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FOREWORD

This bulletin was prepared as a result of the following memorandum, dated
Apil 30, 1969,

To: W. M. Carleton, Director, Agriculiural Engineering
Research Division

From: E. F. Knipling, Director, Entomology Rescarch Division

Subject: Consolidation of results of light trap studies

In recent years there has been continuing interest in the potential application
of light traps for insect detection and control. Our two Divisions have
conducted considerable cooperative research to develop useful information in
this area, and 1 believe that we have made substantial progress in determining
the potential and limitations of light traps for suppressing insect populations.

There exist vast amounts ol published information in the literature, and in
addition, considerable amounts of unpublished work.

There is s real need for -omeone to consolidate the available information and
bring us up to dale on what has been done tu the present time, and what
further research is needed. Dr. Hienton, before retiring, had expressed interest
in compiling this information. Dr. Henneberry and Mr. Taylor, Chiefs,
respectively, of the Vegetable and Specialty Crops and Fruit Insects Research
Branches, have suggested that perhaps arrangements could be made for
Dr, Hienton to compile in publishable form the vast amount of information
that has accumulated over the years while he served as Chief of the Farm
Electrification Research Branch. We believe that such compilation would be a
real contribution that would reflect the efforts and progress of scientists of
both of cur Divisions.
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Summary of Investigations

of

Electric Insect Traps

By T. L. Hienton, collgborator, Agricultural Research Serviee!

EARLY HISTORY CF THE LIGHT TRAP

The attraction of some adult insects to =zrtificial light was aobserved and
recorded by man early in hiz history. The first such known record is that
written by the Greek poet Aeschylus (525-456 B.C.} in his Fragments 288 {c.
450 B.C.} “The fate of the moth in the flame” mentioned by Du Chanois
{/959).2 Following next were suggestive lines from the Sanskrit, “The moth
hovers round the wick and extinguishes the fire,” attriouted to King Sudraka in
400 A.D. as indicated by Frost (1952).

Fires undoubtedly provided the first artificis! light to attract and destroy
flying insects. Harris {1821} indicated that small fires were desirable *as a
mode of destroying insects,” The use of fires for luring and killing adult: of the
armyworm FPseudaletia unipuncta  (Haworth); cutwerm (Noctuidae), and
codling moth, Laspevresia (=Carpocapsa ) pomonelia (Linnaeus) was mentioned
by Glover (1865). Comstock (I1879) reported that the practice of building large
fires at ditferent points through the cottonfields for the purpose of attracting
cotton leafworm, Alebama argillacea (Hiibner); and cotton bollworm, {corn
earworm, and tomato fruitworm) Heliorhis zea (Boddie), moths into the flame
was prevalent for many years.

Kerosene-burning lamps and lanterns succeeded {ires as insect attractanis.
An English entomologist, James Petiver, used mabile lights (lanterns) to attract
moths as early as 1695 (Witkinson 7966). These light sources were most
frequently incorporated into a trapping device and this combination became
known as a trap lantern. In a number of cases, a lamp or lantern was used
inside a room or other sheltered location where attracted moths were trapped
and caught by hand (Kirby and Spence [813-26).

Clemens (/859)} commented in his article on instructions for collecting
Lepidoptera that the nocturnal Lepidoptera may be taken by the use of light.
One method mentioned was that those who lived in towns lighted by gas would
be able to secure many specimens around the lamps. Another method was by

At the time Dr. Hienton retired in April 30, 1968, he was chief, of the then, Farm
Flectrilication Branch, Agricultural Engincering Research Division, Agricuitural Rescarch
Service, U8, Department of Agricultare, Beltsville, Md.

2 P . \ . .
The year in itatics after the authar or authors’ names is the key to References, p. 118,
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making friends with the lamplighter and by supplying him with pill boxes, he
niight furnish specimens every morning and some of them rarities.

Knaggs (/§66) reported the invention of “The new American moth teap” by
a Mr. Glover® which, in the latter’s words, “will calch moths all night long
without any trouble to the owner.” This trap used 2 Kerosene lamp as the
attractant inside a box with an entrance of glass sheets opposite the lamp (fig.
1) It was listed by Wilkinson {7949) as the {irst entomologicsl light trap and
its eacly use and later modifications were described in detall by him.

The development of 11 traplanterns of widely different designs, 10 of
which were patenled, cecurred in the United States during the period 1864-77.
In 1878, e first year this equipment was tried on a large scale, more than
1,000 lanterns were used near Hearne, Tex. to capture moths of the cotton
leafworm and the bollworm, Comstock {1879}

Riley (/883) observed the attraction of cotfon insect moths to electric
Hghts around an Atlanta Hotel in 188! and made ihis comment: “Beneath
these (lamps) the ground was strewn with dead moths and a quart of them
would often accumulate during a single night in the glass of the globe
surrounding cach light.” This is the first recorded observation of electric lamps
as an insect attractant found by the author. This observation followed closely
behind the commercial establishment of the are {amp in 1877. From these
ohservations, Riley indicated that “electric lishts may be the best and probably
the caleium lights und gas lights next; but at present these are generally not
reconomically applicable for field use.”

A few years later, Riley {1892) in describing traps for collecting and
preserving insects, made this further comment; “Collecting by the aid of a
strong light is a favorite means for moths as well as other insects, and nowadays
the electric lights in all large cities furnish the best collecting places.”

Expericnce in collecting insects at an electric lamp stimulated the
development, by McNeill (7889}, of an insect trap to be used with an electric
lishi. The trup consisied of a tin pail or can charged with cyanide, similar to a
collecting bottle, to be attached beneath the globe of the electric light (fig. 2).
This is the (irst publication, found by the author, that describes an insect trap
designed for use with an electric lamp,

Slingeriand (/902) made extensive studies in New York on the kinds of
insects coaught in light-trap lanterns in 1889 and 1892, The detailed lists of
traps catches included in an appendix to the bulletin are particularly important
for comparison with the catches of the more recent electric traps.

The development of several trap-lanterns in France using acetylene was
reported by Vermorel (/902). He called attention to several American kerosene
trap lantemns and others of French and Swiss design. He also included for crop

raw nend Glaver was the tirst entomalogst of the U5, Departiment of Agriculture.
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A B C Dise box, having & purtition I F for lamp K to rest on, bohind the latcor
being a strovg refioctor . The box A B € U is open at 4 B, alse ai [T G {for
inmys chisaney Lo pass througl), and at F © for the drawer M.

M is o dinwer Alicd above with o gless slido O runninyg in a groove; ond a Yeneting
blind-like apparatus P P (the laths of which ave bepd in position by the side
strips indicatod by the dotted lues € Q}, dropping loosely on to tho side-reats
R itisnlse fitted with o small dmwer N, the intter being Rlled witli layers
of finuvel for the reception of chloroform, and stoppet hy the block Y.

A {Z) Iis a quadtilateral shoot of glass, of the width of the box, fixad ot tho angle
ahown in Lthe Bguare.

¥l 8 is another pieco of ginas of tha ahape of a triangle with the npex cut off,
A E 8 Z {vopreseoted by the lines A %, B S arnd dotted lines A E, 2 8) rre two other
bits ol glnss shaped like E S—the four picces AL ABSZ,E5,nd AES 2
{No. 2) being arrenged aml fixed
4 {ns shown in accesaory perspec-

tive fgure) in auch a manner
that, viowod from the point V,
they form o hollow four-sided
pyramid, tho apox of which is
wanting, a8 showp at B 8 in
both fgnres.®
T, V, end X are arrows indica-
ting the dircction an insceh
fiying towards the Jamp K must
unaveidably take.
¥.B.—Besides the sbove,
it i3 recommended that the parta
of the sides of the box corresponding with the triungles A B I should be lined
with glass; and » duplieate dmwer, ftted op in overy way oxactly like the
drawer M, should ba prepared io readiness for use.

Lignre t, Glover's now American wmoth Lrap from Knages (1866).
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growers a list of noxious butterflies and moths “that could be most easily

destroyed by light traps.”
Klocker of Denmark {/903) described 2 trap for catching Lepidoptera, the

desiant of which had originated in Rumania and was then available in Vienna,

faPoxoNa-w Lot o
e i
Figure 2.-McNeill {/889) inscct trap to be used with electsric light. a, A 3-quart tin pail,
6-%% inches tong by 5-% inches in diameter; b, funnet; ¢, baffie, soldered across center
of funinel; d, steel wires support trap; e, pail lid forms trap bottom: £, tube; g, cylindri-

cal tube; /1, hollow cone; and /, disk,
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This consisted of two concentric rings from which was suspended a bag of
white gauze for holding the insects. The trap was mounted under 2 light and
held in place by a hanger. The preferred light sousce was an electric arc lamp,
but an acetylene or kerosene lamp could be used.

Attractant equipment continued to change as new light sources were
developed. Sanders and Fracker (/976) uvsed 40 gasoline arc lanterns set in
Sinch deep, galvanized pans to collect adults of 17 species of the genus
Lachnosterna at five stations in Wisconsin during 1914 and 1915. By
comparison, a kerosene farm lantern caught approximately 36 to 35 percent as
many beeties as the gasoline lantern.

Gross {1913) reported the use of an arc-light insect trap to collect numbers
of the dingy cutworm moth, Feltia subgothica {Haworth}, for his studies on
the reactions of arthropods to monochromatic lights of equal intensities.

1n Ventrz County, Calif,, in 1914, the operation of eight large electric arc
lamps with pans--partly filled with water-mounted beneath and 24 small light
traps to trap moths, primarily of the variegated cutworm, Peridroma saucia
{=margaritosa} (Hibner), was indicated by Bensel (1916). The total number of
moths captured during the season reached a reported fqure of 1 million.

In Montana, a trap was made up of utensils commonly found on farms and
which served other purposes when not in use as a light trap (Parker, and others
1921). The trap consisted of a No. 2 galvanized-iron washtub and a No. 2 barn
fantern. A galvanized-iron arch was fitted across the tub and served to deflect

the moths and to hold the lantern (fig. 3). Eleven such traps caught 82,488
pale western cutworm moths, Agrotis {=Forosagrotis} orthogonia Morrison,
during the 1920 season.

One of the first iscorded insect trap applications using the incandescent
electric lamp, invented in 1878 by Thomas Edison, was that by Runner (19/7).
He enciosed the lamp with sticky fly paper to trap attracted cigarette (tobacco)

Figure 5. -Monlana light trap, designed in 1919.
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beetles, Lasioderma serricorne {Fabricius). He noted that the adult beetles flew
“more readily to blue or violet Hght than to red or orange.”

Lepidopters were collected in light traps devised and used, in 1916 and
{918 by Turner (7918, 1920), to determine the relative proportions of male
and female moths atiracted to the light and the percentage of gravid females
among those taken. Turner used an arc lamp, hung in an inverted, truncated
cone of heavy tin, as the attracting light. One-hall of the cone, wliich would
otherwise encircle the lamp, was cut away: the narrow {Jower) end of the cone
was fitted into the opening in the top of the trap. Immediately below this
opening several plates of glass were arranged at angles 1o direct the moths
downward into the body of the trap. The trap was 12 by 14 inches at tie base
and 20 inches high. Hydrocyanic acid gas, generated within the trap, was used
to kili the moths,

Several years tater, Williams (/923) developed “a new type of light trap lor
inseets™ for portable use on cotion pests in Egypt. A very important feature
wus the visibility of light in all directions. Another characterisiic was its
availubility for electricity or acetylene without serious alteration. Carbop
tetrachioride was selected as the killing agent with acetylene fuel.

ELECTROMAGNETIC RADIATION AND iNSECT RESPONSE

Historically. visible light as an atiractant to insects was investigated much
earlier than other regions of the electromagnetic spectrum. Visible radiation is
that part of the electromagnetic spectrum o which the human eye is sensitive,
that is, the region from 7,600 to 3,800 angstrom units (A) or 760 to 380
nanomselers {nm). The succession in which various illuninants were used to
attract insects -fire or torch: candle; kerosene lamps and lanterns; and
carbon-fllament, incandescent electric lamp~is the same as the order of their
increase in color balance, or “whiteness,” (Kunerth 1979). The electric arc
lamp and gasoline and acetylene mantle lamps provided light that was more
nearly white than the preceding lamps that provided yellow light. More
recently developed lamps can furnish white or various colors of fight as desired.

Relation of Insect Response to Wavelength

An early observation of insect reaction 1o radiation beyond the visible was
made by Lubbock (/882) “that ants are not sensitive o the ultra-red rays; but
on the other hand, that they are very sensitive to the uitraviolet rays which our
eyes cannot perceive,” The validity of such observations is confirmed by the
vast amount of scientific literature concerned with visible and uitraviolet
radiation and insect responses to it. This work has estublished that the range of
responses for some insects extends into the ultraviolet region to somewhat
betow 300 nm, Goldsmith (79671); and, whereas human visual acuity peaks at
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about 556 nm, peak response of many insccts oceurs in the near ultraviolel at
about 365 nm (Hollingsworth 1961, 1964 Weiss 1941, 1943).

Some insect species have shown peak responses to light in the 490- to
$20-nm range (Goldsmith 796/; Hollingsworth 1961, 1964: Stermer 1959,
Weiss 1041, 1943, 1944). In some cases, this range was a secondary peak and in
others it was the primary peak, depending on luminous flux density.
Physiological as well as physical and other factors influence the phototaxis of
insects (Williams 1939; Ficht and Hienton 7941 Hartsock 1967 ; Tashiro 1961,
Deay 1961 ; Kovrov and Monchadsky 1963).

Electric Lamps Used and Their Characteristics

Numerous lamps have been used singly or in combination to determine
photo responses of various economic insects during the past 25 years. These
lamps were selectzd to provide a wide range in radiation output in terms of
quality (wavelength) and quantity (power}. Most of these lamps were
commercially available. Those included were: inside-frosted incandescent—
15watt (w.), 75-w., 150w, and 300-w.; gaseous discharge—100-w. H-4
mercury vapor, 15-w. germicidal, and 2-w, argon glow;and lluorescents—-15-w.
size of blacklight (BL), blacklight-blue (BLB), blue, green, green-photo,
daylight, white, and pink; 20-w. sunlamp and experimental pink; 30-w.
blacklight filtered; 6-w. BL; and 22-w. and 32-w. BL circlines.

The differences in radiaiion emitted From these various lamps should be
considered in evaluating the results. Each of the three major types has
substantially dilferent output characteristics, The standards of measurement
and terminology conumonly employed for the ultraviolet, visible, and infrared
regions of the electromagnetic spectrum also differ.

Incandescent lamps produce radiation by heating a tungsten filament. The
resulting continuous spectrum includes a small amount of ultraviolet, consid-
erahle visible light especially rich in yellow and red, and a peak of radiation in
the infrared region which includes about three-fourths of the total lamp
autput.

Gaseous discharge lamps produce radiation from excitation of gas molecules
in the form of an arc, or plasina, by passage of an efectric current through the
gas. Bach gas produces its own characieristic patiern of colors, giving a
noncontinuous spectrum of bright lines at particular wavelengths. The
intensities of these lines in the tamp output can be controlled by adjusting the
pressure within the lamp and by changing the glass envelape which may filter
out certain wavelengths. Gaseous discharge lamps included in the comparisons
were the 100-w. H-4 mercury vapor, the 15-w. germicidal, and the 2-w. argon
glow lamps. The germicidal lamp is a mercury vapor lamp using a much lower
vapor pressure than the H-4 which increases radiation in the short-wavelength
ultraviolet region, Mercury vapor lamps produce primarily ultraviolet, blue, and
green radiation with little red. The proportion of infrared radiation is much
smaller than that of ingandescent famps.
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Fluorescent famps are fundamentally a modification of the gaseous
discharge lamp. The basic lamp structure is a low-pressure mercury vapor tube,
essentially identical to the germicidal lamps tested. The inner surfuace of
fiuorescent lamp envelopes is coated with various phosphors which absorb
short wavelengths and reradiate the energy at longer wavelengths; thus the term
“fluorescent.” Certain phosphors fluoresce in the ultraviolet region and others
at various wavelengths in the visible spectrum. The spectral output of
fluorescent lamps includes the continuous spectra from the fluorescing
phosphors plus the bright lines from the mercury vapor discharge shining
through at particuiar wavelengths,

Traditionat measurement terminology was developed for visible light but is
not particulardy suited for use with other wavelengths. The ierminoclogy is
further complicated because certain measurement units for visible light include
compensation for the wvisual sensitivity of the human eye, which is most
sensitive to yellow and green radiation. The foot-candle (ft.c) is one such
compensated unit,

The velocity ol all electromagnetic radintion is approximately 186,000
mifes, or 300,000,800 meters, per second. This constant velocity is always the
product of frequency times wavelengtl, FA = ¢, Therefore, the units of linear
measurement suitable for wavelength differ in various regions of the spectrum,
The relations of some of the comumon units used for the wavelengths under
discussion sret | millimicron {mu) = 1 nanometer (nm) = 10 angstrom units
(A) = 1077 meters.

Lamps emil energy at a definite rate, so their output is properly measured as
radiant power in watts, In confining these measurements to some unit of space,
the unit solid angle, or steradian,®? is often used,

Light or luminous flux is defined as visugliy evaluated radiant energy. The
unit commonly used to measure this visible energy is the lumen (im), defined
as the light, or flux, emitted through one steradian by a uniform point source
of one standard candle. This power measurement is analogous to watis per
steradian. Manufacturers publish total lumen output ratings for ail common
types and sizes of lamps used for illumination. Consequently, when these
ratings are known, a spectral distribution curve indicating power distribution
per hwmen for @ particular type of lamp can be used to evaluate all the various
sizes.

Radiation Emission From Lamps Used inn the Studiss

Data describing most of the lamps used in these studies were published by
the Generzl Electric Company in GE 1964 Large Lamp Catalog; GE 1964

3% Steradian: A solid angle subtending an arce on the surface of a sphere cqual to the
squatre of the sphere's radius,
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Fluorescent Lamps Performance Data Bulletin LD-2 (Staley, 71960); and
Bulietin LD-1 (Weitz 1946) and (Weitz 1956).*

In the development of these spectral energy distribution curves, General
Eiectric analyzed the lamp output radiation with spectroradiometers which
disperse the radiation and measure the radiant power by scanning the spectrum
with a slit passing ¢ 10 nn wave band. A curve may be plotted {rem the data in
the same way = distribution curve is plotted from the individual points
measured at the ceater of zones. The curves were supplied on 2 basis of
wavelength versus radiant power per 10-nm band per lunien for lamps emitting
primarily in the visible, and wavelength versus radiant power per 10-nm band
per watt of input for lamps producing primarily ultraviolet, The figures
presented herein pertain to the particular lamps tested and were computed
from the data supplied by General Electric Company, hereafter abbreviated
GE. Except for the incandescent, they include the visible and ultraviolet
regions of the spectrum and are based on initial total lamp lumens, indicating
the power emitied from the particular size lamp over the range of wavelengths
plotted, All data presented in this discussion are related te production-run
lamps and should be considered on the order of 10 perceat from actual
output.

The radiant power amitied from a 75-w. GE, inside-frosted, incandescent
lamp (fig. 4) is divided to indicate the ultraviolet (to 380 nm), visible (380-760
am), and infrared {beyond 76C nm) regions of the spectrum. Radiated
wavelengths longer than 5,000 nm are absorbed by the glass blub,

The bulb, base, and socket assembly radiate heat at wavelengths charac-
teristic of their operating temperature. The spectral distributions of the other
incandescent lamps used in these comparisons are similar to those of the 75-w.
lamp with the difference primarily in radiant power output. Comparative initial
fumen outputs are: 154w, 144 Im; 75-w., 1,180 tm; 150w, 1,750 Im; 200w,
3,940 lm; and 300-w., 6,300 im,

The distribution of power output from the 100-w, GE--H4 mercury vapor
source is shown in tigure 5. The total radiant power in the line type spectrum
was about 16 watts.

The [5-v. GE germicidal lamp (G15T8) (fig. 6) is a low-pressure mercury
arc discharge lamp with about 60 percent of the radiant power emitted at its
predominant wavelength, 253.7 nm. Because no fluorescent chemicals coat the
inside of the clear quartz bulb, the radiation is emitted by the lamp.

Spectral distribution curves for the blue, green, daylight, white, and pink
15v. GE fluorescent lamps (F15T8) used in these comparisons are also shown
in figure 6. Comparative initial lumen outputs of these lamps are blue, 350 lm;

* additional information, especially the spectral energy distribution cutves, was
obtained in personal correspondence [rom R. L, Paugh, specialist, Agricuitural Lighting
and Hluminating Engincer, General Electric Company, Cleveland, Ohio.
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green, 1,248 Im; daylight, 670 im; white, 81G Im; and pink, 350 Im. The
spectral distribution of the green-photo lamp is identical to the green. The
green photo Is approximately 15 percent more efficient than the standard
green, thereby having a greater radiant power output.

Blacklight is a popular name for uitraviolet radiant energy within the range
of wavelengths from 320 to 380 nm. Fluorescent blacklight lamps (BL and
BLB) use a phosphor which converts the 233.7 nm energy of the basic mercury
arc discharge to longer ultraviolet wavelengths. The conventional GE 15-w. BL
famp (F1ST8-BL) emits approximately 2.6 watts total radiani power in the
distribution shown in figure 7. This lamp was available until about 1961 when
the phosphor was changed to a Philips’ type (European), total power emitted
3.7 watts, also shown in figure 7.

The 6-w. GE blacklight lamp (F6TS-BL) had the same spectral distribution
as the 15-w. with the conventional phosphors. The 22- and 32-w. GE blacklight
circline lamps (FC8T9-BL and FC12T10-BL) also had the same spectral
distribution as the 15-w. with conventional phosphors. Relative blacklight
energy data for these lamps based on the F40 BL fiuorescent as 100 are 6-w.,
71 13-w., 25; 22-w. ciccline, 38; and 32w, circline, 63. The data represent
radiation from 320 10 420 nm.

The GE 15-w. blacklight-blue lamps (F15T8-BLB)} {fig. 7} are seif-filtered
with red-purple bulbs 1o absorb the visible radiation. The spectral output of the
20.w. GE fluorescent sunlamp (erythemal F20T12) was similar to the 40w,
sunlamp which peaks between 310 and 340 nm and has 2 range from 280 to
460 nm. The general shape of the distribution curve should be similar to that
of 2 fluorescent BL lamp.

In some comparisons & single fluorescent famp was over-energized with a
special ballasting arrangement consisting of parallel.connected ballasts to
increase the current flow and wattage to get more brightness per unit area, or
radiant power per lamp. This procedure, however, gives descreased radiant
power output per watt of input and markedly shortens lamp life.

The 2-w. argon glow lamp is an electric-discharge tamp in which blue, violet,
and near ultraviolet radiant energy is generated in the space close to the
electrodes. The spectral emission curve for this lamp is shown in figure 8.

Several other lamps, described below, were used in light trap investigations
and are mentioned later.

Mazda was a trade mark for incandescent lamps adopted in 1909 by the
General Electric Company. By 1927 it was used by more than one
manufacturer, and filaments of all such lamps were made of tungsten.

Mazda B was a vacuum lamp.

Mazda C was a gas-filled famp.

Mazda CX was a gas-filled lamp with a special glass bulb that transmitted
most of the ultraviolet radiation emitted by the tungsten filament.

G-1 was a low-pressure mercury-arc Jamp that consumed approximately 30
watts. 1t tadiated ultraviolet radiation and visible radiation shorter than 600
.




TECHNICAL BULLETIN 1498, U.S, DEPT, OF AGRICULTURE

15w BLAULKLEGHT
Plahvps P s phor

15w BLACKLIGHT
Conyenreanal Phospl or

RAUIANT POWER 11 ftllrwotls 1 satursieters

15 & BLACKLIGHT - 8LUE
Canventignal Phosphor

T vipbie

B ) H; Unirviolee

=
R by
i '; ;Ll‘!; L I :
£00 45

ol S50 By
WAVELEMGTH i panometers

364

bywre 7, Radiant power distribu tions of Muorescent blacklight lamps with
different phosphors,




SUMMARY OF INVESTIGATIONS OF ELECTRIC INSLCT TRAPS

SPECTRAL EMISSI

=4
o

=
h

PER WATT INPUT

=
ta

| AR

a 1 L__
0 : . —

A - + e T - T r -.-l T ..l"
3000 3500 4,000 4,500 5000 5500 6000 6,500 7,000 7500
ANGSTROM UMITS

MILLI-WATTS RADIATED PER 100 ANGSTROMS

Figure 8, -Spectral emission eurves (or argon giow and neon glow lamnps.

G-5 was a mercury-arc lamp that consumed approximately 100 watts and
radiated ultraviolet energy from 280 nm to the edge of the visible spectrum of
approximately 400 nm,

H100-SP4 was a spot-ty pe mercury vapor lamp,

Mereury vapar lamps ol the types HQA 125 w, and MQL 250 w. are made
by VEB Berliner Gluhfampenwerk.

GENERAL TYPES OF ELECTRIC INSECT TRAPS

Currently designed insect traps that utilize an electric lamp as the attractant
are frequently classified into three types or groups: (1) the electrocutor ar
clectric grid, (2) the suction- or fan-type trap; and (3) the gravity or mechanical
trap.

The first type and usually the second type require 1 10-volt electric service.
Of the third type a large number also operates directly at 110 volts, while a
small number is powered by storage batteries and dry cells.

The design for a light trap and mechanical aspirator, operating on dry cell
batteries, was repotted by Nelson and Chamberlain (1955). An improved
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model of this miniature New Jersey-type (detailed tater) light trap for 6-volt
battery operation was described by Sudia and Chamberlain (1962). Traps of
the latter design are in commerical production and are known as the CDC
(Communicable Disease Center) miniature light trap.

Operation of gravity-type light traps at locations remote from central
station electric service may require a dependable, pottable source of 110-volt,
60-cycle alternating current to energize the atiractant lamp, A transistorized
power supply and automatic photo-switch conirot unit for battery operation of
survey-lype  electric insect waps was designed. built, and operated by
Hollingsworth and Briggs {/960). A timer for controlling perfods of light trap
operation and 4 similar seif-contained power inverter were developed by
Wagner, Barnes, and Ford (1969).

Electrocutor or Electric Grid-Type Trap

The clectrocutor or electric prid-type of light trap consists ol a series of
parallel wires, with adjacent wires insulated from each other and counected to
opposile polarities of a low-current high-voltage transformer, The assembly of
charged wires is most lrequently made in the form of 2 flat panel or circular
cage with provision for an attructant lamp, An insect in flying beiween the
wires draws an arc that passes through its body vsually causing death.

Dalziel {19357 has stressed that an exposed, high-voltage, electrocuting grid,
incorporated into an electric insect trap is 2 potential shock and fire hazard. He
indicated further that, although little is known about the phenomena of inscet
electrocution, cfficient electrocution of small inseets may be aecomplished
when these hazards have been reduced 1o an acceptable degree by proper trap
design, construction, and installation.

Dalziel concluded from his own research and that of Tavernett and
Blisworth (/938) that the maximum practical voltage for an electric insect trap
with an exposed electrocuting grid is about 7,500 volts. He said such a trap,
constructed fromi approved components, supported at least 7 ¥ feet above the
ground or floor, and limited to 2 maximum current output of 15 milliamperes,
rms (root mean square, or effective value) should be a reasonably safe device,

in earlier studies, Mehrhof and Van Leeuwen (193G} found that the most
satisfactory results for killing Japanese beetles, Popillia japonica Newman, were
obtained with a frequency of 60 cycles and from 10,000 to 12,000 volis.
Operating a trap in 1928 at this frequency and voltage range with the grid wires
spaced five-eighths of an inch apart, they reported practically all collected
beetles dead within 48 hours,

In other experiments, Tavernetti and Ellsworth (/938) determined the
clectrical requirements for the efficient operation of electrocuting devices
when used on the greenbottle {ly Phaenicia (=Lucilia} sericata (Meigen), and
potato tuberworm meth, riithorimaea operculelle (Zeller). These insccts are
refatively small, with 1 winpspread between one-fourth and one-half inch.
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From their studies conducted with the two insects, these men concluded
that there is a definite range of current, depending upon the voltage and space
between the grid bars, that will give a satisfactory insect kil on an
electrocuting grid. Furthermore, satisfactory kills were obtained with currents
less than 5 ma., and the current-voltage curves for a 75-percent kill of insects
and Tor the breakdown ol the air gap between bars were similar. These
indicated that the current and voltage requirements are governed by the
amount necessary to create an arc rather than to kill the insect.

Taylor and others (1931) found that electrocutor traps with a 3/8-inch,
renter-lo-center grid spacing and impressed voltages of 3,500-4 500 were most
eltective for killing flies. However, such equipment wus unsatisfactory for
outdoor use with improved artzactant lamps because the high volume of insects
clogged the grid openines. From tests in lowa and Indiana, they determined
that a grid spacing of 5/8-inch center o cenler was most satisfactory in fleld
use lor Killing the European corn bover, Osirinia nubilalis (Hiibner), and similas
insects.

The increased grid spacing required voltages higher than those used on fly
grids. Tesis showed that talues between 7.000 and 9,000 volts were
satisfactory and determined that grids should be operated at a votlage level just
below arc-over for maximum effectiveness. This result was in agreement with
the work of Tavernetti and Efiswarth {/958).

Higher voltages impressed on the grids caused breakdown of the grid
insulators. Design data for insulator performance had not been computed for
insulating materials subjected to the conditions of moisture, dust, and insect
residucs which occur wlen used in light traps.

In 1952, Taylor, with assistance from D. L. Calderwood, conducted tesis
with right dilferent insulating materials installed in light traps with 6,000-valt
transformers in field tests in indiana, iowa, and Florida. Their conclusions
from this work (unpublished)® were thai (1) The cffectiveness of electrocutor
grids equipped with transformers, now available, is seriously impaired anytime
the grid to grid resistance is as low as one megohm: (2) with a grid to grid
resistance of 5 megohms, the traps appeared to be as effective as they were
when the grid to grid resistance approached infinity, and (3) plazed (wet
process) porcelain, lucite, and alsimag insulators were found to be completely
satisfuctory during the period of the test. The manufacture of more cffective
insulators and transformers has improved the performance of electric grid
inscet traps. Insulators of polystyrene and Teflon, developed since Taylor's
work, have shown good properties.

The clectrocutor-type insect trap is commonly used for insect destruction
purposes. [t is widely used in attempts to gliminate or control nuisance insects
around residences. business establishments, and food processing plants (fig. 9).

SUnpnl;ﬁishcd reports, cited in the text by the author’s name (unpublished} arc on file
in the Agricultural Structures and Eleclritication, National Program Stafl, Agricultural
Research Service, USDA, Beltsyille, Md, 207035,
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The arc action between grid wires may gause burning or other bodily
damage 1o insects passing between the wires making inseet identification
ditlteult. For that reason, this type of teap is seldom used for insect SUTVEYS,

Suction- or Fan-Type Trap

Suction- or lan-type electric insect traps were developed o {ill the need lor
insect attracting and capturing equ pment beyond that provided by an clectric
lamp and @ stiwple callecting device. Fquipment was needed particularly for
vitelung small, agile fliers which tend to hover near the lamp or alight an the
baltles. The earlier suction- or .an<type electric traps were first developed Tor
survey , conirol, or bath, of speeitic species or famulies ol inseels in pacticular,
the Clear Lake grat, (heborons asdictopus Dyvar and Shannon, mosquitoes
(Culcidae), und the ergaretie beetle.

All ordinary Tight traps proved (utile tor tapping the winged, Clear Lake
ity beeause the (raps soon beeanie hopelessly clogged with these insects.
Herms and Burgess (7929 wlded o suction device in addition 1o the attraciant

Figure 9 I'leciric prid inseet trap installation in food processing plant,




SUMMARY QIF INVESTIGATIONS OF FLECTRIC INSECT TRAPS 19

lamp. A suitably designed, small electric fan was selected for that purpose. A
modification ol this original trap, known as the Akins trap, was reported by
Essig 17930} to be in commercial production for the control of this pest (fig.
t0).

The Akins' trap consisted of the following parts: (1) An inverted,
funnel-shaped retlector, 18 inches in diameter and provided with a light socket:
(2} a 100-w. lamp to attract the gnarsi (3) a thin sheet iron sleeve, 15 inches in
diameter, suspended about 10 inches from the refector by three ¥%-inch rods,
allowing clearance Jor the gnats to come 10 this light, (4) a small electric fan
with motor., the later attached to the sleeve and designed to draw the insects
down from the light by the aetion of the fan: (3) a black muslin bag, about 3
leet lang. drawn over the lower end of the sleeve.

Ligure 10, The Akins gnat Lrap.
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Headlee (7932) initiated efforts in 1927 to develop a light trap that would
replace humans as collectors for mosquitoes. He produced a device that
attracted mosquitoes but in such 2 imited number that the device did not meet
the need. This trap depended upon light alone and operated on a battery.
Three years later, Headlee produced an experimental suction light trap that
operated on 60-cycle, 1 {0-volt alternating current.

Initially, this suction light trap was equipped with a tube—30 inches long
and 9 inches in diameter—mounted horizontally. A smail, 8-inch fan was
installed about 8 inches from one end. In front of this fan was placed an
electric light socket backed by s reflector. The fan was used to create suction
from the lighted end of the tube, A cloth mosquito-net bag was placed cver the
opposite end of the tube. Enough mosquitoes were caught so the trap could be
used to replace human collectors. Within 2 years the trap was converted from
horizontal to vertical operation as reported by Muthern (J934). A 25.v..
110-volt, inside-frosted incandescent lamp was selected as the attractant. This
trap {fig. 11} with slight modifications is commercially produced as the
standard New Jerscy mosquito trap® (Mulhern 1942).

Efforts by Runner {/9/7) to attract adult cigarette beetles to electric lamps
and capture them in sticky fly paper were followed by 2n additional research
effort to attract this insect to a light trap. Reed and others (J933) reported the
development of a suction light trap in 1932 for attracting and coliecting these
beetles.

This trap consists of three main parts—the flange, the barrel, and the
cone—in additien to an attractant lamp and a fan {fig. 12). The flange is 21
inches in diameter at the outer edge and 12% inches where it is soldered to the
barrel of the trap. The flange supports an electric lamp and serves to increase
the flow of air through the barrel 2nd aiso to reflect the light. The galvanized
iron barrel is cylindrical, 13 inches in diameter, 12 inches long, and is mounted
horizontally. Riveted inside the barrel is a steel bracket to which is attached a
[/20-hp. motor. The motor is connected to two !2-inch fap biades and is
pasitioned in the barrel so as to locate the fan centrally. The cone made of
20-mesh steel or copper screen wire is attached to the rear end of the barrel,
and terminates in a small opening which accommodates a quart glass jar. The
lamp, originally found most satisfactory for use in the trap, was a SO-w.,
mill-type, incandescent bulb, constructed for rough service. The trap as
described, with minor changes, is in common use in many tobacco storage
warehouses in North Carcling and Virginia.

The three suction- or fan-type electric traps described were the earliest
developed in the United States, and are mentioned to illustrate this type of
insect light trap. Changes in their design and utilization will be treated in later
discussion.

$Manufactuted by Hausherr’s Machine Works, Toms River, N.).
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Gravity or Mechanical Trap

The gravity or mechanical trap is the third type of insect trap that usesan
electric lamp as the attractant. It differs from the electrocutor type in that it
has no high voltage for killing insects and from the suction-type trap in that it
has no motor-driven fan. Thus, its capture of insects depends entirely on the
attractant lamp and the trap design. Insect collectors have used the gravity type
most often because the insects captured were less damaged and more easily
identified.

HANGER

25 -WATT IF LAMP

HARDWARE CLOTH

i/‘mo -HP
1,500-RPM MOTOR

&-WING,
8" FAN BLADE

1814 MESH
SCREEN

— SCREEN FUNNEL

[~ WIDEMOUTH JAR

— PAPER BAG FOR
CYANIDE GRANULES

- 9#; -

Figure 11, -Cutaway view of New Jersey mosquite trap,
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Figure 12, Suction-type insect teap and BL lamp,

The develupment of several insect traps of this type has been listed earlier.
The traps attributed to McNeill, Gross. Turner, and Williams were equipped
with some killing agent, such as chloroform, for immobilizing or killing the
Attracted insects because their identification was important. Electric traps that
were utiliced by Benset {/976) and Runner (/917) were designed to capture
the maximum number of insects by using pans filled with water or sticky fly
paper te collect them, .

Studies ol insect catches in orchards by Parrott (/927) and of the Oriental
(ruit moth, Grapholithe molesta (Busck), by Peterson and Haeussler {1926)
were made with traps in which pans, filled with water and a filin of oil, were
fastened below an electric lamp. Farmers in Virginia and Alabama used similar
cquipment (CREA 7928) (o control the tomato fruitworm. This iype of trap
was very simple, consisting of a refiector. lamp, and water pan (fig. 13),

Halloek (7932) reported the results of 5 years' work on the development of
light traps Tor catching adult Asiatic garden beetles, Maladera {=auroserica)
vastunce (Arrow), His comparison in 1927 of a trap using a lantern hanging
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over a tub of kerosene with another using a 100-w. electric lamp over a tub of
water with an inch of kerosene revealed vatches ol 217 and 2,947 beetles,
respectively, The addition of a funnel beneath the lamp in 1928 and baffles
above the funnel in 1931 changed the appearance of the trap and improved
beetle catches.

Hallock (£936) wported further refinements in the funnel and attachment
of o pint jar to the bottom of the funnel to catch the beetles. He compared the
attractiveness of various lamps in the laboratury and found “that lights of short
wavelength near the violet end of the spectrum are most attractive to the
beetle.” From this work, two traps of similar construction were developed and
designated as the Targe Lrap and small trap (Hawley, 1936). The small trap is
shown in figure (4. The absence ol a roof, peimitting wide light radiation, and
use of baffles were innovations in trap design.

A new light tran, reported by deGryse ({/933) included a bucket-shaped
receptacie into which were closely fitted a set of four movable trays pierced
with circular openings which gradually decreased in diameter. The openings in
the topmost Lray were five-eighths inch in diameter; those in the second tray,
one-fourth inch: and those in the third tray, one-eighth inch, The fourth tray
was made of a [fine-mesh, copper screen. The screens were effective in
separating the insects aceording to size and in preventing excessive packing and

METAL REFLECTOR

RETAINING RING

PAN CONTAINING
WATER AND KEROSENE

Figure 13, -An carly light trap used in Alabama to protect 1 tomalto crop.
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Figure 14.—This small trup, developed by Hallock for catching the Asiatic garden beetle,
included a 100-w. dayiight bulb and four baffles.

subsequent mutilation of the specimens inside the container. Each tray was
provided with a small container of absorbent cotton into which the killing
agent was poured. Two glass plates were mounted on opposite sides of the
24-inch collecting funnel to reduce circling of the lamp by attracted insects.

The major number of such traps utilized in the United States before World
War 11 comprised the gravity-type electric insect traps previously mentioned, g
trap designed and utilized by Watkden and Whelan (J942) for owlet moths
(Phalaenidae), and the Minnesota trap described by Nagel and Granovsky
(1947).

DEVELOPMENT OF LIGHT TRAPS FOR INSECT SURVEYS

Light traps were used by Dirks (/937) to obtain life history data of
numerous species of Macrolepidoptera at Orono, Maine, 1931-34, inclusive.
Dirks used incandescent lamps of 200-w. clear and 500-w. and 1,000-w,
inside-frosted types and a GE S-1 sunlamp as attractants, pius a pan of water
with a kerosene film to trap the moths. He observed a fairly close relationship
between outdoor temperature and the number of moths captured. When the
average night temperature was 40° to 42° F_, few or no moths were taken. In
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tontrast, large numbers of moths—sometimes hundreds of specimens—were
taken when night temperatures was 38° or above and other conditions were
favorable.

At temperatures between 45° and 53° F., all the light sources tested were
approximately equal in vaiue for capruring moths. Above 53° the S-1, a
standard 400-w. tungsten mercury arc lamp with a bulb transmitting radiant
energy longer than 280 nm, was found superior to the other lamps used. The
S-1 sunlamp consisted of a mercury arc between tungsten electrodes with a
tungsten filament in parallel with it. At all temperatures, the 1,000+, 500-, and
200-w. incandescent lamps were nearly equal in their capacity for attracting
moths. The author stated that “it is evident that the increased attractiveness
must have been due to the light-rays peculiar to the mercury vapor bulb or
sunlamp.” Since the sunlamp radiated more energy in the uhiraviolet region and
less in the visible than the other lamps, the difference in attraction may have
been due to the additional ultraviolet radiation.

Walkden (/942) pointed out that “light traps offer an efficient means of
obtaining information regarding the ditribution, seasonal flight periods, and
peaks of abundance of various insect species. Further, that the data obtained
from these traps are basic to, or of value in, the consideration of cultural
control and other methods for the suppression of the varjous pests involved.”
His survey dealt primarily with the owlet moths (Phalaenidae) infesting the
Missour Basin area and was made at six locations in Kansas and Nebraska
during the 4-year period, [934-37.

The light traps used in the six locations were similar except that one had a
shallower cone and glass buffers about the lamp. The trap design (fig. 15)
included an inverted, galvanized-iron cone, 2 feet in diameter, with a roof of
the same material. The lamp was suspended in the center just above the cone
rm, and a fruit jar was attached to the bottom of the cone for receiving the
insect cateh. Clear, incandescent lamps (300-w.) were used at two locations and
inside-frosted incandescent lamps (200-w.) at the other four.

Although trap locations differed somewhat, flight trends of individual
insect species were the same in all locatities. In the 4-year period, 305 species
of Phalaenidae were taken, totaling more than 325,000 individuals. Approxi-
malely 90 percent of the specimens taken were of economically important
species. Qver 36,000 indiviauals were examined for sex, and 35 pereent were
found to be females. Differences in seasonal abundance of multiple-generation
species were indicated for several important pests since the traps were aperated
from March to November. Results of this light trap survey may weil have
influenced a resumption of survey trap use in Kansas, in 1955, when a new
survey trap became available.

Taylor and Deay (J930) made laboratory rests in 1948 on the relative
attractiveness of various gaseous discharge lamps to the European corn borer
moth and concluded that the maximum attractiveness for this moth {(at the
intensity levels studied) was in the near uitraviolet region between 320 and 380
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nm. They alse reported that among other insects attracted were the adules of
the tomato homworm, Manduca Guinquemacuita (Flaworth), the tobacco
homworm, Manduca sexia (Johannsen), and the corn earworm, which were
attracted in great numbers to sources radiating in the near ultraviolet.

Unidirectionat Trap

The suecess m attracting aduls of sevecal tnseet species to near ultraviolet
thlackhght) radwtion led to a survey i an Indiana market sarden area of the
msects of economic importance that were attracted to sources of various
wavelengths o radrant energy. A survey trap (fie. 16), with exposed
Huvcescent type lumps a8 attractants, was developed in 1951, [t consisted
essenttally of an exposed fanp mounted horizontally at the top with g Munnet

oy

“’//

Fruze 18 Light trap used 1o attract onlet moths in Kansas and Nebraska, 1534-37,
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[Himire 16, Unidirectional insect suovey trap with 15w, BL, developed in Indinna in 195).

opening into @ collection container beneath. A daily charge of caleium cyanide
wus placed in “he collection container to kill the insects,

Research sclentists readily accepted the low-cost, efficient, blacklight-lamp
survey Lrap, desianated as 2 unidirections) survey trap {Tayvlor and others /956
and Holiingsworth and athers 1963).

Lumps, selected for the twap, covered the specirum from the wltraviolet
through the visible into the red. Lamps that radizted in the shorter wavelengths
included germicidal {far ultraviolet), plus blue, gold, red, and infrared. Taylor
and others {unpublished} recorded insect catches in 14 unidircctional traps
which showed that the blacklight {BL), erythemal, and blue lamps sttracted
the most insects, tn that order, while the gold and red lamps attracted very few
insects.

Funrel-Shaped Trap With Mercury Vapor Lamp

The attraction of the pink beoillworm moth, Pecrinophore gossypivila
{(Saunders), to ultraviolet radiation was discovered in Texas in 1952 (Glick and
Hollingsworth 7954). This discovery created an urgent need for a survey trap
to aid in determining areas newly infested by this pest. The funnel-shaped trap
with mercury vapor lamp (fg. 17}, designed for and used in research on the
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Figure 17, - Funoekshaped insect trap with 100-w, mercury vapor lamyp, developed in
Indiana in 1950,

Eurgpean com borer in Indiana had made very large collections of the pink
bollworm during July and August and was selected to meet this need,

[nitiafly, this trap consisting of a galvanized iron funnel, (30 inches long, 12
inches in diameter at the front, tapering t¢ a 3-inch diameter in rear, and
mounted horizontally), was produced in very limited quantity during 1952 for
survey work, A vertical rectangular funnel, which was connected to the larger
horizontal funnel and mounted beneath and perpendicular to the main funnel,
tapered inte a fruit jur charged with caleium cyanide. Moths attracted to the
lamp were collected in this jar, The 100-w. mercury vapor lamp (GE type
H100-5P4} was mounted horizontally ut the small end of the main funnel. The
trap became known as the mercury vapor trap {Merkl and Pfrimmer 1955).

The second trap (fig. 18) used in the 1952 investigation to determine the
attractiveness of radiant energy to the pink bollworm was equipped with four
15-w. BL fluorescent lamps, znd in general, was more effective than the
mercury vapor lamps. The trap with BL lamps was a commercially produced,
suction-type trap, which had been modified by the addition of a rain hood and
a coilection funnel, The suction-fan motor was made inoperative to prevent
damage to the specimens, The four BL lamps, approximately 18 inches long,
were mounted vertically at the top of the trap in a2 4-vaned baffle ussembly.
Each quadrznt contained one of the 15.w. lamps so that the radiation covered
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a full 360 degrees in the horizontal plane. The balfie assembly was mounted on
the fan housing, which consisted of a metal cylinder, 16.5 inches in diameter
and 14 inchies in height, with 3 flured top 28 inches in diameter. The collection
funnel with a cyanide jar was attached to the bottom of the fan housing.

The size and cost of the trap with the BL lamps precluded its use as a survey
trap so that as previously indicated the mercury vapor tvap wus produced for
immediate use. However, a smaller trap {fig. 19) designed and constructed late
in 1952 by Hollingsworth was operated by Riherd and Wene (1935} during the
{-year period from Mareh 1, 1933, fo Februnry 28, 1954, at Weslaco, Tex, This
trap, like the larger one, was equipped with four 15-w. BL lamps. one in the
corner of each quadrant of the baffles. The killing jar used was a standard
one-hall wallon fruit jar charsed with flaked calcium cyanide. The jar was
placed on the trap cach day at 5:00 p.m. and removed at 8:00 aan. the next
morming. Daily records were made of 40 species for the entire year. In
addition, records of moths captured at the light trap without complete record
for the year (otaled 73 species, while a considerable number of the species of
Microlepidoptera and some of the smaller Macrolepidoplera were not
identified.

Fignre 18, Suction trap, with d-vaned baffle assembly and four 15-w. BL amps, used in
1932 Texas pink bollworn attraction tests, Trap with 100-w. mercury vapor lamyp is on
pole at left.
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Figure 19..-Smaller trap designed in 1952 by Hollingsworth in Tex. Design is similar to
suction trap shown in figure 18, without Killing jar.

Data from the year's operation of the trap at Weslaco showed that
Lepidoptera were active throughout the year in the Lower Rio Grande Valley
ol Texas. Lurge collections of the cabbage looper, Trichoplusia ni (Hubner),
were taken every month and moths of the corn earworm were also collected
every month as well a5 those of the fall armywarm, Spodoprera frugiperda (J,
E. Smith). This evidence of the general attractiveness of near ultraviolet
radiution to many night-flying insects focused atiention on the possible value
of this trap design lor general insect survey purposes.

Omnidirectional Trap

Changes in design of the electric insect trap with the vertically mounted BL
lamp were developed from study of its perfermance and suitability in trapping
insects, These changes included use of a larger metal colleetion chamber to
replace the fruit jar, incosporation of a drain device in the funnoel to remove
collected water before it entered the cullection chamber, and omission of 3
roofl to permit upward as well as lateral light distribution.

Following these changes, the unidirectional and funnel-shaped mercury
vupor traps developed in Indiana were compared directly with the omnidiree-
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tional trap {[ig. 20) developed in Texas. The omnidirectional trap shown at the
left is equipped with three 2-w. argon glow lamps. A second identical trap
shown at the right was equipped with a single 15-w, BL lump mounted
vertically.

Results of the comparisons in 1955 by Hoflingsworth and Carter (unpub-
lished) showed that the omnidirectional trap with one 15-w, BL lamp collected
the preatest number of pink bollworm moths and all other insccts. The
mercury vapor trap {witlt 100-w. mv. lamp) cought second largest number of all
insects and the seme number of pink bollworm moths as the unidirectional
trap. The omnidirectional trap, with three 2.w. argon glow lamps mounted
vertically, caught the second largest number of pink bollworm moths and least
of all insects, an indication of selectivity for the pink bollworm. The
unidirectional trap, with one [15-w. BL lunp mounted horizontally, ranked
third in total insects collected but caugit as many pink bollworm moths as the
AICTCULY vapor trap.

A commercial e¢lectric insect suevey trap, similar in design to the
omnidirectional trap with 134w, BL lamip used in the preceding test, was
announced late i 1955 and was mentioued by Taylor and others (£936).
Before Lhe availability of this trap, experimental electric insect traps had been
installed 2t various locations to detect the appearance and abundance of
specific inseets, such as the European corn borer, the tobacco and Lomato

Figure 20, -Omnidirectional {ight trap, developed in Texas about 19354, with three 2w,
argon glow famps {left); and trap with one 15-w. BL lamp (right).
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hornworm moths, and the pink bollworm. In 1952, for example, electric traps
were installed along the Atlantic seaboard at 13 locations in 8 Stutes to detect
hormworm moths. In the Midwest, electric traps were installed in several States
to locate infestutions of the Europesn corn borer. In 1953, such traps were
operated in a number of cotton-growing States to check on the spread ol the
pink bollworm, In 1955, more than 80 electric insect survey Lrups were
operated in 17 States,

Publication of Light Trap Survey Collections

As 4 public service the Plant Protection Programs, Animal and Plant Health
inspection Service,” U.S. Department of Agriculture, issues a weekly Coopera-
tive Economic Insect Report (CEIR). 1t contains information supplied by
cooperating State, Federul, and industrial entomologists and other agricultural
workers.

Electric light trap catches of economically insportant inscets were published
in a few instances as early as 1952 in the CEIR. A special section on light trap
collections of nine species of insects was initiated in 1953 and has coatinued
since that time. In 1963, the number of insect species included in the report
was increased from nine o 20, all Lepidoptera. Detection of other insects
collected in fight traps are also listed in other sections of the report.

Insect traps utilizing BL lamps rapidly became valuable tools to entomolo-
gists and others in determining the time of appearance and the seasonal
abundance of important insect pest species (Pfrimmer (/955 and 1857y,
Stanley and Dominick (/938), Oatman (/957), Tashiro and Tuttle (7959}, and
Swith {7962)). However, several different kinds of BL traps were then being
employed in general insect pest surveys in the United States.

Development of BL Trap Standards

The above situation led to action, in 1964, by the Committee on insect
Surveys and Losses, Eastern Branch, Entomological Society of America
{ES.A), that resulted in the development of BL trap standards. A question-
naire was sent 10 53 survey and extension entomologists, apricultural engineers,
and plant pest control people known to be actively engaged or knowledgeable
in insect light-trapping research or service programs for States and USDA.

Thirtysix questionnaires were returned to the committee, and 21 of them
indicated that general insect survey BL traps should be standardized. Thirteen
individuals recommended either a particular kind of trap or trap components as
a standard,

A study of the returned questionnaires indicated that a definite majority
used or recommended as a standard a light trap equipped with one linear 15-w.

"'I-'orml:rly Plant Protection Division, Agricultural Research Service.
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fluorescent BL lamp. Concerning rap components other than lamps, a
mugerity reported or recommended the use of an omnidirectional trap with
buifles, no fan. and a coliection Tunnel opening {top} with a 10- to 18-inch
diameter. No majoritics favored or emphasized one size of collection container
or one hilling agent over others used. A few who listed ethyl acctate were
eathusiastic aboul its use over cyanide. Several individuals thought that the
position and location of the trap in the sucveyed area is as imporlant as the
type of trap used.

The Commitiee reviewed the questionnaires and the literature on insect
light traps. and gave particular attention to the results of recent investigations.
This was done to help select a trap or trap components which would be
durable, efficient, and fow cost. On the basis of these reviews, the Commitiee
proposed that certain trap design standards be used in general insect survey
work, The design should inciude; One 15-w. BL lamp: omnidirectional design:
batTles: no fan: 10- to 18-inch lunnel opening {top diameter); and a collection
container larger than l-yoart, For specifications of the trap dimensions and
standards as well as pertinent additional recommendations, see figure 21,

The Committce emphasized that its chief concern is with BL traps that are
used o general insect-survey programs to detenuine the time of occurrence and
abundance of cstablished insect pest species, such as the corn earworm, fall
armyworm, Luropean corn burer, cabbage looper, end others. The Committee
fully recognized the separate necd for survey traps designed cspecially for
detection or for research.

A zeneral insect survey trap that meets fully the above specifications has
been manufactvced commercially for several years. The trap is used extensively
i the United States and to 1 considerable degree abroad by Federal, State, and
ather research vrganizations,

Survey Traps for Individual Insect Families or Species

In contrast to the general insect survey trap, many of the various electric
insect survey traps have been developed, at least initially, for a single species or,
at most, a family of insects. Included in this group of specialized survey fraps
are: New fersey mosquito wrap: CDC miniature light trap:cigaretie beetle trap;
Asiatic garden beetle trap; pink bollworm: trap: and European chafer trap. They
have been described in part by Frost (7952} and more extensively by
Hollingsworth, tartsock, and Stanley (19633,

The New Jersey mwosquite trap {lig. 11, p. 21}, developed by leadlec
(7932} and Mulbern (/934 and 7942), is o standard trap widely used in
mosguito surveys. An American model of this trap described by Mulhern
(/953) bas a slightly Targer tube and fan than the standard model, and is also
being used in some arcas of the United States. A 25-w. incandescent lamp is
specified as the attractant in both standard and American models. Specifica-
tions for the design of the Department of Defense mosquito light traps® paral-
let those for the New Jersey trap,
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Standards:

1.

Attractant—one FI15T8/BL lamp (15-watt black
Hght) mounted vertically. See A.

Position of lamp—bottom even with rim of funnel,
lower lampholder below rim.

Four baffles (two crossed), dimensions: total width
14"+ total height above funnel rim 19”-20"; clearance
between inner edge and lamp 147"-14". See B.

Funnel—slope 60°; top diameter 14" (approx. ¥4
tength of lamp) ; bottom opening diameter 2”; lower
end inserted into top of collection container 14" to
form drip rim for water, See C.

No large canopy over top of baffles {such a cover
reduces catches of some species).

Additional Recommendations:

1.

Wiring system showing Underwriters’ Laboratories
(UL) seal of approval.

Electrical components mounted either on side or top,
but if on top the area of obstruction to light not to
exceed a 57 square {25 sq. in.).

Use of a side-emiptying drain placed in cover of col-
lection can to leave collection container unobstructed.
See D. Pan diameter at least 47, depth 17, drain
opening 2”7 X 17 minimum.

Collection container designed for use of less harzard-
ous killing agents, such as ethyl acetate (as com-
pared to calcium cyanide) through use of insert fun-
nel with scaling gasket, 45° slope and 2” opening.
See IE.

Material—26 gauge galvanized steel minimum.

Viguse 21, Blacklight trap standards for geaeral inscet surveys.
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Investigations on factors affecting the efficiency of light traps (American
model New Jersey mosquite trap) for collecting mosquitoes {Barr and others
1960 and 1963) indicated the following results: (1) Lighted traps caught more
mosquitoes  than unlighted traps, although the latter caught substantial
numbers of Culex but not Aedes mosquitoes; (2) the heat produced by a 254w,
light bulb did not result in higher ecatches than when a cold (nonenergized)
bulb was used; (3) trap color had little effect on the catch: (4) air movement
by the fan also had little effect on the eatch, although the range of air
movements studied was not great; and {3) the catch was dircctly relaied to
intensity of the lizht source,

Reed and others (1933) developed a suction-type electric insect su rvey trap
lor coilecting cigarette beetles. The early work of Runner (1917) in
establishing the greater attractiveness of blue or violet light as campared with
vrange ur red was also mentioned. Further research by Tenhet in 1955
(unpublished) determined “that blacklight was appreciably more attractive to
the cigarette beetle than any other light tested.” Results of this work are
reflected in current recominendations in Agricultural Handbook No. 233% that
“these traps should be equipped with BL Muorescent tubes of more than 30-w.
cupueity.” This trap is shown in figure 12, page 22,

An experimental, vertical suction-type light trap and a standard horizontal
tritp were compared in performance tests by Tenhet in 1954 (unpublished). No
significant dtference in the etTectiveness of the two types of Lraps was noted,
However, Parkhe und Kurup (7959) found that a vertical suction fight trap
with baffle plates, one lamp, and one fan has given about three to lour times
greater catch {of cigarette beetles) than the ordinarily used horizontal suction
light trap,

Development ol two Asiatic garden beetle traps was accomplished by
Hatlock (£936). Designs of both the small (figure 14, p. 24) and large traps,
described by him, and the general survey trap are similar in the use of four
balfles, Tunuel, no top cover, and location of the lamp attractant at the
Junction of the balfles. The larger trap was field tested in 1934 with four
different lamps and in 1935 with seven different lamps. The G-5 lamp, a
100-w. mereury vapor lamp radiating 6.04 microwatts per sG. em. at | meter
distance in the near ultraviolet (BL) region, atiracted approximately 60 percent
more beetles in both years than a 500-w. daylight incandescent lamp, the next
most elfective attractant lamyp.

E.\Iilimry specifications peepared by the Corps of Frgineers, LS. Army, Department of
Oefense.

s, Department of Agriculture, Agricultural Research Service. Stored-tobaceo
insects, hinlogy and control. A No. 233, 43 pp. Revised September 1971,
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The attractance of near ultraviolet radiation for the Asiatic garden beetle is
further evidenced by detection of the pest in general survey traps for new
county records in two Pennsylvania counties in 1969, Thus, the general survey
trap is replacing the orginal Hallock design for detecting this insect pest.

The pink bollworm survey trap is of essentially the same design as the
gencral purpose survey trap previously described. A special feature is that it is
equipped with three 2-w. argon glow lamps or a 15-w. BL famp as shown in
figure 20. The principal radiation from the argon glow lamps, like that of the
BL fluurescent lamps, is concentrated in the near ultraviclet region of the
spectruny. Lamps of this type and warttage are nearly as effective as BL
fluorescent lamps for attracting the pink bellworm moth, but are much less
attractive 10 insccts in general, particularly large moths and beetles. In a mixed
collection, this helps to reduce damage to the rather delicate pink bollworm
moths that must be in near perfect condition for positive identifications.

This trap is casily adapled to portable power sources because the power
required for operating the lamps is low (6 watts}, A portable power supply (fig.
22). developed by Hollingsworth and Briggs (/521), utilizes an automative-type
battery as the basic power source. The conventional 115-volt, 60-cycle a.c.
service is used when readily available, see figure 20, page 31. The trap has been
used extensively in Arizona and California for pink bollworm detection and
survey work (Berry and others f959).

Figure 22,-Pink bollworm survey trap with portable power supply.
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Adutts of the European chafer, Amphimatlon majalis (Razoumowsky), were
sirongly attracted to radiation from fluorescent BL lamps tested by Tashiro
and Tuttle (1959). When exposed to very low populations late in the 1958
seuson, traps containing these lamps captured up to 70 times as many beetles as
the most attructive, chemically baited traps.

Studies of factors involved in the design and development of an elfective
survey trap [or the European chaler were conducted by Tashiro, Hartsock, and
Rohwer (7967} during the period 1959-63. A survey trap developed for the
European chafer beee in shown in figure 23. Special leatures of the trap
include (1} a screen-bottomed collection container to hold the beetles alive and
permit escope of small insects, (2) n rather flat funnel angle with a small,
3f4-inch opening which permits large moths to crawl oul of the trap; and (3) a
special wiring circuit which permits operation of the lamp either from
conventionat 110-volt, 60-cycle ac. power or from d.c. hatteries by the use ol
a special inverter. The parts are especially designed for compact shipment and
easy assembly in the field. A smaller, similarly designed irap with a 6-w. lamp
has been developed for battery operation in isoluted locations. This trap is
suitable for either European chafer surveys or general insect population
SUIVveys.

Figure 23.~Turapean chaler beetle survey trap.
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ELECTRIC INSECT TRAP STUDIES ON ECONOMIC SPECIES

The material presented has been concerned with a history of insect
attraction to light in general, a description of various lamps and their spectral
distribution. and a review of trap types that have been developed for use with
clectric lamps. The lollowing material lists results of various investigations of
clectromagnetic radiation sources and traps that have been employed for the
detection and control of 4 number of economic insect species.

European Corn Baorer Survey and Control

Jablonouski (/920} reported an vbservation made by L. Baross, Bankul,
Mungary, in which 50 to 80 percent of the Lepidoptera captured at acetylene
light traps from June 17 to July 28, 1904, were European corn borer moths.
The exact number of moths captured and the proportion of sexes were not
recorded.

European Corn Baorer Attraction to Light
and Effects of Trap Design on Moth Capture

Caffrey and Worthley (/927) have indicated thal repeated observations in
New England with various types and colors of lights failed to show thut
European corn borer moths were attracted to artificial lights to any extent,
even though the observations were carried on in fields where the moths were
numerous and in their seasonal period of greatest activity. Gasoline and
kerasene lunterns, acetylene lights, and electrie lights of white, yellow, blue,
green, red, and violer were used in these experiments, From the comparative
number of moths captured at the different colored lights, a slight prefercace
for white and yellow Jights was shawn. The proportion of captured males
usually was grcater than that of the females.

Kelsheimer (£935) conducted field and laboratory research to determine the
influence of different colors of lights on the behavior of the European corn
borer moth. te concluded that, when the filters were arrangec in the apparatus
in the ascending or descending order of wavelength and the light intensity
transmitted theough the filters was, in all instances, unilorm or comparable the
moths responded in significantly pgreater numbers to the lights ol short
wavelength than to those of long wavelength. The blue light of the series
attracted more moths than did the red light on the opposite end of the seres,

The flight of European corn borer moths two electric light traps was siudied
under Reld and laboratory conditons by Ficht and Hienton (938 and 1541)
and Ficht and others {/ 94). They found, as did Hervey and Palm ({1 933), that
European com berer moeths may be caplured readily in electric traps.

The 230-w. Mazda CX lamp used in the field tests for 1939 and 1940 by
Ficht and others was manulactured with a special glass bulb which transmitted
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most of the ultraviolet radiation emitied by the tungsten filament. A second
famyp, the 100-w. mercury vapor lamip H-4, was tound (o be mure attractive to
Evropeant corn borer moths than the 230-w. Mazda OX in subsequent
laboratory and field studies, The distribution of power output from this lamp
is shown in figure 5, p. 11, Power radiated by the 100-w. H-d lamp was maore
than 10 times greater in the vltraviolet {280-380 nm) region thun the 250w,
mazda CX lamp, 78 percent moce i the visible violet-blue {380-500 nm)
region, and 6 percent less in the greenwyeliow {500-600 nm} region.

In Neld tests, Ficht and Anderson (7942} compared European corn borer
moth catches using six lamps of each type. The 250-w. CX lamps captured
19,107 moths or 53.6 pereent of the wial as compared with 16,487 moths or
46.4 percent of the total attracted by the 100-w. H lamps. These results
significantly showed that the predominanty vltraviolet, visible violet, and blue
sadiniion from the M~ lamps was approximately twice as effective in altracrng
the moths as was the energy radiated by the CX tamps when compared on a
wattage busis. Female moth cateh with the CX lamps was 53.9 percent of the
total as compared with 56.4 percent by the H-4 lamps.

Resuits of field tests and lzboratory studies combined indicated that the
greatest radiatica attraction to the European corn borer moths was in the range
of 320-300 wn. Moths had shown no preference for lamps radiating energy at
wavelengths shorter than 320 um in laboratory tests reported by Ficht and
Hicnton (7941). lowever, in {urther laboratory studies, Ficht and Anderson
{unpublished) compared the entire radiation from the H-4 famp with that in
the near ulteaviolet (BL) (320:380 nmn} region and found that there was o
definite attraction to the moths for this retatively narrow wavciength region,

Taylor and Deay {(/950) concluded from laboratory studies made in 1948
that the maximum attractiveness for the European corn borer moths at the
intensity levels studicd was in the near ultraviolet region, Thus, their studies
confirmed those of Ficht and his associates that were completed just before
Ficht's death in July 1941,

The carly evidence of the attraction of European corn borer moths to
radiation in the visible range, 38G-760 nm, led Tayior and Deay to compare
moth catches by lamps radiating coergy primarily in the visible with other
lamps radiating encrgy chiefly in the near uliraviciet. Unpublisheld dutu
obtained by them during 1933-55 show that the 360 BL lamps attracted from
1.3 1o 9.5 times as many such moths, on a wattage basis, as the incandescent
lamnps.

Fuether evidence of the greater attraction of black light as compared with
visible radiztion is found in a T-vear record (1938 to 1964) oblained by
Altman and Brindiey (unpublished} in lowa, They compared two i5-w. 360 BL
lamps, mounted horizontally, with a 200-w. incandescent clear lamp in
muoditied Minnesota-type traps of very similac design (figs. 24 and 25) for
attracting European corn borer moths.
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Figure 24,-Modified Minnesota-type trup with twa 15-w. BL iamps.

The 360 BL lamps and trap caught 2.33 times as many moths as the trap
with incandescent lamp on @ lamp wattage basis. During the same period an
omnidirectional trap with one 13-v. 360 BL lamp, similar to the trap in figure
20. caught 29.755 moths while a trap, similar to that shown in figure 25, with
200w, incandescent clear lamp caught 27,218 moths. On a wattage basis, the
BL lamp and trap caught 10.4 thmes as muny moths as the incandescent lamp
and trap, but a part of the difference was probably due to variation in trap
design, [a the latter study 58.4 percent of the moths attracted by the BL lamp
were females and 45,2 percent of those sttracted by the incandescent lamp
were femates.

Ficht and Hienton (/941) showed Lhat as the level of visible radiation was
increased from 230 to 2,060 [.-c., the catches of European corn borer moths
increased at sbout the same rate as the increase in illumination. However,
Taylor and Deay {J9350) found that inercasing the amount of near ultraviolet
radiation increased the attraction of moths but not in direct proportion to the
increase in radiant energy. [n 2 comparative study of 250-, 500, and 1,000-w.
sizes of mercury vapor lamps, the 250.w. lamp was reported best on the basis
of the number of moths caught per lamp-watt, From related studies, Beaty and
others (1951) commented that 2,000-w. mercury vapor lamps attracted many
moths but no satisfactory method was found fos destroying the moths so
concentrated. Adjacent traps with lamps of smailer wattage failed to compete
with the 2,000-w. lamp in attracting moths,
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Figure 23, - Modified Minnesota-type trap with 200-w. incandescent lamp,

Corn Borer Survey Activities With Light Traps

Bogush (/936) reported that a trap with a 500-w, light was of great value in
detecting the presence of insects when only present in small numbers. [n 1930,
the first year of the trap installation at Bairam-Ali, Turkmenisian, Central Asia.
the European com borer was detected for the first time, although the
Entomological Organization had been in existence there - more than 10
years.

Stirrert (/938) reported that the European corn borer flight to light traps
showed that males are attracted to the light in iarger numbers than are the
females. while the females are more strongly attracted to com than are the
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maies. He found no apparent correlation between the numbers caught in the
light trap and those observed in the fedd on individual nights. However, he
concluded that the [ight trap is a better measure than any individual cornfield
lor determining seasonal Hmits of fNlight within the ceaion.

Apple (7962} reported the operation during the previous 4 years, of an
omnidirectional insect trap with two [13-.w. BL f{luorescent lamps at one
tovition to provide information on the accurrence and sbuandance of certain
rocturnal flying insects. European corn borer moths responded well to this
hght artraction, and satisfactory nwmbers were taken to support a study on the
relationship between adult DNights and subsequent larval numbers in fate
planted sweet com,

The use of electric light traps to assist in the prediction of European corn
barer outbreaks and the timing of insecticidal applicadons is well established.
The turopean corn borer was added to the Economic Insect Report in 1963
when the list of evonomically important insect species collected in light traps
was increased from 9 o 20,

Corn Borer Cantrol Activities With Light Traps

Hervey and Palm (7935) reported an attempt to control the European
corn burer 1 sweet corn fields with electric light traps. Six circular grid traps,
equipped with 75w type A, Mazda tamps, were operated in each of twao fields
of sweet corn from June 11 o August §, 1935, Totals of 488 female and 367
mle moths were captured in 2 ltde over 2 acres of comn. It was concluded that
the ty pe of light traps used has little value in controlling the borer in the field,

Fichl und Hienton (1941} found that infestations and populations could be
greatly reduced but not eliminated by lighting corniields with one 25G-w.
Muzda CX lamp and circular grid wap per acre, In 1939, reductions of comn
horer festation in a 1Q-acre cornfield by use of electric light traps averaged
75,3 percent below those in three adjacent fields. Also in 1940, reductions in a
F2aacre lighted lield, averaged 66.7 percent below those in five adjacent fields.
Adult corn borer cateh per trap averaged 1,117 moths per season in 1939 and
321N m 1940, In 1938, examinations for sex showed that predominance of
fenuales over males in lipht trap captures was 63.5 percent femaies and 34.5
percent males and, in 1939, 60.6 percent fewales and 39.4 percent males.
Practically all female moths izken at light traps in these cxperiments were
gravid, and not more than one percent were spent,

Deay and Foster (/944) reported experiments that were designed to
determmmne the effect of electroentor light traps on the Europear corn borer
infestalton and population in double-cross hybrid field com in 1943, They
found that one trap with a {00-w., H-4 mercury vapor lamp per acre reduced
the nlestation of first generation com borers in corn planted June 1 from 27.5
te 14 percent, one hght per acre reduced the fall population of borers from 3.6
e 2.5 boters per plant i corn planied June | and from 4.3 1o 2.6 borers per




44 TECHNICAL BULLETIN 1498, U.S. DEPT, OF AGRICULTURE

plant in corn planted June 8--the fall population being all second generation
borers,

Reduction in corn borer infestation by use of light traps has been found
possible as indicated. However, field tests have not been nmude in sufficient
magnitude with suitable equipment to determine whether economical control
cun be accomplished by light traps.

Codling Moth Survey and Control

Recopnition of the attraction of light to the codling moth more than a
century ago is evidenced {rom a statement by Glover {1865)—"Bonfires in June
pvenings are recommended for the moth (codling).” However, other entomole-
gists held different opinions. Stingerland {(J902} stated that “codling moths are
not attracted to lights and only rarely may one accidentally fall g victim; the
highest record this [ar is eight codling moths in 15 nights.”" A similar reaction
was indicated by Newcomer and others (/1¥37).

Codling Moth Attraction to Light
and Effects of Trap Design on Moth Capture

Light sttraction —One of the earliest recorded experiments on the
attractant value of various colors of light to the codling moth was made in New
Mexico in 1915, 1916, and 1917 by Fite as reported by Eyer (/937). Nine
incandescent lamps used each of the 3 years in an orchard were suspended over
tubs of water which served to trap the moths. While only commercial types of
tungsten fitament lamps were used and the various colors incerporated in the
plobes presented equal emission of light. “the superiority of a blue or purple
{violet} light over other cotors was well demonstrated.”

Laboratory investivations an the response of the Griental fruit moth and
codling nioth to colored lights were conducted by Peterson and Hacussier
(1928) during the 3-year pericd 1925.27. They used clear incandescent lamps
combined with several color screens us attractunts. Their studies showed that, if
codling moths are given a choice of lights varying in color from red to viclet
and the celative intensities of the colered lights arc approximately equai,
practically all of the moths will go to biue and violet lights. Few or no adults
are attracted by red light, So far as obseived the response of males and females
to colored lights appeared to be similar,

Results of tests conducted by Yothers (1928) in a closed {ruit storage room
in 1926 in which codling moths were emerging and in an orchard in 1926 and
1927 showed evidence of positive attraction of light to the adult codling moth.
it the closed storage adult moths were readily attracted to a smull light. In
1927, they were attracted in large numbers under normal orchard conditions to
varying intensities of light in water-pan and electrocuting types of light traps.

Parrott {7927} ulso conducted experiments on the attraction of cadiing
moths to light in storage houses and in orchards during 1927, The results were
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morte favorable in cold storage houses than under field conditions where 10
different incandescent lamps were used in six traps during the season. He
reported thut several species including the codling moth ““were negatively
phototropic where colors at the red end ol the visible were used, that their
response was more positive at the violet end.” In subsequent work in 1934,
Pacrott and Collins {J975) used 75-w, Mazda lamps. 60-w, Mazda CX lamps,
sunlamps, and mercury vapor tubes, “all of which proved attractive to the
codling moth.”

Collins {/934) found that temporary morphological changes in the
compound eyes of the codling moth took place under the impact of light, and
that these chanpes were correlated with changes in the behavior of the moths,
Inferring that the most attractive spectral bands to the codling moth might lie
in the near ultraviolet, violet, and blue regions, Collins and Machado (1935)
studied the pigment migration induced by radiation of those wavelengths,
Their studies indicated that: (1) “of two light sources having the same
continuous spectrum, the more brilliant source elicits the more rapid
iris-pigment migration and is the more atiractive; {2} of two light sources which
have unequal spectral ranges, the one including the bands which evoke the
more rapid iris-pigment migration, even though its visual intensity and relative
energy are less, is more altractive,”

Studies were made in an apple orchard. a fruit-packing house, and in a
laboratory by Murshall and Hienton (7935} during 1933 and 1934 on the
attraction of aduit codling moths to a wide variety of lamps radiating energy in
the visible and uoliraviolet regions, Their early results indicated the most
atiractive region of the spectrum was that between 3,000 and 4,000 A, or near
ultraviolet und violet, A 15w, mercury vapor tube attracted more moths in the
orchard than Mazda C, Mazda CX, and special G-I lamps of greater wattage.
Codling moths were attracted to any electric lamyp in a three-story, 72- by
72.foot packinghouse enclosed with a cloth screen. I[n the packinghouse
darkened during the day and with an electrocuting light trap operating both
day and nigh(, more than 98 peccent of the emerging moths were attracted and
killed (Davis, /935). The maximum cateh for a single day was 15,579 adult
codling moths; and the total for the season, up o July 27—the end of the first
brood emergence-was 236,300 moths.

From their investigations which conlinued through 1937, primarily in the
laboratory, Marshall and Hienton concluded {7938/ that there are three things
which influence the attractiveness of light to the codling moth: intrinsic
prilliznce (Juminous Rux); the size of the luminous area; and the color. Small
amounts of ultraviclet, in addition to blue and violet seemed to have liitie
attraction to this moth. Large amounts of ultraviolet, based comrparatively on
the lamps used in the tests, added to the attractiveness of the lamp. This was
particularly true of the special H-3 lamps (modified H4). A dark blue, 200-w,
tungsten filament lamp showed the greatest attractiveness of ail lamps tested,
when all other conditions were equal,
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Comparative iests made in 1933 on the atrraction of aduit codling moths to
inside-Trosted incandescent lamps in 40-, 100-, and 200-w. sizes were reported
by Eyer (/937). He concluded that the clear yellowish-white light developed
by this type ol globe was increasingly atiractive up to 200w, capacity. [n 1935
snd 1936, his lurther lests with mercury vapor tubes, sunJumps, and an
incandescent famp, showed that, of the various light sources tested, the
mercury vapor (ypes proved most attractive. This type produced 300 to 700
lumens in the visible region withum wavelengths of 300 to 700 nm, that s,
largely blue violet and ubtraviolet in guality.

In comparing the relative attractiveness of blue, green, amber, red, and
white incandescent lamps in electrocutor teaps te the codling moth during
1934 and 1935, Bourne (/938) lound that codling maoth showed a preference
for the blue lamp,

Another attractant being used experimentally in traps for male codling
moths is the laboratory-reared virgin female of the species. When compared
with light traps, the sex lure or pheromone traps captured more moths in the
early season, but from midseason 1w later season this patiern was reversed
(Madsen, 1967). He wiso reported that in 19606, studies to test the effectiveness
ol the pheromone traps as a means ol control, using one trap per tree, did not
result in fewer intested fruie than in the control trees, even though large
numbers ol male cadling moeths were captured. Much is yet to be learned about
the future value ol the codling moth pheromone trap whether used alone or
possibly in combination with light traps lor survey, contrel, or both, of native
codling muoth populations.

Light rrap design .- -Lyer {1 937) meationed that traps used by Fite consisted
ol lamps suspended over g tub partly filled with water. Parrott (/927) used
traps in which a shallow, broad pan collected insects below the lamp. Parrott
and Collins (1933} luter used the electrocuting type exclusively in their
experiments. Bourne (F976) improved the water-pan trap but found the
clecrrocuting-ty pe superior to the improved unit. Herms and Ellsworth (7934),
Marshall and tlienton (1935) Patterson (7936), and Hamihon and Steiner
(1939 used the electrocuting-grid type of trap.

In his work initinted in 1933, Eyer (7937) used only grid-type traps but
compared the Akins suction-iype gnat trap {fig. 10, p. 19) with (wo
electrocuting grid-type traps for a 44-day period in 1936, He reported that
electrified grids and suction fan retrieving devices were about equally effective
for capluring moths attructed to lights.

Electric light traps and bait traps. operated alone and in combination, were
studied by Worthley and Nicholas (/937) to develop a trap of effectiveness
equal o but cheaper thun the cylindrical elecirocuting type used by Parrott
and Collins and vthers. In their 1934-36 investigations, Worthley and Nicholas
compared the vodling moth catches in four types of traps as lollows: (1) A
75-w. Marda lamp in (o) an unpainted 1rapping globe described by Tietz (1 936)
(b} globe painted black at Lop and bottom, and (¢) globe painted to give light
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only through slots; {2) a 75-w. Mazda lamp over | 2-inch-diameter bait pans: (3)
a Gench can with buit but without reflector or light; and (4) a 75-w. Mazda
lamp enclosed by electrocuting grid,

Resulis reported on this work showed that the effectiveness of bait
traps may be greatly incrcased by suspending them beneath 73-w. lights. This
combination ol lump and reflector suspended above molasses-water bait in a
12-inch diameter pan uppeared 1o be more effective than the electrocuting light
trap. The trapping light globes were found to be less effective, and the
electrocuting grid type to be most elfective with light alene as the attractant,
Comparisons belween the electrocuting trap and other devices may be
misleading because many of the electrocuted insects are burned beyond
recognition. For that reason, this type of trap is seldom used for survey
purposes.

Vun de Pol (7956) reported that in a series of observations at Doetinchem,
Netherlands, in 1953, the codling moth species seemed to react more strongly
to a 25w, uliraviolet lamp than to a 125-w. lamp which radiated light visible
to the human eye. Van de Pel and associates used a Robinson-type electric trap
that they had modified by increasing its height and decreasing its diameter.
They developed a grid light trap at Wageningen that had a more general effect
than the Rothamsted and Robinson traps but it was considered too dangerous
lor practical application,

in 1960, Bageiolini and Stah! (7963) developed Changins, a new model light
trap, & design somewhat similar to the Minnesora-iype trap, equipped with a
mercury vapor lamp, Starting with the original Robinson trap, they rearranged
the position of the lamp in relation to the collecting tube and placed the lamp
base up instead of down. They also included a device for collecting the
caplured insects in a jar. In 1961, the new trap was compared directly with an
earty model Robinson trap al three locations in France. The number of codling
muoths eauvght with the Changins trap was generally more abundant or at least
equal to the relerence rap. Also, the attracting power of this trap model, like
the maojority of other traps, extended 1o a large number of species of different
orders.

Effects of Temperature and Wind Velocity

The number ol codling moths captured by light traps is aflected by several
factors besides Lhe atiractant lamp and (rap design. Under optimum conditions
of light intensity for moth atiraction that exist before and after dark, the
temperature and wind or alranovement may reduce the number of moths
captured.

Collins and Nixon (/930), Borden (/937), Eyer ({937}, and Palterson
(7936) are in general agreement that the flight of codling moths is definitely
mhibited al temperatures below 60° F, Borden (£937) found that one of the
st notable factors controlling Night in the feld is the starting of a breeze or
wind, Just the fuintest air movement over the tree tops effectively cut down
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the flight. When a wind was blowing very few. if any, moths were observed,
even though the temperature and light intensities were lavorable.

Pristavka (/949) reported on the effects of temperature and wind velocity
which are assumed to be the leading factors affecting the quantity of catches of
the codling moth. Results of calculations made show that in the sum-tota] of
all lactors the efTect of wind velocity makes up 12 percent and the effect of
temperature makes up 20 percent.

Codling Moth Survey Activities With Light Traps

Hamilton and Steiner {(/939) examined light trap captures at half-hour
intervals on several different duys during 1934 and 1935, They lound thar
lamips did not begin v caplure codling moths much belore light receded to 0.2
Fi-¢. or less. Although moths came to traps all hours from [ate dusk Lo carly
dawn, 83 percent entered the teaps before 10:30 pan. and peak captures
occurred between 7:30 and 9:30 p.m. The authers found that light trops
artificially stimulate moth actvity after it normally ceases in the cvening or
befare 11 begins t down. Bait wraps, hewever, capture moths during periods of
normal flight activity at dusk and dawn. Thus. light trap captures are better
indicators of moth abundance than bait traps but provide less information
about the amousit of normal moth actvity,

Groves (/935 compared bait and light traps for catching codling moths in
1951 and 1932 using u Robinson trap (fig. 26) equipped with an 80-w,
mercury vapor amp. The single light trap caught considerably more codling
moths than the 12 bait wapsin 1951 and the 19 bait traps in 1952 with which
it was campared,
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Fipure 26.-Cross section of the Robinson insect frap,
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Russ (/96 observed codling moth occurrences in 1938 and 1939, using a
further improved Robinson light trap, for organizing a warning service in
Ausiria. The improvements in the light trap tended to provide greater safcty,
Of 1he improved types, 52 were in use in 1960 to provide information needed
lor control purposes.

Oatman and Brooks (J967) reported that results of 5 years' experience
{1956-60) with BL traps, similar in design to the emnidirectional trap pictured
in figure 20 on page 31, had shown that it is an effective, additional survey tool
for orchard insect populations. The BL trap had also proved to be several times
more eflective than the regular type incandescent light trap for surveying insect
populations, Oatmtan (/937). lts greatest value had been to time spray
applications for the individual pests, especially the second generation codling
moth.

In 1961, Madsen and Sandborn {(/962) found that a funnel-type trap with a
15-w. BL lamp was very efficient in trapping codling moths. in a study on
mating and oviposition behavior of the codling moth, Gehring and Madsen
(1963) comparsed BL trap catches with that of standard diamalt bait traps.
They concluded that the BL trap gave a more precise determination of codling
moth activity and would, therefore, aid in the scheduling of control meusures
for application at the most effective time. Further, a light trap, particularly BL,
is a very effective codling moth lure, and a single light trap will substitute for a
number of bait traps. Their work confirmed Geier's (/960) in which the light
rap was more effective than the bait-pans in drawing significantly younger
females from the field population.

Barnes, Wargo. and Baldwin (7965} tested and reported a new low-wattage
ultraviolet light trap for detecting codling moth activity (fig. 27.) The trap
consists of a 10-inch funnel with a single, |0-inch-square sheet metal baffle
mounted over it. The funnel neck is removed and a jar lid is soldered on for
attaching a l-quart jar. The lamp is a 4-w. fluorescent ultraviolet unit
designated as blacklight blue (BLB). The dark purple glass filters out nearly all
visible light. The lamp is placed horizontaily within the funnel and just below
the edge, directing most of the light upward. Because of the direction of
radiation, the trap should be hung in the lower half of the tree. The advantage
of this trap with the low-wattage lamp is the reduction in total number of
maths caplured with resultant easy sorting to record codling moths.

In Germany, Mesch (7963) made studies in 1962 and 1963 to improve the
results of light traps used in connection with a warning service against codling
motls. lle found a slightly modified form of the Minnesota light trap to be the
most suitable for the purpose, Mercury vapor lamps of types HQA 125-w. and
HQL 230-w, were used in the light trap. Catches with HQL 250-w. lamp were
targer and easier 1o evaluate. This trap was reported to be simpler to construct
than the Robinsun light trap, the New Jerscy light trap, and the existing wond
light trap of Steiner and Neufler. Mesch commented that observations with
fight traps have become part of the forecasting and warning service.
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Figure 27, Simplified low-waitage ultraviolet light trap for codling moth. (Courtesy of
EFatomology Department, University of California, Riverside.)

The codling moth’ was one of the species added to USDA’s weekly
Cooperstive Leonomic Insect Report in 1963 when the number of insect
species included in the list of those collected in light traps was increased from 9
to 20. Thus. there is international accepiance of the use of light traps as a
determinant ol codling moth activity,
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Codling Moth Control Activities with Light Traps

In 1978, efforis to control the codling moth by using artificial light were
undertaken by Herms (7929}, Six 500-w, Mazda lamps were suspended directly
over a block of LS trees consisting of several apple varieties, He continued his
studies on the same block in 1929 using eighteen 500-w. Mazda Jamps (Herms,
1932). Borden (J937) reported that even with the increased light intensity of
the 1929 experiment, the artificial lights did not deter moth activities
sufficiently to affect observations. When only the artificial light was present,
light intensity readings sbout the trees were not more than 4 ft.-c., which is
much less than the natural light intensity at sunset, the thwe of maximum
flight. The first season (1928) showed a 31-percent reduction in fruit
worminess, while the second season showed 2 30-percent reduction.

ln 1933, Herms and Ellsworth (J934) compared the use of traps with red,
light-blue. and white lights to determine the effect of lamp color on apple
worminess in the same orchard used in 1928 and 1929, Their rasults showed a
considerable reduction 1 worminess under the light-blue lamp; this is, a
worminess of 50.3 percent against 73.6 percent nonsprayed and nonillumi-
nated, and 77.3 percent under the red and 74.2 percent under the white,
Although the evidence pointed toward a considerable reduction in worminess
under the blue, they did not recommend the use of the cadling moth-blue
(Monelite} traps as a substitute { s sprays.

Headlee (1932) also undertook to determine whether control of codling
moth could be secured by means of orchard lighting. He used Mazda C lamps
to irradiate the foliage wall of the apple tree at a level of 10 ft.-c. during first
brood activity and reduced fruit injury by that insect approximately 350
percent. He then used in succession Mazda CX, mercury vapor daylight, and
1000-w. Mazda C red-painted famps. He noticed no particular difference in
moth activity with the Mazda CX than with the Mazda € lamps. He reported
that increasing the light energy from the violet end of the spectrum seemed to
increase the normal oviposition activity of the codling moth. Increasing the
light energy delivered from the red end of the spectrum seemed to induce
lurgely abnormal activity. He also indicated that in all probability an irradiation
of a little more than 30 ft.-c. would be necessary during favorable evenings and
mornings to prevent the codling moth from ovipositing.

Collins and Machado (1937) made a 4-year study of the effects of light traps
on a codling moth infestation. They used an electrocuting type light trap with
a 75w, Type A Mazda lamp in every apple tree in the lighted area (13 to 18
trees). Some mercury vepor tubes and sunlamps were used as attractants for
comparison with the Mazda 75-w. lamp. Trees included in the experiment with
light traps received no lead arsenate or from two to four lead arsenate caver
sprays. Collins and Machado’s data indicated that the light traps exerted
sulficient influence on the codling moth infestation to reflect a measurable
decrease in injury to the [ruit. An evaluation of this influence, bassd on the
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different methods of comparison used, led to the following inference. Under
the given experimental conditions, the control achicved by light traps was
comparable to that achieved by applying two lead arsenate cover sprays.

Experiments on codling moth control by electric light traps were conducted
in southern indiana (1934-35) and in the Hudson Valley, N.Y., in 1936 by
Hamilton and Steiner (1939). The light-trap experiments in Indiana were
conducted in a 5 Y-acre block of 30-year-cld apple trees located near the
center of the orchard. Within this block there were 175 trees available for use.
In New York, the light trap arca consisted of a four-by six-row block of mature
trees, located near the center of a Baldwin apple orchard.

Circular grid type electric traps were used. In 1934, three types ol lamps
were used-G-l mercury vapor clear glass, Mazda 60-w. CX inside-frosted, and
Mazda 60-w. clear. In 1935, the 60-w. CX lamp was discontinued and the
following added; Mazda 150-w. clear, Mazda 300-w. clear, Mazda CX 250-w.
inside-frosted, and a coiled mercury vapor tube, The G-1 and Mazda 60-w. clear
lamps were cach used in threccighths of the trees, while the other six lamps
were compared in the remaining trees, In 1936, the G-1 mercury vapor,
mercury vaper tube, CX 250-w. frosted, and Mazda 200-w. clear were used in
New York,

Comparative tests of the relative attractiveness of different lamp types
indicated that the mercury vapor tube and the G-1 mercury vapor lamp were
about equally attractive to codling moths and definitely superior to Mazda
lamps of 200w, or iess. The resulis also showed that the lamps used were not
pewerful enough to attract moths much farther than 35 feet. [n 1934, traps
that were suspended over clear spans 35 feet from apple trees averaged only §
moths per trap as compared with 127 moths per trap for those over apple trees.
Codling moth infestation in the 3 Y%-acre, light-trap z-ea (fig. 28) was reduced
44 pereent below that in the surrounding check blocks, In 1935, seasonal
condilions were extremely unfavorable for the codling math, and the lighted
arca showed a 90-percent reduction in infestation.

tn 1933, Pacterson (/936) initiated a 4-year experiment, in Canada, on the
value of electracuting light traps. He used a cylindrical electric grid trap with a
75-w. Mazda lamp as attractant in every fourth tree in 1933, and increased the
density to one trap per tree in a 6- by 10-tree block in 1934, The firsi two
cover sprays of lead arsenate were applied to the lighted trees. The regular
spray schedule of four cover applications was applied in 1933 and 1936 and
five in 1934 and 1935 to the unlighted trees. The sprayed blocks showed 20.9,
38.8, and 9.1 percent more damaged apples in 1934, 1935, and 1936,
respectively, than the lighted blocks. The crops were extremely small during
these years, and these conditions may have produced exceptional results,

Eyer ({937) reported that although the fruits in illuminated trees were
often less wormy than those in neighboring unsprayed trees, the benefit was
not sufficiently pronounced to warrant the recommendation of light trapping
as a substitute for spraying,
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Figure 28.~Electric inezct traps in operation at Indiana orchard during 1934 experiment
on ¢odling moth cantrol.

Despite the garly evidence of a possible reduction in the number of spray
applications through use of light traps, there has been nc recent large
experiment for attempting to contrel codling moths with light traps zlone orin

combination with a spray program,

Tobacco Hornworm and Tomato Hornworm Survey
and Contro!

Turner {(1920) recorded the capture of eight tomato hornworm moths in an
electric light frap in 1918, He used a 300-candlepower arc lamp as the
attractant and is among the first to indicate the attractiveness of fight to that
insect.

Martin and Houser (7947) reporied tobacco hornworm moth catches,
during 1938 and 1939, in which 10 incandescent, mercury vapor, and
fluorescent lamps were used in two types of traps. A [,000-w. mercury vapor
lamp was more attractive than three {,000-w, incandescent lamps operated in
one trap.

Hornworm Moth Attraction to Light and
Effects of Trap Design on Moth Capture

The attraction of adult tomato and tobaceo horbworms to near uitraviolet
radiation between 320 and 380 mn wus reported by Deay and Taylor (1950).
They studicd the attraction of harnworm moths to radiant energy from three
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groups of five 15-w. fluorescent lanips, each mounted vertically on electric
panel grid traps. The aitractant lumps used were germicidal, blacklight, and
blue with maximum radiation at 253.7 nm, 363 i, and 440 ni, respectively.
Of the three types of lamps used in 1948 the 360 BL lamp was outstanding in
attracting 92.6 percent of bath species of huraworm moths captured by traps
in open {lelds. Taylor and Deay {unpublished) found that a funnel-shaped trap
{see fig. 17, p. 28) caught a greater percentage of hornworm moths atiracted
by the lamp e did the electrocuzor prid L pe because these larpe moths did
pot pass between the grid wires, o many cases. the moths were only
tempunrily stinped, then recovered and flew away.

Brown {unpublished} designed, built, and tested the Vshaped collecting
container {fig. 29} for an electric wrid teap 1o capture attracted homworm
moths In [949. Moths, when stunned, dropped into the trough immediately
betow the grid, thence through a baffled twbe into a wire hasket from which
they could not escape, hmtially, the grid wire spacing was soven-sixteenths of
an inch, but this proved to be 1o close and wag increased later in the season tu
five-cighths of an wnch with a resuiting increase in moth caich. The trap was
equipped with two 30-w. BL lamps mounted vertically and caught 2.7} 2 moths
of both sexes durng 1949,

Stanley {79653 reported that further tests made by Brown in 1950, with
5'8-inch and larger grid spacines showed grid trap performance less satisfactory
than that of 2 uew unidircctional trap designed by Brown {fig. 30} A
fluorescent painted balfle. irmadiated by two 40w, BL lamps mounted
horizontaily, replaced the prid. This design was based on observations that had
reveafed a tendency of the mwoths to stop on white walls adjacent to traps
before finally going into the traps.

in 1951, commercial model of this new vnidirectionsl gravity-lype trap was
compured with a suction-ype trap and a grid trap for attracting and captoring
hornworm moths at Tifton, Ga,, by Girardeau, Stanley, and Labue (7932},
They operated four of the new type traps {fig. 31} (equipped with two
horizontally mounted 30-w. BL lamps in ezch) in addition to an experimental
suction-type trap (with four 153-w, BL lamps and a 1/6-hp. motor-driven
| 6eincly diameter fan), and a grid trap {with lour 19-square-inch grids and four
300-w, incandescent limps). The gravity-type and suction-type traps. each with
a total of 60 watts in BL lamp capacity, atiracted and captured from 396 to
1,143 tobacco hornworm moths during April 22 through Auvgust 25 The grid
trap with 1,200 watts in incandescent lamps cavght only five such moths and
practically no other horworm moths, The average caich of the four gravity
traps was 836 moths. The suction trap caught 916 moths. Results of this test
gave further evidence that much grester numbers of hornworm moths were
attracted to near uliraviolet than to visible radiation.
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Prgure 29, Flectrie prid trap with colfection device for capturing hornweorm moths after
striking prid,
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In 1953, Taylor and Deay {unpublished) also compared the gravity-type and
suction-type traps that were used at Tifton, in 1951, with an (8- by 18-inch
electric grid trap. In their comparisons, each of these traps was cquipped with a
total of 60-watts BL lump capacity. While the number of moths canght was
much smaller than that at Tifton, the suction-tvpe and gravity-type traps were
about equal and caught decidedly more moths than the grid trap.

Further comparisons of near ultraviolet and visible radiation as attractants
for hornworm moths were made in 1954 and 1935 by Taylor and Deay

Figure 38, - Gravity-type clectric insect trap with two 40-w, BL lamps.
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(unpublished). [dentical unidirectional gravity traps, one equipped with a 13w,
BL und the other with a 75-w, incandescent lamp, caught 402 and six
hornworm moths, respectively, during a 102-day field test in 1954. In a parallel
S1.day field test in 1955 with omnidirectional gravity traps. one trap with a
13-w. BL lamp caught 210 hornworm moths while another with a 200-w,
icandescent lamp caught only two moths, These results further emphasized

Figure 31.- Conunersial model of unidirectional harnworm light trap, developed in 1950
in North Carotina.
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the greater attraction of aesr ulraviolet than visible radiation o hormwerm
moths.

The omnidirectional trap used in 1955 was developed by Taylor and used
during the 1956-5% seasons i Indiana experiments (o protect tobacee from
tobacen and twimafo hormworms, as reported by Deay (7961}, This trap (fig.
32} neleded posinple, veriwal, 15-w. BL lamp mounted m g single vertical
balTle. The baille was mounted virtually within a funnel, the baltle extending
ai tieh abuve dhe Tunnel diseharge opening tw 3 height of 19 inches above the
funiel rim, The Funnel was {4 inches in diameter at the top, 2 inches in
duameter it the bottony, and 12 inches lugh. The collection chamber or can was
made ol Qdinch-drameter metal furnace pipe, 24 inches fong, and held against
the funnel by spring tension. On one end of this furnace pipe, a tlange was
turned inward to hold a bottont made of | d-inch-mesh hardware cloth, The
traps were supporied between S-toot steel lence posts as shawn, A trap of
spilar desipn with the attractant lamp mounted horizontally caught Tewer
hornworm moths than the trap desertbed with the lump mounted vertically.

Bell {7955} sundied 21 commercially available electric lamps which radiate
eneigy 1 pasts of the spectrum trom the wltraviolet through the infrared as
attractunts for moths of the tomato and tobacco homworm species. He
concluded that five of the famps, with high radiation outputs between 320 and
400 nm, were more atiractive thun those which Jid not radiate a significant
amount of energy iy this range. He also determined that the same lamps are
most stirackive o bath species and that the response was about equal for males
and Females of each species,

brure 32 Omnidwectional light tmp with one 15w, BL lamp, developed and used
Indiana for captunng hernworm moths,
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Kent (1958) and Raju {795%), secking to determine ¢ specific wavelength of
radiunt energy of preatest attraction o hornworm moeths, irradisted diem with
monechromate energy ol approximately 10-am bandwidth in the spectral
region 320 to 380 nm. They used a hymagraph to record the movements of the
mserts, but this secessitated jmpaling the test molhs on 8 wire suspension
mowit. On the hasis of thewr studies the age and sex of the moth, the
wavelength and intensity of cadistion, and the atmospheric conditions did not
sipmiieantly atfect the moths’ reaction o radiant energy in the 320 to 380 nm
{near ultraviolet) region ag tested.

Praitt {1960} continued investigatons on hornworm attractions in the same
range f wavelengihs and developed eyuipment suitable for subjecting the
motlis to ultaviolet wradizion tae would eliminate the necessity Tor piercing
them. This was accomphshed by placing the moths in cells (1 by 1 by 3 inches}
and whserving them wmdividuatly weth the aid of an infrared telescope. He also
did oot find any single narrow waveband (10 am wide) significantly more
attitetive te the moths than other wavebands, in the 300 to 380 nn region.

Menear (F9673 and Laum (J964) conducted further eaperiments on
responses ol homworm moths o radiation in the visible as well as in the
uttraviolet semon o g drght-tight, airconditioned  chamber. They used a
ewimiiercil mogochromater as the radintion source o replace the modified
spectrograph used by Kent (79383, Raju (/939}, and Pruin (7960}, and thus
secured better vontrol of the souree.

Mepear (/9577 found that the apgregate reaction of 531 individually 1ested
nreths was sretest t 315 mm whea compared wath responses at bands spaced
20 pin apart within the range of 315 to 4535 am. Further, he found that
rspuases weie neathy s goold throughout the ultraviolet region as at 315 naw

Lam {4vad) uradiated S48 lobicco and  tomato  hornworm  moths
ndividually with cnergy bands having a hall-width of approximtely 10 nm
centtered at 3129, 3340, 3654, 4047, 4358, 495.6, 546.1. and 5378 am. A
siEntivant Jifterence i response o waveband treatments was found in sach
aoth wroup based on sex. species, and source (trapped or reared). Generally,
the tesponses were greater for the shurter wavelengths by both fietd-caught and
laboriten reared homs orm moths, However, no single wavelength having an
extiemely light stimudative efficieney for hornworm moths was discovered.

Ho(fman, Lawson, and Peace (/966) reported experiments in 1964 in which
they placed from viie to 30 virgin female moths of the tobacco hornwonn in
mdivnlual 8L insect traps o determine the effects of vombining these two
shirae tants. They found that for each additional virgin female, up to L0, placed
with tie light trap, the male cateh increased by a factor equal to the male catch
of the trap without virgin females. They also indicated that males coming to
buht traps did net seeh out the virgin females. bul reacted primarily to the
blackbahi, sitzsesting that at close range the rodistion is a stronger attractant
than the virgin temales.
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Cylindrical eages, 3'z inches in diameter by 6'2 inches long and made of wire
screen with 14 by 18 mesh per inch, confined the females and prevented
mating. The eylinders could be attached 10 or removed from the traps easily
{fig. 33) or be hung at different distances from the trap sites. The vages were
used extensively in liter efforts to achieve hornworm population control in
North Caroling and St Croix, V.1,

Hornworm Survey Activities With Light Traps

Morgan and Lyon (/928) found that amyl salicylate was attcactive 1o
horaworms, and they developed methods of using this bait to trap the moths.
The traps developed were designed ta offer both olfactony and visual attraction
Lo the moths,

[ntomoelogists and  engineers of USDA  and several State agricultural
experiment stations recorded tobaceo and tmato homworm moth captured
during the 3year period, 1952-54, at 13 locations in Flonda, North Carolina,
Souts Caroling, Teanessee, Virginia. Marviand, New Jersey. and Conneeticut,
The caplures were made with the improved omnidirectional type of BL trap
(tig. 34, developed by O. A, Brown *©

Large nunbers ol hornworm moths {more than 1.000 per season} were
captured particularly at seven locations in Florida, North Carolina, South
Caroling, amd Tennessee, according o Stanley (unpublished). A much larger
percentige of tomato hormworm moths taken were females (41 to 45 percent)
than was observed for the tobacca hornworm species (25 (o 28 percent).
Infarmation from earlier studies indicated that the males and females of both
species of hornworm moths occur in nearly equal numbers in the field,

[n 1955, the Cooperative LEconomic Insect Report (mentioned on p. 32}
included a special seetion on light trap collections of certain insects, Since that
time, the section has included data on both the tobacco and tomato horrworm
species und has provided a continuous survey record at many locations in the
United States,

Hornworm Control Activities With Light Traps

Stahl (7954) tested bait and electric light traps as possible aids in the
contral of hormworms on tobacco by capturing the moths. He reported that
“field studies indicated that the use of either bait or light traps had little effect
on the abundance of and damage caused by hornworm larvae on tobacco at or
near the fraps.”

1hccased tformerly with Agricultural Research Service, US. Department of
Agriculture, Oxford, N.C),
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Fiwure 33,- Light trap with two cylindrical cages for holding virgin female
hornworm moths.
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Stanley and Dominick (1958) experimented with gravity- and sucton-type
light traps (figs. 34 and 35} during 3 vears 19534-36, to determine the responses
of the tabaceo hornworm and lomato horpsworm moths o blacklight radiation
in the Neld and to evaloate these traps as a means of controlling harnwaorms, At
vach of three locations, three iraps of the same type were placed in a S-acre
tobaceo field. Sucton-type traps were used ac one loeadon and gravity-type
traps at the other two. Fach trap was eyuipped with BL lamps of 60-w. toral
cupaeits - Wiite naheavy mfestation vecurred during the 3 years, the nine traps

Figure M. Gravity-type omnidirectional light trap with two 30-w. BL lamps designed
particularty for hornworm moth capture,




SUMMARY OF INVESTIGATIONS OF ELECTRIC INSECT TRAPS 63

LA |

[ignre 35.- Suction-type omnidirectional light trap with four 15-w, BL lamps
mounted verticatly.

caught 9,633 hormworm moths in 1954, 21,571 in 1955, and 24,002 in 1956,
30.5, 437, and 224 percent, respectively, were of the tobacco hornworm
species. At vne locarion in 1956, where the heaviest infestation of the 3-year
period oceurred. tobacce plant damage from hornworms was reduced 16
percent by the use of light traps.

Experiments were conducted in six tobacco fields in {ndiana during the
1956-59 seasons by Deay (1967) and Taylor. Fourteen to 17 of the traps
developed by Taylor, (Mg, 32, p. 58) were used at these tobavco lields to
attraet and capture hornworm moths, Preliminary experiments in 1954 and
1955 indicated that a trap equipped with one 15-w, BL lamp would protect the
tobaccy within a radius of 100 to 120 feet from the Jamp. The number of
tlamps used per field varied with the size and shape of the field, Deay and
Harisock {/940) showed Lhat, on an average, one trap equipped with one 15-w,
BL lamp decreased the number of infested plants by 73.5 percent and the
amount of leaves eaten by 77.4 percent in an area 100 feet from the trap.

On the hasis of these investigations the Departments of Entomology and
Agricultural Eagineering, Purdue University Agricultural Experiment Station.
issued a mimeopraphed paper entitied "“Directions Tor the Use of Light Traps o
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Control Hornworms on Tobacco,” in June 196). These indicated that
“Satisfactory control of iwobacco homworms on tobacco with the light
wap' ! developed at Purdue University depends on three things: {1) The time
of the year the traps are in operation, (2) the arrangement of the traps in the
field, and {3) the height of the traps above the ground.”

These early attempts to protect tobacco crops against hornworm damage
were on a smatl-plot basis where only a few traps were placed in or around a
ficld. The studies in Virginia were conducted in an area of more extensive
tobavew production and of greater density than that in Indiana.

Lawson, Gentry, and Stanley (/963) initiated experiments in 1961 designed
to use light and bait traps as a means of investigating the numbers, habits, and
movements of homworm moths and to test the possibility that such traps
might be used 1o reduce populations in large areas. In experiments with bait
traps and poisoned feeders, Scott and Milam (/943) indicated that these
devices reduced the numbers of eggs laid by more than 50 percent when they
were used on greas of 1 square mile or more,

Lawson and others {/963) in comparing catches made by three light traps
and 34 bait traps showed that the mean light-trap catch of tobacco horaworm
moths was 206 times greater than that of bait traps and about 36 times greater
for the tomato homworm species. Light-trap catches of male moths of both
species were greater than for females, while catches of bait traps had a sex ratic
near unity. The number captured by bait traps, however, was very low in
comparison with light traps at all seasons and was zere during the early part of
the season.

In other {196/} studies, these men showed that hornworm moths werte
strong fliers and capable of moving 3 or 4 miles in a single night. In that year,
the greatest distance that hornworm moths were known to travel was 6.3 miles,
but in 1962 this was increased to 8.2 miles. Thus, the moth flights into a small
aren under any contro} method could be heavy.

As a result, they designed and installed in 1962 a large-scale light trapping
experiment in ap area near Oxford, N.C. A circular area, 12-miles in diameter,
was covered with about three light traps per square mile. These 324 traps were
similar to the design which later was adopted as 2 standard for survey traps but
with 18-inch funnel top width. The area trapped was increased to a 20-mile
diameter vircle in August 1964, with 2 total of about 1,100 light traps (Stanley
and Taylor (/963)). The trap density was doubled in the inner 8-mile-diameter
area to increase the catch of smaller tobaceo insecis such as the tobacco
budworns Heliothis virescens {Fabricius), using a fan trap. This fan trap was
identical to the gravity trap already in use, except for the 10-inch, 414-c.fm.,
propeller fan, mounted in a vertical cylindrical section midway in the funnel
{fig. 36}

1 Omnidirectional light trap with one 15-w. BL lamp developed and used in Indfana
for captunng hornw orm moths,
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Figure 36.—Suction-tvpe light trap with 10-inch propeiler fan,

The general objective of the experiment has remained the same throughout
the 1962-70 period--namely, the evaluation of the effect of light traps on insect
populations inside the trapped area as compared with those outside the area.
Lawson and others (/963 and 1966), Stanley and others (/964 and 1965}, and
Gentry and others {J967) reported results of these experiments for the years
1962-64, Lam and others {/968) reported for the years 1965-66. During
1962-66, the estimated hornworm reductions in the trapped area ranged from
34 to 94 percent, depending on the species, sex, and yeas.

During 1967-70, the number of traps in operation was varied to accommo-
date additional experiments such as the release of sterile male tobacco
horaworm moths. Conclusions reached for this period were indicated by Lam
and others (unpublished} that “Hornworm populations, although tow through-
out the locality, were suppressed within the test area during the years that
traps were operated. When no traps were operated, hornwuorm populations
inside were equal to or greater than they were outside the area, Stalk cutting
and stilt bug populations may have aided in reducing horoworm populations,
but 2 major portion of the reductions appeared to be caused by the presence of
operating traps.”

Lawson and others {/963) estimated that, because of the hornworm mcths’
movement capability, somewhat less than 5 percent of the hornworm moths
inside o center circle of I-mile radius would come from outside the
6-mife-radius, trapped area. Such movement into an experimental area could
prevent a true evaluation of the trapping effect on the hornworn populations.
To overcome this condition, St. Croix, V.1, was selected in 1963 as a suitably
isolated istand [or conducting research where very little moth movement to and
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trom the island could oceur, since the island is 36 miles from the nearest land
muss. A pctiminary survey conducted with a single light trap in 1962
established the presence of hornworm moths on the 84-square-mile island.

The objective of the experiment on St. Croix was to determine the
possibility of suppressing an isolated tobacco hornworm population by the use
of electrie insect traps. Initially, nine light traps of the type used in the Qxford,
N.C., installation (tig. 33) were operated in widely separated locations over the
island. The collections of those traps, from April 19635 to March 1966, were
used ps base-year duta (or comparison with later collections. On May 23, 1966,
about 250 sucton-type traps of the same size and design as those used in North
Carolina (fig. 36) were placed in operation. They were distributed over the
island as evenly as terrain permitted at an average density of three traps per
squire mile, Fifty-three of the traps were designated as survey traps and insects
caplired by these were cotlected reguiarly three umes a week until July 1968,
when biweekly collections were begun. Before moth capture was recorded, fans
were removed [rom these traps o reduce damapge that would increase
difficuttics of identification. Early in 1968, lans were removed from the
remaining group of traps (abourt 200) becuuse the gravity-type trap without the
fan had been found as effective as the fan-type trap; this also eliminated the
fan mmntenance problem,

{ncreasing light trap collections of tobacco hornworm male moths by use of
vaged wirgin females have been mentioned previously (Hoffman and others
(£9n6). Use of virgin females to bait light traps on St. Croix was begun with 63
traps in March 1968, This use was increased to 123 traps in June and practiced
on all of the iraps lrom July 1968 to December 1969, excepting the original
ning traps. Cantelo and others {7972} reported that the tobacco hornworm
collections were reduced by light traps alone to 37 percent of those occurring
before the 21-month period of mass trapping began. They also reported a
further reduction to 14 percent of the original level during the period when
virgin females were used as an added attractant, March 1968 through December
1969, The authors indicate that their resules suggest that severe suppression of
tobacco hornworm populations in the United States does appear ta be a
possibility if blacklight traps are used in sufficient density and maintained for
several years,

Studies were made with light traps in two tobacco growing areas, about 100
square miles each in South Carolina and Kentucky during 1964-66. The 300
light traps in cach community were farmer-owned and operated and were
similar in size and shape to those wsed in North Carolina (fig. 33, p. 61).
Hornworm populations, in South Carolina, as measured by field infestation
counts on field tobacco and sucker growth. were approximately the same for
the tight-trap and outside areas for all 3 vears of the experiment (Hays, 7968).
Poor trap construction and, tn many cases, poor installation created serious
miantenance problems which the owners could not readily correct, but this
situation alone may not have produced the inadequate performance.
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Results iy Kentucky where frap construction and procedures for installation
were better than in South Carolina, were more [avorable. However, the
reduction of hornworms and larvae within the trapped ares was not great
enough to achieve adequate control of tobaccs and tomato homworms in 3
years' use of BL traps, according to Jones and Thurston {(1970).

Heliothis Zea {Corn Earworm, Cotton
Bollworm, Tomato Fruitworm} Survey and Control

Riley {/883) cited an early instance of the response of this insect {Heliorhis
zee) to light thus: ““Mr. Cranc of Mandarin, Florida, who lost in 1878 o large
proportion of his crop of tomatoes by Heliorhis, in 1879 built fires of light
wood in his Geld with much profit.” He also mentions a simpie trap-lantern
used in Texas which “proved most effectual against the ravages of the
bollworm, which in 1877 did mcre harm here than Aletia, and which was kilied
in great numbers by this methed.”

Despite this early apparent success, later use of oil lamps as attractants in
light traps proved to be of little value. Howard {Z897) and Quaintance and
Brues {7903) reported uefavorable resutts. The latter indicated that *ail
observations serve to show that the attracting of moths to ordinary il lights is
an utterly hopeless task.™

However, at zhout the same time, other observations were recorded of the
boliwerm moth's attraction to electric hunps. Moraan (/897) reported large
pumbers of this moth atrracted 1o the vicinity of an electric lamp during the
previous season. Chittenden (1907} also stated that durdng 1 week in late
September 1,900 bollworm moths formed about 16 percent of the tosal
number of moths sttracted 1o the clectric street lights at Washington. D.C.
Cockerell (/974) also noted large numbers of moths around electric street
lights in Boulder, Colo., about 90 pereent ol which were bollworm moths. He
supposed that they were a migrating flight from the South. Stanley (1932)-
listed the bollworm moth among a number of noctuids caught at electric lamps
on high buildings in Kaoxville, Tenn., during 1931,

Moth Attraction to Light and
Effects of Trap Design on Moth Capture

Ditman and Cory (/933) studied the responses of carworm moths to light
ransmitted by various filters in a 6- by 7- by 8-foot darkroom during 1932.
Their invesiigations, although limited, showed that the moth reaction to
radiation from varous Tlters at the time of liberation changed after several
hours. The filter that attracted most moths for the first hours would not
atiract the most moths after 3 or 4 hours. Initial responses were generally
greatest to radiation in the violet-blue region.

Carruth and Kerr {/937) tested three types of light sources in electrocuting
lantern traps against female corn earworm moths in cornlields during 1930,
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attempting to reduce larval infestations in sweet corn, Two types of mercury
vapor famps, one of 60 watts and the second of 25 watts, each attracted more
corn exrworm moths than did & 73-w. tungsien-filament lamp, although more
males than females were caught. No appreciable reduction in larvsl infestation
resulted from any of the traps vsed.

Walkden and Whelan (7942} reported on owlet moths taken ai six light
traps in Kansas and Nebraska during 1933-37. The data disclosed distribution,
seasonal flight periods, and peaks of abundance of various species including the
corn earworn. Incandescent lamps were used in all traps, two with 500-w. and
four with 200-w. size in each, Insect catches were low early in the season, but
increased markedly in the fall. Total trap catches per season varied widely from
a low of 25 to a high of 2,186 moths. Forty-five percent of 3,149 moths
examined were feinales,

Studies of comn earworm moths caught in 40 electric insect traps of two
different styles, both of which used electric lamps as the lure, were made
during 1937 at Clarkston, Ga., by the Georgia Experiment Station (7938). In
one icap type, the moths were caught in a pan of kerosene suspended below
the lamp: in the other type, inseets flew into an electrocuting grid that
surrounded the famp. The average rate of moth catch per trap per day was
almost identcal for the season June 17 to August 172, However, in June when
moths were most sbundant, the electrocuting irap caught decidedly more than
the kerosene trap, but the reverse was true the latter part of July and early
August.

In 1938 and 1939, Martin and Houser (/941) compared the attractiveness
of 10 incandescent, mercury vapor, and flucrescent lamps to the corn earworm
moth i two types of traps. Each of the two types of traps consisted of three
main paris -a low concshaped top, a hopper. and baffles—and differed in
baffle arrangement. In 1938, three balfles were set equidistant with their edges
at right angles to the lamip. In 1939, a halfcylinder vertical shield was extended
more than halfway around the trap as a baffle, There weie many nights when
corn earworm moths did not come to the light traps. No moths came on 30
percent of the 78 nights that the traps were operated in 1938; none came on
22 pereeat of the 91 nights that they were operated in 1939. Many earworm
math individuals loitered about the lght trap and rested on nearby objects
tefore entering the traps. Also, flight habits of this moth indicated no sharp
difference in response to any of a series of incandescent, flucrescent, and
mercury vapor lamps. Further, the 100-w. H4 and $-4 mercury vapor lamps
were (with the exception of the June 1938 total) more attractive to earworm
moths than the 100-w. and 150-w. tungsten lamps or a 15-w. blue fluorescent
lamp. However, on an equivalent waltage basis, the blue fluorescent lamps
would have radiated more total energy in the 320-380 nm (near ultraviolet)
area than the 8-4 or H-4 lamps and captured more moths.
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Taylor and Deay ({9350) reported on the attraction of the comn earwarm
moth in great numbers during 1948 to sources radiating considerable near
ultraviolet encrgy.

Girardeau and others (/932) reported bollworm moth captures in six
electric insect traps at Tifton, Ga., in 1931. Four of the traps were
unidirectional, gravity-typs with two 30-w, BL lamps mounted horizontally
flig. 31, p. 57). A suction-type trap, with 16-inch diameter, 1/6-hp. molor
driven fan, and four 15-w. vertically mounted BL lamps similar to that shown
in figure 18, was 2 fifth trap. The sixth trap was the elecirocutor type with
four 19-inch square grids and four 3004w, incandescent lamps. Capiure of the
bollworm maoths was most effective with the suction trap in which 80 percent
of the collection consisted of this species while all six traps were operated from
March 23 to Auvgust 25. The suction trap catch for the entire period of
operation (March 25 to October 20} totaled 17,198 moths, Sex counts, made
on several series during the height of the flight period, indicated that equal
numbers of males and females were taken. A suction trap, identical to that
used at Tifton, was also operated in 1951 under test at College Station, Tex.
for the period May 9 to October 9. Rainwater (unpublished) reported a total
collection of 27,333 bollworm moths in that time.

Glick and Hollinpsworth (/953) during 1933 at College Station, Tex,,
conducted laboratory and field investigations on the response of the cotton
bollworm to certain ultraviolet and visible radiation. Filty-six tests were made,
including incandescent, mercury vapor, glow discharge, and fluorescent lamps
(uitraviolet and visible} as attractants. The H100-5P-4 mercury vapor lamp with
blacklight transmitting filter was found most attractive to the bollworm moth,
However, a single 15w, BL fluorescent lamp was rated the most efficient light
source per watt of input for collecting bollworm moths in traps of the type
tested. The trap wsed with all attractants (fig. 20, p. 31) was built to utilize
from one Lo four lamps in the center of a three-vaned baffle assembly. The
funnel was provided with a deflecting cone and drain device to prevent
moisture from entering the 1-gatlon cyanide collecting jar.

Deay, Barreti, and Hartsock (f263) reported results of extensive studies at
Lafayette, Ind., on the tlight response of the corn earworm motlh to electric
lamps from 19533 through 1964. John G. Taylor participated with Deay in the
earlier phase ol the work before Taylor's death in 1958, The summary of this
series of comparative tests of electric lamps as attroctants to the corn earworm
moths and of electric light trap designs for its capture included much
important information on trapping this insect. The summary follows.

“0f the lamps tesied. those (BL. BLB, and suniamp) which emitted most of
their erergy in the middie and near ultraviolet regions (320 to 380 nm) of the
electromagnetic spectrum attracted more corn earworm moths than did those
which emitted either shorter or longer wavelengths, When a combination of
lamps of different wavelengths were used in the same trap, the {5-w, BL was
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the primary attractnt in the combination. [nereusing the brighimess ol 3 [ S-w,
BL lamp by using T 20-w., 2 [5-w., or 20-w. ballusts increased the number of
muths caught, but decreased the lile of the lamp. Traps equipped with 5 15w,
BL lumps caught o significanty higher number of moths than did those
equipped with either 3 15w, BL laops or 5 15w green famps. Blacklight
Lanips with conventional and with Philips™ phosplior were equally attractive,
Traps caught wore moths when the bottom of a linear 5w, BL lamp,
mounted verticalty , wus posinoned -1z inches (Y1 its length) below ar even
with the lip of the trap funne! thao when posinioned 9 inches below or 9 inches
above the funnel lip. Omwidirectional traps cavght a significantly higher
gumber of moths than did unidireetional vres, Fan traps caught more, but not
siznilicantly  more, moths than gravity traps. Unidicectional traps {lamp
horizontal} suspended so that thie lamp was 12 feet above the ground caught
more moths than those suspended so that the lamps were 4, 8, and 16 feet
above the ground. Omnidirectional traps (lamp veroeal suspended so that the
top of the fuane! was 2': feet above the ground caught more moths than those
m which the top of funnel was 5, 2eand 10 teet above the ground.”

Merkl and Priimmer (f955) compared the catches ol various species ol
Lepidoptera m electiie traps with meteury vapor and BL lamps during 1954,
The mercury vapor trap s shown in figure 17, page 28, and the BL trap in
lgure 20, page 31, The two feliorhs species. zea (hollworm) and virescens
(budw orm) responded similarly to the tamps, but the blagklight appeared to be
shiahtly more attructive.

Plrimmer (19355) conducted studies ducing 1934 {0 compare the responses
ol difterent orders of insects to tliree sources of BL radiation as lollows: 2
Phav, BL famp, o 15w, BLB lamip: and three 2av. argon glow lamps. Al the
taps used were sumilar in d2sign to that shown in figure 20. They were grouped
m g triangeiar srangement within @ tew feet of cach other. The argon lamps
were ghout 3 feet above the ground and the Nuorescent lamps about 6 feet.
The BUB trap conght twice as many insects as the BL trap and about 13-t
tumes as many as the argon trap, Although the BLB lanp attacted nearly 2-'a
times as many Lepidopiera as the BL lonp, the Dollworm response ta the BL
Limip was wreater than o the BUB, and much greater than to the arpon lamps.

Plrinmer {/957) Jduring 1955 and 1936 made Turther comparisons of the
attractiveness of dilferent soueces al blacklight, He used the 15-w., BL, 15-w,
BLB. and 100-w. mercury vapor bamp, The [irst (wo were installed in teaps
similar to those used in 1934 and the last in the trap shown in figure 17,
page 28, The boliworm meth responded in areatest numbers to the BL lamp,
second to the BLB lamp. and least ta the mercury vaper lamp. Slightly mure
thitn 30 percent of alb moths caught were females.

Callahan {/937) reported work on the ovipoesition response of the corn
carworm muoth fimago) o varfous wavelengihs of light in Jaborutory tests
untiated in 19350 Fram these experiments on hght and colar he concluded
that: {1} AL equal miensities, no difference was shown in response to 14
peicent pofarized hght and unpolarized light. () the higher response was
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aways 1o the shorter wavelength, {3} the response (o green seemed 10 decline
as the night progressed, hut the moths seemed 1o become conditioned and their
response o bige built up greatly as the night progressed; and (4} the various
wvipasition peaks were probably a4 lfunchon of temperature and time of
vopulation and not directly related to the hight experiments.

Holbnrgsworth, Harstack, and Lindquist (J968) conducted field studies at
Collepe Stagion, Tex,, in 1966 to evaluate the inlluence of total near uliraviolet
ensston ol attractant lamps o insect entehes, particwlarly the bollworm, They
tound the oear sltravioler output of attractant lamps afTected the catches of
wsects (o traps mere than any other single luclor in these lield studies.
increased nesr witra-violer ennssion from the attractant famp gave increased
catelt of bollworm moths up to and including a 40-w. BL lamp, the largest used
(wattage rating) in these studies. These results verily those reported by Deay
and others {F965) in which light traps equipped with {ive 15-w. BL lamps
aiught signiticantly more bollworm moths than those equipped with three
{54, BL lamps or five [S-w. Green lamps.

Corn Earworm Survey Activities
With Light Traps

Reference has beeo made to a survey teap used in a study by Riherd and
Wene {J955) of moths captured at a light trap at Weslaco, Tex,, during the
P-yeur period, Mareh I, 1953 1o February 28, 1954 {fig. 19, p. 30). it men-
tioned that the corn carworm math was collected every month of the year,
with g total of 7 400 moths captured, A large number of moths was collected
in January. The authors reported that the corn earworm caused severe damage
to fettuce during January and Febroary, months which, in the past, had been
considered free from the corn curworm.

Deay, Tavlor, Barrett (/964) reported datz on light irap collcctions of corn
earwvorti adults w Indiana in the years [19533-63. Two types of traps, equipped
with BE attractont lamps, were used. The unidirectional type with one 15-w.
BL famp {Yig. 16, p. 27} was used throughout, except 1n one county in
19603 and in three additional counties in 1963, The ommidirectional trap
{fig. 20, p. 31) was used in these four counties late in the test period and was
equipped with either one or three 15w, BL lamps.

The State of {ndiana extends about 283 miles in a north-south direction
flat, 37 47 to 41° 30" N.). BL insect traps were operated in 14 counties
durning thie veuars 1953-63 but not in gl of these counties in any one vear. As
rule, corn earw ormt mioths were collected much earlier in the seasen in counties
in the southern fourth of the State than in the others. In one §-year study in
Lawrence County (lat. 387 45%) and Tippecanoe County {lat, 40° 307 the
average difference i the earhest varches was 33 days. In most years, the three
peak periods of cotlection were the first of June and September and the middle
of Qetober i the sotthern part of the State, and two peak periods were the
first ot September and the middle ol October m the northern part,
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A special section on light trap collections of certain insects was included in
USDA's Economic Insect Repeort beginning in 1935, The corn earworm
(bollworm, tomato fruitworm) was one of the original group of insects on
which reports were assembled and has continued to be among that group.

Mangat and Apple in Wisconsin {/944), Knowlton in Utah (/964), and
tHofimaster in Virginia (/966) have each reported 8 or more years of corn
earworm moth collections in BL traps in their respective States beginning in
1956, In penerai, they agreed that their light-trapping programs were carried
oul o expand their knowledge on the flight pattern of this insect and to
improve control measures. Mangat and Apple related light-trap catches Lo
temperatute accumulalivns to provide 2 means of forecasting moth activity in
the spring.

Vail, Howland, and Henneberry (7968) collected corn earworm moths from
traps equipped with 15-w, BL lamps in Home Gardens and Riverside, Culif., in
1064-65, to determine possible correlations between seasanal abundance.
mating of females, sex ratios of the collections, and seasonal temperature. The
total yearly catch of corn earworm moths by one trap at Riverside was 518
males and 315 females (male:female ratio=1.64): and by four traps at Home
Gardens. 1.072 males and 738 lemales {male:female ratio=145). At both
locations. the maximum number of moths was caught during the 2-week
trapping interval ending September 34, 19641 these maxima were recorded |
month after the maximum mean temperature was recorded at the twao
focations. Erom Novermber 13, 1964, until the end of the experiment in Aprii
1965, few corn earwoom moths were caught at either location, The yearly
mean number of matings per female was 0.43 and 0.61 at Riverside and Home
Gardens, respectively.

Fatcon and others (7957} made o study of biacklight traps as detection
Jdevices for the bollworm in the San Joaguin Valley in 1966. [n the study,
single light traps were located approximately 1 mile cast and west of the test
piot and about 3.75 miles apart. Each trap was equipped with an omnidirec-
tional positioned o-w. BL lamp as the attractant. An assessment of the field
populations of bollworm eggs and larvae was made by examining terminals,
squares, and both small and large bolls at weekly intervals. There was good
correlation between the feld counts of bollworm eggs and larvae and the mean
number of moths collected in the two light traps.

Corn Earworm (Bollworm] Control Activities With Light Traps

Commenis by Michelbacher and Essig (7938) on control work by Herms
(1947 stated that: “During 1930 extensive experimental work with an
glectrocuting type of monochromatic light trap was conducted, Cansiderable
information of interest was obtained, and some evidence that lights might be
used effectively in capluring adults of the corn earworm., However, much more
work is necessany in connection with this phase of the investigation.”
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Taylor and others (1955) placed one electrocutor trap on each of the four
sides of a square, 1-acre corner plot of a 17-acre field of early sweet corn in
southeastern indiana in 1954, The traps were 36- by 36-inch electrocutor tvpe,
each with three 30-w. BL lamps mounted vertically. This plot and a band 100
feet wide bordering it on two sides, totaling 2 acres. was not spraved, The rest
ol the field was sprayed four times with & DDT and oil emulsion spray. They
found that only 0.4 percent of the corn had earwonn damage and 0.6 percent
had corn borer damage in the lighted, unsprayed area, while 1.8 percent had
corn earworm damage and 1.0 percent had corn borer damage in the ualighted,
sprayed area of the fleld at time of harvest on July 12, Although infestation
was apparenlly tight, the four electrical trups controlicd insects over the 2-ucre
arez better than the sprays did over the 13-acre aren in this test.

Noble, Glick, and Eitel (/9356 evaluated attemipts to control insects with
light traps in certain cotton, corn, and vegetuble crops in a large-scale
experimental installation ot Batesville, Tex., in 1955, Growers operated 142
Haht traps on five adjucent furms comprising ¢ block of approximately 3,000
acres. This acreage, called the trap urea, was compared with check fields
outside of the area. The traps were 24- by 23-inch electric-grid type, equipped
with two 13-w, BL lamps.

Infestation records on the corn earworm were obtained from cornfields by
Noble where no insecticides were used. infested ears averaged 99.5 percent in
the light-trap area and 99.3 percent in the check. Light traps also appeared
ineffective in controlling the bollworm in cotton. Growers made an average of
3.4 applications of insecticides in the trap arez and 8.8 in the check fields.
These reduced the larval populations and prevented appreciable crop damage.
The electrocutor teaps atiracted and killed many insects, but very large
numbers clogged the grids occasionally and caused loss of trap effectiveness
from shoricircuiting. Four gravity-type traps with single 15-w. BL lamps were
operated in the area during the experiment to check on insect populations.
During 2 peak, 2-week catch. they averaged 415 bolliworm moths per night
with a larger number of moths of other economic species in addition.

Stoner and Botiger {unpublished) sampled three cotton-fields weekly from
June 2 through September 29, 1964, near Tucson, Ariz., to determine the
effectiveness of BL traps in controlling cotton insects. BL traps were spaced at
500-foot intervals around the borders of two fields, 38 and 83 acres,
respectively. The fields were less than 300 feet apart. The third field, an
80-acre check field, had no BL traps und was approximately 1 mile from the
two trapped lelds, On July 23, theee-fifths of the 83-acre, BL trap field was
treated for thrips with Cygon: July 30, one-fifth of the check lield was treated
for botlworms with toxaphene and DDT: August 14, three-fifths of the check
field was treated with toxaphene and DDT for bollworms, The 38-acre, BL trap
ficld was treated for bathworms August 17, with toxaphene and Dibrom.

They reported that the bollworm population was reduced 40,1 percent in
tie BL trap leids. Beet arinyworm, cabbuge looper, cotton leaf perforator, and
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salt marsh caterpillar were reduced 267, 194, 382, and 43.6 percent,
respeetively, in the BL wrap ficlds. They commented that “‘whether the
reduclions in insects makes the traps a feasible control by themselves is
doubtlul when proper consideration is given to their cost and operation.” A
total of 21 fan-type light traps, each equipped with four 32.w. BL circline
lamps, were used in this installaiion on a toial area of 121 acres.

1. J. Shipman {1968 unpublished) began monitonng corn carworm
populations allecting sweetcom in the Satus tract, adjoining the Yakima Valley
near Mabton, Wash.. with blacklight traps in 1954, In May 19606 he installed
control traps at a density of approximately three per square mile. The traps
ased one 15w, BL lump mounted vertically between lour sheetimetal baffles,
placed above a large dishpan ol water having 1/4 inch of diesel oil on the water
surface. Traps were mounted 8-10 leet above ground level at locatiens where
electricity was already uvailable, Data [rom inside the Satus light-trap area ware
compured with similar data from outside.

Where no insecticides were used, fields were campared as to the percentage
of worm-damaged curs and the average linear distance between pupae found in
the soil, For the period 1966-69, inside the light-trapped area the average
distunce between pupue was 58 inches and the percentage of damaped ears 23,
whereas vutside the average distance was |2 inches and 97 percent of the ears
were damaged.

Where insecticides were applied, fields were compareé on the bases of
insecticide applications required and the percentage of clean cars produced.
During 1965-68, un average ol 3.8 insecticide applications were used to
supplement the light traps inside the test area, producing an average of 84
percent clean ears: versus an average of 4.7 applications where light traps were
not tsed, producing an average of 74 pereent clean ears.

Shipman concluded, “The light trep control operation has been successlul
according to all measures .. In hree years of operation, Financially it ...
(vtlered) some savings each year. ...light traps eliminated approximately one
{pesticide) application per acre,...”

Results of a large-scale [ield evaluation of electric insect traps to reduce
bollworm populations in Reeves County, Tex., during 1965 were reported by
Sparks (/967). About 16.000 acres in & 12- by 35-mile belt devoted primarily
lo cotton were equipped with about 2,000 electric traps of four basic designs.
All the traps were eguipped with BL lamps as attractants, buf their total
lamp wattage varied from 15 1o 128 per trap, Three traps were commercially
designeal, and the fourth was designated as homemade. One commercial trap
was the fan type, the other three were gravity type. An evaluation of these trap
designs and installations Tor collecling bollworm moths was made and
described by Sparks and others (1967). A fan-type trap, with one 15-w. BL
lamyp. shown in figure 36, page 65, was the standard for comparison of trapping
e¢ffectiveness ol trap designs,
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Planned experiments were conducted near the cenier and on the extreme
ends of the light-irapped belt to determine the effectiveness of the traps in
controlling lepidopterous insects. [n one experiment, comparisons were made
among ene untrapped and three trapped fietds, Oviposition records, taken at
irregular intecvals in trapped and untrapped fields, Failed to indicate that the
trapping prograi consistently produced fower oviposition counts,

In a second experiment, Sparks compared bollwarm oviposition and larval
count records in a trapped and an untrapped field utilizing chemical control
versus no chemical control. No insecticides were used on tie trapped field. The
egg count record indicates that the insect traps were as efficient as the 1D
applications of insecticides in keeping the egg count under control. Again, the
light traps appeared 10 be as effective as the 10 applications of insecticide in
controlling populations of bollworm under the conditions of this experiment.
In closing Sparks vommented: “the system of using traps with BL lamps to
reduce insect populalions is certainly not a cure for all the insect problems of
cotton growers; neither is it someihing to be overlooked,”

Informantion has been abtained (rom 1963 through 1966 an corn earworm
population suppression by light traps in a large area near Oxford, N.C., that
was previously deseribed. Stanley and Taylor (/963) reported that, in 1963,
light-trap data on com earworm moth catches showed a 43-percent overal!
suppression on the population inside the trapped arca. This resulted In a
20-pereent reduction of com ears infested with corn earworms, Data [rom trap
catches in 1964 indicared 73 and 82 percent reductions at the enter of the
trupped area, g5 compared with catclies made 6 and 14 miles outside the areq.

Lam, Stanley, Knoui, and Baumhover (1968} reported further data on com
carworm reductions in 1905 and 1966, Corn earworm moth captures appeared
lower inside the trapped aren with 39 and 26 percent reductions, neither of
which was signilicant. However, the eggs and larvae were significantly redueced
inside the area by 63 pereent in 1965, A 30-percent reduction of carworm egis
and [arvae in 1966 was not significant.

Greaham and others (79777 conducted a study on corn earworm control in
corn with a rather dense installation of BL traps in Giiemez, Tamaulipas,
Mexico, during 1966 and 1967, An installation of 79 suction-type traps, with
one 13w. BL famp (fig. 36, p. 65), was made in an irrigated field of
approximately 20 ha. The traps were placed at intervals of about 200 [t.
through the cultivated area. They reported as follows: “data suggest that such
an installation of light traps is not useful Tor protecting an individual field of
corn from damage by the corn earworm. However, it is possible that an
installation of traps over a large area could have an impact on the total corn
earworm population if the density of traps was sulficiently high."”

Com earworm moth carches have been recorded for the 3-year period,
1967-6%, in an extensive experimental light trap installation at Red Rock, Ariz.
The 415 light teaps and the 2.240-ucre cropped area covered are described in
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Table [.—Summary of light trap collections, [967-6%

Distance Com ecarworm moths cought per trap per night
from
Female Male
vorder {ft) 1 1967 1968 1969 1967 1968 1969
Number Number Number Number Number Nuniber
0 {borden) 6.35 1.18 0.99 5.33 1.G2 1,036
1,000 §.48 .12 1.49 9.59 .04 1.84
2,000 9.34 1.12 1.32 9.09 §.03 1.53
3.000 5.93 104 1.07 481 0.82 1.09
4,000 or
wenter 4,64 (.81 i 4,45 0.62 0.87

derail under cabbage looper control, A summary of the eatches of both sexes
of cor sarwonm moths is presented in table 1. The reductions in corn earwarnn
mioth catch from 1967 to 1968 and 1969 are clearly evident.

Pink Bollworm Survey and Control

Maxwell-Lefroy {J906) is the first entomologist, found by the author. to
record capturing pink boliworm moths in lamp traps. However, the use of light
trups was indicated as 2 method of treatment still in the experimental stage.
Others including Mclelland and Sahr {7917), Willcocks, (1914}, Gough
{1918}, and Baltou (1920} all conciuded that the moth probably was attracted
o lights,

Busck {/9/7) on the contrary, concluded that “from very many and
repeated observations under different conditions it may be definitely stated.
not withstanding the many other statements to the contrary that Peciinophora
gussvpiclie is not aitracted to light, but is, on the contrary, shy of all light,
natural and artifical.” Lofiin and others (1927} in their studies in Mexico also
indicated there wos no attraction whatsoever to lights by pink bollworm
moths.

Several years later Chapman and Noble {unpublished) conducted limited
experiments at Presidio, Tex., in 1929 and found that the pink bollworm
moths were atieacted by light, but they could make no definite statement as to
the propostion coming to the differently colored lights. Little difference in
attracting moths was found between 2 100-w. clear lamp and a 75w.
blue-daylight lamp,

Husain and others (7934) reported the attraction and capture of pk
hollworm moths by light traps in the Punjab during 1929-31 using an
incandescent gas famp of 200 cp. as the source of light. Moths were trapped in
the ficld from about the middle of July to the {irst weck of November. The
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fargest number collected during 3 years. however, was from the middie of
September to the middle of Octlober.

Pink Botiworm Maoth Attragtion to
Light and Effects of Trap Design on Moth Capture

Glick and Holtingsworth {7959} discovered the attraction of ultraviolet
radiation to the pink bollworm moth in Texas during 1952, A ficld test was
made to determine whether the newer ultravioler {amps and traps developed
tor survey and possible control of the Buropean corn borer and harnworms.,
might possibly be applied 1o the pink bollworm. The two traps and lamps
used  a horizonial, funnel-shaped trap with 100-w. mercury vapor lamp and a
fn-type trap with four 13-w. vertically mounted BL lamps- were both
suceesstul in attracting and capturing pink boliworm moths, During a single
night, approxunately 50,000 pink bollwerm moths were collected in the
funnelshaped {mercury vapor) trap and about 112,000 in a suction trap with
suction-lan motor made inopesative. Both traps are shown in figure 18,
page 29, Winle the suction-type trap appeared to he mnore cifective than the
tunnel-shaped trap in attructing the pink bollworm moth, the latter type was
used smnredintely for survey beeause ol its lower initial and operating cost.

Glick und Hollingsworth (7953} conducted laboratory tesis in 1953 with 28
lomps or combiation of lamps having radistion outputs that covered various
regions of the electro-magnetic spectrum between 184.9 nm {ozone lamp) and
1200 nm {infrared drying lamp). Of the several sources tested, only one single
lamp proved to be more effective than the 13-w, BL flucrescent lamp--2
100-w. spot-type, mercury vapor lamp (H100-SP4) equipped with a filter
which transmitted primarily in the near ultraviolet region. The principal
radiation from this lamp is In the near ultraviolet region of the spectrum.
Lamps that had their principal radiation in the visible portion of the spectrum
attracted few moths.

Further studies on the attraction of pink bollworm moths made by Glick,
Hollingsworth, and Eitet {9356} in 1954, verified the greater response to lamps
that rodiated in the near ultraviolet (blacklight) region. Low-wattage near
ultraviolet or 2-w. argon glow lamps were found to be nearly 2s attractive o
pink bollworm moths as the higher wattage pear uliraviolet famps., but much
less attractive to insects in general. These findings provided the basis for the
design of specind argon lamp. electric insect traps (fig. 22, p. 37) for pink
bollworm survey work.

Tsao (1938} reported results on the trapping of pink boliworn and other
cotton insects by using the BL Huorescent lamp, during 1956 and 1937 in
China, tle compared 2 15-w. Philips ultraviolet fluorescent lamp with a 40-w.
BL fluorescent lamp in traps of similar construction. These were imitations of
Giick and Hettingsworth’s 1934 model {or an ultravivlet fluorescent lamp. Of
nevessity, the BL wap was made longer since the BL lamp measured 128
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centimetess fong, while the Philips ultravioler was only 44 cm. in the BL trap,
one end of the lamp protruded into the collecting funoel by about 24 em,

Tsao's study was conducted initially in a 716-acre, sereened cage where he
compared the two lamps listed with o third lamp, an ordinary 15-w. biue buib,
Radiation from the blue bulb peaked at 470 am, the vttraviolet lamp at 400
aru, and the BL lamp st 365 nm. This test indicaied that the pink bollworm
moths respond most to the lamp having wavelength in the near ultraviolet
region. A lichd test was made with the 1wo traps equipped with the Philips
uhiraviolet lamp and the BL tlamp. This again proved the BL famp was more
attractive to the pink bollworm moths than the Philips ultraviolet lamp. As .
result, BL lamp traps were adopted for detection of pink bollwornm emergency
and mimating studies in the Chinese cotion belt,

Zlokovie, Stancie, and Tadic (F935) studied the attraction of ordinary white
aght and ultravioket (blackbght of 3600 A} to pink bollworm moths »
Yugostavia dunng 19537, Their best results were achieved with 2 quadrngular
trap with workmg electrodes on alf lateral sides. They reported a catch of nine
moths in 2 months by the trap with ultraviolet lamp and pone with the trap
with white Jight. indicating that the teap with the ultraviolet lamp could be
recommeided for use wr ather regons.

Laburatony investigations o the spectral response chargeteristics of pink
boliw oem moths were conducted by Hollingsworth (7967} in 1957, 1938, and
1959, 1it one series of wsts the response of pimk bollworm moths to 18 narrow
wavebantds betw cen 280 nor and 625 wn was determined by comparison with a
365 um source, In gnother series of tests, 10 wavelengihs berween 315 nm and
580 nmy were selected for comparative responses and euach wavelength was
compared with ever other wavelength, The spectrad responses in the two series
of tests were very simitar. Vader the fow radiant energy level employed, the
peak response was indicated at approxmmately 515 nm {grecn). Decreased
response ogewrred o the vicnity of 415 nm and then 8 sccondary peak
fesponse occurred in the near ultraviolet region at aboui 365 nm. There was
very littde response e wavelengths demger than 600 nm or shorter than 300 nm.

Hollingsw orth {/941) made a third series of tests relative o the specteal
respunse carsetenstics of pink bolhworm moths in o farger lest chamber to
detecmine the eitect of intensity or energy level. The experiment was cesigned
for campanson of 365, 405, and §15 nm at wavelength encrgy intensity levels
ob 20, 490, and 80 times that vsed in the previous two tests. At the twentyfold
enctgy level there was no shilt in response charaeteristics, that is. 515
am remaeed muore attractive than 403 and 363 nm, and 365 nm was more
attracnve than 405, At the forrytold devel, a shift occurred in the respunse
characteristics and 3635 mm became more attractive than 315 and 405 nm, with
05 renmmnmg the least altractive. Approximately the same relationship
continued to exist at the cighty fold level with a slight increase noted lor 405
nm when compared with 365 nx. The author did not attempl to explain the
shift i peak response from the green ut low energy levels to the near
miraviolet at myreased epergy levels,
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The catch of male pink bollworm moths in light traps equipped with BL
lamips has been incressed when baited with sex attractants prepared from 3-
and 8-day-old virgin Femates or of synthetic preparation (hexature). Guerra and
Ouye (J907) eported that when different types of traps were used in leld
cuges o capiure male pink bollworms, traps equipped with a lighted BL famp
and baited with sex attractant were the most elfective. Barioly and others
(1971} found in 1969 studies that standacd insect survey light traps, equipped
with 2 {5-w. BL lamp and baited with hexalure caught wmore male pink
bollworm moths than light traps without hexalure or hexalure traps alonc.
Further study of this combined use of radiant energy and pheromone is needed
to determine reasons for varianee in catches during seasonat and shorier periods
of time.

Pink Boliworm Survey Activities
With Light Traps

The st major cotlection of pink bollworm moths by a light trap with
uttraviolet lamps was made in July 1952 in Texas as reported by Glick and
Hollingsworth (7954), This discovery created an urgent need for a survey trap
to ud in Jdetermining areas newly infested by this pest. Te meet this need, the
tunnel-shuped trap with mercury vapor lamp was selected. One such trap was
placed near cottonliclds at four locations in the Corpus Chrisid ares in August.
In September, six such traps were placed in northeastern Texas- with 1wo cach
in three counties oot knewn to be infested with the pink boflworm at that
rume, During October one moth was taken in each county. Additional traps
were placed in vperation during 1952 at eight different locations in Texas, five
i Louisiany, and one in Mississippi.

A trap designed and construcled by Hollingsworth, in late 1952 was smaller
than the suction-type trap used in the pink bollworm detection tests in Texas
n 1952 {see fig. 19}, Modifications were made in this design alter limited use
as u survey teap, during 1933 peimarily in the cotion areas, to include u larger,
wetal insect collection chamber, to incorporate o drain device in the funnel,
and to omit the ool This onwidirectional BL trap was then tested in
vcomparison with the tunnel-shaped trap and mercury vapor lamp and the
unidirectional trap developed in Indiana as shown in figsure 18, page 29. Results
of this test by Hollingsworth and Carter (unpublished) showed that the
omuidirectional trap with one 13w, BL lamp or three 2-w, argon afow lamps
caught mote pink bollworm moths than the other two traps. A group of three
2-w.argon glow lamps was nearly as effective as a 15-w. BL lamp in attracting
pink bolbwomm moths, but was much less attractive 1o insects in general. This
trap with both types of lamps is shown in figure 20. page 31. This selective
feature made the argon glow lamp very desirable as the attructant in survey
traps for the pink bollworm, particularly during periods of heavy insect flight.
Much less work was required in examination of collections for the presence of
pink bollworm moths hecause fewer insects were attracted by the argon glow
fump than by the 154v. BL lamp.
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The favorable response to light traps for pink bollworm survey work was
shown by the following statement in the Seventh Annual Report on Cotton
Insect Research and Control:!? “Pink bollworm inspections to detenmnine the
degree of infestation in individual fields shouid be made as follows; 4: Light
traps: especially designed traps, using mercury vapor or BL fluorescent lamps,
will attract pink bollworm moths. Such traps have been used to discover new
infestations and their usefulness and valve for survey work should be fully
explored.” The annunl conference reports continue to mention this need.

During 1934, light traps were operated in 16 different seed storage houses
for detecting pink bollworm infestations in stored cotion sved. Pink boltworm
moths were collected a1 9 of the 10 locations having pink bollworm
infestations as determined by gin trash examination. While the traps mentioned
here were used chiefly in Texas, seven were located in five other adjacent
States,

Location of a new pink bollworm outbreak west of Phoenix, Ariz., in July
1958 created 2 need for additional survey traps to detect new infestations of
this pest in Arizona or possibly in California. As a result, about 150 traps with
BL tamps were installed in Arzona and California in 1958 by the agriculture
departments of those States in cooperation with the Plant Protection Progrums,
US.D.A"? This number of traps was increased to a total of 254 in 1958, with
124 i California and 130 in Arizona. The argon lamp was the preferred
stitactant but many traps were equipped so that either a BL lamp or argon
famp could be used. The operation of these traps in California was reported by
Berry and others {1959).

Electric traps with and without a bait consisting of a neutral or synthetic
chemical sex attractant have been compared directly and with a trap equipped
with sex attractant alone. As indicated previousty, Guerra and Ouve (1967}
found that when different types of traps were used in field cages to capture
male pink bollworms, traps equipped with a lighted BL lamp and baited with
sex attractant, prepared from 3- to 8-day-old virgin females, were the most
effective. However, the efficiency of this trap was not a result of the trap
design per se, but of the combined attraction of the pheromone and the light.
The light increased the total number of pink boliworm males trapped and also
captured adult female pink bollworms. Some disadvantages of this trap given
by the authors are the cost of the trap and the cost of its operation,

Keller and others (/969) reported that the synthetic chemical sex
attractant, hexalure, was more effective as an »ttractant for male pink
bollworm moths tharn the natural lure, a crude extract of virgin femnales.
Further comparisons were made at three locations in 1969 to determine
whether traps with BL lamps and hexalure were more effective than the BL

2 peltwide Cotton Production-Mechanization Conference held at Memphis, Tenn,,
Duc, 14-15, 1933,

13Sc:-.: footnote 7, p, 32,
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traps or hexalure traps alone in atiracting male pink bollworm moths. Bariola
and others (/977) reported that BL traps with hexalure caught more male pink
bollworm meoths than light traps without hexalure or hexalure traps alone.
Traps with hexalure alone appeared to be less efficient in catching males in
high populations than in low populations,

Pink Bollworm Control Activities With Light Traps

During 1933, the year following the discovery ol pink bollworm moth
attruction to near uitraviolet radiation, two types of light traps were tested in
cottonfields by Plrimmer and others (/935 in Cameron County, Tex., in order
to evaluate them as a possible means ol conirolling the pink boliwerm. Despite
the presence of the light traps adjacent to the cottanfields, the infestution of
pink bollworms increased tn each of these fields throughout the period when
the cotton was fruiting. Where suction traps were used, the seasonal average
infestation was higher in the vicinity of the trap than in the rest of the tield, a
possitic indication that these traps were drawing the moths in from the distant
parts of the fields. In the fields in which backboard traps (fig. 34, p. 62} were
used, the distance from the trap made little difference in the infestation. The
authors concluded from these tests that the use of these Lraps for controlling
the pink bollwormy did not seem warranted.

During 1954, Glick and others (/956) operated an electrocutor-grid trap
equipped with two ]5-w. BL {luorescent lamps on a 1/20-acre plot of cotton
enclosed in a tightly screened cage to determine whether it could prevent a
pink bollworm infestation. A similar plot without a trap was used as a check.
Althought the trap caught 2,163 moths from June 3 to July 14, there was no
appreciable difference in rate of buildup in infestation between the light-trap
and check sections. The authors observed that this lack of reduction in
infestation of the trap section, despite the high moth catch, indicates that
meths deposit eggs before being trapped.

Noble and others (J936} evaluated 2 large-scale, experimental light-trap
installation for control of the bollworm and other cotten, corn, and vegetable
insects at Batesville, Tex., in 1955, They obtained records on pink bollworm
infestation as was done on ile bollwoerm. Records showed that the insecticides
used for bollworm control were also effective against the pink bollworm except
in one fleld rreated with endrin. Although the percentage of bells infested was
slightly lower in the trap area, this difference could uot be attributed to
control by light traps. As in the case of the bollworm, the infestation counts in
representative fields of the trap area and in the check fields outside the area
showed that the electric grid traps were of no benefit in the control of the pink
bollworm. Hollingsworth, observations on the operation of these traps
(unpublished), indicated that the design of the traps needed considerabie
modification to effectively destroy all of the insects attracted to the area.
Thus, future possibilitles of successful population reduction of pink bollworm
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moths most likely depend upon improvements in trap design combined with
use of more effective attractants.

Tobacco Budworm Survey and Control

Howard (1900) mentioned that there are two distinet und rather simitar
tobaceo insects known as budwornns, which occur frequently together in the
same field and work in a somewhat similar manner. He distinguished benween
them hy calling, ane #. viresceas, the true hedworm and the ather #, zep, the
llse budworm. The katter, frequently called the cotten bollwonm, has been
ecoznized as a major cotten pest for the past ceniucy {Riley, 7883).
According to Newsom {/964) the Vormer has heen recognized as a major
cotton pest since about 1934,

Walkden and Whelan {7942Y are the first found by the author to have
reported the eapture of the tobacco budworm (#. virescens) in electric inscct
traps. Their information was obinined during 1935-37, through the operation
of light traps locoted at six widely separated points in Kansas and Nebraska.
The fomps and traps used have been deseribed, and the trap is shown in figure
{5, page 26, The catches were small and not made by every trap each year
vperated, However, these caiches did indicate that the tobacco budworm was
attracted to fight and further that the inseet existed in 2o ares where its major
hosts, tobaceo and cotton, are not usually grown,

Tobacco Budworm Moth Attraction
to Light and Effects of Trap Design on Moth Capture

A study by Girardesu and others {/932) in Georgia reported on the at-
traction of three types of clectrie light traps to hornworm moths and to
bollworn: moths, Records were also coliected on the capture of the tobaceo
budworm in the same traps. This insect was taken in much smaller numbers
{nhout 1} percent of trap collections) than was the cotton boliworm. The
suction-type trap was the maost effective of the traps used. It attracted and
vaptused 70 percent of the total number recorded while all six trups were
operated from Aprit § to August 25, 1951, The total catch of tobacco
budworm maoths by the suction trap for the entire period of trap operation,
April § o October 20, was 1,064, the [irst substantial catch of tobacco bud-
“worm moths by an electrie insect trap known to the author,

During the stiady conducted by Glick and Hollingsworth (/954) in Texas on
the attraction of the phi:k bollworn moth to insect traps equipped with
mereury vapor of BL famps in 1952, the capture of tobacco budwornmn moths in
the same traps wis recarded by Glick (unpublished). Moth captures were made
in stenificant numbers in Southeastern Texas during June, July, and August.
Click also noted a report on October 13 from E. W. Dunnam, Stoneville, Miss,,
as Tollows: “Me. Furr hus noted that when the temperatuce drops to 40° F. the
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tobavco budworm disappears from the collection, but cotton bollworms are
still caupht in large numbers.”

Merk! and Plrimmer (/Y33) investigated the catches of various species of
Lepidoptera during 1954 in traps with mercury vapor lamps at Stoneville,
Miss., and Taflulak, La., and in a BL trap at Tallulah. The funnel-shaped trap
with merciny vapor lamp was that used by Glick and Hollingsworth (1954} and
is shown in figure 17, page 28. The BL trap was that developed in Texas and is
shown in figure 20, page 31. They found that the budworm responded
similarly to the lamps, being attracted slightly more to the BL lamps than (o
the mereury vaper bunp.

During 1955 and 1956, Plrimmer (/957) continued to study the response of
insects to different sources of blacklight, He used traps similar to those
employed at Tallulah, La. in 1954, with the addition of a third BL trap
equipped with o 15-w, blacklight-blue (BLB) lamp. The greatest tobacco
badworm cateh in 1955 was made in the trap with the BL lamp—about bwice
that with the BLB and 2.5 times that with the mereury vapor lamp. In 1956
with generally siatler catches, traps with BL and BLB lamps caught about
equal numbers, but these traps cuught three times as many budworm moths as
the trap with 2 mercury vapor lamp.

Newcamb (J967) conducted lnboratory and field cage experiments to
compare the responses of the bollworm and budworm moths to radiant energy.
te found no impoctant differences in catches of cither species that could be
attributed to sex. A significant reduction in budworm moth response was due
to the moths' increasing age, not to mating. He also found that the radiant
energy level, to which the insects were exposed, had more effect than the
wavelength on the rate ol light adapiation. Results of all the tests indicated
that more moths of both species ~c.'d be caught by either increasing the
energy output of the trap lamps . by using u greater number of wuaps to
reduce the distanee over which the moths have to be attracted.

Hendricks {/968) conducted an experiment in 1967 to study the comple-
mentary cffects of using BL lamps for trapping male tobacco budworms, For
19 weeks he compared the numbers of male tobacco budwonn and bollworm
moths caught in three BL insect traps baited wilth virgin female tobacco
budworms and those cousht in three similar, unbaited fraps in a 4.3-acre
cotroniicld. He found there was a significant increase in BL insect trap catch of
male tobaceo budworms when the traps were baited with female virgins of the
same species  However, the difference was not obvious until compensation was
made for at least two influential variables—light trap location and wind.

Tobacco Budworm Survey Activities With Light Traps

A study of moths captured at o BL trap at Weslaco, Tex., March 1, 1953, to
February 28, 1954, by Riherd and Wene {7935), was mentioned earlicr. They
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recorded by months the number of tobacco budworm moths captured. Their
records showed that a total of nine moths was taken during May, June, August,
September, and February of the 1-year test. '

The tobacco budworm was one of the original group of nine insccts listed in
the special seetion on insects caught by light traps, published weekiy in
USDA's Economic [nsect Report since 1955,

Parencia, Cowan, and Davis {/962) reported on the relationship of
Lepidoptera light-trap collections to cottonfield infestations. The report was
based on tive species of cotton inseets collected in a 7-year period, 195561,
near Waco, Tex. During 1953 and 1954, the pink bollworm alone was
collected. A trap with mercury vapor lamp was used from 1953 thro ugh 1957,
and subsequently, a trap with one 15-w. BL lamp was employed, A total of
771 tobaceo budworm moths was collected in the G-year period, 1956-61. Most
ol the moths were captured during the July-September period, although some
were taken as early as May and as late as November,

Glick and Graham (/965) also made and reported seasonal light-trap
collections of Lepidopterous cotton inseets in south Texas over a S-year period
(1959-63) in the lower Rivp Grande Valley. The traps used were equipped with
either o single 15w, BL lamp or three 2-w. argon lamps. [n 3 of the 4 yeurs
that tobuacco budworm specimens were collected, peak numbers occurred in
August. Scasonal occurrence of these moths in light-trap collections varied
from May through October. Collections of this species often varied consid-
crably between trap loeations,

Gentry and others (/971) collected information from 13 light traps, in a
1.200-trap installation in north Florida, during 1966 through 1968. The
information concerned seasonal abundance and mating frequency of the
tobuaceo budworm. The attractant was one |5-w. BL lamp mounted in a trap of
the type shown in figure 33, page 61. They found thar seasonal peaks of
pupulation occurred several times cuch year but always after the tobacco crop
had been harvested and the stalks destroyed. The catches of male moths were
generally higher than the catches of female moths.

Tolacco Budworm Control Activities With Light Traps

The large-scale light trapping experiment that was instalted by Lawson and
others (7962 near Oxford, N.C., in 1962, was discussed in the section
“Horrworm control activities with light traps.” While the main effort was to
suppress hornworm moths, efforts were also made to reduce corn earworm and
tobacco budworm populations,

Stanlex and Taylor (/963) reported observations made in the Oxford
lighttrapped area during 1963 and 1964, on the effect of light traps on
populations of the tabaceo budworm. In 1963, estimates of feeding damage by
tobacco budworm indicated a 93-percent reduction at the center of the
I'13square-mile area, as compared with damage 6 miles outside of the area.
Similar counts in 1964 showed reductions of 56 and 72 percent at the center




SUMMARY OF INVESTICATIONS OF ELFCTRIC INSECT TRAPS 83

af the trapped area, as compared with conditions 6 and 14 miles outside the
ared.

Lam and others (4968) lurther reported on reductions in tobacco budworm
populations in the Oxford ares during 1963 and 1966. Atthough lewer tobacco
budworm moths were cuprured by light traps outside than inside the area
during both years, the differences were not significant. However, budworm
eggs and larvae were significantly reduced 63 percent inside the area in 19635 A
50-pereent reduction of budworm eggs and larvae in 1966 was not statistically
significant. Calevlated reductions in damage fo tobaceo by the budworm and
carworm were 39 percent for each of these 2 successive years, but the data
were not slatistically significant. Many factors other than fight traps may have
influenced the differences in tobaces insect populations measured inside and
outside the area. Two fmportant factors could be tobaccy stalk cutting and
insecticide applicationg,

Studies conducted n 1963-66 by Gentry and olhers ({969) gave encourag-
ing results on the possibilities of integrated control as an improved means of
reducing popaistivns of shade-grown tobacco pests. Integrated insect control js
a method of reducing or suppressing populations of insects by using combined
effects of several methods of control. In this case, blacklight traps. systemic
insecticides, and supervised insecticitle treatments were combined. Although
the practical value of integrated control could not be fully established on the
basis of this study, the integrated program was just as effcctive as the
conventional program.

Results of turther studies lo determine the sifectivencss of the above
integrated insect control program conducted during 1967, 1968, and 1969
were reported in 1970 by Gentry and others (unpublished). As in {965 and
1966, omnidirectional light traps with wwo vertical 15-w. BL lamps were
operated on all four sides of the wobacco fieids about 50 feet from the shade
wall and spaced about 160 fect apart (fig, 37, p. 86). Damage by the tobacco
budworm in 1967, 1968, and 1969 was reduced 64, 73, and 80 percent,
respectively, compared with a conventional insecticide program. About 50
pereent fewer applications of insecticide for control of the tobacco budworm
and cabbage [ooper wers made on the integrated control program, thus
insecticide residues were reduced accordingly. The reduction in insect damage
and the fewer insecticide applications also greatly reduced the cost of controj
to the parficipating growers.

Cabbage Looper Survey and Control

Collections of Lepidoptera at light traps were made during 28 full nights
between May 14 and September 13, 1918, by Turner (1920) at Hagerstown,
Md. The light trap equipment used was described previously in a report of his
early work. He recorded the caplure of 147 cabbage looper moths, 38 of which
were females, during Lhat period. This is the first published report found by the
author of Hght-trap collection of this insect,
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Figure 37.- Omnidirectional gravity-type light waps with two 15-w. BL lamps operating
adjacent to shade-grown tobacco held,

Disks (/937) reporicd the capture of 29 cabbage looper moths in light traps
in Maine, during 1932-34, Five of the fotal catch were females. His light trap
equipment is mentioned carlier under insect attraction to radiant encegy.

A few years later, 1934-37, Walkden and Whelan {1942) found considerable
response of the cabbage looper to light traps that were placed at six locations
in Kansas and Nebraska. A season's catch, fram March 13 to November 1,
1933, by one trap totaled 3,512 moths, In the group of 328 moths examined
for sex, 58 were females. The equipment was that used in their stedy of owlet
moths taken at light traps (fig. 15, p. 26).
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Cabbage Looper Meth Attraction 1o
Light and Effects of Trap Design on Moth Capture

Catches of cabbage looper moths u1 Tifton, Ca.,in 1951, were recorded by
Girardeau and others (/952), The largest aumber of this moth, taken by the
suction trap, was 105 for the period April 8 to August 25. The grid trap
captured {34 moths, and the gravity-type traps from 12 to 29 moths during
the samc period. Designs of these traps and lamp types with which they were
equipped are deseribed in the section on hornworm attraction to light, An
idenlical suction trap operated singly in an attraction test at College Station,
Tex., during 1951, captured 693 cabbage looper wioths from mid-August
through October 9, according to Rainwater (unpublished). The maximum
cateh was 270 moths in a single night during September.

Glick und Holiingsworth (7955) conducted laboratory and field investiga-
tions during 1953 at College Station, Tex., to determine which lamp had the
greatest attraction for the cabbage looper moths. In laboratory tests, the
following lamps were compared directly with 2 15-w. BL Jamp as the check:
£5-wv. germicidal, 20-w. fluorescent sunlamp, 275-w. RS sunlamp, 15-w. BLB
fluorescent, and 2 2-w. argon glow lamp. Of this group, only the RS sunlamp
credted a greater response from this moth than the 15-w. BL cheek,

The Tield tests mentioned in the preceding paragraph were conducted to
determine the optimum aumber and type of near-ultraviolet lamps for use in
insect-coflecting traps. Comparison was made of [3-w. BL and BLB Nuorescent
tamips in traps of the type used {or similar tests with the cotion bollwom. In
one test, traps were compared with I-, 2-, or 3-, 15w, BL lamps. [n a second
test, t-, 2-, or 3-, {3-w. BLB lamps were compared with one 15-w, BL. In the
third test, 1+, 3-, or 4-, |5-w. BL lamps were compared with one 15-w. BL
lamp. The results indicated that the single [5-w. BL fluorescent lamp is the
most efficient light source per watt of input, for collecting cabbage looper
moths in traps of the type tested,

Merkl and Plrimmer (1935) reported the catch of cabbage loopers by a light
trap with 100-w. mercury vapor lamp at Stoncville, Miss., January | to
September 30, 1954. This irap is of the same design as that used by
Hollingsworth in 1952 for capturing the pink boliworm (fig. 17, p. 28). They
reported a total catch of 5,136 moths for the season with a2 maximum number
caught per night of 530. During 1955 and 1956, Plrimmer (/957) studied the
response of insecis (including the cabbage looper) to different sources of
blacklight. Hle nsed a 15-w. BL and a 15-w. BLB lamp in traps similar in design
to that developed by Hollingsworth for insect surveys (fig. 20, p. 31). The third
trap with 2 100-w. mercury vapor lamp was the same as the one he used in
1954. During both years, the BL lamp attracted the greatest number of moths,
with the mercury vapor Jump second highest in 1955 and lowest in 1956.

Vail and others (/968) colfected cabbage looper moths from omnidirec-
tional gravity-type traps equipped with 15-w. fluorescent BL lamps in Home
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Gardens and Riverside, Calif., during 1964-65. A total of 2,674 male and 2,355
female cabbage looper moths were captured by four traps through the year
(April 1964 to Marck 1963) at Home Gardens: at Riverside, 727 males and 233
females were captured by one operating trap. Based on moths caught per
operating trap the results were similar except for the yearly male: Female
ratios— 1:14 and 3:12 at Home Gardens and Riverside, respectively. The peak
motl: catches for both areas {28.9 per trap night at Riverside) occurred very
close to the time wlen maxinum temperatures were recorded, The mean
number ol malings per female were 1.26 at Riverside and 1.25 at Home
Gardens.

Shorey and Gaston (J263) compared the response of male cabbage looper
moths in o Might tunnel to a current of air containing female sex pheromone
and to a 73-w. tungsten-filament lamp. They found that when low-intensity
hght and pheromone odor were present in the tunnel at the same time, male
orientation toward the pheromone source was compleiely abolished, and most
ol the males congregated adiacent to the light source.

Henncberry and Howland (1966) studied the response of male cabbage
loopers to blacklight with or without the presence of the female sex
pheromoene, in the field at Home Gardens, Culif., and in the laboratory at
Riverside, Calif,, in 1964, They reported that 29 to 30 times as many male
cabbage looper moths were caught in light traps with 15-w. BL lamps baited

with 50 virgin female cabbage looper moths than in similar unbaited traps.
Further, 10 to 15 times as many males were caught in light traps operated 200
feet from baited traps than were caught in similar unbaited traps situated at
least 1 mile apart and | mile (rom the baited traps. In the laboratory studies,
imore male cabbage looper moths responded to blacklight when female sex
pheromone extracts were introduced than these responding to the sex
pheromene or to blacklight alone.

Results of additional related studies conducted at Riverside, Calif., in 1965
were reported by Henneberry, Howland, and Wolf (/967a). As in 1964, when
traps fitted with a BL lamp were baited with caged virgin female cabbage
looper moths, increased numbers of male cabbage looper moths were caught
compared with numbers in similar unbaited traps. The numbers of male moths
caught in the baited traps increased as the number of virgin females was
increased. Virgin females placed as much as 40 feet from the trap, increased the
numbers of male moths caught. The catch was not increased when male
cabbage loopers were used as bait or when the dispersal of the female sex
pheromone was prevented. Male cabbage loopers had a definite peak of
nocturnal activity, measured by trap catches during the known period of
maximum mating activity.

Hollingsworth and Hartstack (unpublished) conducted laboratory studies on
the spectral response of cabbage looper moths in a V.shaped test chamber
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during 1966, The results showed a peak response by the cabbage looper in the
near ultraviotel region with a secondary peak in the 475525 nm region.

The field studies conducted in 1966 by Hollingsworth and others {1968) ta
evalugte the influcnce of total near ultraviolet (326-400 am) emission of
attractant lamps on insect catches in traps, previously described in the section
“Botlworm attraction to light,” also included the cabbage looper. Catches of
cabbage looper moths, tike those of bolhworm moths, were affected more by
the near uitraviolet output of attractant lamps than by any other single factor.
increased near ultraviolet emission from the attractant lamp {up to and
including a 4C-w. BL lamip, the largest watiage used in these studies) gave
increased catch of cabbage looper moths.

Wolf, Kishaba and others (/967) cxperimenled with various materials, such
as Monterey sand, pacaffin, and silica gel, as carriers for a synthetic cabbage
woper sex pheromone in laboratory and field tests. The synthetic looper sex
pheromone had been identified, isolated, and synthesized by Berger {7966).
Monterey sand was found 1o remain attractive much longer in the laboratory
than other materials treated with the synthetic pheromone. This sand was
utilized in field tests on the attractancy of the sex pheromone at various
concentrations. In these tests the sand showed promise as a carrier for the
synthetic pheromone.

The attractancy of the sex pheromone at various concentrations in sand was
evaluated by comparing the effectiveness of traps equipped with 15-w. BL
lamps baited with the synthetic pheromone or with virgin {emales against
unbaited light traps, or against carton traps baited with either the synthetic sex
pheromone or with virgin females. Their results showed that standard survey
light traps, previously described, equipped with BL lamps and baited with
LOO.000 micrograms {ug.) of the synthetic pheromone caught as many male
moths as those baited with 100 virgin females during the first 2 weeks and
more during the 3rd, 4th, and 5th weeks. However, they attracted fewer during
the G6th and 7th weeks. Light traps baited with either 100 virgin females or
with 100,000 pg. of the pheromone caught several times more male moths
during the 7-week period than the light trap alone.

In further related work, Kishaba and others (/970) compared 2 special
electric grid trap with the standard survey light trap with and without the
synthetic pheromone, This grid trap, collection container, and enclosing fence
are shown in figure 38. It consisted essentially of five fly electrocuting grids
assemibled in box form with the bottom open. When used, 2 15-w. BL lamp was
suspended in the center of the grid units. Grid traps of this design, baited with
cabbage looper synthetic pheromone caught more male cabbage loopers than
standard survey light traps with the pheromone. When these pheromone-baited
grid traps were operated with a 15-w. BL lamp, they caught 1.3 times more
males than shintlar baited traps without the lamp.
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Figure 38.-Electric grid trap, consisting of five fly electrocutor devices, with the fly bait
traps rermoved, assembled in a box form with bottom open.

Cabbage Looper Survey Activities With Light Traps

[n the l-year study made by Riherd and Wene ({933) at Weslaco, Tex., on
collection of insects by a gravity-type trap equipped with four 15-w. BL lamps
mounted vertically, large numbers of cabbage looper moths were collected
during every month. The total catch for the year was 18,271 moths with
targest calch in September and next fargest in March.
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Parencin and others {{962) collected cabbage looper moths at Waco. Tex..
in a light trap lor the 6-year period 1956-61. The light trap used in 1956 and
1957 was of the horizontal, gravity-unidirectional type with 100-w. mercury
vapor lamp developed by Taylor lor use in studies ol European corm borer. The
trap used during the other 4 years was the omnidirectional, gravity -ty pe trap
with 15-w, BL lamp mounted vertically, deveioped by Hollingsworth. Annual
cabbage looper moth catches were 49,863 in 1956 and 9,902 in 1957 by the
mercury vapor lamp trap. Similar catches by the trap with BL lamp varied rom
15018 to 25336 during 1958-61. Moths were usually collected beginning in
April und ending in November, with maximum catches in August,

Glick and Graham {(4963) alsu vollected cabbage fooper moths in light traps.
Their collections over the S-year period, 1959-63, were made at five locations
in the lower Rio Grande valley of Texas. Traps used were of the omnidirec-
tional type, equipped wilh either a single 15.w. BL lamp or three 2-w. argon
glow lamps mounted vertically (fig. 20, p. 31). They lound that cabbage loopec
moths were taken in greatest ninbers in July in 4 of 5 years, with minor peaks
of abundance in the spring and lall. Furtber, they found that collections did
not vary greally among locations, indicating a more or less uniform population.

In 1963, the cabbage looper was added to the list of insects collected in
light traps in (he Economic Insect Report. This addition served to further
recognize cabbage looper attraction to biacklight radiation,

The study of BL traps as detection devices for the bollworm by Falcon and
others {1967) in 1966, also included the cabbage looper. Thie same installation
of insect traps with &-w. BL tamps, used for the bollworm, served far the
cabbuge looper study. They reported that BL insect traps effectively trappad
cabbage looper moths in a c¢ottonfield. Also. they reported that increased
collections of moths in the traps were followed by a rise in epg and farval
pupulations in the {ield. In addition, they indicated that light-trap information
used with established field-checking procedures can aid in determining the need
[or control measures of this pest.

Cabbage Looper Control With Light Traps

Noble and others (/936) evaluated the attempts by growers to control
cotton and pink bollworms with 142 light traps on approximately 3,000 acres,
about one trap per 21 acres (see p. 81). They made threc observations of the
cabbage looper in crops cousisting of broceoli, brussel sprouts, cabbage,
caulifiower, and lettuce in October, November, and December alter the
cotton-growing season, They concluded that the light traps were of no benefit
for control of the cabbage looper. Mention was also made of observations by
Hollingsworth on the operation of these traps (unpublished) and that the
design of the traps needed considerable modification to effectively destroy all
of the insects attracted to the area.

Cabbage looper infestation in early cabbage, grown in 60-foot-square garden
plots, was lighter in plots protected by muitiple lamp insect traps than in check
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plots as reported by Deay, Taylor, and Johnson (£959). Similar results were
found by Hartsock and Deay (unpublished) on late cabbage in 1960.

Equipment for an extensive experiment cn the combined use of sex
pheromone and electric traps for cabbage looper control was installed and its
operation initinted near Red Rock, Ariz., in March 1967, us reported by Wolf
and others (/969). The site for this experirient was a 3,110-acre ranch of
which 2,240 irrigaied scres were cropped. Lettuce was grown on !,800
acres 1,000 for a fall crop and 800 for a spring crop. Cotton was usually
grown on 200 acres each year,

The light trap instaliation in this experiment included 415 barrel-mounted
traps for insect control purposes and 43 teaps for menitoring adult maoth
populafions. The two types of traps were identical with the exception of the
insect collecting conlainer, Lamps and baffles of contral traps were mounted
on 35-gallon barrels and fastened to them by a iacking ring. The survey traps
were squipped with an 18-inch diameter funnel and killing container. Both
trups had 1wo 15-w. BL (luorescent lamps. with baffles extending radiaily in
four directions, The two traps are shown in figure 39. Cabbage looper
pheromone dispensers are located at the top of the traps. Initially sand
dispensers were used; but alter 6 months’ operation, they were replaced with
wick dispensers.

The catches of adult cubbage loopers were assembled into five groups based
on the distance from the outside border of the trapped arca, A summary of the
numbers of moths canght per trap per night during the 3-year period, 1967-69,
is shown in table 2,

The reductions in adult looper eatch from 1967 to 1968 and 1969 are
clearly evident, with the exception of males at the border, The reduction from
the border to the center of the trapped area is also evident when data from a
3-year average are considered.

Table 2.-Summary of light trap collections, 1967-69

Distance Cabbage leoper maths caught per trap per night
from o
vorder {ft.) Female Male

1967 1968 1969 1967 1968 1569

Number Number Number Number Nuniber Number
0 (border) 9.16 3.9% 5.99 13.85 10.60 13.47

1,006 11.12 3.04 4.37 15.33 6.35 9.32
2,000 12,49 244 3.23 15.79 3.86 545
3,000 5.62 2.36 2.15 3.97 4.36 '5.10

4,000 or
cenfer 4.26 212 2.35 6.72 4.50 4.16
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Vigure 39.-Survey frap location with control trap on right and survey trap on left.
Pheromone dispensers hiang inside cylindrical ruin shiclds above lamps.

Studies conducted on the possibitities of integrated control as an improved
means of reducing populations of shade-grown tobacco pests were reported for
1965-1966 by Gentry, Thomas, and Stanley (/969 and for 1967, 1968, and
1969 by the same group {unpublished).

Results of the work in 1965 and 1966 indicated that the integrated program
was just as effective as the conventional programn in the tests. Also, integrated
control has the advantage of greatly reducing the number of applications of
insecticide each season and climinates persistent chiorinated-hydrocarbon
insecticides from the treatment. In 1967, cabbage looper damage to the
tobacco grown under the integrated program was not significantly reduced, but
in 1969, damage was reduced by 36 percent. In 1968, no looper damage
oceurred on either of the treatments, Addition of the synthetic female cabbage
loopec sex pheromone to the light traps in 1968 and 1969 probably increased
the control. About 50 percent fewer applications of insecticide for control of
the tobacco budworm and cabbage iooper were made on the integrated control
program, Thus, insecticide residues were reduced accordingly.

Studies were conducted by Gentry and others (1970) in 1968 and 1969
near Quincy, Fla., to determiine the cffectiveness of traps equipped with BL
famps and baited with the synthetic female sex pheromone for large area
control of the cabbage lcoper on cigar-wrapper tobacco, Involved were 1,200
grower-instalied light traps similar to that shown in figure 33, page 61. These
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had been in usc since 1966 in an attempt to suppress the tobacco homwornn
and other Lepidoplera attacking tobacco over a 400-square-mile area. After
baiting the traps in 1968 and 1969, populations developed later and in smaller
nubers than in the previows years. Also, the populations decreased earlier
compared with 1967, The number of males caughi per trap in the check area
traps for both vears averaged 4.5 times more than the number caught per teap
i the 400-square-mile area. This marked decrease in male population had little
eltect on mating and fertility in the 400square-mile trapping area.

European Chafer Survey and Control

The presence of the European chafer in MNorth America was reported by
Gawbrell and others (79421, aftec damage to wef in Wayne County, N.Y., had
been observed and studied during 1940 and 1941, This insect is known to
ocerrr in cential and western Europe and was first described by Count George
von Razoumowsky in 1789.1% 11 is believed that 2 fow of these pests entered
the United Stutes in the late 19207 or early 1930%.

Following peliminary studies by several workers, Tashiro sud Tuttle {7954)
conducted experiments to develop atteactive baits and traps for European
chalers in wreas ol high population. They tested three Japanese beetle traps, a
Furopesa chaler vap, and 2 June beetle wap with and without chemical baits.
Java citronella oil-eugenal mixture, 3:1 by volume, was tentatively selected as
the best bait. They also made tests with traps of different colorsin 1950, 1951,
and {953 and found white the least effective and red and black the most
attractive, Chinese red wus selected tentatively as the best color. Traps with a
alogsy Pnish were move effective than those with a dull {inish.

Eurcpean Chafer Attraction to
Light and Effects of Trap Design on Beetle Capture

Tashiro and Tuttle {/959}, interested in 2 more cfficient teap for expandmg
survey opcrations, experimented with light traps equipped with a 15w, BL
lamp w1958, The first traps used were of a modified omnidirectional
gravity-type with four baftles. stimilar to that shown in figure 20, page 31. The
BL famp was found highly attractive to adults of the European chafer. Traps
with this lamp captured up to 70 times as many beetles as the most attraclive
chemicilly baited traps when exposed to very low populations late in the 1958
seuson, Light traps caught beetles on nights when none were seen in flight.
Chemicatly baiwed traps captured bectles only during 2 30-minute period at
sundown, whereas beetles were captured by light traps throughout 2 9-hour

i lentioned by W. Junk, in Coleopterum Catalogus, vol. 20, part 49, Scarsbacidae 2:
238-241.




SUMMARY OF INVESTIGATIONS OF ELECTRIC INSECT TRAPS 95

aight, Contrary to the respor . of beetles to chemeully baited traps, more
females than males were caught by light traps,

This discovery of adult Eurepean chafer attraction to blucklight led to an
intansive research effort to develop a trap lor survey operations on this
quarantined inscct. Vartous studies were made during 1939-63 to delermine
the size and type of attractant BL lamp. size, shape. and matecial for. fective
trap design, and trap loeaton for insect capture. These studies were conducted
by Tashire, Harsook, and Rohwer (7969) and resulted in the development of
the Furopean chaler beetle survey trap, also described by Hollingsworth and
others {1963). The trap is shown in {igure 23, page 37 and its special features
are also listed. [t was originally designed for o 15-w. fluc, 2seent BL lamp, but a
stmilar unit with a 6-w. lamp hos been developed. Either trap operaces directly
o 110-120 v, o, circeit o from [ 2-volt battery and photoswitch-operated
transistarized wmverier,

The Luropean chafer beetle survey trap has been in general use in survey
operativns for several years by the Plant Protection Programs, ' U.S. Pepart-
ment of Agriculture. Infestaiions have been detected with this trap at Staten
island, N.Y.; Clevelund, Ohio, and Erie, Pa.

Iovestigations on the perlormance of equipment for possible control of the
Furopean chaler were conducted by Fior and Hartsock (unpublished) during
1065-68. Three electrocutor grid traps with BL tamps as lures were evaluated
tor the percentage of European chafer adults killed by striking the grid. One
trap. rated at 5.000 v.. 30 ma., kifled 37 ta 57 percent of the chafers siriking
the sridd, euch of the other two hilled less than 10 percent, Increased killing
power of such traps is 2 needed improvement.

A E5-w. blue-green lamp, peaking ar 5300 am, attracted only 1) percent as
nuy Faropean chafer adubis as a 153w, BL lamap during a 6-nigh  test. Two
teaps, opeated tor four mghts with a |5, BL lamp envelope completely
wrapped with black clectrical rape so a3 te emit only infrared radiation,
cuptiured vne beetle. Oune trap. operated with a 15-w. BL lamp in the
conventional manner under comparable conditions. captured a total of 186
bueetles.

Studies were nude 10 determine whether the baiting of the BL survey traps
with adult male and female beetles might improve their attractiveness. The
results of field tests conducted with virgn oc nonvirgin males or femmles
indicated that none of them used as bait improved the attractiveness of the BL
lamps, Fiorl {unpublished)

Three electric insect traps. all eyuipped with BL lamps as attractanls, were
evaluated as control traps against Evropeun chafer aduits, One suction-type
trap was equipped with four 32-w. circline BL lamps, and two gravity-type
traps were each equipped with one 15-w. BL lamp. Both gravity traps were
sunilar to the chaler survey teap design, bui one insect retainer was of a gallon

S
iger loutaoty 7, A
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size while the other was aFcvt one quart in size. The suction trap with down
draft fan caught [rom 51 _1 percent more beetles than the other traps but
required almost 15 times more wattage (20 watts vs. 316 watls).

Studies on the efficiency of light traps iocated at various distances from
flight trees {trees to which adult chafers fly at night) were made 1o provide
intormation on where to place traps in a lacge area, light-trap control program.
When traps were in noncompetitive operation, both Tashiro (/967) and Fiori
{unpublished} found that BL wraps were more efficient if operated uader the
tree canopy.

The observed tendency for adult chafers to fly to and hover around treetops
indicated that chemical traps or BL traps. or both would be more efficient if
operated in treetops directly among the beetles, Fiori (unpublished} made tests
with chemical and BL traps located near the top of a 28- to 35-foot walnut tree
and under the canopy. halfway between the trunk and canopy edge, He found
that the trapping efficiency of BL wraps operated under the canopy, 5 feet
above the ground, was superior to Bi traps operated in treetops and far
superior {0 chemical traps operated either under the canopy or in treetops. The
efficiency of chemical traps operated under the canopy or in treetops did not
improve in the ahsence of competition from BL traps.

The efficiency of BL traps as conirol tools was studied by Fiod in 1967
(unpublished). On alternate nights he operated a gravity-type, 4-baffle light
trap equipped with a vertically mounted 30-w. BL lamp in 1967 under a
20-foot tall poplar tree, He reported that 1.3 to 3.2 times more beetles were
present 11 and were captured by the operating light trap than were present
when the BL trap was not in operation, in four out of five comparisons. The
conclusion was based on the assumption that approximately equal numbers of
beetles are present in a given tree on consecutive or alternate nights, provided
flight conditions are similar. The data also indicated that the operating trap
captured 80 to 100 percent of the beetles present.

Southern Potato Wireworm
Survey and Control

Slingerland (/907) reported that too few Elaters or click beetles were
taken in one trap lantern {from May 20 to October 1, 1892, to be considered of
economic importance. Bogush (/958) reported the atiraction of 10 species of
click beeties (Coleoptera Elateridae) to light traps in Middle Asiz between 1930
and 1934, He used 2 light trap with a 500-w. electric lamp and listed catches of
20,000 to 30.000 Elateridae in a single night (7938).

Apple (1957) reported that “click beetles were collected in a BL insect trap
{rom May 9 through September 3, 1956, (total 475) with a peak catch of 75
adulis during the pight of August 3.
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Adult southern potato wireworms {(Conoderus falli Lane) were caught
during each month of the year in a light trap equipped with a 15-w. fluotescent
BL lamp operated contiruously between 1956 and 1967 in one location over
sod near Charleston, S.C., according to Day and Reid (J969). A survey light
trap conforming to Entomological Society of America standards. shown in
fisure 21. page 34, was used in these studies. The largest numbers were taken
between June and Seprember and the smallest between Decerber and March.
Catches 4. this trap during midswmmer was highest between 8 and 9 p.um.,
e.s.t., and 94.6 percent of the total catch oecurred before midnight.

ln tests for comparing the relative attractiveness of four 15-w. fluorescent
lamps, the BL lamps were found more attractive than similar green. daylight, or
strontiumn blue lamps and were used as the standard luup in subsequent
stugies,

Light traps equipped with downward suction fans did not increase the
catehes of the adult insect when compared with the catehes of the gravity-type
trap without f[an. Differences between catches in traps with the lamps
posttioned at graund level and at 2,4, 6, 8, 1G.and 18 feet above ground tevel
were not significant, but traps at these heights caught more beeties than other
traps 30 or 100 feel above ground tevel. The largest catches were taken over
sod and in and at the edges of cultivated fields; the least were taken in
waodiands. Moonlight had no apparent ¢ffect on catches. in limited tests,
averages of 18,728 and 4,357 adults were caught in the light traps during the
oviposition seasan in 1965 and 19606, respectively. Larval populations of fall
brood within 100 feet of the traps were not significantly affected.

An experiment on the population suppression of the southern potate
wireworm  through the use of gravity-type light waps was initiated near
Jamestown, 5.C.. in 196 - and continued in 1969 and in 1970, Day and Crosby
{unpublished}. A 16-acre {ield in an isolated ares was surrounded by 18 survey
tight traps (conforming to F.S.A. standards.} each with a 15-w. BL attractant
lasap at approximately 200-foot intervals around the edge of the field. The
total number of southern potato wheworm adults caught from April 17
through September 30, 1970, was 62934, The catch at the same location
during 2 similar period was 114,139 beetles in 1968 and 112,195 in 1969,
Considerable variation in catehes occurred from week to week and among
mctividual traps. There was a low overwintering population in 1968 and
moderate populations in 1969 and {970. This rise in population was not
attributed to light traps attracting an influx of adults into the area, Rather, it
was attributed o the elimination of wireworm predators by a pesticide that
was applied to control soil insects in cora.

The efficiency of the light trap design used above was studied in separate
experiments in which water pans plus detergent were used to capture beetles
not canght by the light traps. Unpublished data by Onsager and Day show that
this light Leap was only 19 to 65 percent efficient in catching beetles that were
active within 18 feet of the trap,
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Striped Cucumber Beetle
and the Spotted Cucumber Beetle Survey
and Control

Slingerland (f902) reported the capture of 101 striped cucumber beetles
{Avabunma vitrate (Fubricius)y and 10 spotted cucumber beetles {(Dinbroticy
undecipunctato howardi Barber) in one trap lantemn from May 20 to October
1, 1892, The attractant was a kerosene luntern. He listed the striped cucumber
beelle as a serious pest with two broods per season,

Taylor and Deay (unpublished) recorded collections, w Indiana, of 219
spotled cucuriber beetles and 94 striped cucwnber beetles hy a unidirectiona!
insect trap with horizontally mounted 15-w, BL lamp, diiing the period May
7 to August 15, {051, Six similar traps, equipped with various other lamps,
collected a total number ot each inseet about equal io that of the trap with the
Bl lamp. During the same vear, Gicardeau and others (/1952) collected (7
spotted cucumber beetles in six traps equipped with BL lamps near Tifton, Ga.
These two are the first collections of these beetles by BL lamps known ta the
author.

Barvett, Deay. and Hartsock (J¥7/) reported data that had been exiracted
from experiments conducted during a 15-vear period at Lafayette, lnd., on
responses of the striped and spotted cucumber beetles to lamp sources of
electromagnetic radiation. This work hegan with Taylor’s (f9356) initial study.
ln studies ol insect atreactants, BL fluorescent lamps and green fluorescent
lamps, when used alone or in combination. were found to be the most
attractive lamps employed as reflected in the trap collections. Two cnnidiree-
tional graviry traps of different designs caught significantly more spotted
cucumber beetles than 2 unidirectional trap design: all types were equipped
with a 15w, BL lump. Small fans with 8-inch diameter blades and 1/100 hp.
motor significantly increased the trap catches of both wypes of beetie, Traps at
a 1 2-foot clevation caught ware striped cucumber beetles than at 4 leet.

The degree to which insect damage to vegetables could be reduced through
use of electric traps was investigated in central lndiana, rom 1958 through
1967, in both small plot and Jarge plantings by Barrett and others {(/97/). [n
small plot studies, both BL traps und dieldrin application resulted in significant
inereases in cucimber yields by reducing damage caused by striped and spotted
cucumber beetles. In commercial plantings, no significant differences in yiclds
seeurred between dieldrin sprayed and unsprayed cucumber plants, nor were
there significant yield differences attributable to light trap treatments.

Hickory Shuckworm, Pecan Nut
Casebearer, and Pecan Leaf Casebearer Survey
and Control

Tedders and Osburn (/%663 conducted experiments during 1964 at Albany.
Ca., to determine whether zn insect trap litied with a BL lamp would attract
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and trap insects that attack pecans. An omnidirectional, gravity-type trap was
used, having four vertical baflles that surround a 15-w. BL lamp and are
mounted vertically over a funnel to whicl. is attached a collecting can (fig. 40).
They (ound that three economicully important pecan insects, the hickory
shuckworm {Laspeyresia caryana (Fitch)} the pecan nut casebearer (A crobasis
mexvorelle Nuenag), and the pecan leal casebearer {Acrobasis juglendis (Le
Baron)) are highly attracted to BL famps. This 1s the first record of such
attraction that the author could lacate. From the results, Tedders and Osburn
decided that BL light trap collections could be useful in timing insecticide
appleations for insects that attack peeans.

A 3-year study was made by Tedders, Hartsock, and Osburn {Z972) in an
-acre pecan orchard to delermine whethee the hickory shuckworm could be
suppressed with a high density of BL traps. Thirty-three survey light traps with
15-w. BL famops {conforniing to E.S.A. standards) were used in the orchard
during 1967 and 1968, and the same traps were used with the 4-vaned baftles
removed in 1969, The change tn the trap design was made to make the trap
more specific for shuckworms, The percentsge of shuck infestation inside the
orchard ranged Irom 7.6 to 1.2 and from 74.8 to 35.9 outside the orchacd.
The percentage of shuck inlestation within the orchard was 17.2 in 1967, 10.6
i 1968, and 1.2 in 1969, Suppression of the shuckworar with light trzps was
found to be comporable to suppression with recommended insecticide
treatments, under the conditions tested,
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Figure 40, -Light traps in Grorgia pecan archard,
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OTHER INSECTS ATTRACTED 7O
ELECTROMAGENETIC RADIATION

Investigations of light attractants used for survey and control of 1] species
of econnmically inportant insects have been discussed in detail, Several other
species and families ol insects have been mentioned, A very great many others
are attiacted 1o electromagnetic radistion. In discussing which insecls are
positively photosensitive, Oman {/961) stated that “there appears to be no
simple, uncomplicated answer to the question of what Insects are attracted to
induced light. Whetber or not an insect exhibits a paositive response depends
upon various clrcemstances, some ot which concern the insect itself, some of
which depend upon the environment, and some that depend upon the nature
of the induced light. There are theusands of kinds that respond 1o fight, in
varying degrees, under certain favorable circumstances.”

The capture of 305 species of Phalaenidae {Noctuidae) order Lepidoplera in
light teaps equipped with incandescent electric lamps. was reported by Walkden
and Whelan {{/942), Further, they reported that approximately 90 percent of
the total catch {325 447) was referable to species of economic importance.

Milne and Milne (944} published » list of insects attracted to incandescent
lamps of various colors in their experiments conducted in Virginia during June
and July in 1938 and 1940, Lamp colors used were red, orange, yellow, green,
blue, purple, and white, They recorded the collection of 660 total speciesof 11
orders. The orders with numbers of species ceported were Lepidoptera 317,
Diptera 162, Hymenoptern 71, Coleoptera 42, Homoptera 20, Heteroplera 17,
Trichoptera 16. Corradentia 6, Neuroptera 5, Plecoptera 3, and Mecoptera 1.

Taylor and others in an unpublished report mentioned the survey made of
insects of economic importance {in an Indiana market garden area) that were
attracted to sources of various wavelength of electromagnetic encrgy. From
this swevey, in which they used unidirectiona! traps equipped with various
fluorescent lamps, May 17 to August 15, 1951, Taylor and coworkers {ound
that traps with BL lamps had collected injurious insects of five orders and 83
species, The latter included Lepidoptera 37, Coleoptera 35, Hemiptera 7,
Homoptera 4, and Diptera 3. From March 27 to August 25, 1951, at Tifton,
Ga., Girardeau and others (7952), using the six traps equipped with BL lamps,
(mentioned under Hornworms), recorded 332 species of insects lrom material
iarger than ¥-inch size, Lepidopterous insects predominated, but species from
i 2 other orders were identified.

Frost (7964 conducted an extensive study on winter insect light-trapping in
the same Florida location from November | to April { during the winters of
1958 to 1960, and [vom January 1 to April 1 during 1961 to 1963. He used
standard Pennsylvapia inscet light traps (Frost 19578) each with one 15w, BL
ftuorescent lamp as attractant. He listed 1.610 species of insects taken in light
traps and, subsequently, added an additional 385 species {/966). making a
tetal of about 2,000 species. Grouped by order and Tamily, these lists comprise
the most extensive records of light-atiracted insects known to the authior.
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OF the 20 insects included in the weekly Cuooperative Economic Insect
Report, detsiled investigations have been made on the codling moth, tobacee
budworm, corn earworm (bollworm), tomato and tobacco hornworins,
European corn borer, and cabbage looper. The other 13 in-ects listed have been
reported or are known to be attracted to BL lamps. They are as {oliows: Black
cutworm Agrosis ipsilon (Hufnagel); army cutworm, Euxoa quxiliaris (Grote):
granulafe cutworm, Feltia subterranes (Fabriciug); variegated culworm,
Peridroma sauein (Hubner); armyworm, Psewdaletia unipuncta {(Haworlh); beet
armyworm, Spodoptere exigug  (Hibaer)y: tall armyworm, Spodoprera
Jrugiperda (3. E. Smith); yotlow-steiped armyworm, Spodopiere ornithogalli
{Guenee}; wheathead armyworm, Faronta diffuss (Watker); alfelia webworm,
Loxvstege  conunixiadis {Walkery: beet webworm, Loxostege  sticitalis
{Linnaeus}: garden webworm, Loxostege rasuealis (Guenee): and salt-marsh
eaterpiling, fstigmene acren {Doury).

Reports of the positive responses ol other insects to electromagnetic
radiation have been published., A limited vumber of these papers (key
references) are listed by order and subject matter in the Appendix, page 133.

INSECT LIGHT TRAP DESIGN

[nsect light trap design involves insect attraction, collection, and retention.
The selection of an attraciant lamp must be based on the efficiency of the
lamip {or attracting the one or more species of insects to be trapped. The choice
of the ¢ollecting device must also be based on its efficiency for collecting and
retaining the insect or insecis to be trapped. The purpose for which the trap is
te be used, survey or coatrol, will determine to a considerable degree the
design chosen for retaining insects trapped.

Insact Attraction
Lamp Selection

The extent of atiraction of many nocturnal flying hisects to BL lamps may
vary with individual insect species. For example, the European corn berer
moth may be attracted extensively by an incandescent tamp but will respond
more strongly to a fuorescent BL lamp of the same watlage as the
incandesecent lamp.

Killough {1964} during 1958 compared the {oliowing 16 lamps for their
attractiveness {o nocturnal insects: 15-w. fluorescent lamps—davlight, white,
solt white, standard cool white, cool white deluxe, standard warm white, warm
white deluxe {home-line), blue, green, gold, pink, red, blacklight blue BLB, and
biacklight BL: 150w, yellow incandescent lamp: and a 100-w. mercury vapor
famp. The trap used consisted of a lamp suspended above a cylindrical tube, an
electri¢ {an in the eylindrical tube, and a collection chamber below the fan.
From his comparison, he concluded in part as lollows:
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*{. Fleetrowugnetic mebmtion cmitted in the near alteaviolet purt of the spectrum is
the most atiractive to insects i geaeral while that emitted in the red and the yellow part
of the spectrum s the lcust. 2. All specivs of photopositive sociurnal insects are not
equalfy atitacted to the same wavelength of electromagnetic energy. 3. The 15w, BL
fluorescent lamp was significantly more atiractive to insects in general than any of the
other thirteen 15-w. fuorescent lamps, the 100-w. mercury vapor famp, or the (50w,
vellow incandosceni.”

Using box-type traps, Belton and Kempsier {/963) also compared the
attractiveness of various lamps Tor Lepidoptera. From this work, they indicated
that attractant lipht sources can be arranged in the {ollowing order of
eificiency:

15w, Onorescent tabes emitang uliraviolet and vistble light 2> E5-w. fluorescent tubes
cmuttag cool whie hght Zperouerhl wbes belund glass 2 15w, Nuorescent tubes
comttmg ubtravioks but hitle visible light 2 100-w. mercur; vapor bulbs emitting
wltraviotet but Uttle visible Hghy,”

The similarity of resuits from tlis work and that of Killough substantiate
turther the greater attractance of the BL lamps to many nocturnal insects.

The active respoose of mosquitoes to lamps radiating visible light led to the
use of incandescent lamps in the New lersey mosquito trap which is used
widely 18 o survey imp for mosquitoes (fig. 1L p. 213 However, Downey
(£962) reported that two omaidirectional wltraviolet traps each witl o 6-w. BL
famp of the desipn described by Taylor and others {7956}, captured the
masquito, Mansonia pertrbans (Walker), as well as the New Jersey trap
equipped with a 25w, incandescent lamp and suction fan. During the same
periad, thee ather species ol mosquito occurred by the hundeeds (267) in the
New Jersey traps but did aot occur except for one specimen of Culiseto
morsitens (Theobald} in the vltravielet light trap.

These nsect responses have been cited to emphasize the need for
information on the reaction of individual species of insects to varions
wavelengths of radiant energy. While considerable work bas been dene and s
being conducted to determine the response characteristics of particular specics,
nurch is yet to be done, In addition, knowledge ol the optimum levels for
radiant energy output of the atiractant lamp or lamps is very limited in scope,
More specific information 15 needed for individual species, not only on lamps
but also on traps in which the lamp selected will operate efficiently,
Specitically, increasing attractant fluorescent BL lamp capacity from 1510 30
watts can be made by the addition of a 15-w. lamp (o the existing lamp or by
replacement with a 30w, lamp. Increasing the height of the trap to utilize the
30-w. lamp may be less desirable than mounting the two 13-w. lamps in a
parallel position, since the leagth of the famp could not be increased without
increasing the total height of the trap.

Numerous investigations show that virgin females or synthetic sex
pheromones. located on or near light traps, increase the collection of maies of
the codling moth, tobacco hornworm, pink boliworm, and cabbage looper
species, The extent to which this type of lure may supplement lamps as
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attractants in light traps and possibly influence trap design is very dependent
on future development of synthetic pheromones.

Insect Collection
Collector Components

The majority of electric insect traps consist of an attractant lamp and a set
ol balfles mounted vertically above a funnel that guides the attracted insects
downward (o a collection chamber, usually used as a retaining device.

Funnel. - The first electric light trap with funnel and baffie, known to the
author was that reported by McNeill (/889)--designed, constructed, and
operated in 1888. He used a [unnel 6 % incles in diameter. with a single tin or
glass baffle that stood vertically across the center of the funnel mouth (fig. 2,
p. 4). Gillette (7897} developed 3 lantern trap with a funnel 22 inches in
diameter at the open end. The inverted truncated cone used by Turner {J948),
served as a [unnel to convey insects attracted to the arc lamp into the trap
opening.

The funnel size and slope are important in the design of gravity- and
fan-type traps lor collecting insects. Previous mention was made of the funnel
Hallock (/932) added to his Asiatic garden beetle trap in 1928. One funnel
used was 4 feet in diameter. From his later work, two traps of similar
construction were developed--one with an 18-jinch-diameter funnel and the
other with a |2-inch funnel, as indicated by Hallock {/936). Seamnans and Gray
({934), Walkden and Whelan (J942), and Nagel and Granovsky {/947) also
used light traps with funnels of various sizes and slopes. The BL Trap Standard
for General Insect Surve s, (Harding and others 1966) recommends g 14-inch
funnel with 60° stope. Frost (J957¢) specified a 12-inch funnel with 60° slope
for the Penusylvania insect light trap.

Stanley and Dominick (/970) compared the effects of enlarged funnels and
increased lamp waitage on the collection of insects with that of a trap with
{8anch funnel and [5-w. BL lamp commonly used in experiments to control
hornworms. They used three experimental gravity-type traps (fig. 41)
contzining three funnels nested together with diameters of 18, 36, and 60
inches, respectively. Lamp and baffle assemblies were built to permit
interchange beiween traps. BL [tuorescent lamps of 15-, 30-, and 40-watt sizes
were used in these traps with 60° funnel slope. The experiment was conducted
at Chatham, Va.. during d-month summer periods in 1967 and 1968, In all
cases the largest number of Lepidoptera. consisting of tobacco and tomato
homworm, corn earworm, and armyworm moths, were collected in the
smatlest (I8-inch) funnel. This was true of some of the collections of
Ichneumeonidse, very few of which exceeded 50 insects per season, Collections
of Coccinellidae wers the greatest in the largest (60-inch) funnel, while those of
the green stink bup, Acrosternum hilare (Say), were more uniformiy
distributed among the three variouc sized funnels. More insects were caught
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Figure 41,- Fxperimental gravity-type light trap, with three funnels of 18-, 36-, and
G0-inch diameters,

with increased lamp wattage, but the totals were not in direct proportion to
the increase in lamp wattage or dimensions.

Hollingswortl: and Hartstack (unpublished)'® also made comparisons of
various funnel sizes, including 15-, 30-, 39-, 48-, and 60-inch diameters, on the
cateh of insects. They concluded that although the 30-inch size is not the best
in all cases, it is about the maximum that would be physically practicable for a
field trap.

Baffles. McNeill's {{§89) previous description of “an insect irap to be used
with the electric light” mentioned the use of a single baffle across the mouth of
the funnel {fig. 2, p. 4). Williams (J932) employed two sets of baffles to lead
the insects info his “new type of insect light trap.” Hallock (1932} reported
the construction and testing in 1931 of a baffle-funnel trap “generally called

16). p. Hollingsworth and A. W, Hartsiock, Jr. Effect of components on insect light
teap performance. Paper presented at ASAF mecting, Chicago, Til., Drec. 7, 1971
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the baffle trap.” The addition of the baffle increased the efficiency of a 4-foot
funnel trap. The traps that he reported later {936} with 18-inch and 12-inch
diameter funnels to catch the Asfatic garden beetle, were each equipped with a
4-winged baffle mounted above the funnel.

Seamans and Gray (1934} also reported using a baffle to prevent the insects
from circling the light in a new type of light trap designed to operate at
controlled intervals. Nagel and Granovsky (1947) described a new turntable
light trap that they built and operated in 1934. The collecting assembly of
light, baffle, and funrel were very similar to that in Hallock’s trap but a hood
had been added to keep out rain. This trap, minus the turntable and equipped
with one collecting jar, became known as the Minnesota trap, listed by Frost
{1952).

The traps mentioned above, on which baffles were used, were of the gravity
type. Baffles are also used on some suction-type traps, but are not installed in
the New Jersey mosquito trap (fig. 11, p. 21). Baffles are not currently used on
electric grid traps, although circular grid traps with protruding, electrically
charged baffles have been manufactured. Since baffles do substantialiy increase
the catch of most insects, particularly beetles, they are recommended in the
standard for BL traps for insect surveys. Some small species, such as
leathoppers, tend to alight on the baffles and do not enter the trap,

Fans.—The development of three electric light traps equipped with fans for .
survey, control, or both, of specilic species or families of insects was
mentioned earlier. These insects included the Clear Lake gnat, mosquitoes, and
the cigarette beetle. Fan-type traps with electric lamps as attractants are still in
general use for survey of mosquitoes and cigarette beetles.

Comparative tests of gravity-type traps, using lamps radiating near-
ultraviolet energy, with and without fans have been reported by Glick and
athers (/964), and by Harrell and others {(J967). Test results showed that use
of fans increases insect catches to a limited degree, particularly of Microlepi-
doptera. Deay and others (957) reported that a cylindrical trap equipped with
a fan which forced the insects {several species of flies of the family Sepsidae)
into the killing jar was found to be more effective than traps without fans.
Sparks and others (/967) mentioned a commonly used, gravity-type insect trap
that had been modified to incorporate 2 10-inch diameter fan with a small
motor (fig. 36, p. 65). The fan improves trapping efficiency, particularly of
tobacco budworm and corn earworm moths.,

Fans do increase electric power requirement and they need regular service
for lubrication and cleaning to prevent jamming by deposit of insect material
between fan blades and housing. They also tend to damage insects passing
through them, creating a problem where identification is desired. Provision
must be made in a fan trap to prevent captured insects from escaping when the
fan is stopped.
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Insect Retention

insect Retaining Devices

Insect retainers are essential {or survey light traps to permit identification of
insects attracted and collected. Retainers {collection chambers} are also
necessary on traps of the gravity and suction types used for insect control.
They may not be necessary where the insects are Killed., as by a grid-type trap,
and where dead insect sccumaulation beneath the traps is not ohjectionable.
Rodents, birds, and other scavengers usually [requent such installativuns
outdours and dispose of dead insects. However. retainers are required on all
indoor light trap installations.

Retaining devices ar: made in various designs and degrees of efficiency.
Probably one of the first such devices was the shallow pan -partly filled with
water with a kerosene filmi-suspended a few inches below the lamp as shown
w figure 13. page 23. The ordinary washitub instead of the smuller pan was
used for increased insect catches {[fig. 42). More recently, a 55-gallon, steel
barrel, with one end remuoved and filled with water and diesel luel, has been
adapied to retain insects and is mounted beneath the trap (fig. 39). A very
simple trap with 2 BL lamp mounted over & 34-inch-diameter, 6-inch-deep
plastic dish is also of recent development, Sparks and others (1967).

lasect retainers that can be attached directly to a light trap have been made
of various materials- cloth, polyethylene {Powers 1969}, screen wire, metal,
and glass, Cloth bags have proved very unsatisfactory because the malerial rots
early or iz dumaped from the outside by rodents or by certain beetles inside
(fig. 43). Retainer baskets of heavy screen wire or hardware cloth are used
suceessfully where it is desired that small insects be allowed to escape.
However, if the baskets are not emptied regularly, they may deterioraie
rapidly, which reduces their usefulness {{ig. 44). A galvanized steel collection
container {{ig. 21, p. 34} is the type of metal retainer recommended in the BL
Trap Standards for General lnsect Surveys. An emptying drain is necessary
where such retainers are installed on traps without covers. For many yeas,
glass jars have been used as retainers on survey traps. The glass jar varies in size
from one pint to a haif-gallon and is usually provided with a screw top for
joining with the serew-1ype cap attached to the botlom ol the trap funnel,

The desirability and need of a method, other than manual, for changing
insect retainers at frequent and regular intervals stimulated the development of
light-trap designs that would make the changes automaticatly, One of the first
designs, developed by Seamans and Gray (7934). was a multiple unit consisting
of seven traps. Each of these traps operated for a preset period, usually 1 hour,
was then wurned off by 2 clock, and the next one set in operation,

Williams (/935) added a retainer bottlechanging mechanism to the trap be
had developed in 1923, previously mentioned. Eight killing bottles stood in
shaliow grooves on a turniable that was actuated by 2 clockwork device to
place each hottle under the trap funnel once during the pight, Varicus changes
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Fumre 42, lectric insect tran used for Cyclecephela in 1939, A common metal washtub,
partly filled with water, served as the insect retainer,

and improvements in the turntable trap separation device deveioped by
Williams were reported by Hutching (7940), Horsfall and Tuller (7942), Nagel
and Granovsky (f947), Frost (1952). and Stardfast (7963).

A second type of separation device, called the disk or falling disk type, was
first reported by Johnson (1950). He designed a trap in which the catch is
deposited in a collecting tube inte which closely fitting disks [zil, one every
hour. thus segregating the cateh into successive hourly samples. Taylor (1957},
Harcourt and Cass {7958), and Horsfall (/962) alsu reported on traps they had
built with falling disk-tlype separation devices. All of these were suction-type
traps, whereas the turniable-type traps {excepting Standfast) were gravity type.

An automatic device for dividing and packaging light trap insect catches
according to time intervals, of as little as 5 minutes, has been developed by
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Figure 43.—~Trap with a cloth bag for 1etaining insects.

Hartstack and Hollingsworth {l968). Insects collected in the gravity-type trap
move from the killing chamber into a paddle wheel compartment which
deposits them between sheets of rolled plastic film where they are retained
until the package is opened for identification (fig. 45). A prototype unit, in use
for 3 years, has had no mechanical failures and required only minor
adjustments,

Killing Agents Used in Insect Retainers

A killing agent in the insect retainers prevents insects from escaping, being
damaged by other insects, or both. Currently, the use of killing agents in survey
light traps is a common practice. More than a century ago, this practice was
used in an insect retainer of fairly tight coastruction, In Glover’s new American
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moth trap {fig. t, p. 3}, a large drawer was used as the insect container and
was fitted with a smaller drawer which contained chloroform for immobilizing
the captured insects (Knaggs, /866).

McNeill’s {7889) insect trap to be used with the electric light provided a
killing agent in the bottom of the insect reiainer. He first put in a layer of
potassium cyanide crystals, then over this a half-inch layer of plaster of Paris
(fig. 2, p. 4). Gillette {/897} also utilized potassivm cyanide as a killing agent
at the bottom of the insect reiainer of his lantern trap. He filled the top of the
insect container with excelsior to prevent injury te the captured moths.

Frost (1964b) summarized his studies on killing agents and containers for
use with insect light traps. He reported that pint mason jars with sodium or
potassium cyanide, prepared in the usual manner with a layer of plaster aof

Figure 44.- A metal insect retainer basket; must be empticd regularly to prevent
excussive rusting.
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Paris, were most satisfactory, Calcium cyanide, placed in a small container and
covered with o piece of loosely woven maslin, gave the quickest kil and
yielded the best specimens but was somewhat inconvenient because it had to
be replenished each night,

Field rests were conducted by G. G. Rohwer and S. A. Rohwer (1964} in
New Jersey during 1962 in an attempt to improve the effectiveness of killing
agents used in BL survey traps. The tests were initiated to find a satisfactory
chemical for use in Killing trapped insecis. Calcium cyanide, the most
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universally employed inaterial, is highly toxic and the insects are stilf, so often
in poor condition for identification. The Rohwers initially utitized traps that
were typical of those used by various workers for making general insect surveys
and which had drain openings in their collection containers. Subsequent
tesuits, however, indicated the need for a modification of the collection
container 1o reduce air circulation which dissipated the fumigants. Twelve
chemicals or chemical combinations were tested involving 40 varying chemical
voncentrations or combinations and methods by which the fumigants were
dispensed, Of the chemicals tested, ethyl acetute appeared to be the most
pramising.

White {1964} developed “a design for the effective Killing of insects caught
in light traps.” The design embodies a removable collecting chamber with a
centrally mounted compartment for storing the killing agent {potassium
cyanide} and for suppocting a funnel to dispose of rainwater. The lid is
soldered ta the cone of the light trap. The compartment holds 2 large amount
of the killing agent, so frequent refilling is unnecessary if the agent is
chemicaily stable.

Preferences for killing agents differ widely among entomologists. Safety in
using these chemicals is an important consideration in many trapping locations.
The use to be made of the collected Enéectsvmounting requirements
particularly--affects the characteristics required of the agent. The charac-
teristies of the agent {whether solid, liquid, or gasy, volatility, flammability,
vapor density, and so forth affect the design requirements for the insect
retainer,

Little documented comparative research on performance of killing agents
exists beyond that mentioned. While relatively poor performance was ascribed
to dichlorvos concentrate by Rohwer and Rohwer (1964}, numercus users of
light traps have recently been well satisifed by the performance of resin strips
impregnated with this materia,

Howsfall (7962) used heat from a2 197w, electric heating tape to kill the
msects collected in his trap for separating collections of insects by interval,
Hardwick ({968} also reported using heat from 1 100-w. heating element in his
trap to vaporize the killing agent (tetrachloroethane) and to warm the
reception chamber so that the chemical would remain vaporized.

Heat alone is satistactory as a killing agent but requires considerable energy
input, and lemperature control to prevent damage to insects is difficult in
gutdoor situations,

Costs of Trap Construction and QOperations

Both initial and operating costs must be considered in insect trap design.
These cost Fuctors involve considerations beyond mere trap performance. They
include durability. ease of fabrication, safety, investment to provide electric
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supply, ease of servicing the trap, and potential vandalism. As in other
economic situations, compromise decisions must be made: High costs for
electric distribution may necessitate a2 minimum number of locations with
maximized catch per location. Long-term trapping plans or choice of corrosive
killing agents used may justify the use of costly and more durable materials.
Minor compromises on sizes, shapes, and fastenings may greatly simplify
assembly work, permit more efficient cutting of stock materials, or permit
larger quantity procurement to reduce initial costs. Conversely, additional
expense in fabrication to assure interchangeability of parts, simplify servicing,
or reduce pilferage may significantly reduce operating expenses. Safety of both
operating personnel and the curious public is essential. Costs of design,
instaltation, and servicing to achieve this and to meet Underwriters’ Labora-
tories standards must be recoguized as imperative.

Decistons concerning choices of components which affect trap performance
also “lock-n" associated cost situations. Use of a fan involves cost for a motor,
significant energy consumption for operation, and servicing requirements for
motor maintenance and for removal of accumulated debris.

The kind and size of lamp used in a light trap may affect operating cost as
well as initia! cost. Incandescent lamps ate lower in {irst cost than ultraviolet
lamps but are not used as much because they are considerably less attractive to
most night-flying insects. lncandescent lamps are used matnly in mosquito
survey traps. Straight-tube fluorescent BL tamps attract more insects per watt
of input energy than do the circline BL lamps. Circlines also cost much more
and are vuluerable to weather damage because of the close spacing of the pins
in their connectors across which voltage is applied. Thus, on a wattage input
basis the straight-tube BL lamp has a lower initial and operating cost than the
circline BL lamp for attracting many night-flying insects.

Detgiled technical observations and studies of large-scale light-trap
operations that have been made during the past decade are providing new
information on light trap performance requirements. These findings may be
reflected in lower overall costs by design changes, as shown by the following
examples: Frequent motor buinouts in one suction-type trap were overcome
by increasing motor size and by redesigning the fan. Poor performance because
of power leakage in a grid-type trap was remedied by the use of higher quality
insulators. Shorting from a porcelain famp socket in a gravity-type trap was
eliminated by instzliation of waterproof lamp sockets. Plastic fluorescent
lampholders have been replaced by weatherproof neoprene units.

Additional pertinent observations on desirable light trap characteristics and
trap instaliations have produced the following recommendations:

Use traps that carry the approvai seal of Underwriters’ Laboratories for
safety from electrical shock and to meet local electrical inspection require-
ments. Such approval should cover the entire trap unit, not merely the
individual components,
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Select traps of good fabrication and materials to withstand the effects of
wind and peneral weather.

Install safe, adequate electric service for operating the traps. Field wiring for
distribution systems should include a physical ground lead (3-wire grounding
plug) and must also be carefully installed in accordance with the provisions of
the National Electric Code!7 insofar as is possible.

Provide a post, tripod, or other supporting device of adequate strength and
stability to minimize damage of overturning or swaying in the wind.

Following the installation of light traps, a maintenance program must be
planned by the operator and carried out by him, the trap manufacturer’s
representative, or possibly by the power supplier. This need for maintenance
was very evident from a 3-vear study of a group of 300 farmer-owned trapsin
Harry County, 3.C., conducted by the South Carolina Agricultural Experiment
Station and U.8. Department of Agriculture during 1964-66. The primary
purpose was to determine the effectiveness of electric light traps and their
design for the control of hornworms and other tobacco insects by using a
density of three traps per square mile in 2 20-mile-diameter circular area,

The lack of any planned maintenance program forced the investigators {o
help with trap repair and maintenance to insure that the traps were in
aperating condition during 1964 and 1965 (Hays, 7968). During early 1966, an
inspection and maintenance program by project agricultural engineers disclosed
that replacements were needed for 82 percent of the lamps, 7 percent of the
lamp starters, 9 percent of the ballasts, and 20 percent of the collection
baskets. Also 7 percent of the traps needed other repairs. Such replacements
and repairs are a part of the operating cost, but they must be provided to
insure effective trap operation.

CONCLUSIONS AND RECOMMENDATIONS

QGeneral Conclusions

. The near nitraviolet region, 320 nm-380 nm, of the electromagnetic
spectrum has been found to be the most attractive radiant energy to a great
many nocturnal insects.

2. Radiant energy in the visible portion of the electromagnetic spectrum,
380 nm-760 nm, is attractive to many nocturnal insects. The blue and green
sections of the visible area are decidedly more attractive than are the yellow
and red sections.

3. Some insects have shown peak responses to radiant energy in both the
near ultraviolet and visible regions of the electromagnetic specirum, but these
responses varied with the energy levels of the source,

*TNational Fire Protection Association, 60 Batterymarch Strect, Boston, Mass, 021 10.
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4. Radiant energy of a specific wavelength does not atiract all species of
phototactic nocturnal insects equally well,

5. An increase in lamp wattage output of a given wavelength increases the
atteaction of insects when all other factors are equal. The increase in attraction
is usually less than the proportional increase in lamp wattage.

&, Male insects of certain species are asitracted to light Lraps in greater
numbers when the traps are baited with virgin {emales or o sex pheromone of
the same species thar by the launp attractant alone,

7. Positioning of the lamp in a light trap so as to provide maximum
exposure tw insects and also to partly lead them into the trap is advisable.

8. Baffles tend to prevent insects from circling a light trap and to increase
the catches of large moths and beetles by the trap.

9, A suction fan installed in a light rap will increase the catch of small
insects, particularly Microlepidoptera and mosquitoes. A [an increases electric
power requirement and requires regular service to insure satisfactory operation.

10, Traps should be made of durable materiats, well fabricated, and properly
installed or they will not withstand wind and weather damage.

11, Approval of the entire light trap--not merely -the electrical conmpo-
neats -by the Underwriters' Laboratories is desirable to insure safetly to
operators and others who may be near such equipment.

t2, Standards have been developed for blacklight traps that are used in
general insect survey programs o determine the time of occurrence and
abundance of established insect pest species, such as the corn earworm, {all
armyworn, European corn borer, cabbage looper, and others,

13. Specialized supvey traps have been developed for use in surveys of
certain insect groups, such as mosquitoes, or of individual species, such as the
European chaler,

14. Environmental factors affect light trap calches of insects. Some species
will not fly at temperatures below a given level, others will not {ly when winds
exceed p certain velogity. Resuhis of tests indicate that fight traps that are
shielded from the prevailing winds are more efficient in collecting insects than
traps in more exposed locations.

15. [nstances have been recorded of major reductions in outdoor infestation
of Buropean corn borer, codling moth, and tobacce hornworm in smail areas
by use of light traps. However, large area coverage is essential for insect
suppression unless true isolation of an area is possible.

16. Light traps offer promise of suppressing insect popuiations when the
traps are used alone or in an integrated controt program planned to reduce the
required number of pesticide applications or to provide more effcetive control
measures. The most promising results with light (raps were obtained with
hornworms in tobaceo and with certain pecan insects.
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Prohlems To Be Solved in Electric
Insect Trap Research

[nfluenze of Metecrological
Variables on Light-Trap Collections

A major need exists for research with the objective of using light-trap inseet
collections as a tool for predicting iusect population behavior, This will invoive
establishing a clearer understanding of the inlluence of meteorojogical variables
on insect-population behavior and translating the effects of meteorological
variables on light-trap eatehes to reflect true population behavior.

A multitude of meteorological elements are involved in complex and
interdependent relations, compounded by the multiple factors atfecting insect
behavior. Willinms {7957) and King and Hind {(/960) thought in these terms
and attempted to establish relationships between weather factors and light trap
tnsect collections. Their efforts, while fruitful, were scemingly limited by the
complex relationships eacountered.

A siuilarity and reledon to the problems of weather lorecasting are
apparent {or predicting insect population behavier. Computer analysis of the
myriad of variables oflers the most promising approach. The establishment of
Weather Service Offices for Agriculture'® is a step in this direction. Once
relinble relations among weather lnctors are established, perhaps refationships
between weather changes and insect behavior can lollow.

Physiology of Male Insect Response
to Radiant Energy and Sex Attractant

Further research is needed to gain information that will provide a fuller
understanding of the physiological background for the sensitivity of many
insccts to near ultraviole! radiation. A solution to this guestion might be
expected to explain differences in various insect responses to ultraviolet lamps
when operated {n ligit traps under comparable conditions.

A related problem coucerns the relative responses of mule insects to
ultraviolet radiation and to sex pheromones. Fabre (Teale 1967 and Rau and
Rau 7929} observed that the attraction of virgin females o males of the same
species was superseded by the attraction of light as the males approached the
females. Henneberry and others {9674} found that when teaps with BL lamps
were baited with caged, virgin female, cabbage looper moths, increased
numbers ol male cabbage looper moths were caught as compared with numbers

Y¥\ational Oceanic  and Atmospheric Administration, U.S. Dept. Commerce,
Washinpton, D.C,
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in similar unbaited traps. Virgin lemales, placed as far as 40 feet from the light
trap, increased the numbers of male moths caught, Much more information is
needed an the relative physiological response of male insects to these two
atiractants,

Improvement of Light Trap Design

Another problem needing additional research is that of determining the
optimum type of light trap and the density of trap installations required for
possible control of economic inseets that are light attracted. For example,
installations of three pravity-type traps per square mile in North Carolina and
$1. Croix. have suppressed the tobacco and tomato hornworm populations
rather well, partly because of the flight range of the moths. A suction fan
added to the trap did not increase the catch ol hornworm moths nor did a
twolold or fourfold increase in wattage {15 to 30 or 60) of the BL attractant
lamp, in (ests conducted by Stanley and Smith (unpublished). However, as
previously reported, Hoffman and others (7966) found that for each additional
virgin tobacco hornworm female (up to 10) placed with the light trap, the male
eaich increased by a facter equal to the male catch of the trap without virgin
fernales.

Possibilities of improving light trap design for more effective capture of
another inseet, the hickoly shuckworm, were indicated by Tedders and others
{(/972), afler a 3-year study. They commented that suppression of the
shuckworm with light traps was found te be comparable to suppression with
recommended insecticide treatments under the conditions tested. Their results
were achieved with off-the-shelf traps which were basically designed for insect
survey use, They also indicated that “If, through researcly, a control trap which
requires less servicing, which is more specific for pecan pests and is less
expensive, can be devised. then BL traps should have a place in pecan culture.”

L.ight Trap Installation Density

Wolf and others (/97]) have proposed a method for determining the
installation density of light traps required to reduce the native population of a
certain inseet by a given amount. Under field conditions, the characteristics of
a single trap are measured and an empirical trap-density function is determined.
This trap-density function accounts for changes in trap performance when
operated with overlapping trapping patterns at various trap densities, and, in
some instances. may be used for other traps having similarly shaped trapping
patterns. Research in establishing the density of traps involves the measure-
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ment of trap characteristics by releasing laboratory reared and marked
specimens. i is assumed that such specimens, released in the field, react to a
trap in & manner similar to that of native insects,

Hartstack and others (unpublished) used the method suggested by Wolf and
others {1971} in field tests in Texas in 1967 with a very limited number of
insects. They continued their work on larger scales in 1968 and 1969. In 2
4month period {June-Sept. 1969), they marked and released more than 9,000
native moths (bollworms and cabbage laopers). Calculations, based in part on
actual results, indicate that the use of light traps can reduce substantially the
sdult populations of these two species. However, the trap installation density
required lor effective control would probably be much greater than that used
in most previous experiments. Confirmation of these conclusions will require
actual field control experiments. Also, trap spacings for use with other
economic insects need to be determined.

Sexual Condition of Femals
Moths in Light Trap Coliections

Greater information on the sexual condition of female insects at the time of
their capture by light traps is needed to account for differences in hourly and
seasonal collections of males and females of a given species. Stewart and others
(1967) found from hourly sampling of tobacco hornworm moth catches in BL
traps that both sexes were captured alt night, with many more males than
females being taken at ait hours. A relatively low number of males were taken
between 8 and 9 pun., but during the next hour, the maximum male capture of
the night oceurred. The authors comment that “perhaps our sharp increase in
catch of males compared with females between 8 and 10 p.m. resuited from
the movement of males in quest of females,”

Woil and others (/969) reported the number of corn earworm moths caught
in 36 BL survey traps et Red Rock, Ariz., in 1967. Detailed examination of the
records shows that, during the period May 22 to July 25, more females than
males were captured, aithough for the season the average male cateh per trap
was more than twice that of the female catch. A similar situation occurred at
Florence, 5.C.. in 1969 where the ratic of the bollworm moth catch for the
scason was 1.48 male to | female, yet during the first half of a 4-month season
the fewmale catch exceeded the male catch by the same ratio. Geier 1960
found that a light trap {with mercury vapor lamp) drew samples of quite
significantly younger female codling moths from the population than did bait
pans. Much remains to be learmed about the optimum time of attraction of
cther female insects to electromagnetic radiation sources,
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APPEND{IX

Reports of positive responses of other insects to electromagnetic radiation
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1967, Ent, Ree. 80 (4): 92-93.
Stored-products insects. Stermer, R. A. 1959. Spectral response of certain
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