
pliee,

active in redocing the carwiy population. but owing to its nbundance
it may be ol some henefit. and it could not be induced to feed on
strawberries.

In confinement a specimen of Carabus nenoralis Miill., an intre-
duced species, ate 3 mature earwigs in 14 days. In a note kindiv
supplied by M. €. Lane it is vecorded that 5 beetles of this species
ate 23 earwigy in 4 days, Lane also observed that 3 aduits of
{'dlosoma tepidum Lec. ale 26 earwigs in 4 days. E. A, Chapin has
determined 3 species of Staphylinidae that have fed on enrwigs,
These include Teypus ater (Grav.) and Staephylinus farseliz Mann..
which attucked earwigs in confinement, and an abundant black spe-
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cies, Philonthus nitescens Horn, which has been talen on several occa-
sions feeding on earwigs in the field. The tiger beetle Omus dejeani
Reiche also has attacked earwigs in confinement.

Earwig remains are found in the feces of toads, snakes, and a
gallinaccous bird, presumably the Chinese pheasant. DBaiting of
premises sometimes results in the death of many snakes, which are
protected about gardens in the Pacific Northwest, apparently from
Tocir eating poisoned earwigs.

T'Iguee 20 ~Iuropean enrwig bearing numbers of mites,

Many persons place much faith in the ability of poultry, and pur-
ticularly bantam chickens, to control earwigs. In baiting experl-
ments, however, no correlation has been observed between the presence
of poultry and reduced numbers of earwigs, and, in fact, the heaviest
infestation observed under rural conditions was in a chicken yard.
Earwigs ave expert at hiding in inaccessible pinces and nve active
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only after dark, hence it seems probable that chickens are of negli-
gible value in the control of earwigs, although they eat the insects
readily when they find them.

CONTROL EXPERIMENTS
Barrineg

The habits and wide range of food of the carwig have indicated
the use of poisoned baits as being the most likely if not the only
practical method of control, and mest of the experiments have been
with various mixtures for such baits and with methods and times
of application.

Freuug 21~Pans used in laboratory experiments with Eoropean earwig.

EXPERIMENTAL PROCEDURE
LABGRATORY EXPERIMENTSE

In each laboratory test two graniteware pans of 2-quart capacity
were used (fig. 21). Each pan was covered with a closely fitting
ple tin, and 10 earwigs were put in each pan. A bait was divided
between the two pans, made up, unless otherwise stated, of 24 gm.
of wheat bran, 2 gm. of poison, and 4 cc. of fish oil. When var-
jous other bait ingredients were compared with these, the muterials
were exposed simultaneously in an open insectary and earwigs of
the same stage of development were used in each test. A daily
record of the mortality was made for 6 days.

FIELD ENXPERIMENTS

In field experiments 8 number of hiding blocks. or fraps. con-
sisting of two grooved boards placed upright, groove to groove (fig.
92), were put out on each lot of a city block. After these had been
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in place for a week the number of earwigs in them were either
counted or estimated. If the earwigs were guiet and not too numerous
they were counted, otherwise an estimate was made. This popu-
lation record was taken by the same man in all cases, and the esti-
mates were checked occasionally by counting. The bait was put
out as scon as the population had been recorded for the whole block.
and additional recoxds were taken in the same way at weekly inter-
vals thereafter, and as the earwig population decreased it became
more and more possible to obtain exact counts. Materials to be
compared were applied the same day unless otherwise noted.

Figipe 22.—Grogved Doards, or “traps"” nred to defeemine she nmber ol
Buropean carwigs prosent in o leenation.  In usie. the boands are placed gronve
to groove, as at the leff.

EVALUATION OF FIFLEE AND LABORATRRY EXPERIMENTE

The Eunropean earwiy s omnivorous and is not very strongly
attracted to any known material available for use in a bait. 1t
will readily be seen, therefore, that results in the feld where free
choice of food may be exercised are likely to be quite different
from those obtained under the restricted conditions of laboratory
experiments.

Not only is the earwig limited as to choice of food in the labora-
tory but 1t also has aceess to » practically unlimited quantity of
bait. whereas in the field the quantity of bait available in any one
place is limited. Furthermore, the bait in the laboratory is not
subjected to deteriovating influences. such as sprinkling. under
which 1t must operate in “the field. It is very unsafe to base con-
clusions as to the effectiveness of a bait on Inboratory experiments
alone uniess the bait gives markedly inferior vesulis.

A Iarge number of laboratory experiments were conducted in
swhicht the same bait was tested both with and without the presence
of green food. In most cases there wers no great differences be-
tween the two series. These results and the results of examination
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of the stomach contents of field-collected earwigs lead to the con-
clusion that the earwig is an inveterate nibbler of whatever comes
in its way. This habit probably accounts in inrge measure for the
suecess of baits in the field.

The earwig is highly gregavious, is atiracted by the eurwig odor.
and the grooved boards used in field experiments form o very satis-
factory hiding place for the jnsect. TFor these reasons there is a
st:on'r tendency for enrwigs to congregate in inereasing numbers
the Iongm the traps are (-.\pmod This 1= Huastrated by the follow-
ing record of the nunbers found in the traps poat out on an unbaited
lot: Fivst week. 852: second weele, 44500 third week, 4350 fourth
woek, 373 fifth weelt, 44530 It can be readily seen that buasing
the record of performance of a bait on the earwig population in
traps at the end of 1 week as compared with that in following
weeks, ¢ has been dote in the baiting experiments, tends Lo min-
imize the actual results. I seoms remarkat leo therelore. that the
recorded wortality has been ratlior high.

Frevee 25 —Arvingmeniont of paper containers in experiments with atirnetants
for the Furopean eiirwig.

LABORATORY EXPERIMENTS WITH ATTRACTANTS

Five hundred and pinety possible attractants for the earwig were
tested in a grassy area of 70 by 90 feet surrounded by a metal barrier
within which 50 000 earwigs were liberated. These materials iu-
cluded & wide variety of organic chemicals, the benzene series and
essentinl oils being part 1(:111111} well represented. Solids were dis-
solved in a suitable solvent before use. The chemieals were num-
bered, and each number was placed on the side of the lid of three

-pmt paraffined paper cups in each experiment. These cups con-
taining the respective chemicals were exposed at different points in

2T 1- - 4
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the plot as shown in figure 28, along with 6 to 12 untreated checks,
and their positions changed d&iiy. Twenty drops of the chemical
{10 drops in some later experiments) were applied to an absorbent-
cotton material {referred to as cellucotton) cut in small square pads
and attached to the lid of the cup, and 2 small holes were made in
the lid for the diffusion of the odor and to provide an entrance for
the earwigs (fig. 24). A daily record was kept for 6 days of the
numiber of earwigs in each cup, the examinations being made early
in the morning before the cups became sufficiently hot to drive the
earwigs out. Nearly all the chemicals were tested 3 fimes and zll
those that attracted more earwigs than the average for the checks
were tested in 2 additional series.

The earwigs were free to enter and leave the paper cups at will,
but it was felt that the number that remained in the containers of

Figure 24.—Paper containers used in experiments with attractauts for the
Buropean curwig, showing, at the rvight, the picce of cellucotton bearing
the odorant.

their own aceord would furnish a clue to the types of material that
were attractive.

Under the conditions of these experiments 16 substances consist-
ently attracting the most earwigs were as follows, in descending
order of apparent attractiveness: Chamomile coctiun oil, capsicum
oleovesin, hyoseyami coctwm oil, oleic acid, egg oll, oil of St. Johns-
wort, rapeseed oil, oil of cantharides, n-butyl stearate, sesumne oil
croton oil, methy! valerate, sperm cil, benzoic acid, honey and brown
sugar, and fish oil. Xt will be noted that the 11 best attractants ave
of an oily or greasy nature. In addition the following afttracted
more earwigs than the average of the checls in some experiments:
China wood oil, cottonseed oil, citric acid, phenyl hydrazine ncetate,
eapryl butyric acid, levulose, phenyl phthalate, methyl formate, rum
ether (imttation), sodium salicylate, methyl propionate, and raw
linseed oil.

As the experiments with possible attractants had Indicated that oily
or greasy substances or sweet materials were most attractive to the
earwig. several series of experiments consisting of 373 separate tests

g
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were conducted in the labovatory (o delermine the relative effective-
ness of various substances having these qualities when incerporated
in poisoned baits, The tests were performed in the manner desceribed
for the laboratory experviments under Experimental Procedure (p. 47)
and included the following: Oil of St. Johnswort, hyoseyami coctum
oil, rapeseed oil, n-butyl stearate. oleic acid. chamomile coctum oil,
sesame oil, fish oil, glue solution, cod-liver oil, coconut oil, honey,
brown sugar, niolasses, corn sirup (light), corn sirap (dark), and
waler,

In one series of experiments 10 of the oily or greasy substances that
had attracted the most earwigs in the field experiments involving the
nse of paper-cup containers were selected and the baits were mixed
w the following proportions: Sodium Huoride 2 grams, bran 24 grams,
water 1 ounce, and attractant 20 drops.  Under the conditions of these
teste chamomile eoctum oil, n-butyl stearate, oleic ucid, oil of St.
Jolmswort, egg oil, and rapesced oil appeared to be the most effective
of the materials tested, and in no case was the average mortality
greater than occurred in the pans conlaining bait without attraclaut
other than water.

In tlic remaining series of esperiments sodinm fluosilicate was used
as the poison and the amount and kind of oily, greasy, or sweet material
as well as the amount of water varied between the several groups of
teste.  In summarizing the results it was found that oleic acid, #-butyl
stearate, oil of St. Johnswort, and rapeseed vil were no better than fish
0il and also that the mortality was no greater than that which occurred
in the pans that contained bait without attractant other than water.
Honey was distinetly the best sweet substance tested.

A number of further tests of attractants were conducted, both in
the field and in the laboratory, in which grooved-wood hiding blocks
were treated with these attractants and exposed. In every case more
earwigs were taken in the unircated checks than in any of the treated
blocks. Beall (4) had the same result in tests with an olfactometer.
These results awailt an explanation.

In 10 series of laboratory experiments a number of baits made up
of 12 parts of wheat bran and 2 parts of an attractant, if any, were
exposed together in a vessel containing earwigs. Two grams of each
bait were used, and weighings were made at mtervals of 1, 2, 3, and
4 days to determine the quantity eaten.

There is some evidence that the choice of immature earwigs may
not be quite the same as that of mature earwigs, but in all cases dry,
untreated wheat middlings was eaten In greater guantity than any
other of the 15 materials tested, and bran treated with honey occu-
pied second place. Rapeseed oil appeared slightly more attractive
than fish oil to mature earwigs, but this apparently was not true in
the tase of immatire earwigs. TFish oil, in all cases, appeared to
Le more attractive than coconut oil, castor oil. or oleic acid; and dry,
mntreated wheat bran and moistened bran treated with salt were
among the Jeast attractive materials tested.

A series of Taboratory experiments was condlucted to determine the
relative effectiveness of vartoug quantities of fish oil when added 1o a
bait consisting of 12 grams of carvier and 1 gram of sedium fluosilicate,
The vesults of six sets of sinmltaneous cxperiments with mature
earwige ave shown in table 6.
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Tance G—Laboratory egperiments with various guaniilies of fish ofl in baits for
the Buropean gorwiy, Puyolinp, Wash,

[Bix experiments were made with each guantity of oif]

Muortality by days

8 a4 s 0

Gurntity of fish oil {eubic |
centimetors) .

frercent | Mercent I Pereent  Percent
A, 32,5 : 53.0 88,3

A3, :
¥ 8.5 | 93,8
S e

The bait with 2 cc. of fish il was more effective than that with 1 and
apparently was superior fo that with 4 ¢cc.  The 2 ce. dosage is approxi-
mately equivalent to 1 quart of fish oil to 12 pounds of earrier and 1
pound of sodium fluosilicate, and this formula is hereinatier referred
to as the standard bait,

The laboratory experitments. as a whole. indicated that baits con-
taining vegetuble or anhal olls, water. and honey should be tested
in the feld, and there was some evidence that salt might prove n satie-
factory hait ingredient,

FLELD EXPERIMENTS WITH ATTRAMITALTS
EXPERIMENTS WITH OIES

To study the value of the attractants in the feld o similar bait
was nsed i all the experimenis yecorded In fable 7 except that
different attractants were used. but the results are not strictly com-
parable since more experiments were conducled with some material
than with others and hence the experimental conditions were not

entirely uniform.

Tanre T.—FRicld evperiments with Beils conlaining rarions ingrodicnds as afivaet-
ingt agenls for the Euwropean carieiy, Pupallup, \Wash.

! Muortality by weeks

. i - - Hioeks __ _—— .
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i : 1 2 3,4
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Water . ...
Fishoil .

Salt . L
AFishail. ...,

Cotnparison of waier with fishail . f
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Cotnparison of sult with Nish oil
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The differences in mortality in the experiments with different oils
probably are within the limits of experimental error, indicating that
none of these oils has v marked superiority over the others as an in-
gredient in earwig bait insofsr as effectiveness is concerned, but
physical characteristics and cost render some more satisfactory than
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others. Coconut oil is solid ut normal temperatures and must be
melted before it can be incorporated properly in a bait, and rapeseed
oil has a ropy consistency and does not mix well. Fish oil and cod-
Jiver oil are liquid and hence most satisfactory from a physiecal stand-
point. Fish o1l is one of the cheapest oils, and field experiments have
shown that a crude, foul-smelling grade of this oil is Just as effective
as a vefined grade. When a crude fish oil is used the odor is per-
ceptible about the premises for a few hours but soon disappenrs. In
gackaged baits exposed for sale in stores the crude oil probably would
e objectionable.

EXPERIMENTS WITH MHGKREY

A bait made up 12 pounds of bran, 1 pound of sodium Huosilicate,
and 8 pounds of honey was compuared in six paired field experiments
with a similar bait in which 1 quart of fish oil was substituted for
the honey. In all but two cases the compared baits were applied on
nenrly the same dates. These experiments, which were conducted
for only 1 week, indicated o movtality of 90.1 percent for the honey
bait and 87.2 percent for the bait containing fish oil (table 7). It
seems probuble that honey, ut the above dosage. would be satisfactory
as an attractant in eavwiy hait.

EXPERIMEXNTS WITH WATER

The bait used in the experiments with water (table 7) wuas inade
up in the proportions of 12 pounds of bran, 1 pound of sodium
fluosilicate, and 1 gallon of water, whereas in the o1l bait with which
it was compared, 1 quart of fish oil was substituted for the water.
The dates of application for the compared experiments were the same.
Fis%;l oil was distinetly superior to water in the mortality obtained
{table 7).

EXPERIMENTS WITH &aLT

In laboratory expeviments it had been found that bait flavored
with 1 pound of salt to 12 pounds of carrier was eaten very sparingly
by earwigs, but in spite of this fact mortality was high in laboratory
experiments with salted poisoned bait.

In field experiments the results obtained with the standard earwig
bait were compared with those obtained with the same bait except
that 1 pound of salt was substituted for the fish oil (table 7). The
dates of application for the two baifs were the same. The substitu-
tion of salt for fish oil in field experiments resulted in a distinctly
lower mortality.

EXPERIMENTS WITH CARRIERS

Wheat bran, because of its general availability, physical character-
istics, and acceptability to earwigs. as shown 1n a number of tests,
was selected for use in earwig bait, Dissection of earwigs from ex-
perimental areas and weighings of food offered to earwigs in confine-
ment. have shown thuat they prefer middlings to the bran husk. Tt
also has been found that but little of the poison adheres to the husk
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unless some adhesive such as oil is added, and that the earwigs lap
the oil from the husk in such cases.

Laboratory experiments were conducted (table 8) in which various
proportions of flour were added to a “health bran” which had been
washed to remove most of the middlings. The washed bran was
dried before the flour was added. The addition of 25 percent of flour
to the bran carrier increased the effectiveness of the bait, but a carrier
made up of 50 to 75 percent of flour was less effective. It is probable
that a bran deficient in middlings could be improved for use in earwig
bait through the addition of a small proportion of middlings or flour,
but ordinary bran has been used in all the regular field experinents.

TanLe 8 —Laborafory and field experimenis wilh various carricrs ysed in befls
for the urapean carvig af Peyalivg, Wash,

Mortalily by days
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In five sefs of simultaneous laboratory experiments with mature
earwigs the results obiained with wheat bran were compared with
those with fir sawdust. both with and withouat addition of wheat nud-
dlings {table 8). Both the bran and sawdust showed increased mor-
tality where middlings was added : sawdust alone showed fairly good
results, and with the addition of middlings this materinl gave the
highest early mortality.

In examining the stomach contents of earwigs killed in the experi-
ment with plain sawdust it was found that only traces of sawdust
were present. but that much oil was inctuded, indicating that the
earwigs had lapped the oil from the sawdust. thus ingesting the
poison. The high mortality oblained in the sawdust-and-middlings
experimenis may have been due to concentration of the peison in the
middlings.

A carrier made up of a mixture of 10 pounds of fir sawdust and 2
pounds of middlings was compared with the ususl bran bait in five
pairs of simultaneous experiments in which city blocks were baited.
The results as given in table 8 show that sawdust and middlings used
as a carrier in earwig bait gave very poor results.
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Apple pomace, consisting of desiceated peelings and cores ob-
tainable from canneries, with and without fish oil, was compared with
bran as a carrier in a series of laboralory experiments in which all
other conditions were the same. The results of 15 sets of simul-
taneous experiments, recorded in table 9, indicate little difference in
the results obtanined with the three baits except that the apple pomace
without fish oil appears to be slightly less satisfactory in producin
an early mortality. This material was not tested in the field; an
its physical characteristics are not so satisfactory as those of wheat
bran, since, owing to its comrseness, much more bait would be re-
quired to cover a unit area with apple pomace than would be required
if bran were used.

Papce O.—Laboratory experiments with apple pomace, with and without fish oil,
a8 @ bait for the Buropean eorwip, Puyellup, Wash.

Morintity by doys
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EXPERIMENTS WITH POISONS

¥ifty-four poisons were tested in earwig baits in laboratory experi-
ments at from three to five different dilutions. Thirty of them killed
less than half of the earwigs in 6 days at & concentration of 1 pound
of poison to 12 pounds of carrier. These poisons, listed in descending
order of effectiveness are ns follows: Sodium flucsilicate, potassiun:
fluosilicate, barium fluosilicate, lithium fluoride, lead fluosilicate, so-
diuro fluoride, magnesium fluosilicate, chromium fluoride, paris green,
lead fluoride, ammonium bifluoride, caleium arsenate, antimony fluo-
ride, ammonium arsenate, arseric oxide, calcium arsenite, arsenous
trichloride, cuprous cyanide, sodium arsenite, rotenone, cupric fluoride,
sodium arsenate, arsenic acid, barium fuoride, zinc arsenite, strontium
arsenite, arsenous oxide, sntimony arsenate, zinc fluoride, cryolite
(synthetic), potassium bifluoride, zine cyanide, ammonium arsenite,
anlimony arsenite, potassium antimonius tartrate {tartar emetic},
copper arsenate, arsenious sulfide, antimonic tartrate, iron arsenite,
aluminum fluoride, antimony pentoxide, strontium fuoride, sodium
methyl arsenate, lead arsenite, potassium arsenate, potassium arsenite,
arsenic disulfide, london purple, zinc arsenate, ealeium fluoride, mer-
curic cyanide, lead arsenate, lead antimoniate, magnesium fluoride.

Table 10 indicates the results of 10 laboratory experiments with each
of the 10 best poisons, with the exception of sodium fluosilicate and
sodium fluoride, which were tested 25 times. Earwigs of the same
stage of development were used in the compared experiments. Of
the 25 arsenicals tested, paris green was the only one to appear amon
the 10 best poisons, the remainder of the 10 being fluorides ang
fluesilicates,
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Tank 10.—Results oblained in laboraiory experiments 1woith various poisonst in
baits for the Buropean earwig, Puyullup, Waszh.

Mortality by days

Polson used
| 2 3 4 5 8
Pereent | Pereent | Percent | Percent | Pereent | Pereent
Sodiam finesilicate. ... .. ... .. B. 54,5 8.2 3.7 9.8 08.4
Potassium Goosilicate.. . 13.0 8L 0 82.5 42.0 86.0 07, 5
Barlum flnostlicate. - . 0.0 56,3 73.9 83.4 024 9.9
Lithium Auoride..... a1 42,1 68.8 78.4 80.4 3.8
Lead finostlicate. __ 4.0 32,2 62,3 80.9 88, 4 0.4
Bodium Buotide...... 4.4 31.1 58.9 ED. 8 8.0 92,8
Magnesium Bnosilica: 6.5 7.0 8,0 7o 8.0 03. 5
Chromiu fucride. ... o4 D 2.2 56.8 744 7.2 92.4
Paris green _ 8.0 T 58,8 7.8 80.4 82,5
Tead toorido. . s 4.2 7.5 45, 3 0.1 82.5 8.1

11 part of poison was used for 12 parts by weight of the corrier,

Earwig buaits are used chiefly in places that are frequently
sprinkled with water from a hose. Because of the sprinkling and

e accumulation of dust and dirt on the hait, together with the
drying action of the sun, a bait often does not remain effective for
much more than 3 days after it is put out. Hence it is advantageous
to use a quick-acting poison which at the same time is not too
soluble in water. Sodium fluosilicate is one of the least expensive of
the materials tested, it ranks high in the mortality produced both
on the third and sixth days, and also it is not very soluble in water,
For these reasons it has been used in nearly all the field expe-iments.

Since sodinm fluoride has been used extensively in earwig baits,
25 paired laboratory experiments were conducted with this poison
and with sodium fluosilicate. The pairs of baits were exposed simul-
taneously; earwigs of the same stage of development were used in
both; and the balts were made up in the proportions of 12 pounds of
wheat bran, 1 pound of poison, and 1 quart of fish oil. On the basis
of these experiments (table 10), sodium fluosilicate is superior to
sodium fluoride as an earwig poison, particularly in acceleration of
kill, which is very important in & bait which must be subjected to
sprinkling.

The standard bait and one of the same formula except that sodium
fluoride was substituted for sodium fluosilicate were also compared
in five pairs of simultaneous experiments in which city blocks were
baited. Results are given in table 11,

TABLE 11—Chtdoor coperiments comparing the effectiveness againgt the Euro-
pean earwiy of sodium fluoride and sodinm fuosilicate in deits disiribuied
over five eity blocks, Puyallup, Wash.

:} Mortality by weeks

Tolson vsed
1 2 3 4

Percent | Pereent | Percent | Percent
Sodiom Buoride _ el 2.7 5001 i, 8.0
Sodivum JuesiHeate . e e 80.8 81,5 ; 90.9 88,2
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The difference in effectiveness indicated in tuble 11 is in faver of
sodium fluosilicate, but it is not very marked. The lesser solubility
of this poison, however, and the greater acceleration in mortality
should render it more generally satisfactory than sodium flueride.

EXPERIMENTS WITH DIFFERENT PROFORTIONS OF POLSONS

A great many experiments with different proportions of poison
and carrier have been carried out in the laborafory; but these indi-
cate little with the better poisons, since the insect, 1n the presence of
a practically vnlimited quantity of bait in a small container, ingests
sufficient poison with a proportion of 1-96 to produce about the samu:
mortality as is obfained with 1-12.

The standard bait has been compared. however, in entire city
blocks with one containing one-half the standard quantity of poison
in five pairs of shmufanecus expervinents.  The results ace shown in
table 12. Xt is evident that the bait containing only half the vee-
ommended quantity of poison gave very poor results,

PanLy 12~—fweperimenty with differeni prowortions of sodinin flunsificate i
baiks for the Buropean exriviy coposed i five city Dlgeles @t Pugallap, Wash.

Larality by weeks

Froporhint of prelsan tecarier
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COMPARATIVE TOXICITY OF POISONS 70 MATURE AND IMMATURE EARWIGS

Twenty-four paived Taboratory experiments were conducted to com-
pure the velative toxicity of the standard earwig buit ngainst mature
and immature earwigs. The results as given in table 13 coincide with

those in an additional 48 pairs of experiments with various dosages of
paison, 'Fhe early mortality is higher in the case of the immatwee
varwigs, but the reverse tends fo be true at the end of 6 duys.

anLE 18.—Laboratory exporiments comparing the toriciiy of the standerd Huro-
pean earg bait to melyre and inanature carivigs, Pupulinp, Waosh,

Mortulity Iy days
Stage of onrwigs o R
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EXPERIMENTS WITH OTHER RECOMMENDED BAITS

Seventeen sets of laboratory experiments were conducted to compare
the effectiveness of two baits previously in extensive use on the Pacific
Coast with that of the standard bait which is referred to in table
14 as bait No. 8. The formulas of the other two baits ave as follows:
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Whent bran — e Jroundso

Sugar . da

Meat meal do____

I'aris pgreen ounces
Water to moisten.

e
S

[

Bait No. 2
Wheat bran pounds_. 1
Mpolusses quarts.._
Sodium fluoride pound....
Water gallons__

TABLE ld—Laboratory erperiments comparing the cffectiveness of three boits
for the European carwig, Puyallup, TWash,

Mortality by days

Rait No.
1 4 4 &

Pereent Pereent Percent
0.9 10.0 2 30.5 56,6 -

59,4 4.8 ;

85.0 92.8 ]l

It will be noted that bait No. 2 is much more effective than No. 1,
and that No. 3 is distinetly superior to both the others.

EXPERIMENTS WITH DIFFERENT QUANTITIES OF BAIT

Ten city blocks baited in July and August 1931 were baited again
in July and August 1932 with a smaller quantity of bait. .?uly

1931 was warmer and drier than usual and August 1981 was one of
the driest on record. Only one light rain fell which might have
affected the results of the baiting. In 1982 July was unusuaily
cool and rainy, wheress in August the temperature was about nor-
mal, but the weather was unusually cloudy and reiny. Three of
the experiments begun in 1932 gave very poor results. which were
definitely traceable to rain falling shortly after the bait was put
out. Table 15 indicates the results obtained, exeluding in both years
the three blocks in which the experiments were invalidated by rain
in 1932,

TapLe 15.—Field experiments to delermine the relgtive efficiency of different
quantitics of beit for the Buropcan earwig, Puyallyp, Wash,

Averagn Avemge Earwigs Mlortality by weeks
guantity Aren per 1'”&"3
af bait per | pound of hatlin

bloek bait £ 1 a 3

Yoar

Poumds | Square feel | Number | Pereent | Percent | Pereent
] U 107 4 G20 103, 517 BG.6 LT .7
192, e i 6L} L,07! 22,348 0.5 9L.6 8.1

Under the conditions of the experiments reported in table 15 the
smaller quantity of bait gave distinctly poorer results than were
obtained with the Jarger quantity. At the heavier rate of application
it would require 8 pounds of bait to treat a lot 50 by 100 feet in area.
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METHODS OF PUTTING OUT THE BAIT

Two series of experiments were conducted in one of which the
bait was broadeast over the entire area, whercas in the other it was
applied in a strip about 1 foor wide along walks. flower beds, and
buildings and about trees, posts. and all other objects offering lid-
mg places for earwigs. In hoth series the fork- of trees also were
baited if they could be reachied. The mortility abtained iv treating
five city blocks by each method is indicated in table 16.

TAuLy 16 —Field cxperimients fo detevnine e relative efficiency of the broad-
ruxi nd s,uo.‘ wethaods nf b(u!uu For the .’JHIG}J(’HH carwiy, Peayamm, Wash.

Mortulity by weeks
Methad of applieatfon

: _ 1

Pereent | Feroend | Pereent Pereent

Broadeast. .. .oo.. .. Ceme eee e e T84 583 | BA.6 §7.1

Bpob.. . s e 7.3 1.1 RS 748
]

Evidently the broadeast method of application gave considerably
better results than the spot method, but the broadeast applieation
requiredd four times as much bait. Tor best control a brondeast
application would seeni to be requived, but a meoderate degree of
control may be obtained through the spot method of application.

BAITING SINGLE LOTS

In early experiments to determine what constituted reasonably
satisfactory barriers against earwigs, 62 single building lots were
baited. Most of the lots selected were bordered by roads, streets,
or adjacent property that was also baited. o were surrounded by
cultivated arens or dry prairie. In most cages the only mortality
record was that taken 1 weelt atter (he bait was put out. The average
mertality for 12 well-isolated lots was 87.2 percent as compared with
59.3 percent for 12 poorly isolated lots. In the year following these
experiments, however, a high mortality continuing for weelds after
the bait was applied was obtained on a few lots which seemed to be
poorly solated against reinfestation. Hence it cannot be said that
poor results may always be expected when a lot is baited which
apparenily s poorly protected from infiltration of earwigs from
adjacent property. Yhat usnally happens, however, when an un-
protected lot is baited is illustrated in table 17, in which: the fluctua-
tions of the earwig population after the b uhntr of a single lot are
compared with those in an ndjacent baited block.

TABLE 17.—Changes in Buropean earwig population in a bailed ot located in an
otherwise unbaited Block as compared iwith that in a bdaited dlock, Pupallup,
Wash.

Enrwigs Earwipes iweekly) after the spreading of the bait
Arca balled Belgre === e =
1 I "

Lailing

;
3 ] 5 § 7 8 | 9

!

i !.\ umb:r..\aumher Number Number, Nuutber; i\umber Niember: Nuaher) Number) Number
Siople lat.__ .. L4s ¢ B 54 33 837 92 1,85l 1,485, 164
Eantire block.. .. _. H -190 1, 574 T 435 484 i i § a72 l 448
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It will be noted that the earwigs decreased in number in the
single lot for 3 weeks after the baiting, and then the number in-
creased rather rapidly until at the end of 9 weeks the earwigs were
almost as numercus as they were before the baiting. In the baited
block the number of earwigs was still low 9 weeks after the baiting,

In the majority of instances, baiting an unprotected lot in the
middle of an infested aren gives only moderate and temporary relief
from earwigs, but where the lot is isolated completely by streets,
roads, or cultivated arens baiting should give good contral.

TIME OF BAITING IN RELATION TO CONTRGL

In 1933, during the period May 31-June 5. when 96 percen:t of
the varwigs were immature, the remaining 4 percent being over-
wintered adults, 5 city blocks were baited. whereas in 1932 the young
had begun to become mature when baiting was begun on J uly 7 on
28 blocks, and nearly all were mature when the last applicaion of
bait wus made on August 26. The results of these experiments
against mature and immature enrwigs are indicated in table 18.

TARLE 18-—d romparison af the effectivencss of Wetiting against mature and im-
mature Buropeun earicigs. Pugalivg, Wash., 1832 and 1833

Rlocks Earwies

Maoreadity by weeks
i r .
baftend h?gck

I 2 ) 9 1 &

Braee of earwles

Number Nusiber Percemt Percent - Percent o Fercent Prreent © Percepd
Immatare ... . . & : . B 6 a5 G 97.4 : ar.n 8.5 - 43, =
Muture . Ll . 3488 [+ Bl & 8- £9. 9 uloh

The baiting experiments agalust mature earwigs probably were
more adversely affected by raius than was the case in the experiments
nganst immature earwigs. and this may aceount for the low mortality
Tor the first week in experiments with the mature insects.

Young carwigs are appurently more readily controlled by baiting
than the mature insects. The two series of experiments are not
strictly comparable, however. and the writers would merely draw
the inference that hoth mature and immature carwigs are amenable
to control by baiting.  The appearance of young earwigs from the
seeond ege laying m June :m(]l the early part of July does not seem
to have depresscﬁ the percentage of mortality appreciably in either
reries of experiments and. hence. it wonld appear that baiting at any
time after the majority of the young have appeared in the spring
should give satisfuctory resnits,

PERIGD DURING WHICH ONE BAITING AFFORDS PROTECTION FROM
CEARWIGS

In n series of experiments conducted in 1931 a tolal of 27 city
blocks were baited and kept under cbservation for various periods
up fo 9 weeks. The mortality recorded, beginning with the end of
the first week and noted at each week end for the first 3 weeks and in
alternate weeks thereafter. ran 83.2. 85.7, 884, 91.0, 94.0, and 97.3
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percent, 6 blocks having been observed for the entire period. At the
end of the 9 weeks there was an average of less than 200 exrwigs per
block in the 6 blocks, whereas there had been originally in the 27 blocks
an aversge of 8,965.

The reduction in number of earwigs was not due to natural
mortality, since the baiting was begun on July 7 after all the old,
overwintered earwigs had died.

The gradual increase in mortality over a period of & weeks very
probably was due to the living earwigs eating the poisoned dead
ones, since earwig remains were abundant in the stomachs of earwigs
taken from the baited areas, and observation indicates that the balt
I'robably does not remain effective in most cuses for more than
a week owing to the watering of lawns, the accumulation of dirt on
the bait, the evaporation of the oil, and other deteriorating factors.

The bait apphed early in July kept the avea practically free of
curwigs for the vemainder of the year.

EARWIG POPULATION THE YEAR AFTER BAITING

Several series of field experiments have been conducted to deter-
mine the effect of baiting on the earwig populution during the yewr
following, The results are indicated in table 19. With a smaller
number of traps covering the sume atren. the average number of ear-
wigs per trap preceding the balting in 1932 was only 32.8 percent of
that in 1931. On the basis of these experiments it would appear that
baiting in 1931 resuited in a reduction of 67.2 percent in the earwig
population at the same period in the year following. That this dif-
ference is not due to o general reduction in the earwig population is
mnclicated in the prebmting counts made in 1932 on 14 blocks not
baited in 1931.

‘Tanne 10.-~Effect of Tailing on earwig nunbers inoduly and dugust the folloiving
wear, Puyuilup, Wash,

- F . . . C e ——

' - " Aversgn .
. . i Total eur- " Trentment
Your connted Blocks  © Traps | "her i earwies i y
wlgs _ pertrap previous yenr
[P I i ~

Number - Nwmber ° Number | Number

14 344 A9, 428 35 1 Not bailed.
t 4 2t ! 24,47 84 | Baited.

14 288 - 62, 018 ny i Not baited.

1 The snme bivcks as those examined in 1931,

EFFECT OF SPRINKLING ON THE EFFECTIVENESS OF BAIT

A series of luboratory experiments were carried out in which baits
were mixed, spread on pieces of cheesecloth on a lawn, and sprinkied
with a hose unfil puddles of water stoed on the turf as would occur
in a thorough sprinkling of the lawn. The baits were made up in the
proportions of 12 pounds of bran, 1 pound of poison, and 1 quart of
fish oil. After the sprinkling, the materinls were allowed to dry until
they were only slightly morst, after which they were tested simul-
taneously in pan experiments with immature earwigs. The results
of 11 sets of experiments are indicated in table 20.




62 TECHNICAL BULLETIN 7686, ¥. & DEPT. OF AGRICULTURE

mapLe 20.—Effect of spriniling with o hose on bails for the European earisiy,
Pupalinvp, Wash.

Aoriality by days

Uondition
3 4

Frereent Fercent Prreend Percend ;) Percent Pereen i

Sedium dueride . . ... Spriokled L 0 M 349 438 622 7. &

Sodium Hnostieate ... . . . _..do. . . .. . 4. i 4 70.8
D30 e ceaece e Mok sprinkied . B4 D, 79.2 | 502

1

Both sodivm fuoride and sodinm finosilicate in balts that had been
sprinkled were distinctly less effective than sodium fluosilicate in an
unsprinkled bait. bat sodium fluesilicate was decidediy more effective
than sodium fluoride under the same conditions.  Sodinm fluosilicate
is anly about one-sixth as soluble in water as sodium fluoride.

A pumber of experiments with various quantities of fish oil indi-
cated that the proportion of fish ol nsed war not important in rela-
tion to the effectiveness of sprinkled baits,  In other experiments an
effort was made to incorporate the poison into the carrier by adding
water and boiling the mixture to dryness before the fish oil was
added. This bait, after it had been sprinkled. was less effective than
the untreated bait.

In additiona] experiments the results obiained with fish otl, with
a mixture of fish oil and glue. and with glue alone in sprinkled baits
were compared. The baits were made up in the proportions of (1)
24 om, of wheat bran, 2 gm. of sodinm fluosilicate. and 4 ce. of fish
uil, (2) 4 ce. of fish oil and 16 cc. of glue, and (3) 16 cc. of glue, respec-
tively. The glue was made by dissolving 4 ounces of crude glue in 1
gallon of water.

The results obtained in five setz of simultaneous experiments with
these materials against immature enrwigs are indicated in table 21

Taprk 21.-—Laboralory erperinients with various attreeting ingredients in carwig
heits sprinkled and wnsprinkled. Puyallup, Wash.

Muortality by dnys

Aleaetant el Condditiog
: 3 | i @ 1]

Fish enl Not sprinkled | R

Aergent Percent Perced Percend Percenl Pereen!
3 WA, OB67 0 SLA' BLY . 960
Sprinkied . N Wal 7LD SLO §05.9 40.9

a

b
CGioe and 6% ol . ap. 3.0, sbol| S0 800 8.0
Gloe . .. . e e RESLO TREL WA 86§ | BO.5

Al the sprinkled baits were inferior to the unsprinkled one in
mortality obfained, and none of the attractants was much superior
to the ofbers in resisting the deterioration caused by sprinkling.

Fish oil is a drying oil. and it was thought that baking the bait
might form an insoluble coating over the poison. thus causing less
loss when the hait wax sprinkled.  In six sets of simultaneous experi-
ments the wsual Ash-oil bait was tested, baked and unbaked, in sprin-
kling experiment=.  The baked bait wax distinetly loss effective than
the unbaked one.
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TREES IN RELATION TO EARWIG CONTROL

Other things being equal, the eurwilg prefers to hide about some
object above the ground rather than on the ground ifself. Trees
satisty this preference and, in addition, muay provide satisfactory
fuod, in which case the insect becomes independent of the ground.
In a heavily intested spot every curled leaf, every crevice under a
loose fiake of bark. und every suitable hole may be occupied by one
or muore earwigs, and several hundred may find concealment in a
small tree,

For several vears, in baiting expeviments, the lTocation of each {rap
and the number of earwigs taken have been vecorded. The number
of earwigs trapped in several situations and the mortality in these
~ituations hl‘uug]hl about by baiting are indicnted in table 22, which
s based on results In 30 raps from each tvpe of location, all taken
Trom the sume baiting experiment.

Tanne 90 —Hiding places of Furopean earicigs with reference to the morteliiy
produved by baiting, Puguailup, Wash.

. Averape
Laeation of {rep oerwigs  ——
per tenpr ! 1 a5 3

Muortality by weeks

Nurber Percent ; Pereent | Pereent
Inmiree . . . .oeiiaao.. . . By T ] L6
Avbases gf Lrer . Laeel an e eeiaa. 152 31'71 LR LAY
Adljoeent to louse, fenee, or post . ... 111 B').(JI 96,7 Yok

More eavwies per trap were taken in or adjacent to a tree than
beside a house, fence, or post.  Bait was placed in the forks of trees
wlhien these were accessible, yet mortality was lower in the trees or
in traps at the base of trees than in traps beside buildings, fences, or
posts. 1t seems probable that many of the tree-frequenting earwigs,
particularly in large frees, never come in contact with a bait and
that they are an important factor in the reinfestation of premises
after (he bait has become ineffective. Banding trees with o sticky
material before the earwigs have climbed them may be necessary where
the highest degree of eontrol is desired. Mortality in trees may be
increased through the use of bait traps as discussed on p. 65 in this
bulietin.

TILE BAFT RECOMMENDED AND ITS APPLICATION

In view of the experiments that have been performed the following
formnpla i+ reconnsended {or eavwig bait

Whed! BRI, e e e - e pounds__ 12
Sodinm Buosbicale {(silbeotweridey oo oo o oo ponnd__ 1
Wish ol . ko i ammes o mmmm— e e —eQRATELL ]

The bran and poisen should be mixed thovoughly either by hand in
tub or other suitable vessel or in a bait mixer {fig. 25). The 8sh oil
shoald then be added and the bait mixed thoroughiy again.  No water
should be nsed.

The following materials may be substituted for those recommended
In piace of bran, dried apple pomace probably would be satisfactory;
but, being conrser, much more bait per unit area wounld be required to
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obtain the sume distribution. In place of sodium fluosilicate, sodium
fluoride is the best substitute generally svailable, but this is less effec-
tive than the poison recommended. Substitutes for fish oil include
cod-liver oil, rapeseed oil, coconut oil, #nd honey, but some of these
have objectionzble features.

The bait should be scuttered thinly over the entire area 1n which con-
trol is seught, but specia] attention should be given to distributing the
huit along bourd fences and walks and about trees, telephione poles,
wood plles, the foundutions of buildingg. and other places where eur-
wigs are known to lurk in numbess. 'The quantity of bait made up in
the for egoing Tormula is sufficient for one application to an area of
from 5.000 to 8.000 square Teet, depending on the specinl hadting neces-
snryv on aeecunt of {rvees, Tenees, ete. Lawns should not be sprinkled
until the bait has been ont for (wo nights. The bait rarely couses
any notieenble dumage to grnsel bat 30 shoulld not he applied (o oraa-
niental plants,

When a single eity lot i baited 1o an infested area it may become
reinfested very soon. but where whole city blocks are baited one
thoreugh applieation should contral the curwigs for the remainder of
the seasxon.

Fraees 25--Bait mixer used in pregaring boits for the European enewig,

TOXICETY OF SCGRUM FLUOKILICATE TG HIGILER ANIMALS

To deternuine the toxicity to poulivy of the earwig bait containing
sodhwn fluosilicate, six younyg chickens weighing 1.3 pounds each were
confined in a coop and provided with water. These chickens were
given nothing but the usual exrwiyr bait as food except that a small
portion of meat meal was adided. One chicken was removed each day
and fed thereatter on unpoisoned food. One died after 94 hours and
another after 114 hours. The surviving fowls, which had been ex-
posed to the food for 22, 46, 70, and 114 hours, respectively, were
icept under chservation for 2 months and appurently becamne entirvely
normal except that one, that had been fed for only 22 hours, remained
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a runt.  Even in 24 hours these chickens consumed far more bait than
would be eaten by fowls when buit is distributed thinly on the ground.
Hence it would seem that very little injury to poultry should be ex-
pected from the usual application of earwig bait. The findings of
Hauck and others (87} indicate, however, that it would be best to
keep chickens away from baited arens. These writers, in experiments
with sodium fluoride, found that when this poison constituted as much
as 1.2 percent of the ration it wus highly toxic to chicks of all agres
and that a proportion of 0.96 percent mariedly reduced ege produc-
tion in pullets, . o .

De Eds (13, p. 16}, in discussing acute fluorine intoxication, says:

No relinble informution exists us to the minimum lethal dose of fluoride or
thuosilicate for human individuals. The reports mentione< above show that
recovery haz followed the ingestion of 0456 gram of sodium fiuoride, and that 4
grams (.3 teaspoonful) of sodium sDicofluoride proved fatwl.

More uecuritle infornation on dosage and sympioms exists when the experi-
mentl datn on nnimals are considered. In 1867 Ruobuteanu published dota ob-
tined on dogs and rabbits. When 0.5 grum was given to {dogs by month, symp-
toms were produced but (.25 gram by mouth produced no demousirnbie
chnnges, One grum injected introvenously caused serious symptoms, but was
not fatel.  lu rabbits, 0.25 gram by mouth cenused symptoms and the spme
innount injected Intravenously proved fatal,

From this it will be seen that sodium fluosilicate is quite definitely
poisonous to higher animals, and unconfirmed reports indicate that
dogs and cats may have been killed as a result of baiting for earwigs
with sodium fluosilicate,

BAIT TRAFPS

The writers have devised a bait trap (fig. 26) consisting of two
grooved boards, with the hiding block thus formed enclosed at one
end in a galvanized-iron box, fitting closely to the block on one side
and offset on the other to provide a compartment for a bait that is
accessible to earwigs from within the hiding block, and provided with
a sliding cover. Bait exposed in the trap remains in good condition
indefinitely, but the hiding block becomes fitled with frass and shed
skins of earwigs, necessitating an occasional cleaning.

Experimental procedure was not very satisfactory with these traps,
since they could not be taken apart without killing many of the ear-
wigs. To estimate the numbers of earwigs previous to putting out the
bait, the usnal procedure for baiting experiments was followed, the
hiding blocks used being placed in or beside trees. One of the bait
traps was then placed above the hiding block in each tree, and the
mortality record was based on the number of earwigs in the hiding
blocks below the bait traps as compared with the number in the same
hiding block before the baiting. One of several objections to this
method is that many of the earwigs from the hiding blocks took up
their abode in the bait traps, rendering the mortality record based on
fluctuation In the population in the hiding blocks very unreliable.

Four experiments have been conducted with these bait traps in each
of two locations. Only one mortality record, 7 days after the traps
were exposed, was made in each experiment. The apparent reduction
in the number of earwigs in one case was 41.6 percent, with the un-

272090415




66 TECHNICAL, BULLETIN ThH&, UL o~ DEPE O] AGRICULTUHE

treated cheeks showing an inerease of 355 pereent s wherea- in the
other the appurent decrease was Ghd pereen, with an juerease of 124
pereent in the cheelks.

Bait trap=are not reconmended for control, g they may be af some
service where there is objection to seattering poi=oned buit,

Fisver Wi Bait arap Ter Loropeatr earwigs An assombled teap is <hown
hanging on i tree, and the sepaeate part- of anolher are <shown Ixtne o the
metal barrier ot the bize of (he tree

EARWIG-RATING CAMDPAIGNS

Baiting campaign= for the weneral contral of earw we= have been
nadertaken in g number of eities on the Pacilic Coast particularly in
~eattles Washe, and at Portland, Oreg. Thise cnmpaiats were con-
dueted inder the auspices of ~ome ageney of the ciov, connty. or See,
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The areas to be baited were determined through a board of survey or
through petition of 50 percent of the property owners in a blocls, after
which baiting in these sreas became compulsory. Those in charge of
such campaigns often found themselves involved in a host of difficulties,
and no baiting campaigus have been conducted during recent years.

The essentiais of sach a campaign are that a reliable buit should be
used, the distribution of the bait should be under the supervision of
the agency in charge, a city block should be taken as the unit, and all
nroperty in the block should be baited the same day.

Exrewmsvenrs Witu Ixert Dusts

Mote and others (.(;’r"% have called attention tu the proncunced
“cleaning-up” habit of the earwig, and H. C. Atwell brought to the
attention of the senior author some experiments he had conducted in
which earwigs died when confined with ground stone. In the present
experiments exrwigs were confined in graniteware pans having the
hottoms partly or completely covered with » dust and provided with o
grooved hiding block for the enrwigs,  In some cases the insecls were
allowed to settle in the Lidiwgr block. which was then placed in the pan,
whereas in others they were dropped upon the dusty bottom of the
pan. The results were the swme in both cases, and likewise it made ne
difference whether the pun was comprletely or ouly partly covered with
dust. The materials tested, in descending order of effectiveness, were
plagter of puris, air-slacked lime, ground stouve, talewm powder, dry
field earth, and powdered sulfur. AN the earwigs confined with
plaster of paris or lime were dead within 3 days.

Death was not due to stoppage of the spirncles but to the ingestion
of large quantities of the dust in “cleaning-up” operations. It seemed
to be essential that the dust be spread on a smooth surfuce. When
earwigs were dusted with taleum powder from n sieve and became
coated with dust without walking in it and were then placed in & clean
vegsel mortality was very low. It ulso was found that when Jarge
numbers of earwigs were liberated in a pun containing taleum powder
mortality was low, probably because they milled about in masses, thus
freeing themselves of the powder.

Two series of experiments were conducted in metal barviers about
3 feet square (fig. 16) in which conditions more nearly approached
those found in nature. Iach enclosure contained moss. lichens, aphids,
and dandelion, and was supplied with 100 earwigs. A hiding block
was provided in one series of experiments and omitted in the other.
This cansed no important difference in the mortality obtained. The
dust was spread as a thin layver on the bottoms of u series of shallow
paper cups (fig. 27) with lateral entrance holes for the insects, and
one cup wus placed in each enclosure.  Mortality obtained at the end
of 7 days with dust boxes is compared below with that obtained with
boxes containing the usual bran buif:

Pergent

AMaterial in box: martality
Poiscned bran hait - O - 3 W
Plaster of pariso L ... . . e - - L 2.5

Air-glucked lime . 6.0

It seems evident that inert dusts are useless for the control of the
earwig in the field. The earwigs disliked coming in contact with the
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dusts and seldom visted these boxes long enough to pick up a lethal
quantity of the powder.

ExPERIMENTS WiTH Posonous DusTs

Ir another series of experiments similar paper cups (fig. 27) with
lateral entrance holes for earwigs and a thin Iayer of poison on
the bottom were placed within similar galvanized-iron barriers con-
taining moss, algae, dandelion, and aphids. One hundred earwigs
were put within each barrier, and & hiding bloeck made of two
grooved boards placed groove to groove (fig. 22) was provided. A

Fieure 27.—Puper buxes used in eXperimeuts with dusts for the control of the
European enrwig,

piece of cellucotton on the lid of the cup was treanted with fish oil
in some cases. Mortality within the barrier at the end of 8 days
was as follows:

Parcend
Material tested: morialily
Sodinm flueride, fsh oil on the cotton T4, 0
Sodinm Auosiliente, fish oil on the cotton 86,0
Sodium fluosiliente, no fish oil 83. 0
These experiments indicate that earwigs, in a situation in which
they had some little choice, entered the bozes for a sufficient period
and in sufficient numbers to bring about a high mortality in 8 days,
and that the addition of fish oil may have been sdvaniageous.
One field experiment was carried out along a board fence in which
a thin layer of sodium fluosilicate was applied over the bottom of the
cups and a piece of cellucotton in the lids was scented with fish
oil. The standard procedure in bating esperiments was followed to
determine the earwig population before the poisoning. The earwigs
were then emptied from the traps, the traps removed, and a pol-
soned cup placed at each of 20 fence posts. After the cups had been
out a week they were removed and the traps replaced for 1 night.
The difference in earwig population before and after exposure of
the poison indicated a mortality of 87.67 percent, but the removal
of the traps before the poisoning and their replacement after the
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experiment for only 1 night was not considered as furnishing 2
satisfactory basis for estimating the mortality. Hence all the ear-
wigs from along the treated part of the fence were collected in
o bucket, and from this lot 2 sample was taken and brought to the
laboratory, where the earwigs were given unpoisoned food. The
accumulated percentages of mortality were 159, 254, 47.3, 743, 820,
and 846, respectively, for a O-day period. Much of this mortality
may have been due {o the live earwigs cating the poisoned dead;
but this of course would also oceur under natural conditions, although
robably to a lesser extent. The mortality could not be ascribed to
ack of places for conceaiment other than the cups, since the board
:Eenlcadprovided many situations in which the earwigs were accustomed
to hide.

An additional field experiment was conducted on a city lot in
which sodium fluosilicate was exposed as in the preceding experi-
ment except that the fish oil was omitted. The usual procedure
for determining the earwig population was followed there, and a
dust box containing the poison was placed beside each trap, Three
weelts atter the poison was exposed there was an apparent reduction
of 32.3 percent in the earwig population. A sample of earwigs
taken from one of the traps 3 days affer the poison was put out
showed no mortality when fed farther at the laboratory, and the
same \:ias true of another lot collected 9§ days after the poison was
exposed.

%arwigs are not attracted strongly to fish oil, and it seems proba-
ble that the experiment aulong the board fence represented n rather
special case and that poison 1n dust boxes ordinarily will give very
poor control of earwigs. Ordinarily but slight and temporary relief
from earwigs is obtalned when a single unprotected lot is treated
in the midst of an infested area, and the provision of sufficient boxes
for an entire block would be & considerable task.

On two well-isolated city lots a mixture of 3 parts of sodium
fluoride and 1 part of flour was scattered about all trees, posts, and
buildings. Two and one-half pounds of the mixture was used on
each lot. The standard procedure for determining the earwig popu-
lation before and after baiting was followed. In one lot a mortality
of 59.6 percent was indicated in 1 week after the powder was appHed,
and in the other a mortality of 52.2 percent was indicated at the
end of 1 week, but this had increased to 63.7 percent at the end of
2 weels. It was noted that the powder absorbed moisture and be-
came encrusted and ineffective within a weelk. The later mortality
probably was due to the live earwigs eating the poisoned dead.

Mortality was Jow in these experiments, but owing to cannibalism
it would probably increase over a period of several weeks, More-
over, the cost of such treatment is low. In using this material it
would be necessary to discontinue sprinkling lawns for a week or
so after the application, and damsuge would result if the mixture were
placed on prass or teo close about plants.

TrarpING

Observations made in the course of baiting and trapping experi-
ments indieate that trapping earwigs on a single building lot in the
midst of an infested block is almost useless as a means of reducing
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their number. In table 23 are given the results on two cily lots
in which frapping was continued for a longer period than usual,
The earwigs were trapped and removed at approximately weekly
intervals.

Tapre 283—Bffect of rapping on Duropean eqrwig populations on single building
iots at Puyallup, Wash.

Earwigs at spprovimately veekly intorvals

1 z | 3 4 5 6 7 8

Number | Number | Number | Number | Nuaber | Number | Nuwber | Number
147 642 1,23 i, 52 3,3 3,38

6305 | 576| 36st| &oi| sé7] se57| w260 4,863

Lot No. 2 had been trapped consistently for 3 years previons to
this experiment, A total of 46,560 earwigs were removed from this
lot in the course of the 8 weeks, but the earwig population in the
traps was but little less at the end of the experiment than in the
beginning. Beall (3 p. 238), in discussing the results of trapping
experiments, says:

In conelusion it may be said {hat trapping on a single lof eansed some
lowering of the level of population. However, rapid infiliration from
surrounding non-trapped lots nullified fhese results on the whole.

Experiments with marked earwigs and examination of the contents
of the digestive tract of numerous specimens lead to the conclusion

that, under favorable conditions, the earwig tends to be sedentary.
If this is the case, it seems strange that trapping a single lot appar-
ently does not reduce greatly the number of earwigs present on it.
At least two factors probably enter into this situation: (1) The ear-
wig population probably is much greater than observation had indi-
cated, since the insect has an almost magical ability to conceal itself;
(2) some factor in the nature of pressure of population apparently
tends to equalize the density of population within a wnit area such
as o city bleck. Many evidences of this tendency have been en-
countered in experiments in which single lots have been baited.
Traps at the periphery of the baited area often contain as many
dead earwigs as there were live ones at the preceding examination,
but an equal or greater number of live earwigs have been added to
the dead in these traps. In the meanwhile control may remain
satisfactory for a time at the center of the lot.

Cuo~nTron 1w Bawvep Nursery Stock

Maclie (42) gives a preliminary report on the effectiveness of
fumigation of balled nursery stock with a dost cyanide and of
treatment with several repellents, of which navhthalene was the best.
Steinweden {64) shows that 100-percent mortality of earwigs cannot
be obtained through fumigation with caleium cyanide without serious
injury to bailed evergreen plants when the foliage is exposed to the
gas, but that when the fumigant is dusted avound the ball inside the
burlap covering and the ball wrapped tightly in a rubber tarpaulin,
fumigation is safe and effective. The dosage recommended is three-
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fourths of an ounce of culciom cyanide for medium sized plants with
a fumigation time of 24 hours. He found paradichlorobenzene and
naphthalene ineffective agninst earwigs in the soil when used as
recommended for calcium cyanide.

Fleming and Baker {22} have shown that immersion in water af
a temperature of 112° F. for 70 minutes wus fatol to many dormant
evergreen shrubs and trees and to some deciduous shrubs and her-
baceous pervennials. They describe a tank suitable for freating
nrursery plants with hot water, give the reaction of a great variety
of plants to the treatment, and discuss the proper methods of han-
dling treated material. Results of experiments with earwigs sub-
merged in water ab various temperatures have been indicated (p. 37).
Whether # would be feasible to free balled nursery stock from ear-
wigs by submersion in water at o mederate temperature has not been
determined.

ReveieNrs

Nine repellents have been tested, each in three fiuld experiments
and one Inboratory experiment. 'These experiments differed in
details.

In experiment No. 1 the usual earwig traps made of two pieces
of board placed groove to groove were treatecll by pouring the liquid
on the grooved surfaces of each of three traps for each repellent.
Naphthalene and paradichlorobenzene were exposed as solids in
small compartments at the centers of the traps and, in addition,
these chemieals were dissolved in gasoline and the liquid poured upon
the grooved surfaces of the same traps. All the traps were treated
again every third day. At each of nine apple trees three traps were
placed, all three freated with the same chemical but a different
chemical used at each tree. The fraps were emptied and moved
daily from one tree to the next. Thus the three traps treated with
any of the chemicals were placed at cach of the nine trees during
the 9 days that observations were continued.

In experiment No. 2 one trap was treated with each repellent and
the nine traps were all leaned against one tree and moved around one
space each duy, after being emptied. Paradichlorobenzene and naph-
thalene were exposed in a small compartment at the center of the
trap. The chemicals were not renewed during the 9 days of
observation,

Experiment No. 3 was similar to No. 1 except that the chemicals
were not renewed and naphthalene and paradichlorobenzene were
exposed only us solids in a small compartment at the center of each
trap.

Experiment No. 4 was & laborntory experiment in which unused
grooved earwig traps were cut into blecks 134 inches square, 9 blocks
each treated with a diffeient repelient and 5 untreated blocks were
arranged about the inner periphery of o large granitesvare pan con-
taining about 150 earwigs. The pan was greased at the top to keep
the earwigs in and was turned daily to offset differences in llumina-
tion. Naphthalene and paradichiorobenzene were dissclved in ether
end the hiquid poured upon the grooved surface of the blocks. The
chemicals were not, renewed during the 9 days of observation.

The resulis of these experiments are shown in table 24.
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TasLlE 24.—Results of experiments with roepelients againzl the Furopean earwig,
Puyaliuyn, Wash.

Earwigs taken in traps

Total for ¢ days in— By 3-lay pericds

Experi- | Experia ExperI-IExper!-
ment ment | ment

Days Days I?'ays
No.2 | No.3 | Ne.4 5 [

Number | Mumber Number | Number
Cresol.a e 85 o 33 Ll

Mltrobenzene : iE]
Carbolic sekl .. . a
Naphthaicna_ .

Cedar ol . _.
Turpentine N 38

Castor of] _...._.. . . ; 615
Paradichiorobonzent . 557
Pyroligneons acid k 415§ 1161

On the basis of these experiments cresol is the best repelient of
those tested. A group including carbolic acid, nitrobenzene, naph-
thalene, and cedar oil was fairly effective. A third group includin
turpentine, castor cil, paradichlorobenzene, and pyroligneous acig
gave little or no evidence of effectiveness. The earwigs seemed fo
enjoy resting among the crystals of paradichlorobenzene.

‘Taking the experiments as a whole it will be noted that cresol
gave complete protection for 9 days in three experiments, and that
none of the chemicals repelied earwigs entirely in all experiments for
as much as 3 days.

SUMMARY

The European carwig has become established in nine States in
this country, most of the infestations originating during the period
gIO—QO when the earwig was particularly abundant in northwestern

urope,

The survival and abundance of the insect are dependent lurgely on
the degree of dessication to which it is subjected, it being best adapted
fo coo% latitudes and becoming less abundant where the mean tem-
perature for July approaches 75° F. The nymphs, in particular, are
subject to fungous diseases in cold, wet weather. Qutbreaks oceur in
Europe only when the period from March to August. inclusive, is
distinetly warmer and drier than normal, and when this period in
the preceding year was distinctly warmer and al least somewhat
drier than normal.

The earwig is omnivorous but prefers low forms of plants such as
mosses, lichens, and algae to most higher forms of vegetation. The
insect is capable of damaging o wide variety of plants, but this
ability is rarely exercised to a serious extent, and the earwig is im-
portant mainly as an cbnoxious nuisance in and about dwellings. It
also feeds to some extent on insects.

The eggs are deposited in cells In the soil {(in January and Febrn-
ary ! Puyallup, Wash.) end hatch during April, the adults begin-
ning to appear in July. A portion of the females enter the soil for
a second time about o month after the first egos have hatched, and
deposit a second lot of eggs that hateh in June, the nymphs becoming
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mature fate in July or early in August. Pairs of earwigs form cells
for hibernation late in September and during October. Overwinter
survival is highest in Joamy soils, the percentage of survival being
low in heavy soils or in pure sand.

Eg%ls usually are deposited within 2 inches of the surface of the
soil, the average number being about 30 for each female in the case
of the first lot and considerably less than this for the second lot of
eggs. The duration of the egg and nymphal stages is influenced
strongly by the temperature. The winter eggs require about 72.8
days from deposition to hatching, whereas the spring eggs require
only about 20°days. The four nymphal stages require about 68 days
or more for their completion in nature. The female watches over
her eggs and first-instar young and will fight savagely in their
defense.

The earwig rarvely flies but is well adapted for transportation by
mun, sice it hides in any available place at the approach of daylight
and thus may be carrvied long distances in merchandise, luggage, or
autormnobiles.

The most important parasite of the earwig is the tachinid fly
Bigonicheta settpennis.

A bait has been found effective in the control of both youny and
mature earwigs, but in most cases it is essential that an entire city
block be baited at one time for the best results. One thorough bait-
ing of a city block should control the insect for the remainder of the
season. Cresol was found to be the best repellent of those tested.
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