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Technical Butletin No. 673 4 d May 1939

UNITED STATES DEPARTMENT OF AGRICULTURI
WASHINGTON, D. C.

THE DISTRIBUTION OF INSECTS, SPIDERS,
AND MITES IN THE AIR'

By P. A. Guicx

Assistant entomologist, Division of Cotton Insect Imvestigations, Bureav of Enlo-
mology and Plant Quaraniine®
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INTRODUCTION

Knowledge regarding the height to which insects may ascend has
hitherto been obtained chiefly from observations made on mountains,
where the insects, after all, were near terra firma; and from lighthouses,

1 Sabmitted for publicnlion Aay Jh, 19K i

1 The collenting of [execls by mirplaste was first made posgibie by Lo O, Hownard, and the fate W, I). Hunter,
under the sepervision of 13, R Cond.  The warlt seas continued auder the direction of C. L. Marlatt whila
ke whs Chief of the Buresu of Enlematagy, F, O, Bishapyy, acting in tharge of Ootlon {nseet Fnvestigations
In 1930 and 1931, B, W {tarped, in charpe of the Dividon of Colton Tnseet Investigations, and K. O, Guines
of the Tullulniy, La., inboralory. Ackuowledpments nre due to B, 1, Flake, W, L, Bowes, A, I}, Kenrney,
R, G, Long, i, C. Young, C. AL Bennetl, ani the ke pitet, 0. C. Melindey, lor assistante in the construe-
tion of the girpinne insect tranps: nnd o e pilnts whp Jew Hie sirpinnes tiiat were used, G, C. MefHnlew,
Johg F, Pavoe, R. L Mitehell, apd G F.Thmnnz  Apprecintion isalso extended tn Frankiin Sherman i,
Hobert,. Spinks, Roben Taie, O, F. Rainwaler, Albert Sherwin, J. W, Hollex, 1, G. Lang, anr Fqbﬂ'm!iy
to §, A8, Yenles, for their nssghstuneg in the ianipulation ol 1the braps on many ofthe ﬂi;hls and inreeording
the !Rlﬂ'l!ﬂﬂliﬂili(ill dutn.  Mogt of the speciirons thint were collecred were sepmrateid os o orders by G, F.
Rainwaler amd the writer before They were mainied nnd sent 16 various specialists for Terlher determina-
tion. Maost of the maderind was monnted by 7 A, Woke., T'he insects taken durine the first 2 venrs of
cllacting, however, were prepiared and mattated by tie specialisis in (he Division of Inser! identifieation
of the Turestr, Naturzity the iddeor ifieation of 1he innnense pombers of mangled insecis Lhal woere enltected
was & inhorious undertaking.  For fis efficient performance thunk<are due to O F. W, Mucseheck, in charge
of the DHvision of Insect Identification, sud (o Harold Morvison, formeriy in eharpe of thet Division, of this
Burenu, who made arrenpernents for hadiing the mainr portion of the materh),  The spevialists who
identifled the insecls in the variotts arders pre as lllows: Arenieldn, B, A Chapin, 1. £ Ewing, Irving Fox,
and the inte C. I Croshy: Acuring, 1. B Ewing; Collerpboln, the Inte J. W, Folsom, Thysanora, F. Bk
vestri of Imi; I, W Folsom, A, B Gurney, and T, E. Ewing, Orthoptern, Nenroptern, and Maovopters,
the inte A, Cauda}‘ Carradenti i, A, N Candedl and A_B. Qurney; Tsaptern, T. ¥ Snyder; Ephemeron-
tera, A. N. (’andtii and 1. G Needhm: Gdenats, J. {5, Needbam: Thysonopters, ITarold Morrison snd
R Hnnd: Tleteroptern, 1. O, Horber and H, L., Dm',}er: Homopters, Hareld Morrises, P. W, Muson,

1677083—38——1 1
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raonuments, high buildings (£5), and forest lookout stations (75).
To collect insects thousands of fect above the earth’s surface was
quite o different problem to handle, and to accomplish this it was
necessary to awmit the development of a method of observing or
collecting them while in flight in some form of aircraft, and thus
study, as it were, the “plankton” of the air.

The collection of insects in the upper air has heen under considera-
tion for meny years. In the winter of 1924, at a mecting of the New
York Entomological Society, there was a discussion of insect migra-
tion. At this mecting there were present L. O. Howard, then Chief
of the Bureau of Entomology, the late W. J. Holland, E. P. Felt,
Frank E. Lutz, Charles Leng, William T. Dayis, W. T. M. Forbes,
A. J. Mutehler, George P. Engelhardi, and others. In the course of
the discussion the value of obtaining information on the dispersal and
migration of insects and of determining the heights to which they
dew was emphasized, and everyone present was urged to give some
thought and attention to the problem of getting this information, and
in contriving some device whereby insects could be collected in the
air high above the earth’s surface. The use of airplanes was naturally
suggested for this work, but no suggestions were made as to what
kind of colle.ting device might be used on the airplanes.

The wricer had not the remotest idea at that time that he would
ever have the opportunity to work along this line. Late in the spring
of 1925, liowever, he was transferred from what was then the Federal
Horticult iral Board te the Bureau of Entomology, and sent to
Tallulah, La., where airplanes were being used in dusting experiments
for the control of the holl weevil and mosquitoes. This equipment
being available, it was suggested by Dr. Howard that someone on
the staff of the Tallulah Iahoratory should work out a means of using
an airplanc to colleet insects in the upper air. B. R, Coad, who was
in charge of the lahoratory at that time and the logical persou for
directing this work, asked the writer to present some plan wherchy

F.W. (hnan, W T Medtes, and Wmo T Davis; Coleoplera, A. QL Béving, M. W, Blackman, E. A.
Chapin, 15, 2, Barber, W, 3 Fisber, L. T, Buchanan, and J. C. Bridwell; Leplduplern, Aurust Busek,
Caorl {leinrich, Win, Scbhaus, aned the Lie BT Reajumoin nud T1L Go Dyar; Hymenomers, 8. A Boliwer,
R, A, Costnan, A B ol L 1O Weld, U FoW, Muessteck, Wi, Mann, Mizs Grace Sandboyse,
M, I, Emith, and TE. 18 Ross; Diptera Alan #tane, the Jnte Jo 3L Aldriel, Jo B Malloch, O, "1 Greene,
Q. O, Deadley. W, V. Kinz, E. P, Felt, and 13,60 Hall: Siphasaptera, F. O Rishopp.

The soeids coldlecter] ol varinus 1inies in the upperalr were identified by the late 17 V. Coville, 3. F. Blake,
the Iste A, 5 JFiteheoek, and s, Agnes Clinse, o] of the Burean of Plang hubmstey.,  Apprecintion is
extended to Mabel Caleard, in charpe of the libears af the Burenu of Butemalogy oo Plant Quarantine,
for inany sugeestions aad for helpoin obdaining bilineriplical roferences, rad (o 1Panl M. Qilmer far the
interprretation nnd preparsdion of the meteorogical dola. *Ihe wrilor nlsa wishes td thank the staff of ihe
Tlahuniile Aenenlfural & Colonization o Tlhealilo, Dunineo, Rlexien, fo (he preparation of & lunding
field nnel Eheir Kindness and consideration in ofTering 1heir assistance nnd haspitndits, st the time the air-
plane eollections of inseets were imscde in Mevien. Phase especially Lo he tnentioned are "Thomas Fairbairn.,
generrlananneer, 17, Taltin, and W, Obtendort, fiel | manugers of the company.

To onder ta have a bettor ade studing of the meteornlopies] conditiong, which were of pnoanous in por-
tapce in the siudy of the Inseel ppulndion of (he upper sir, 71 was necessary to consiit varlous workers of
tha Wealher Baroan of the UL S Deparemend of Agcicnltare, The webter is ¢.peciully indehtod 1o Q. F.
Alarvin, former Chief of the Wenther Torean, wha persnnnlly arenneed introdoetions and assistance, as
well ns gave valusble suggestions and informad o ta W TTumphreys, meteors egieal physiclst, tor his
interest, e, ard valunble wssistanee miven personnlly, in the evpmnation and Interpretation of Lhe mele-
orclopTeal tata vse 1in this siudyy 10 W, 12, Hued, of the Marine Divislon; to 18 0. Lindley, Tn ehargo of
the ehimatadarivnl stntion at Viekshupe, ss, who eooperated in cheeking e eoraloeivel records for com.-

arisam with those of the Patolal I Loratorys and 40 W, 1 Greepo, Chief of the Burenu, for his many
wlplul sugeestions. Thoe writer bl the npportoaity of visiting Rnplind aned the rontioent in December
7 While Lhere B falervIpwed OO B Willkoag, el af the deprrimient of entostrology, Houbumstad
Experumnental Sitio.,, Harpeaden, pene Lamdan, and B Dvarev, calomologist of the depnriment of
gntomnglogy Bl Alosenrne of Nuturad Tlistors, Al referonees Lo cheir pubilications need n ihis report
were personnily Chacked by these ensinend entamalogist=, The weiter also the Inbn AL Fregman of Londan,
whi hing done Gmporfont work in rolleeting inseets with kites, ioth in the Dndted States aod in Eoplend,
Io Enzland ATr, Frociman searked wnder (e diieection of A © nedy, of the dopartinent of zonliey and
ozewnegriphy, niversity Collese, 110, wha s pubilished several papers and reporls an collecting inseets
in the npper alr with kides, and o Tnseet dissernination, In Paris tho writer tnat Lnelen Berclamed, #ntg-
mnlogist of the Musenm National [P 1H-1nire Naturalle,

¥ Jtalic numbers io parenthesls refer toa Litesaduze Cited, p. 146,
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an airplane could be used for collecting insects. The following year,
July 1926, the writer submitted disgrams and suggestions for an air-
plane insect trap. The drawings were accepted and the trap was
made, as described later, and installed on an airplane.

On August 10, 1926, at Tallulah, the first flight was made with this
trap fo collect insects, and, so far as is known by the writer, this was
the first attempt to use an sirplane in collecfing insects. Several
insects belonging to the orders Diptera and Hymenoptera were taken
on this flight. Many insects were collected on several other flights
made on August 23 and 27. The first published record of insects
taken in a trap on an airplane was that of Felt (22, 23). On August
30, 1926, or just 20 days after the first flight at Tallulah, Dr. Felt
succeeded in faking three insects. Only a few flights were made
unlf}er Dr. Felt’s direction and on only the one flight were insects
taken.

This new means of investigating the insect fauna of the upper air
is of both scientific interest and economic importance, for some of
the most dangerous insect enemies of cultivated plants and the carriers
of dreaded diseases of man and animals spread to distant places with
the aid of air currents,

SCOPE OF THE WORK

The discussion of the airplane collection of insects which is given
in the following pages is based on the data collected during the years
from August 1926 to October 1931, inclusive. During the 5 yeérs

of the work more than 1,007 hours were spent in the exposures of the
collecting screens. The actual flying time, including the exposures
of the screens, amounted to 1,538 hours, of which 150 hours were
flown at night. A total of 1,358 separate flights were made, most
of them in Louisiana, but 44 were made in Mexico,

In addition to the day collections at altitudes of from 200 to 5,000
feet, which netted 22,580 specimens, 2,204 insects were taken at
other heights, from 20 to 100 fect and from 6,000 to 15,000 feet,
Inclusive, {tables 1 and 2). In the night collections, at [rom 500 to
5,000 feet, 3,455 insects were taken (table 3). In all the data covers
the collection of 28,739 specimens in Louisians and 1,294 in Mexico.

In general, in the discussions the spiders and mites are counted
with the inscets.
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TABLE 1.—Insects, spiders, and miles, collected in the daytime by airplane according to orders and alliludes, Tallulah, La., 1926-31

Altitude (feet)

Thysanura
Collembola
Orthoptera
. Isoptera
Corrodentia
Ephemeroptera
Odonata
Thysanoptera
Heteroptera
Homoptera
Coleoptera
Neuroptera
Trichoptera
Mecoptera
Lepidoptera
Hymenoptera
Siphonaptera
Unrecognizable
Total insects
Total flying time
Insects per 10
minutes’ flight

Acarina

i

i Araneida

[}

Nl Nuoms| N Nume| Nwni-| Nl Num-] Num-| Nwn-[ Nu m-| Nww-| Num-| Num-| Num-| Nun-{ Nwm-} Num-| Num-| Num-| Nuan-} Num- I\Zum-
2 R er er
bel

ber

ber .| b b
ro| ber | ber | b ber, | ery g 5 : 1,865

, % 4] 2 1| et

51
13, 389

20 to 16,000 feet..1, 401 3, 566 7 24,784 |53,633

200through 5,000 L35 . . 3, 112 5 9,078 22, 582 (50, 315

YA INOMDY J0 "IIdd "S ‘N ‘829 NITWTING "TVOINHOIAL




INSEOTS, SPIDERS, AND MITES IN THE AIR 5

TABLE 2.—8piders and fnsecis of the importan! orders laken al selected altitudes
per 10 minules of exposure of the collecling screens by daylight, Tallulak, La.,
1826-31

Total
) : Heter- | Homop- | Cole- } Hymen- . Totsal
Altitude {feet) !!{g;r;‘g: Araneida ontera tera optera abters Tripiera tosents t

2y

Minuter | Number | Number | Number | Number | Number | Number | Number
321 emam—m—— e ——— . 87
18,377 3 L 1.464 . 503
. -1 . . 1.96

L37 . . 1.05
.28 . . .58
L0 . . i)
.56 . . 185
87 . . 1.86

Sees

t Includes other orders ip addition to those shown.
1 Tnciudes other altitudes in addition 10 those shown shove,

TanLe 3-—TInsects, spiders, and mitles collecied at night by airplane according to
altitudes from 500 o 5,000 feel, with the number per 10 minutes’ flying time in
the Tmporiani orders, Tallulah, La., 182681

500 feet 1,000 feel 2,000 feat 3,000 feet Total insects

Ip- In- In-
Eeghs secls secks
per er per
Total| 1§ pll'i i
fa- | min- min- i min-
sects | ntes uies' ' utes’
By- By- ¥ fy-
ing ing i ing
time

Ny
ber
Aranelda

Acarins..
Thysanara,

Hemoptarns__
Coleoptera_
Neuroplera
Lepidaptera. .

ITotal coliecting tLime,
minutes) . 1,225 1,185

From the number of minutes flown and the average speed of the
several planes used, it is estimated that approximately 88,827 miles
were flown in the actual exposure of the screens in Loulsiang. If
the flights are reckoned from taking off on a collecting trip until
landing, a distance of six times the circumference of the earth, or
more than 150,000 miles, was flown in collecting insects.
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THE COLLECTING GROUND

Tallulah, La., where mos$ of the fiying was done, is located in the
lower Mississippi Valley and is from 80 to 85 feet above ses level.

The terrain in the vicinity of Taliulsh is almost ideal for collecting
insects. In Madison Parish slone there are approximately 80,000
acres of land in clearings and in cultivation, with nearly four times
8s much, or over 300,000 acres, covered with swamps and forests.
Viewing the country from an airplane st a high altitude, one notices
little of the cultivated aress, but the eye follows extensive forests.
They extend for 150 miles in & continuous line north and south, and
run part way across the State east and west. Much of the swamp
country is a{most impenetrable, with great forests bordering many
hundreds of small lakes, bayous, and rivers, lined with enorrmous
cypress trees from which great festoons of Spanish moss hang dewn
to the water's edge {pl. 1, A). The entire section is intertwined
with bayous, which serve as the natural drainage canals of the region
(fig. 1). The many lakes and swamps (pl. 1, B) are mostly connected
with bayous, which finelly empty into small rivers and thence into
the Mississippi. In Madison Parish slone there are more than 60
Iakes. This section is still an important logging center. One reser-
vagion, part of which is in Madison Parish, covers over 80,000 acres
of forests and contains cypress, gum, ash, and oak.

Following the main highways through Madison and adjoining
parishes, are located the clearings, and the land planted in cotton.
The soil is rich and crops grow luxuriantly.

AIRPLANE INSECT TRAPS

Several types of insect traps were devised and used in making the
collections of insects in the upper eir. The original trap, as designed.
by the writer for use on & JN6H army primary training ship, was con-
structed on the principles of a plate holder for a camera. It consisted
of five screen-covered frames for catching the insects, with two suitable
compar{ments or magazines for protecting the screens before and after
exposure. The compartinents were made of aluminum, covered with
tin, and reinforced with wood. The trap was smaller in size, although’
heavier than those developed later. Refinements in construction,
manipulation, and adaptation for use on different types of airplanes
were made from time to time, but the basic principles remained un-
changed throughout the work. In order to increase the strength to
resist the fremendous air pressure and to reduce the weight, the com-
partments in later models were made of steel tubing, welded together
and covered with airplanc fabric. The later models were further sim-
plified so that only one compartment was necded.

Only one trap was used on the nirplane during 1926 and 1927,
Later two improved traps were installed between fhe wings of 2 bi-
plene. These traps were used on four different DeHaviland H1 army
biplanes. The two insect traps were placed either between the wings
of a biplane or under the wing of a monoplane (pl. 2, 4), one on each
side of the fuselage (pl. 2, B). The wing structure, as well as the sup-
porting struts, had to be made stronger than is customary for ordinary
flying {o compensate for the added wind pressure.  When it became
possible for the Bureau of Entomology to purchase a specially designed
sirplane for insect collecting, the late Eddy Stinson came to Tallulah
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and studied the insect trap construetion. He then returned to his face
tory at Detroit and built a Stirson Detroiter SM1 monoplane (pl. 2,
B), in which special attention was given to the wing structure and the
supporting struts. In 1930 a Travelair 4,000 biplane (pl. 3, B) was
secured on which two of the last-model single compartment traps
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Ficure 1—Map of the country around Tallulah, La.. showing the relation
between the cultivaied areas and the swamps and natural drainage channels.

(pl. 3, A) were used. This type of trap was adapted for use on the
leading edge of the lower wing by Pilot (. C. McGinley. It differed
from the ones previously used in that the exposed trays were pulled
back to the original compartment by a mechanismn controlled by a
single wire to the cockpit. The sereen truys, or traps proper, are steel
tubing frames fitted with a fine-mesh copperscreen. In all of the types
of airplane insect traps used, five screens, each 1 square foot in size,
were used.
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OPERATION AND EFFICIENCY OF THE TRAPS

The manipulation of the two-compartment trap is as follows: The
unexposed screens are placed in compartment @ (pl. 2, A). A steel
wire runs from each screen, through guides, to the rear cockpit.  ¥When
& desired altitude is reached, sereen No. 1 is pulled into the open por-
tion of the trap (b) and exposed for the desired lengtli of time, then
pulled into compartment ¢, where it is protected from further exposure.
The remaining four screens are each exposed in the same manner. In
the single-compartment traps (pl. 3, ) the screens are pulled back to
the original compartment. The ends of the frames of the sereens are

fd %}‘- e | aRPLANE coLrecTion oF msscrs} ""‘%"’;*/ "2"""‘ .
ttir Aot by o 14/1/ 7S Ta PYSR deﬂ'm«- hu.l/g}\; Zz.éiffdé, h
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Figure 2.—Record chart, showing the data recorded for one of the Aights made
on May 26, 1930. Records such a5 these were kept of each Night on which in-
seet collections were made by airplanc in the upper air. The insects collected
at cach altitude were kept separate after removal from the sereens, and identi-
fied later,

made to fit snugly, and they completely close the opening to the com-
partment. In this way insects were rrevented from entering until the
desired elevation had been reached, and this eliminnted the possibility
of picking up insects as the sirplane was ta: ng off or landing.

The screens were covered with a thin coating of adhesive o retain
the insects that came into contact with them. This adlesive is made
of a saturated solution of eastor oil and resin.  If the adhesive is not
thin enough and is not spread over the surfnce properly, the air will not
pass through the mesh, and thus will cause many of the insecis to be
carried over or under the exposed tray. The period of exposure and
rate of speed were standardized, and all records are bhased on the cateh
of one sercen exposed for 10 minutes at a known speed.  The insects
were removed immediately after ench flight, and placed in small vials,
properly labeled necording to time of collection and sltitude (pl. 4,
A and B). Special flight record sheets (fig. 2) were used on whieh to
enter all the data for each flight.
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Ay A single-rompartnent inseet teap adapied For use on the leading edage of the
lower wing of & bhiplane; 88, o biplane equipped withh two single-compartiment
inseel tenps.
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A, Removing insccts from the screens afler the landing of the airplane. On
accouint of the low temperatures experienced at high altitudes lieavy (yviog
guity nre necessary. B, Removing inseets Mrom Lhe traps after a night flight.,
Certain insvets are found in the air only at night.
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None of the specimens collected could have been carried up by
suction caused by the ascent of the airplane, for the effect of the air
blast from the propeller is to blow through the nirplane and downward
during ascent, as is evidenced during airplane dusting. The air is
forced downward behind the alrplane, and when the airplane is
“chocked” and stationary, with the engine running, the force of the
air blast is as grent as the driving speed of thie propeller.

Unquestionahly some insects were earried away {rom the screens
by swirl currents set up by the resistance of the screen in its passage
through the air, 1t is probable that the weight and bulk of the insect
affected this factor considerably, those insects of light weight {(with a
high aerostatic coefficient) probably being earried past the screen in a
greater proportion to their total numbers than was the case with the
heavier species. So far as is known there is no way of even approxi-
mately evaluating actual conditions.

Most of the insects were completely smashed by coming into contact
with the screens at high speeds, and in most enses it ~ould not be
determined whether they were alive or dead when caught. Yet,
surprisingly encugh, some ¢f the delicate, soft-bodied inseets {such as
Diptera and aphids) were alive and in fair condition when rernoved.
These battered specimens, often covered with adhesive, were difficult
te: determine and only the taxonomists' keen interest in the work
enabled deterruinations to be made 2s to species in many cases.

The skill of the pilots who flew the collecting airplanes is evidenced
by the fact thot no fatalities occurred. For 5 years flights were made
in &ll kinds of weather, and many of the night landings were made on
an improperly lighted airficld by the aid of automobile lights. During
1930 and 1931, however, the airfield was cquipped with standard
lighting equipment, including & beacon, a powerful foodlight, and
border lights, The airplancs were also equipped with landing lights
as shown m plate 4. There were many forced landings, and several air-
planes were “washed out.”” Only one major accident occurred, when
a forced landing resulted in the destruction of the craft and injury to
both the pilet {(McGinley) and the writer. Such mishaps must be
expected in a more or less hazardous undertaking.

SEASONAL DISTRIBUTION OF INSECTS

In order that insects could be rollected in every month, it was mosé
important that the flights be made in a region where they were active
throughout the year. As far as 100 miles or more north of Tallulah
many species of insccts are more o less active during every month of
the year. Accordingly, every month wns represented in one or more
years during the 8 vears of [lying to collect insects.

There is an abundance of data on the seasonal distribution of insects
ns they occur on the surface, hut s to the height to which they fly,
or at which they may be found from month to month, very little has
been known, It is of Interest as well as of economic and scientifie
importance to know at what heights insects may be found throughout
the year. ‘These altitudes depend to o great extent on wenther
conditions, which are considered under a later heading.

Tneluding all altitudes, in the daytime the greatest numbers of
inscets per 10 minutes of collecting were taken in May, with November
end September following, The fewest insecls were taken in January
and December (tables 4 and 5). In the night flights the greatest
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numbers were taken in Oectober, followed by May. No night flights
were made in January, February, or March {table 8).

TanLE 4.—TInsecis, spiders, and mites collected by airplane in the daylime according
to the arders and months of year at all allitudes, Tallulah, La., 1926-81

l T
Jamu| 280 : | Au- | 328 [oetq. | Neo- | De-
Order . | ra- |Maver|April | May | Juna | July tem- vam- | cam- | Total
ary | ary TSt | per | B9 | per | ber
Num-| Num-f Num- | Nem-| Nu- Num-| S| Nome| Nem-| es- | Nem- | Nem- Nem-
ber | ber ber ber | ber | fer | ber | ber | Ber | ber | ber | ber | Ber
Arapeida..________ 125 7 -] 144 133 14T fE K i3z 134 119 140 ! 1,401
Acarine. _.___._.._ ——— 3 15 b1 I 1 2. R 3 (— 44
Thy a 0 <] 4 3N PO 3 3 I 34
Cotlerbola.______|...... 1 2 5 g 4 H | N [— 2 1 1 28
Orthoptera ..o oo || eeeao I 2 1 2 Fi 4 | IR i3
Isopters. . .ooe _Jooooofoome|aaeee 13 L (RN (ST P (RN SRV R S, 19
Corradentia... H 3 & 11 145 [ G 2 1 5 8 [ 70
Ephemeropters | |oceooo]oceo]ooeee s 1o 2 | 3 P LN —— 5
Cdonata. 1 1 ] 5 N R 2% [ -, 21
Thryzanoplers. ___ RIS I 4 ] 14 34 i5 2 i P ot
EHomopterao....... 20 ™ 242 322 425 23T 117 M5 Gi8 | 482 | 2w 66 | 3,079
Heteroptera. — 44 30 73 i3 138 150 a7 83 139 143 48 44 | 1,086
Coleoptera__.o... B8 | 200 482 | 484 | 377 | 374 266 | 336 422 | 258 90 76 | 3,568
Nevuroptera_ _____ | . |oeoeen)amamae i R - - S T 10
Trichoptera_.. . - 3
Mercoptera__ 3
Lepidortera... 75
Hymenoptern ____ 4 10 123 262 | 447 | 246 | 427 | 3u6 | R6E | 288 01 | 2,7
Diptera_ . __... 248 | 407 G58 {1,304 |1, 403 |1, 430 L 954 |4, 239 ek 325 | 206 | 8,973
Slphomaptera____j__|eoeoiilomm oo el | S A AN A P 1
Unrecogoizable.. 5 65 2 258 39| 342 | 251 208 410| =207 115 39 | 2,600
Tota) . _..... 608 876 | 1.809 [2,727 (3,414 3,000 |2, 208 |2, 356 |3, 347 |2, 488 |L, 183 608 |24, 784
Tolal Oying time,
minutes .. . 2,802 [3, (42 | 4,305 |0, 025 |5 200 |5, 973 |5, 022 |5 640 |6, 280 |4, 732 |1, 084 |2, 414 53, 443

Tasre 5—8piders and insects of the imporloni arders leken per 10 minules of flying
time by daylight in the different months of the year, Tallulah, La., 1996-31

Totnl
insects, Totsl

Maonth Ara- | Homop- | Heter- | Coleop- | ymen- | 1y ineluding | fiving
neids lera opters ters oplora other time
orders

Number | Number | Number | Number | Number | Number | Number | Minutes
6.42 ) 4. 0.32 0,02 0,83

Jamary. . ___.__ 0.07 14 3 2,03 2, B2
February o vocmeeeoaa L35 .24 il .06 L4 1.4 2.88 3,H2
Moreh. eeo L. 18 .56 17 12 .28 1.53 4.26 4, 305
April L. s 24 .53 15 80 43 1,83 4, 53 4, 025
Ma¥.cacneacnan- 25 .82 .27 72 g8 2.87 .56 5,29
Juame . 25 L0 .25 (3 4] 2.38 5. 19 5,523
Jal¥e . aeaa L15, .23 .18 .53 .B5 1.85 4. 52 5,022
Avgush oL L4 .43 .18 .60 .58 .70 117 5,640
September . ... .21 N L2 67 .63 1.97 5.33 0,286
Qetober. oo . 28 102 .30 54 ] 1.87 520 4,732
November . __...... L] 1.38 24 ot} 15 1.64 5. 00 1,984
Dueember. ... _. 58 JEF 18 a2 il 85 2.52 2,414

Total e ae L A7 .20 i) .52 1,86 4.02 33,833

At the sltitude of 200 feet the greatest numbers were taken in May
and the next greatest in November. The smallest numbers were
collected in January and the next smallest in December.

At the altitude of 1,000 feet the muximum numbers of insects
were collected in November, with slightly fewer in May; the fewest
were found in January and December.

At the elfitude of 2,000 feet the greatest numbers of insects appeared
in May with slightly smaller numbers in October, and the fewest in
January and February.
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TasLE 6.—Spiders and inzects of the important orders caughl per 10 minules of flying
timme at night, arranged by menths, Tellulah, La., 1986-81 i i

Total
Ho- Lepi- Hy- insscts, | Tatal
Ara- Heter- | Cole- Dip- |; 4
Month mop- dop. | men- influding | Sying
pefda | “qory | oDters | obtera | ors | optera| 7% | other tﬁm

WNumber| WNumber Nugﬂ]bler Number Nugug;r Number| Number; Number Minut;g

0.33 0. 55 0,22 0,22 LR 3,56
LG L3 18 2.40 08 .36 3.1z 8.30 50G
.09 g3 .16 97 ) g 1. 63 4,13 1,175
] .17 81 i ¥4 L8B3 281 805
.08 W73 - LH .18 ) 1,58 4.53 1, 638
.1 2.02 .30 i.09 .32 L3 170 6.33 1457
-3 404 .74 216 7 .69 §.32 4,81 700
.22 .3 0 LBl .08 .11 .08 2,94 275
0 ] 1} a ¢ Lt} 0 .13 150
Tho sbove § months__ L 1,26 .28 | 1.25 | .22 | .26 1.96 5,83 8, 780

At 3,000 feet the most insects were taken in October and September,
and the fewest appesred in January, February, and Decetuber.

At the 5,000-foot altitude the peak of abundance of insects appeared
in September, Nearly twice as many insects were taken in this
month as in June, in which the next highest numbers were collected.
The smallest numbers of specimens were found in December; and
next to tho smallest in January and February, in which months
approximaiely equal numbers were collected.

In every month of the year, for the day coliections, the order
Dipters led in numbers tsken (table 5). The other orders represented
in the collections varied considerably in numbers with altitude and
season, Many species were found in every month of the year.

The months in which the maximum and minimum numbers of
Insecis were taken varied somewhsat from year to year during the
5 years. The peaks of abundance were usually 2t about the same
time eech year, as were also the low catches, but in 1929 the greatest
numbers were collected in September with a minor peak in June,
whereas in 1930 and 1831 the maximum numbers were taken in Mey.
The variation in the monthly maximum and minimum occurrences
of insects for each year may be assigned to differences in the weather.
The meteorological {actors are discussed later.

The numerical abundance of the orders as they occur in the day
collections for the various months are shown in table 4, and the figures
in table 5 give the number per 10 minutes of fiying.

Arsneida were most gsbundant in November and December, with
slightly more in November (table 5). The fewest specimens were
token In August. At the altitude of 1,000 feet most spiders were
collected in November, and at 2,000 feet more were taken in December.

Homoptera appeared in greatest numbers in Novamber {table 5).
Fewest were found in January, During the summer the fewest
specimens were collected in July. At the altitude of 2,000 feet the
maximum numbers were taken in October and the fewest in January,
and for the altitudes of 3,000 and 5,000 feet the most Homoptera
were collected in September.

Heteroptera were found in greatest numbers in October, snd fewesat
in February. At the altitude of 1,000 feet more specimens were
collected in November and fewest in January. At altitudes above
1,000 feet the numbers taken varied considerably.
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Coleoptera were at their maximum sbundance in March, with a
tew less in November, and fewest in January and December. At the
altitude of 2,000 feet the greatest numbers were collected 1. May,
June, September, and October, with about equal numbers for each;
and the fewest were taken in January, February, August, and Decera-
ber. At 3,000 feet Coleoptera were most abundant in June and
October, and at 5,000 feet in Junec and September, with more in
September.

Hymenoptera appeared in maximum numbers in May and July,
about equal numbers having been taken in each of those months.
Fewest Hymenoptera were found in January and February. At
1,000 feet Hymenoptera were most abundant in May and October,
with a drop for the summer monils in August. At 5,000 feet most
specimens were taken in June, and no specimens in January, February,
or November,

Diptera were most abundant in May and were fewest in January
and December. At the altitude of 3,000 feet they were most abundant
in April, May, and June, with about equal numbers for each of those
months. InJuly and August there was a decided drop in the numbers
taken at 3,000 feet and the lowest number wus taken in February. At
5,000 feet Diptera appeared in greatest numbers in September, with
the next highest numbers in June and the fewest in December.

Thysanoptera were collected mostly in June. Isoptera were taken
only in the moenths of April and May, and too few specimens of the
other orders wers taken to justifly comparative cstimates.

In the night collections the Homoptera appeared in greatest num-
bers in October. At the altitude of 5,000 fect, Homoptera were taken
only in the months of August, September, October, and November.

Heteroptera were collected at night mostly in October, At the
altitude of 3,000 feet they were found only in July and Augustand
at 5,000 feet in August and September.

Coleoptera were taken at night in greatest numbers in May, with
slightly fewer in QOctober. They fell off considerably during July.
At the altitude of 1,000 feet most specimens of Coleoptera were taken
in May, August, and October, and at 2,000 feet, in May and October,
with more in October,

Hymenoptera were collected at night mostly in October, with the
next highest numbers in May,

Lepidopters were most abundant in October at all altitudes.

Diptera were most abundant at night in October, with May second
in the numbers taken. There was a decided drop 11 July. At 3,000
feet most specimens appeared in May, and at 5,000 feet most in
Getober.

ALTITUDINAL DISTRIBUTION OF INSECTS

Twentg—four different altitudes, ranging from 20 to 16,000 feet, were

flown. Six sltitudes were used in the systematic studies, these being
200, 1,600, 2,000, 3,000, and 5,000 feet for the daytime, and 500,
1,000, 2,000, 3,600, and 5,000 feet for the night collections,

DAY COLLECTING

The numbers of insects collected in the daytime and arranged
sceording to orders and altitudes are given in table 1. Eighteen orders
of insects and the orders of spiders and mites were taken, Fourteen
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thousand feet was the highest aititude at which insects were taken,
there being five Homoptera and two Hymenoptera coilected af this
height, The highest altitude at which any specimen was taken was
15,000 feet, at which one spider was caught on the sereen. Had more
flights been made at these higher altitudes more specimens would

5.00
[

- DIPTERA

4.80 COLECPTERA —
HYMENOPTERA o

HOMOPTERA
2.40 ARANEIDA
HETEROPTERA

o
o
=]

r
(o]
o

INSECTS PER 10~MINUTE FLIGHT (NUMBER)

¢ v 1,000 2,000 3,000

ALTITUDE (FEET)

Frgune 3.—Average nunbers of insecls of ihe important orders colleoted by
airplane in 10 minutes {lying by day at the indieated allitudes.

doubtless have been taken, but because of the difficulty in climbing,
the time and expense involved, the types of airplanes used, and the air
resistunce offered by the insect traps, high altitudes were difficult
to attain, and only one flight of 5 minutes was accomplished at
16,000 feet.

The comparative abundance of various orders according to gltitudes
may be learned from figure 3. Only the orders Homoptera, Heterop-
tern, Coleoptera, Hymenoptera, Diptera, and the order of spiders
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(Araneida), are covered in the studies of these systematic collections,

88 too few specimens belonging to the other orders were collected
upon which to base conclusions. In every flight made the screen was
exposed for a period of 10 minutes, the comparative estimates being
beszd on this period.

At the altitude of 200 feet the order Diptera led in numbers of
specimens taken (5.03), with Coleoptera (2.20), Hymenoptera (1.60),

16
;
15 %
14 i
1
b3 1
1
- 1
z2—\—T13}
b 1
= H —-;‘
=
=10 — %
=y ]
w9 —
- i
o 1
w 8 — 3
3 H DAYLIGHT FLIGHTS
37 - == == NIGHT FLIGHTS N
: :
ﬂ & |
0
g5
=
- 4
3
z .\\
) ‘\ﬁ%
CG 500 [Melele 2,000 3,000 5000
ALTITUDE(FEET}
Ficure 4—The aversge munbers of inscels collected by alrplane in 10 minutes

of flying at altitudes of from 200 te 5,000 feet by day, and from 500 to 5,000
feel by night. Talinlah, La.

Homoptera (1.46), Araneida (0.61), and Heteroptera (0.54) following
for the average period of 10 minutes of flying time.

At the 1,000-foot altitude the orders appeared in the following
sequence: Diptera (1.96), Homoptera (0.57), Coleoptera (0.51),
Hymenoptera (0.50), Araneida (0.36), and Heteroptera (0.21).

For the altitude of 2,000 feet they were as follows: Diptera {1.05),
Homoptera (0.37), Hymenoptera (0.24), Araneida (0.23}, Coleoptera
(0.18), and Heteroplera (0.11). ) )

At the altitude of 3,000 feet Diptera led with 0.58 specimen taken,
followed by Homoptere (0.28), Hymenoptera (0.11), Coleoptera
(0.09), Areneida (0.09), and Heteroptera (0.06).

For the altitude of 5,000 fee! the orders were Diptera (0.29), Homop-
tera {0.10), Hymenoptera (0.06), Coleoptera (0.05), Araneida (0.04),
and Heteroptera {0.02). . i

The average number of Diptern taken was 1.80, with Coleoptera
following with 0.62 specimen taken in & period of 10 minutes flying.
The other orders came in the following sequence: Homopters (0.56),
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Hymenoptera (0.51), spiders or Araneida (0.27), and Heteroptera
(0.19). These estimates are for day collections only, at the altitudes of
200, 1,000, 2,000, 3,000, and 5,000 feet.

When the total numbers of Insects at the altitudes of from 200 to
5,000 feet, inclusive, for daytime collecting are considered, there is
found & regular decrease in the numbers taken for cach ascending
altitude. The comparative numbers taken in 10 minutes of collecting,
according to the altitudes are as follows: At 200 feet, 13.03; 1,000 feet,
4.70;)2,000 feet, 2.41; 3,000 feet, 1.35; and 5,000 feet, 0.64 (table 2 and
fig. 4).

“The altitude of 20 feet was as low as any flights could be made with
safety, and then only under the best of flying conditions. Ifis inter-
esting and of value to krow the comparative abundance of insects to
be found in the sir from & very few feet above the ground to greater
levels, or to the altitude where our flight studies began. To determine
this near-the-surface inscet population of the air an experiment was
conducted by G. L. Smith in 1930 and 1931.* The standard 3- by
5-foot stickv screens were placed on a towerlike stairway with 3-foot
intervals between cach elevation of these screens, making the height
of the sereens above the ground as follows: 3, 9, 15, 21, 27, 33, 39, 45,
51, and 57 feet, with the bottom of the first sereen 3 feet above the
ground as in the field flight screen studies. There were 420,468
insects taken on these screens during the period from August 1 to
November 14, 1930,  Approximately onc-fourth of the total colleation
were tuken from tne sereen that was 3 feet above the ground. This
number is twice as great as that taken from the next sereen, which
was 9 feet above the ground, and more than five times as great as
that taken from the highest screen, which was 57 feet above the ground.
The number of insects taken from the screens at intervening elevations
diminished gradually from the 9-foot elevation to the 57-foot clevation,

From the sverage speed of the airplane, the arca of the exposed
sereen, and the number of minutes of flight at cach altitude the
average inscet population of the air was determined as shown in table 7,

TanLE T.—Average density of the inscct population of the air ol various altiludes,
Tallulah, La., 1826-31
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Of course (here were Limes, as during the dispersal flights of ter-
mites or nuptial flights of ants or hees, when the numbers of insects
for anv given volune of air was considerably greater.

v ITnpubiisied reeords an the Talicldy, L, laboarnlocy.
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NIGHT COLLECTING

The altitudes flown at night were 500, 1,000, 2,060, 3,000, and
5,000 feet. Five hundred fect was considered to be the lowest altitude
safe to fly at night. More insects were eollected at night in propor-
tion to the amount of time flown than dwring the day, the figures
being 5.83 per 10 minutes of flight, as against 4.62 for the day. There
were, however, only 12 recognizable orders of insects taken at night
as compared with 20 orders of insects and mites taken in the day
flights (tables 1 and 3). The orders of inscets not represented in the
night collections were Collembola, Tsoptera, Odonata, Trichoptera,
Mecoptera, and Siphonaptere. Even in the day flights, only a few
insects belonging to these orders were takon.

At 1,000, 2,000, and 5,000 feet more insects wele taken per 10
minutes at night than during the day, but at 3,000 feet there were
fewer insects taken than in the day collections. The aetua] numbers
teken at rught at the altitudes of 3,000 and 5,000 feet, however, are
so small as compared with the day collections that great significance
cannot be placed upon the figures. Wingless forms could not, of
course, attain any height at night, since the general convectional
movement of air at night tends to be downward rather than upward,
Thus the few spiders and others wingless forms that were in the upper
air would tend to come down atnight. Table 7 also shows the approx-
imate number of cubic fect of air per insect at night,

NOTES ON THE INSECTS COLLECTED

A discussion of each order is given with notes on the more interesting
and the economic species taken.  There were represented in the col-
lections taken in the upper air 18 inscet orders, and the orders of
spiders and mites. Of the total of 28,739 specimens collected in
Louisiana theve were represented 216 families, 824 genern, 4 new
genera, 700 spocies, and 24 new species (table 8). The insocts are
shown in detail in tables 9 and 10.

TaeLE 8.—Insecls, spiders, and miles collecled by airplane according lo the orders,
families, genere, and species, Tallulah, La., 1926-81

1
f Ineees Families | 1Yetermined Now Detertnined]  New
i laken i EORera SEReTR species species

| Number O Number | Noymber Nl Nimber | Numiber
Araneida.___... e an ; LA § W % ;
Acarina.. . o Al
Thysanurn.._ 40
Caollembein .
Orthoptera__ |
Corradentin, . e b
Isoptera.., ....... - I[
|
1

0

Iii

|

i ke

Epbemeremora, .. ...
donutn
Thysanaptern
Heleropiera. . .
Homeptent ..o . .
Calesern. _ .
Neuroptera., oo ..
Trichopter..  _ .
Mecoplern..... .....
Lepinontera._ ..

B3 15— e NI RS R
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TABLE 9.—Insects, spiders, and miles collected by airplane, according to altitudes, Tallulak, La., August 1926 to October 1931, inclusive

Tmé‘nllig?lws ’ Collected at altitudes of—

Order, family, genus, and species 1,000 feet | 2,000 feet | 3,000 fect - 5,000 feet
Ni 20 100 | 200 [ 300 § 400 500 600
Night! feet fect | feot | feet | feet | fect | foet
(day) (day)|(day)(day)l(day)i(night){(day) Day [Night| Day |Night{ iay [Night Day |Night,

o= GE—£0LL01

Araneidar | Num-|Num-|Num-|J Nutine| 2 ume| Num-| Num-| Nums | Nem-| Nwm-[Num-| Num-| Num- Num-| Nuni-[ N Num-|Num-

Dictynidae. ber | b ber ber | b b be ber ber be ber

Dictyna bellans Chamberlin P PEI i . - 1 PR

Dictyna cruciata Emorton-... oo c..ooue 2 - e

Dictynasp.. ..o ... .. 0 R .

Dictyna, 0 sp... oo e
Oecobiidne:

Occobiny parietalis Henta.. ...
Guoaphosidae:

Zelotes sp -

Gnaphosidae, undetermined sp
Pholcidae:

Modismius 5p. . oo ia e e
Theridiidae:

Euryopis sp..... PR

Theridion alobosun “Hentz (mnle)._

Theridion SPaee-vea-

Theridula opulenta (\\ alckenner)..

Dipoena Sp..._.... R

Crustulina gutlala Wider (fenmle)

Ceratinops annulipes Banks. ..........

Ceratinopssp... ..

Theridiidne, undetermiried bpp. FOUP
Micryphantidae:

Eperigone tridentate Emerton.. ... ...

Walckanaera rigilar Blackwall......._.

Micryphantidae, undetermined sp___.

Ceroticelus creolus Chamberlin

Cleraticelus limnologicus Crosby and

UIV TAI NI SHILIW ANV ‘SUTAIIS ‘SIOUSNI

Ceraticelus sp._..... N

Ceraticelus sp. (females) . .
Ceratinopsis angslicana (fe 7 PO
Ceratinopsis atolma Chambirlin
Oedothoraz purens Banks

1 See table 10 for detnils.

[ YR G SRR Y S X { Ty
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‘TABLE O.~1Insects, spiders, and mites collected by airplane, according to allitudes, Tallulah, La., August 1926 lo October 193!, inclusive—Con.

Total nsocts| ‘ Colloctod at altitudes of—

Order, amily, genus, and species "
' 20 50 100 | 200 | 200 | 400 500 600 1,000 feot 2,000 feet 3,000 feat 5,000 feet

Night| feet | feet | feet | feot | feot | feet feot | feet
(day){(day)|(day){(day)(day)|(day)|(night)] (cay) Day |Night| Day |Night| Day |Night Day |{Night

Araneldn—Continued,
Liny phiidae: N Num-|Nwm- | Npan- ) Num=| Nuwm-| Num-| Num-| Num- | Nem-\Nwm-| Nem-| Num-|Num-| Num-| Num- Num-| Num-
Microneta - meridivnalis Crosby and | ber b & ber | ber | b [ ber ber | ber
Bishop......... 10 1 e .- R
Micronela wmeridionalis~ (‘rosbv “and”
Bishop (young)... ... . . B
Microneta zonaria (Kusvrlmu ( \l.
mlcnrm}..... R
Microneta micaria (lamermn). - .
Micronetasp.. .. ...,
Microneta sp, (femules
Microneia sp, {younir). ...
Erigone anlumnalis Bmerton. .. .
Erigone barrowsi Croshy and mshop
(BBleS) .o i e aean
Erigonesp.. ... ...,
Erigone sp. (fomales) ... ...
Erigonie sp. (young)...._ .
Lru,onuw undertermined zm,u.
Erigoneae, undetermined sp, (female).
Erigoneae, undetermined sp. {(young).
Pelecopgiy moestum Banks (female)....
Linyphia commiwenis Hentz. . . ...
Lmyphm comnunis Hentz (vnum,)
me)hm coccinea Houtz
Linygphiasp. _ .
Linyphiidae, undetermined snp
Arglopidae;
Aranens stellatus Walckenaer
Aranenssp..... ...
Arancus sp. (young
Tetrngnatha sp.. .
Tetragnatha sp. (v
Mamgora placida Hentz . .
Mimognatha fori MeCook
Argiopidae, undetermined spp
Argiopidae, undetermined s
{young)
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Thomisidae:
Xysticuasp. ..
Xysticus sp. (voung) ...
Philodromues sp. (male)
Misumeninae, unditermined sp.
Thomisi lae, un(lewmmwd Sp.
’lhomisuh\e, undetermined
(youngy...” ._,.......
Prsuridae:
Dolomsedes sp. ..
Clublonidae:
Castaneirn sp. . R
Clubjonidae, umlmormiued \pp e
Lycosidac:
Lycosa sp. .
Lycosa sp. (\mmp).
1’:mla s
Pirata sp.
Pardosasp. .. ...
Pardosa sp. (¥ mmg)
Liycosldae, undetermined spp
Lycosidae, undetersiined :pp
(young)
Oxyopidae:
Percetio Sp.....,.... ...
Qryopes sp.. .
Ozyopes'sp, (Youngl.. .
Salticidae: .
Synemosyna formica 1lentz.
Wala palmarum Heéntz. ..
Phidipprus purpuratns Keyserling. ...
Phidippus sp......
Dendryphantzz mmlu!zu(ﬂonlz‘h....
Dendryphatites Spo ... ... ... N
Salticidng, mdetermined sp,.. ..
Salticidne, undeleririned sp. (\'mm;,,.
Araneidn, unrecnunmmlo sp. (young) . .. -
Aranelda, unrecognizahle spp . 2| om0

Total : X ; ; 362

Acnring:
Parasitinae (ondetermined nymph)
Parasitidae, undetermined spp, (fermales).
Orihatidne:
DAMEOIOTRAED . ot iea i virnmnmaaninnn
Acaring, undetermined spp.... .
Acarina (undetermined nymph
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TaBLE 9.—Insects, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to Oclober 1931, inclusive—Con.

Total insects Collected at altitudas of—
taken

O . family, d species k
rder, family, genus, and sp 20 50 100 200 | 300 500 600 1,000 feet 2,000 feet 3,000 feet 5,000 feet

Night| feet | foet | foot | feet | feot feet | feet
(duy)i(day)i(day)|{day)(day) (night) (day)| pae [Night Day |Night| Day |Night| Day |Night,

Thysanura: Num-| Num-| Num-| Num-{ Num-| Num-{ Num- Num- | Num-| Num- Num-| Num-| Num-| Num-| Num-| Num-| Num-| Num-
Campodeidae: ber ber b ber | ber { b b b ber

Campodea sp. 1

Lepismatidae:

Lepismua sp. . 16

TRhermobin domestica Packar: 4

Thermobia sp 1

2

8

2

Ctenolepisma sp.
Lepismatidae, undetermined sp..
Thysanura, undetermined sp

34

Collembola:
Poduridae:
Onychiarus sp.
Entomobryidae:
Entomobrya multifasciata Tul]gren._-.
Entomobrya spp.
Sira nigromeculata Tubbock ..
Orchesella ainstiei Folsom ... ... ..o
Tomocerus flavescens Tullgren var.
americanus Schott. ..._. smmeminoane
Sminthuridae:
Bourletiella sp..-.
Sminthurus sp.
Collembola, undete

Orthoptera:
QGryllidae:
Nemobius carolinus Scudder (male) .__
Nemobius carolinus Scudder (females)_
Tridactylus minutus Scudder
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Acrididae:
Melanoplus femur-rubrum (DeGeer)
{males).
Melanoplus femur-rubrum (DeQeer)
{female)
Tettigidea acula Morse (female).
Tettigidea lateralis (Say) (male)...
Tetligiden lateralis (Say) (females)
Phasmidae (undetermined nymph)
Urthoptern, undetermined spp

Total

Isoptera: =
Termitidae; L
Reticutitermes virginicuy Banks.....

Corrodentia;

Psocidae:
Psocus inornatus Aaron,
Lachesilla pedicularia (Lmuueu%)‘
Lachesilla sp
Ectopsocus pumilis (meks;
Peripsocus sp
Elipsocus sp
Psocidae, undetermined Spp.. _......

Atropidae:
Trogium pulsalonum (Linnaeus)
Troctes divinalorius (Muellerj.
Trocles SPY. oo mmmneennl .

Ephemeroptera:
Baetidae;
Caenis hilaris (Say).
Caenis sp
Ephemeridae:
Heragenia sp...
Ephemera sp...
Ephemeroptern, undetermined spp

Total

Odonata:
Libellulidae:
Perithemis tenera (Say)....
Libellula vibrans Fabricius.___
Pachydiplaz longipennis (Burmeister)-
Anisoptera, undeterinined sp.
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TABLE 9.—Insects, spiders, and mites collected by airplane, according to altitudes, Tallulah, La., August 1926 to October 1931, inclusive—Con.

Ge

Totalinsects

taken Collected at altitudes of—

Order, family; genus, and species

2 50 100 300 | 100 500 600 1,000 feet 2,000 fest 3,000 feet 5,000 feat
Day |Night| feet | feet | feet feet | feet | foet | fest
(day)|(duy)|(duy) (day)|(day) (night) (day)i pyy Iignt Night| Day [Iight Day [Night

Odonata—Continued. Nuwmn-} Num- Nuwm-| Num-| Num- Num-|Nuin-| Num- Num-{Num- Num-| Num-| Num- Num-(Num-
Coenagriunidao: ber b b ber | ber ber
Enallagma sp _
Anomalagrion hastatum (Say).
Zygoptera, un-letermined spp

Thysanoptora:
Thripidas: -
Sericothrips, close to variubilis Beach.._.
Sericothrips cingulatus Hinds. . ____.___
Frankliniella tritici (Fiteh). .
Frankliniclla fusca (Hinds)
Thrips (Microcephalothrips) abdomina-
lis Crawford
Muycterothrips longirostrum (Jones) - ..
Phlaeothripidae:
Hoplandothrips pergandei (Hinds)
Neurothrips magnafemoralis (Hinds).
Leptothrips mali (Fitch)
Elaphrothrips tuberculalus (Hood).
Elaphrothrips sp
Liothrips caryae Fiteh___
Liothrips castaneae Hood ?__
Liothrips citricornis (Hood)...
Liothrips sp
Haplothvips graminis Hood..
Tubulifera, undetermined spp....
Thysanoptera, undetermined spp
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Heteroptera:
Cydnidae:
Amnestus pusillus Uhler
Allocori.v (Thyreocoris) pulicaria (Ger-

Gnl upha oferrima Malloch.........___
Cydnidse, undetermined sp
Pentatomidae:
Trichopepla semivitatia (Say)
Mormidea lugens (Fabricius)..
Solubea pugnaz (Fabricius).
Hymenarcys nervosa (Say) ..
Banasa dimidiata (Say)
Podisus maculiventris (Say)
Coreidae:
Acanthocephal1 terminalis (Dallas). ...
Amnasa armigera (Say)
Harmeostes reflexulus (Say). .
Corizus hyalinus (Fabricius)
Corizus sidae (Fabricius)
Jadera haematolome (Herrich

Cnrmdue Euudetermmcd nvmphs) R
Aradidae:
Aradus falleni Stal

sp
Mezira granulata (SAy

Neididae:
Aknisus multispinus (Ashmead). .
Jalysus spinosus (Say)

Lygaeidae:
Oncopeltus fascmtus (Dallas)
Lygaeus bicrucis Say.
Ortholomus scolopaz (Say)
Nysius californicus Stal__.
NNysius ericae (Schilling)._
Nysius ericac minutus Uhler
Belonothilus niwmenius (Say).-
Ischnorhynchus resedae (Panzer).
lschnorhynchus chamynom Distan
Cymus angustalus Stal
Cysmua virescens (Fabricius) (breviceps

t.

IFI NI SELIIY ANV ‘SUNAIas ‘SIOESNI
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Blissus leucopterus (Say)
Geocoris punctipes (Say)
Geocoris bullalus (Suy)_-
Geocoris uliginosus (Say)
Geocoris spp. (nymphs,
Heraeus plebejus Stal__.__
Perigenes eonstrictus (Say)
Orthaea bilobata (Say)-__.
Orthaea basalis (Dallas)




TaBLe 9.—Insecls, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to October 1931, inclusive—Con.

Totéi; liglslects Collected at altitudes of—

Order, family, genus, and species 2 50 100 | 200 100 500 600 1,000 feet 2,000 feat 3,000 feet 5,000 feet

Day [Night| feet | feot | feet | fest feet | feet | feet
(day)|(day){(day)|(day) (day)}|(night){(day) Day [Night| Day |Night] Day [Night Day {Night

Num-|Num+ Num-|Num-| Num-| N Num-| Numm- | Num- Num-| Num-| Num-|Num Num-| Num-~Num-
Heteroptera—Continued. b ber ber ber r b bi ber
Lygaeidae—Continued.

Antillocoris patlidus (Uhle

Antillocoris pallidus (nymph

Antillocoris spp .

Aphanus umbrosus (Distant) -

Eremocoris ferus (Say)

Lygneidae, undetermined spp
Tingitidae:

Piesma cinerea (Say)

Corythucha pergandei Heidemann.

Corythucha spp

Gargaphia amorphae (Walsh) ...

Gargaphia spp

Physatocheila sp....

Leptoypha sp

Tingitidae, undetermined spp
Enicocephalitae:

Systelloderushiceps (Say)
Reduviidae:

Zelus cervicalug Stil

Atrachelus cinerens (Fabricius)
Hebridae:

Hebrus (Naeogeus) consolidus Uhler....

Hebrus spp.-
Mesoveliidae:

Mesovelia mulsanti White
Nabidne:

Nabis sordidus Reuter...

Nabis roseipennis Reuter..

Nabis sp
Anthocoridae:

Orius (Triphleps) insidiosus (Say)
Miridae:

Trigonotylus breviceps Jokow!lef

Trigonotylus sp

Platytylellus sp
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Adelphocoris rapidis (Say)....
Polymerus basalis (Reuter)_.
Polymerus sp

Lygus pabulinus (Linnaeu

Lygus apicalis Fleber

Lygus pratensis (Linnaeus) (ndulls),-.
Lygus pratensis (Linnacus) (nymphs).
Lygus pralensis var, oblinealus (Sn}),-
Lygus spp-c...

Deraeocoris sp.

Psallus scrintus Reuter (nymphs -

Psallus spp

Chlamnydatus suavis (Reutnr)

Chlamydatus spp

Cyrtopeltis varians (Distant). .

Cereatocapsus apicalis Knight_

Plagiognatus sp

Miridae, undetermined spp
Hydrometridae:

Hydrometra australis Say
Qerridae:

(‘errn MErgingls SB¥ ceer conecernnuna
Vellidae

M xcrote[m sp
Saldidae

M xcmntius humilis (Say)

Saldidae, undetermined sp
Corixidae:

Arctocorita modesta Abbott
Heteroptera, iindetermined spp._..
Heteroptera (undetermined nymphs).

IS - ‘STOHESNI

v,
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Homoptera:
Cicadidae:
T;bxcen linnei (Smith and Grossbeck)_.
Cercopidae:
Tomaspis bicincta (Say)
Clastopterazanthocephals Germar......
Clastoptera zanthocephala var. unicolor
Fowler. o omoooaccliaeion RN
Membracidae:
Stictocephala festina (Say)
Acutalis semicrema (Say)
Micrutalis calva (Say)
Mierutalis sp
Entylia sinuata (Fabricius)_..
Membracidne, undetermined sp_.....
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TABLBE 9.—Insecls, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to Qcleber 1931, inclusive—Con.

Tot{ggggecm Collected st altitudes of—

Order, family, gonus, and specles
' ' P 20 | 60 | 100 | 200 | 300 | 400 | oo | goop | 1O0Ofeot | 2,000fcet | 3,000fe0t |, ool 5000 fest

Night{ feet | feet | foot | feet | feot | feot | feet | foet fect I
(day)i(day)|(day)|(day)|(day)i(day)|(nlght) (day} Day |Night| Day [Night| Day |Night (day) Day |Night|

HomOptf’l't;l—‘-l(lonthnmd. Nuwn-| Nwm-| Num-| Num-| Num-| Num-| Num-| Num-| Num- | Nwm-| Num-| Num-| Num- Num-| Num-| Num-| Numn-| Num-

Cicadellidne: ber
Eaupteryginse, undetormined sp....
Agolliopsis norella (Say) ...
Agaltia eonstricts Van Duze

[11T:) ) I PR
Idiocerus alternatus Fi
Idiocerus spp.
Oncopsis sp
Oncometopia unda
Oncemetopia luteralis ?
Homalodisca triguetra { Fabriclus)
Lulacizes irrorata (Fubricius).
Kolla hartii Ball. _....
Graphocephals eoccinea (
Graphoeephala versida (Suy
Draeculucephula mollipes (Sny
Dracculacephala $p...oees ...
Carneocephala floviceps (Rile
C‘nrneoctg)hu[a sp;). SO
NXestocepialus pulicaring Van Duzee.
NXestocephalus spp.

Scapholdeus spp...
Platymetopius frontalis Van
Polyamia weedi (Van Duzee)..
Deltocephalus flavicostus Sthl
Deltocephalis sonorus Ball .
Deltocephalus australiy DoLon
Deltocephalus spp. ...
Exitianus obscurinervis (St
Stirellus bicolor (Van Duzos)
Stirellus obtutus (Van Duzeo
Phlepsius spp N
Thamnotettix clitellarius .
Thamnolettiz nigrifrons ( Forbe
Thamnotetliz sp

[%]
LIS e}

@

e Ga3 G0 LD
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Macrosteles dirisis (Uhler)

Macrosteles spp.

Balclutha abdominalis (Van Duzee)....

Eugnathodus spp

Dikraneura maculata Giliotto...

Dikraneura carneola Stal

Dikraneura sp

“Alconeura macra Griffiii.

Empoasca fabae (Tarris). ..

Empoasca solana Delong. ..o comne.

Empoasca erigeron Dolong..oolcousie.

Empoasea bifurcata DoLong........

LEinpoasca n, sp. near abrupta. ...

Empoascd I $SPDeaewavineennean

Empoasca (Kybos) SPPewiveennn

Empoasca spp_ (fomales)

Typhlocyba gillettei Van Duzee.

Typhlocybu sp

Hymetta spp....

Erythroncura spp. comes group.

Erythroneura sp. obligua group.

Erythroneura rulnerata Fitch..

Erythroneura pulnerata var. nige

Erythroneura vulnerata gronp.

Erythroncura abolla McAtoe..

Erythronenra obria Beamer......

Erythroneura spp

Cicadellidae (undetermined uymph -

Cicadellidae (undetermined adults)...
Fulgoridae:

Catonia bicinctura Van Duzee.

Oliarus aridus Bali

Oliarus spp

Pintalia dorsivitattus (Van l)uzeu)"

CLritng SPoveesn

Myndus sp...

Dtiocerus depeerii Kirby ...

Stenocranus dorsalis (F itchy . R

Megamelus spp

Pissonotuy sp... -

Peregrinus maidiy ( \thund)..

Stobaera tricarinate £3ny)

Liburniella ornata {Stal)..

Delphacodes lateralis (Van Duzee)

Delphacodes guella (Van Duzee). __

Delphacodes basivittata (Van Duzee) ...

Delphacodes campestris (Van Duzee) ..

Delphacodes propingua (Fieber)

Sogata furcifera (Horvath) o.oeoaeon --

Sogata spp

Delphacodes spp.

Delphncinne, undetermined spp..

Fulgoridae, undetermined spp
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TaABLE 9.—Insects, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to October 1981, inclusive—Can.

8G

Total inseots) Collected at altitudes of—

Order, family, genus, and specles ]
' - 20 | 50 { 100 200 [ 300 | 400 | 500 | goo | LOOOfeet [ 2,000fcet | 3,000 fcet 1,44
: Night} feet | feet | feet | feot | feet | feat | feet | feet feet
(day)|(day)|(day)|(day)|(day){(day) (nlghl) (day) Day |Night{ Day |Night! Day |Night| (day) Day |Night

5,000 feet

Hon;’npt]tln'él—(‘onlmued Ngnn- Num-| Num-| Num<| Num-| Num-| Num- Num-|Num-{ Num- Ngun- Num- Num-| Num-| Num-{ Nuin-| Num-
sylildae: er

Livia maculipennis (Fitch)

Liria vernalis (Fitch)

Aphalara renziei Patch

Aphalare sp. (probably veaziei: var.
metzaria Crawford)

zphalara spp

Trioza diospyri (Ashmead).

Trioza sp. near diospyri. ...

Trioza tripunctata (Fitch)...

Trioza spp

Neotriozellia immacitlata (Crawford) ..

Pachypsylia renusta (Osten %ﬂcken)-..

Pachypsylia celtidis-mamma Riloy

Pachypsylla celtidis-vesiculum. Riley. ..

Pachypsylla celtidis-gemma Riley

Pacllyp.:y[ln spp

Psylla s

Pssllldno undetermmed spp.

Aphiidae:

Chaitophoring Sp..o—...i.... reneamiman

Sipha flava (Forbes)

Aphis gossypii Glover.

Anuraphis sp

ADRI® SPP e e e

Rhopalosiphum paeudobruaszcae
{Davis) —

Rhopalosiphum spp

Myzocallis sp

Amphorophora sp. (probably new). ...

Macrosiphum = (Tritogenaphis) rud-
beckiae (Fitch)

Macrosiphum (Tritogenaphis) spp.-...

Macrosiphum: (Illinoia) pisi (Kalten-

a-°$ 51 ‘819 NITATING TVOINHOIL

haen
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bach)
Macrosiphum (Illinofa) spp
Magotira sp.




Myzus persicae (Sulzer). .

Colopha wlmicola (Fiteh)..
Neoprociphilus SPPac. . wemesun
Penmphipus populi-transeersug (Riley)

Eriosomatinae undetermined spp.....

Aphiidae (undetermined n\’mphs)

Aphiidae (undetermined adults) ..
Aleyrodidae: .

Aleyrondidae, undetermined spp... ..
Coccidae:

Coecldae, undetermined spp .
Homoptera {undetermined nymphsy .
Homoptera {indetermined adulys) .

Total. . e

Coleoptery:

Corabidne:
Clirina dentipes Dejean .-
Bembidion afjine Shy.. .
RBembidion rariegatim \4\ i
Bembidionsp ...
l’m"umpsu.\y rphmﬁintus (& Ay
Tachyurd sp.
Tachys laetus (Sny}
Tachys prorimits {Suyy,
Tachys corrnscus LieC onte..
Tachys sp. .
My rulopux l‘uwclct‘px (‘uscy
Micralopus sp. . .
Poccilus chalcites Mw.. .
Lorandris sp .
('elivmuscula r\«n). .
Circinalia rufipes (Dejoany
Circinglinsp ..
Zuphinm americanum l)ejwm
Lebia riridipennis Dejean. ...
Lebia analis Vejean . .
Blechrus pusio Le(‘ome L
Blechrussp.._ .
Apenes sinnata (Fan). ..
Brachynusso. .. -
1larpalus witiduhes Chatdoir..
Harpalussp... . ..
Selenophorus <p.
Discoderus sp .

Triplectrus dutlcicollix (Lﬂl-‘erm Sen-

ectdre) . ..

I’smdamphuun sericea (Hnrm)
Stenocellus tantillus (Dejenn).. .
Amerinug longipennis Cogsey... . .
Gtmalophm lucens Casey.

Goniolophus rectanguins (Chaudeir) ..

5
S00

3,079
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TABLE 9.—Insects, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to October 1331, inclusive—Con.

Totalinsects)

taken Collected at altitudes of—

Order, family, genus, and species
50 100 300 | 400 500 1,000 feet 2,000 feet 3,000 feet 5,000 feet

Night feet | feet foet | feet | feet
(day)i(day)|(day) (day){(day){(night) Day |Night| Day |Night Night Night

Coleoptera—Continued, Num-|Num- Num-| Num-| Num- Num- Num-
Carabidae—Continued. ber | ber ber ber
Stenolophus ochropezus (Say) 3 2
Stenolophus dissimilis Dejean.
Stenolophus conjunctus (Say)....
Tachistodes indistinctus (Dejesn)
Tachistodes téstaceus (Dejean)..
‘Tachistodes partiarins (Say)_
Tachistodes sp
Agonoderus pallipes (Fabr
Carabidae, undetermined spp...
Haliplidae:
Haliplus sp .
Haliplidae undetermined sp....
Dytiscidae:
Bidessus putlus (Le Conte) .
Bidessus granarius (Aubé;. .
Bidessus Sp. - o eeunen.. .
Coptotomus interrogatus (Fabricius) .
Copelatus glyphicus (Sny’
Dytiscidae, undetermined sp....
Hydrophilidae:
Ochthebius'sp
hydraena pennsylianica Kiesenwetter.
Hydraena marginicollis Klesenwetter_.
HHelophorus sp
Iydrochus sp
Berosuas striatus (Say)
Tropisternus striolatus (LeConte) -
Paracymus subcupreus (Say)....
Paracymus sp
Enochrus sp....
Cercyon sp...
Seydmaenidae:
Conophron sp. -
Scydmaenidae, undetermined spp....

o 1D 1 ot i s
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Staphylinidae:

Micro; 2ePINS S e PR,

Ocytelings, undetermined <pm.
Omaliinae, unidetermined spp.
Qmaliwm sp.

Ephelinus puttatus (LeCol
Ephelinus notatus (LeConte)
Trogophloeus sp. ...

Apocellus snhaencollm (\u})
Apocellus S, coeennenns
Orylelua SP.veeionins .
Platystethus amicricanis ¥ richson
Platrstethus sSp._ .o o liilinen
Bledinysp ......
Holotrochussp.......

Osorius sp

Stenus sp...

Euacsthetis sp.c.

Pacderinne, undetermined spp
Pelaminmns sp....coe cunvnnn
Lathrobiwm sp .

Medon sp

Scopaeus sp.. ...

SLUCUS SP. enenaanas

Astenus discopu. netatis (Qu\
Astenus prolizis (Krichson)
Astenus sp...

Xantholinini, undetermined sp
Gurohypnus $p . vomvuiunnoon.
Philonthussp. .. ..

Staphulinus cummnoptmn “Girav

{107 O AU |

QUEAIUS SD. ccvrvmee e maneee e
Tachyparinae, undetermined spp. .
Tachinus timbuatus Melsheimer,, |
Tachinus sp.....

Tachyporus sp..

Frchomus sp._....

Conosoma sp..

Bolitobius sp. ... N
Aleocharinae, undetermined k])p
Myllaena sp......

Ayrmedonia sp...

Hoplandria lateralis (\l(,lqhmmu)
Athéta sp

Buyroporus s

Cardiola sp...

Aleochara sp..

Baryedma sp..

Orypoda sp

Qtnphyhmdne. undutumined SPP. Lo

Pselaphidne:
Psolaphidae, undetermined spp
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TasLe 9.—Insects, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 lo October 1931 , tnclusive—Con.

Order, family, genus, and species

Total insects|
taken

Collected at altitudes of—

Night,

20
feet

(day)

50
feet
(day)

100
feet
(day)

200
feet
(day)

300
fest
(dny)

400
feet
(day)

500
feet
{night}

400
fect
(day)

1,000 feet

2,000 feet

3,000 feet

4,000

5,000 feot

Day | Night

Day [ Night|

Day | Night|

feet
(day)

Day

Night

Over
5,000

feet
(day)

Coleoptera—-Continued,
Trichopteryyidne:
. Trichopterygidae, undetermined spp..
Tisteridne:
Hister sp.... ...
Aeritussp,... ...
Saprinuesp...o oo
Lycidaa:
Plateros sp
Lampyridae:
Pyropyen minuta theConter ... ...
Lampyridae, undeterminad spp.
Cantharidae;
Chauliognathus wmarginmtus  (Fabri-
cius) ... . i a e aam
Cantharis bilineatus Sa .
Cantharis sp
Malachidae:
Collops quadrimucutatus { Fabricitisy.
Jnthocomus erichsoni LeConte.. . ..,
Cloridae:
Monophytla terminata (Snyy. . .. . .
Micromalthidae:
Micromulthus dehilis LoConte.. ..
Mordellidne:
Mordellistena agpera (Melsheimen)
Mordellistena pustulata (Melshoimer) |
Mordellistena sp. . ad
Mordellidas, undetermined sxl
Anthicirfae;
Nolozus hicolor (Sayy . ..
Notorus monodon { Fabricius) .
Notorus sp -,
Tomoderits consirictus (%\'
Anthicus reiectus LeConte
Anthicus vicinus 1.6 Ferté-Sencctore, .
Amnthicus cerrinus LnaFerté-Stnectire.. .

Num-
ber
6

Num-

Num-

Num-|

Num-

Nium-
her

Num-
ber

Num

N
ber

N+
ber

Nun<| Nwm-
ber

Num-| Nuni-

Num-| Num-

Num-

Nwm-|

N

Num-

44
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Anthicus «Sapintus) futripes LaFerté-
R 1] ¢ U CRR U
Anthienssp ..., ..
Aathieidae, tndetersnined xp..
Euglepidae:

Zonantes signatus (Huldemany. ... |

Zonantes subtaseialne <LoContmy,
Znnanles fasciatug (Haldersm
Elterilae:
Conaderuz-bellug (333 Lo a.e
Aralus prmakilts (LeContoy
Hypruidus obhiquatuius Mol “heiiert
Hypradas: 1 .
Cltyphenyz textaceus (\l«lxh(‘uh(\r'
Melasntge:
Isoriapis ruficornts (39¥7 0 ovannna. .
Throsenlye
Aulonethrosens ponrergens (1orni. ..
Throsens cheerofati Bonvouloir. ... ..
Buprestidae:
Tuphrocrrus gracifis (ay)
Heteroceridaie:
Helerceerns prusiltns (2ay)
THbreertts s e wmmanvienn
Helodutue:
Cpphon variabilis (Thunbers:
c p])h ’ .
Seirtes orh eulalus (Fabrici
I’I,rml'x y'a Serricoliiy {5
Ptilubaetvie sp
Derpestidae;
Trogaderma sp. (undeterndned live
arvatoL,
Dermwestidae, undetermine] sp
Nitidoli-lne:
Carpuphilus sp
Fpuraca nmm (Ramdati:
Lpuraca ~p
Stefidota slrigosa m\ ilentiny.
Stelidata «p.,
NMonutmuidae:
Mon tema garerienng Anhe
Ilnprrr Laenus rufipes LeConte.
Paclridium p
Cuctigl ne:
Silranns inbelis LoConte
Laemophiocus hipdtidus (Say).
LA ODAIOEUS 8Pes cee et e
Erotylidae:
Tanguria morandi Latreille
Languria angustate  Beauvois), |
Languria anguslata var 1)1L(chru
LeCoute
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TaBLE 9.—Insecls, spiders, and mites collected by airplane, according to allitudes, Tallulah. La., August 1926 to October 1931, inclusive—Con.

Total insects
taken

Collected at altitudes of—

Order, family, ganus, and specles

Night,

20
feet
(day)

50
foet
(day)

100
feet
(day)

200
feet
(day)

300
feet
(day)

400
feet
(day)

500
feet
{night)

600

1,000

feet

2,000 feet

3,000

feot

4,000

5,000 feet

{cot
(day)

Day

Night

Day [Night

Day

Night,

feet
(day)

Day |Night,

Over:
6,000
feet
(day)

Coleoptera—Continued.
Cryptophagidaa:
Cryplophilus integer (Heet)ammnmannias
Toramus pulchellus (LeConte)
Toramus Sp. -
Cryptophagus sp
Atomaria sp
Mycetophagidae:
Tuphacn stercoren (Linnacus)

Num-
ber
1

Nuimn-

Num-|

Num-

Num-

Num-

Num-|

l\um-
ber

Num-

Num-

Num-
ber

Num«{Num-
ber ber

Colydiida
Slmcluta

SD..
Bitoma quadncollza (Iforn)
Bitoma sp
Lathridiidac:
Coninomus constrictus (Gyllenhal)..._
Enfomus sp.

Num-
ber

Num-
ber

Num-
ber

Nuni- Nuwm-

ber | ber

Num-
ber

Corticaria serrata (Paykull)...
Corticaria ferruginea Marshnm
COrticaritl SP. e ceem e e immasomin
Melanophthalma picla (LcConte)
]t!eluﬂo)phthalmu distinguenda " (Co-
mo
Melanophlhulma cacicollis (Manner-
eim)
B!clan%phlhnlmn sp
Lathridt
Phalacridae:
Phalacrits sp
Stitbus sp
Phalacridae, undetermined spp..
Coccinellidae:
Scymnus terminatus Say__
Scymnns loewi Mulsant
Scymus sp

Paylloboro sp

Naemia seriata (Melsheimer) -
Coleomegilla fuscilabris (Mulsant)

Colemuegilla floridana (Leng)

24
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Hippodamia conrergens Guerin

Coccinella novemnotata Herbst. ..

Cycloneda munda (Say)
Tencbrionidae:

Triboliwm castaneuwm (Herbst)

Tyibolitm sp ———
Hypophlocus sp

Anobiidae:
Anbbiidae, undetermined sp

Bostrichidae:
Xylobiops basilare (Say)

Scarabneidae:
Aphodius lividus (Olivier)
Aphodius sp
Ataenius gracilis (\Ielsheimur)
Ataenius sp

Cerambycidae:
Dectes spinosus (Say)

Chrysomelidae;
Pachybrachis sp
Colaspis brunnta (Fabricius).
Fidia viticida Walsh..
Metachroma Sp.-....
AMyochrous denticollis (S'ly).
Ayochrous sp...
Paria canella (
Paria sp
Chrysomela (L ta Fabi
Dmbrr;txcn duodecimpunctata (Fnbn-

cius

Diabrofica vittata (Fabricins)
Ceroloma trijurcata (Forster)
Ocdionychis sexmaculata (llllger),-
Disonycha collata {Fabricius)
Altica nana Crotch_.

Altica rufa Nliger

Altica scutellaris Clivier.
Altier 5}')

Chalcoldes helrines (T.innaeus)
Crepidodera atriventris Melsheimer .__.
Crepidodera sp.

Epitriz fusculy Croteh .
Epitrix cucumeériy (Harris)
Enpitriz brevis Schwarz

Epitriz pareila ( l‘ubrlcxus).
Epitriz sp....

Mantura flor

Chaclocnema d:nuculum I
Chaeleciemu confinis Croteh_..

—

—
RO d A BD RO b ek e 1O 1D D

1
H

H

Chaelocnema pulicaria Melshenmer-_..
Chaetocnema sp

Systena f fronmlw {Fabrieius)

Systena tacnjata Say.

a4
TN bt G0 D 03 bt w1 o = DD

O O3 et Ot O3 1D

oyt

o
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TaBLE 9.—Insecls, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., Augusi 1926 to Oclober 1931, inclusive—Con.

Total insects
taken Coliected at altitudes of—

Order, family, genus, and species
50 200 | 300 | 400 | s00 1,000 feet | 2,000 feet | 3,000 feet 5,000 feot

;| Night| feet (rieet (fieet) (fieet (tieoht
( (day) (day){(day)|(day)|(night) Night{ Day |Night Night] Night

Coleoptera—Continued. Num- Num-| Num- Num-{ Num- ! Num- Num-| Num- Num-| Num-

Clirysonielidae—Continued. b b ber ber ber ber ber
Systena sp. 3
Longitarsus turbatus Horn 2 1
Longitarsus testaceus Melsheimer 139
Glypting brunnea Torn 9
Phyllotreta striolaty (1Miger) 3
Phyllotreta bipustulata (Fabriciug) ...
Pgyltiodes punctulolu Melsheimer.
Baliosus ruber (Weber) ..
Metriona birittatn (Say)
Metriona bicolor (Fabricius)..cveaeaan
Chrysomelidae, undetermined spp----

Bruchidae:
AHcanthoscelides alboscufellatus (Horn)__
_Acanthoscelides compressicornis. (Schaef-

fer)
Acanthoscelides bisignatus (Horn)
Acanthoscelides hibisci (Olivier)
Acanthoseelides submulicus (Sharp)....

< Acanthoscelides sp.
Megacerus sp. (near impiger)
Anthribidae:
Brachytarsus vestitus LeConte
Brachytursus sp.... -
Curcnlionidae:

Apion metallicum Gerstaecker.
A pion sp.
Hyperodes sp.
Smicronyr sp os
Stenopelmnus rufinasus Gyllenhal
Tanyephyrus lemnee (Fabricius)
Thy3anNOCNEMIZ SPonccmaimmca i
Tylopterus pallidus L.,eConte
Amnthonomus grandis Boheman (fe-

1nales)
Amnthonomus grandis Boheman (male).
Anthonomus atbapilosus Dietz.
Baris aerea (Boheman)
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Barissp_..

Centrinaspis picumnus (Herbst)

Anacendrinus ralidulus (Casey)aaeanon

Anacentrinus blanditus (Casey)
Amnacentrinus deplanatus (Casey)
Sibariops confusa (Boheman)

Barinus curticollis gCusey).
Auleutes nebulosis (LeConte)
Ceutorhynchus squamatus LeConte. ...
Ceutorhynchus medialis LeConte
Ceutorhynchus sp.
Conotrachelus erinaceus LeConte

- Tyloderma acrea (Say)

Platypodidae:
Platypus quadridentatus Olivier (male).
Platypus compositus Say.

Scolytidae:
Leperisinus aculeatus (Say)
Hypothenemus sp...

@nathotrichus materinrius Fitch
Pityophthorus rhois Swaine,
Tps arulsus (Eichorn)

Xyleborus pecanis Hopkins.
Scolytidae, undetermined spp...
Coleoptern, undetermined spp....

Total

Neuroptera:

Sympherobiidae:
’ Sympherobius amiculua (Fitch)
Hemerobiidae:
Micromus sp
Hemerobiidae, undetermined spp
Chrysopidae:
Chrysopa lata Say.
Chrysopa oculata var. albicornis Fitch._
Chrysopa chlorophana Burmneijster.

Chrysope plorabunda Fitch
Chrysopa Sp.

Coniopterygidae: .
Malacomyza westwoodi (Fiteh).

Ll T L B el e O

Neuropters, undetermined sp.

Total

—
(=]

Trichoptera:

Legptoceridae:
Qecetis sp-

Trichoptera, undetermined spp

Total
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Taprp 0.—Insects, spiders, and mites collected by airplane, according to altitudes, Tallulah; La., August 1926 to October 1931, inclusive—Con.

8¢

Total insects Collacted at altitudes of—
taken .

Order, {amily, genus, and species 1,000 feet | 2,000feet | 3,000 feet 5,000 fest

50 100 | 200 t300 #0% f50[=; ?0(%
Night| feet | feet | foet | feet | fee 08 ee
( (day)|(day)|(day)|(day)}(day)|(night)|(day) Night| Day |Night| Day |Night] Day |Night

Mecoptera: ; Num- Num-| Numn-| Num-| Num-| Num-{Num- Num-|Num-| Num-| Num- Num-| Num-| Num-
Panorpidae: ber | b ber ber ber ber | ber ber | ber ber
Panorpa SPaeaeeoax 3

Lepidoptem'
Pieridae;
Colias eurytheme Boisduval._ .
Nymphalidae:
Phyciodes tharos form marcia Edwards
Junonia coenia (Huebner) :
Hesperiidae:
Epargyreus tityrus (Fabricius)
Antigonus nessus (I‘dwards).-
Hesperia leonardus Harris
Lerema accius (Abbott and :Smith)
TLerodea eufala (Edwards)
Syntomidae:
Cisseps fulvicollis (Huebner) -
Cisseps fulvicollis (Huebner) female... .
Noctuidae:
Heliothis obsoleta (Fabricius)..
Laphygma frugiperds (Abbott and
Smith)
Laphygma frugiperda (alive)
Fublemma oblxqualu (Fabricius)
A grapha brassicae (Riley).
Alabama argillacea (Huebner)
Tetanolita mynesalis (Walker)
Ommatochila mundula Zeller_. ..
Bomolochg sp... - :
Plathypena scabra (Fabricius)
Noctuidae, undetermined spp
QGeometridae:
Geometndne, undetermined spp
Pyralididae
Nomophlla noctuella (Denis and Schif-
termuller)
I, is (Guenée)

Geshna primordulta Dyar.
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Pyralis farinalis Linnasus.

_Elasmopalpus lignosellus (Zeller)

Pyraustinae, undetermined sp

Pyralidae, undetermired sp
Pterophoridae:

Plerophorus tenuldactylus Fitch

Pterophorus sp Y

Pterophoridas, undetermined sp
Cosmoterygidae:

Cosmoterygidae, undetermined sp...-
anegnidae:

‘asmopleryz SppP. .-

Qelechiidae:

Aristoteliasp. roseosuffusella Clemens?_

Aristotelia quinquepunctella Busck

QGelechia spp

QGelechia sp. (larvae)

Stegasta bos?uella (Chambers)

Dichomeris ligulella Tucbner,

(elechiidae, undetermined spp
Blastobasidae:

Holocera spp
Olethreutidae:

Olethreutes cespilana (Huebner).. ...

Epiblema strenuana (Walker)
Glyphipterygiidae:

Glyphipteryz impigritella Cleinens_ ...
Gracilariidae;

Neurobathra strigifinitella (Clemens)...
Seythrididae:
.~ Eupermenia sp.
Lyonetiidae:

Bedellia somnulentella Zeller?

Bucculatriz sp
Tineidae:

Tinea sp
Nepticulidae:

Nepticula sp.
Lepidopterous larvae
Microlepidoptera, undetermined spp
Lepidoptera (undetermined adults)

Total
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Hymenoptera:
Braconidae:
Microbracon gelechine (Ashmead)
J\!{)crofracon pyralidiphagus Muese-
eck.
Microbracon mellitor (Say)
Microbracon platynotae (Cushman)....
Mficrobracon punctatus Muesebeck....
Microbracon sp.




TABLE 9.—Insecls, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to October 1931, inclusive—Con.

Total {nsects Collected at altitudes of—
taken

Order, family, genus, and specles 2 | 50 200 | 300 | 400 s00 1,000 feet | 2,000 fest | 3,000 fest 4,000] 5000 feet

Day {Night| feet | feet fect | feet | feot | feot feet
(day)|(day)|(dav)|(day)|(day)cday)| (might) Day {Night| Day {Night| Day [Night|(d8¥) Night

‘Hymenoptera—Continued, Num-| Num-| Numn-| Num-| Num-| Num-| Num-| Nuimn-| Num- Num-{ Num-| Num-| Num-| Num-| Num-
Braconidae—Continued.
Microbracon 0. sp, o oicesomene. cemamn——
Zavipio.belfragei (Crosson)..
«Allobracon sp
Doryctes rufeentris (Brulls)
THeterospilus prosopidis Viereck
Heterospilus sp..
Eephylus sp
Pambolus americanus (Ashmoud) ———e
Iformius sp
Hormiopterus n, sp
Hormiinag, undetermined sp
Lysuerm LA E:3 | S
Oncophanes sp_.
Clinocentrus n. sp
Rogas nolophanae Ashmead. ...
a8 sp,

Py, y.ylemdea parksi Viereck'
Polystenidea sp
Triaspis curculionis (Fltch).-. -
Episigalphus minntissimus Ashmend..
Chelonus albobasilaris Ashmend..---.-
Chelonus texanus Cresson. ...
Chelonus sp
Phanerotoma tidialis (Haldeman)
Phanerotoma sp.
Miraz ferana Muesebeck_. ...
<Adelius coloradensis Muesebeck -
Microgaster zonaria Say
Mieroplitis felline Muesebock.
AMicroplitis varicolor Viereck.
AMicroplitis sp
Apanteles flaviconchae Riloy
Apanteles umericanus (Lepeletior)..
Apanteles marginiventris (Crosson).
Apanteles militaris (Walsh). ...
Apanteles zylinus (Say)
Apanleles aristoteliae Vlerock
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Apanteles forbesi Viereek. . _i.....

<Apanteles hyphantrine Riley.

A panieles rohweri Mugsebeck

Apanteles sp. ..

Micrognsterinne, o1, 10, sn......,-

Bassus atnulipes ((‘rowm) memammEn

Bassus erpthropuster ViereeK, o oevin o

Bssus 81 oo cee i mnnn

Blacussp. .oice

Qrgilus SPranecn.-

Ganychoruysy. ... .. e

Lelophronini, undetermined p

Diospilus sp ... ankemamannsn

Biaciune, undetermined qp e

Macrocentrus delicatus Cresson.. ......

Zelemellen (CroSsom). . vvaneevammasnas

ZeleSP . wviiil L icmenncaas ———

Oplua dimidiains Ashmenad

Opius coriacens Gahan, ., .

Opint sp....

Opiny n, :p

Guamplodon nepluulac Hohwor

Guamptodon sp

Meteorus antogrn phne he

Meteorus rulgaris (C mssun) ....... -

Perilitus Sp. cociocarnn RN o

Euphorus sp, ..

FEuphorus n, sp. .

Touphorietla sp. . o wnedemannm.

Aphuhus palygmmphls {Fiteh) .oooen.n

Aphidius bicolor Ashmead..oo oo ooa.n].

Aphidinx sp. ... PO

Lysiphlebus tesiacei] pes ((‘resson)

Diaerttus rapne (Curtis). .. coocnen o

Aphidiinae, undetermined spp....

Aphereta muscag Ashimead . oo..lion s

Aphereta sp

Ischnoearpa Sp.....

Dinotremu sp. .

Delocarpa sp. .

Spanomeris sp -

Alvsiinae, undetermined spp:.

Rhizarcha sp

New gonus, new speeies...

Daonustinge, undetormined s

Braconidae, undetormined spp...
Iehneumonidae:

Amblyteles tumidifrons (Crosson)

Amblyteles sp. near humilis (Pro-

vanecher)
]'1 mblylclt.s 'in
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TaBLE 9.—Insects, spiders, and mites collected by airplane, according lo altitudes, Tallulah, La., August 1926 to Oclober 1931, inclusive—Con,

Tottx'\al lig[s‘ucts Collected at altitudes of—

Order, family, genus, and specles 20 | 50 | 100 | 200 | 300 | 200'] 500 | oo | 1,000feet | 2,000fcet | 3,000 oot 5,000 feat

Night{ feet | foet | feot | feot | feet | feet | fect | feet
(dny)|fday)|(day)|(day)|(day)|(day)|(night)(day) Day |Night Night| Day |Night Night

Hymenoptera—Continued, Num-{ Num-|Num-| Num-} Num-| Num-| Num- Nuwm-| Num- Nuzi-| Num-| Num-{ Num- Num-
Ichneumonidag--Continaed. b beir | ber ber

Ilemiteles sp 1
Zamicroloriden .wrplncola {(Ashmend)..
Hemitoelini, undetermined spp
Gelis sp. (mnlu) -
Hoplocryptus incertulug Cushman__._.
Diapetimorpha acadia Cushman. -
Derocentrus macilentus (Cresson) -
Zaglyptus incompletuts (Cresson). -

Ephinltes aequalis (Provancher).. -

Asphragis 1. SPoeeannen

Orthocentrus sp

Orthocentrint, undetermined 5P
Diplazon lactatorius {Fabricius). .
Cymodusa enrycreonis (Ashmead)., .
Cymodiusa SPevievurrisrorcaransesonann
Sagarilis proumchzn (Dalls Torred. ...
Sagarilis oxylies (Cresson) -
Pristomerus agilis (Cresson) -

Neopristomurus metleus Cushman, _

Leptopygus sp

Mesochorus melleus Cresson. .

Mesochorus sp...... pa——

Catastenus sp..

Proclitus 5p....

Stenomacrus sp

Serphoides, undetermined spp

Diapriidae;

Belyla rugosopetiolata (Ashmead)

Acilista sp

Xenotoma n. sp. near petiolata Whit-
| £:Y 41 S

Xenotoma _n. sp. near megaplasta
Ashmead

Xenotoma sp

Belytinae, undétermined spp.

Phaenopria sp.

Falesus sp
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Lozolropa sp...

Paramesius spinosus Ashmead

Para mmua SP e iiicirnie e ————

A pnmmcsms sp

Trichopria popenoei Ashmend ... -

Trichopria sp

Ashmeadopria sp...

Diapriidae, undetermined spp
Serphidae:

Serphus sp._..
Calliceratidae:

Calliceras carlylel Giranlt___ ...

CallicernsSPevcrumrconn-n —om

Callicerasn. Sp..c......

Megaspilus fuscipennis (Ashmend) .

Megaspilis sp. v

Conostigmus Sp...
Scelionidae;

Scelio caltopteni Riley.

Seelio floridanus Ashmend

Scelio opacus Provancher..

Cacellus Spaien ..

Cerntoteleia marialti (Ashmend)

Ceratoteleia rubriclara (Ashmend).

Ceratoteleia SP.oveavunesmvn

Hadronolus ajaxr Qiranlt.

Hadronotus sp.

Macroteleia sp

Opisthacantha Sp.... ...

Paridris breripennis Fouts

Psitanteris sp.

Prosanteris SPocaan.—vivaninmass

IHoplotelein floridana (Ashmo-ld)

Trimorus bethunei (Saunders)..-

Trimorus sp.

Trimorus columbiana (Ashmcml)

Trimorug nt. sp.-

Teleassp.....

Trissacarithn §

Telensinae, undetern

Ceralohaeus SP . ceocvs s mommvnn

Baeinne, undetermined spp

Trissoleus $Puevrsronivenn

Telenomus podisi (A Ashmoad)

Telenomus persimilis (Ashniead)

Telenomus sp

Scellonidae, undetérmined spp.
Platypasteridae:

Leptacis sp

Platygaster errans Fouts,

Platygaster baccharicola Ashmend

Platygaster sp.

Platygasteridae, undetermined spp...
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TABLE 9.—Insccts, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to Oclober 1931, inclusive—Con.

144

’I‘ottu‘: 1‘;2:5100ts Collected at altitudes of—

Order, family, genus, and species
f 8 ) D o0 50 | 100 | 200 | 300 | 400 | Foo | gop | LOOOfeet | 2,000 feet | 3,000 fect 4,000 56,000 foet

Day |Night] feet | feet | feet | feet | feet | foct | feet | feet feot
(dny)|(day)|(day)j(day) (day)| (day)jinighth (day)| py, Night| Day [Night| Day | Night{¢98%)| Day |Night

Hymenoptera—Continued. Numn-1Num-| Num- Nwm-| Num- Non-)| Num-| Num-; Num-| Nuwm-| Num-| Nwm-| Nuwm-| Nwm- Numn-| Nuan-| Nwm-| Num- Nin-
Platygasteridae—Continued. ber | ber | ber | ber | b ber ber | ber | ber | be b ber
Trichacis sp.. ... e 2 - 1
Sactogaster anomaliventris 2 shmead. ..
Ceratospilny Sp.enu...o.. - —emane
Cynipklacs
Anacharis melanoneura Ashmead (fe-
mnle).
Prosaspicera lis tAshmen .
Prosaspicera sp. (fomles). .. ...
Neralsia hyalinipennis Ashinendy.. 0
Neralid@sp...l,. cdamidic meninn -
,\Jalophora sp.
Llgitessp... ..
Lonchida sp. (emales) 270
Cothonaspis sp..
Cothonuspiy sp (llu:aplnw'ﬂ) (ro-
ST ILC) R U

Eucolle <p. (males) .. oo on
Psilodora ragabunda {\shm('ml).u
Psilodora sp. (femnle) . ooouivin vo.
Kleidotome sp .. PO
Kleidotoma (llrplmnrrm sp
Tlexacola Sp.. . _.ceoi oo .
Ilypodiranchissp. ... .
Eucoilinne, undetermined s ..
Charips brassicae ( ‘\shnwnﬂg
Charips sp
Alloxysla sy
Aunlacidea sp..,
Ceroplres Sp. ©. ...
Synergus sp. (rorxlnl(‘<).
Periclistug sp
Neuroterus sp..
Andricus sp..
Cuallirhytis sp...
Compsodryorenus sp-
Aglaotomasp..... -

[N )

1
[
i
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Erisphagia $D - cuovue.. PR
Cymipidae, undetermined sp
Cynipoiden, undetermined spp....

Callimomidae:
Callimome ndvenum Osten Sacken.....
Callimome tubicola Osten Suckon....
Caltimome lividum (Ashmend) - ..
Callimome SPa e e vmenimen e cmmenn
Ormyrig sPa. e cue. . nu
Callimomidae, undete
Monodentomerinae, - undetormined
Podagrion sp.. -

Chaleididac:
Bracyhmerio sp. oo _ooead
Spilochalcis delicate (Cresson)
Spilochaleis tongipetiolatn (Ashmoend) Lf.
Spilochaleis delira (Cresson) ., .., .
Spilochalcis tarring {Crosson)
Spilochaleis S va.einnni.
Hultichelin sp.
Haltichellan.sp.. - .. ...
Chaleididae, undetermined sp.
Chaleiidoiden, undetermined spp.

. Eurytomidae:

Bruchophagus gibbus {Boheman)
Furygtoma suceinipedis Ashmend . _
Euryloma tylodermatis Ashmead ..
FUrploma S aeiman
Eurgloma 1 sp. o, ... oo leaus .
Furytomidae, undeternined sp.._....
Harmaolita websteri (oward)
Harmolitasp. ... 0. . ...
Bruchobius luticeps Ashmend,
Rileyn sP.oe. cve e
Decatoma bicolor Ashmoend.
Decaloma vaceiniicola Balduf,
Decatoma varians Walsh. .
Decatoma sp

Perilampidae:
Perilampus bakeri Crawford. ...
Perilempus platygaster Say-. .. ..
Peritampies pranifesis Crawlord .
Perilompus fulvionriis Ashmead.
Perilnmpuysp. ..

Miscogasteridne:
Miscogaster SPaeanua..
Hulticoptera aenea Walker..
Lelapinae, undetermined sp... cwene .o
AMiscogasteridae, undetermined sp. ...

Cleonymidae:
Cleonymidae, undetermined 8P sennen

NV ‘SYTaIas ‘sInm
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TABLE 9.—TIisects, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to October 1931 , tnclugive—Con.

9%

Totﬁlé:;ects Collected at altitudes of—

Order, family, genus, and speties 100 | 200 | 300 | 400 | 500 | oo | 1000 feet 2,000 oot 3,000 foet ' 5,000 feet
Night foet | feet | feet | feat [cn; feet :
( (dey)|(day)|(day)|(day)i(night)|(day) Night| Day |Night| Day [Night Night

Hymenoptera~—Continued, [ Nu Num-|Num- Num-| Num-} Num-| Num-| Num-| Num-
Pteromalidae: b y ber ber ber ber
Eupleromalus tachinae Gahan 3 - -
Eupteromolus rviridescens (Walsh).
Eupteromatus sp
Habrocytus langyrine Ashmend..
Ifabrocylus sp
Zalropis incertus {Ashmead)
Zalropis Spa...«
Merisus sp..
Pleromalus archippi Toward...
Pleromalus sp .
Pachyceras zylophagorum Ratzeburg...
AMUYMErUS SPeee i imormnt cemeaas
Catoluccus hunteri Crawford..,
Coelopisthin forbesi (Dalla 'I‘orre) ......
Coclopisthia sp
Pachyneuron allograptae .\shmeud
Pachyneuron tezanum Qirault .
Pachynecuron siphonophorae Ashmead .
Puachyncuron altiscula Howard
Pachyneuron sp
Ieteroschema sp
Psilocera sp
Asnphes sp
Polyscelis sp..
Systellogaster sp.
Syntomopus americanys A shmen
Sphegigasterinne, undetermined
Pteromalidae, undetermined spp.__.._
Eupelmidae:

Anpstus redurii (Howard)..
slnastus sp
Eupelmus sp. near biguttus Gira
Eupelmus eynipidis Ashimead
Eupelmus cyaniceps Ashmead..
Eupelmus charitopoides Girault._.
Eupelmus auratus Ashmead
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Lupelmnus allynii {French)
Eupeluus pope Giranlt, ... [
Lupelmus rosae Ashmend ..o
Lupflmus L] SO
Eupelinus n, sy
Lupelminag, umlctcrmined 73] s D
Eneyrtidae:
Aphycus sp.
Bothriot* orax sp.nearinsularis Howard.
Cheilonerus alhicornis Howanl
Cheilonerus lineascapus Gahan. ...
Copidosoma fruncatellum (Dalman)...
Copidosomn sp........ s
A phidencyrtus aphidic orue (\[m r) .
Blastothrir sericen (D lman)
Homalotylus {erminalis (Say)..
Homalotylus laminius (Dalman)...
Houmluwlus ] 4 J U,
Isodromus fceryae Howard..
Pentelicus n. sp
Chrysopophngus campremconus Ash-
b T T S O,
Chrysopophagus sp
Meroleryssp. ...
P.tyllnfplmgns sp
bvrplmphnau: 231 SO
Zanmentyrius sp . nnn..
Eneyrtidne, undetermined ¢ spp
Spalanciidae;
Spalangia rugosicollis Ashmead
Spatungit P ecireamenmeecinmmmcnann -
Elasmidae:
Elasmus sefosiscuteliatus Crawford ...
EARSMUS SP e emmccmmimmm e s
Eulpphidae;
Arysocharis sp.,
Cirrospilus \p._._-....-.
Closterocerud Sp. cv anue
Comedop  brevieapitatus (Cook
Davis)
Comed0SP..ciemmn,
Derostenus fullawa vi Crawford.
Pleurotropis Spae-.. ..
Euderus subopacn ((}'\h'm)-,.-
Euilertit 8p .o evmecicacan -,
Euderus n.,sp
Sympieris metacomet Crawlord. .
Sympiesis lineaticora {liranlt.
Sympiesis massasoil Crowflor
Sympiesis guttiventris Girault .
Sympiesis 8P auion . s S
Tetrastichus pulchrwenlm Girnult.
Tetrastichuschrysopae Crawlord.

—
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TABLE 9.—TInsects, spiders, and miles collected by airplane,-according to altitudes, Tallulah, La., August 1926 to Oclober 1931, inclusive—Con,

87

Tottnallig[s]ucls Collected at altitudes of—

Ordor, family, genus, and species
» oLy penus, P 20 | 50 | 100 | 200 | 300 | 400 | s00 | soo | LOOOfeet | 2000 fect | 3,000 fect 5000 feet f Over

Day Nighl(foet. feot | feet | foet | feot | feet feet

fect,
day)|(day) (day){(day)| (day){(day)|(night){ (dny) Day {Night| Day |Night| Day [Night Day |Night ((rlc:)‘i)

Hymenoptera—Contivued. Num-| Num-| Num-| Num=-| Num-( Num-| Num-| Nuw-| Nuan-| N} Num-] Num-| Nunt- Num-| Nwogn- Nuan - Num-| Xwm-| Num-
Eulophidne-Continued, ber | ber | b b b b b ber | b b b b ber er
Tetrastichus hagenowi (Ratzoburg) ... 1
Telrastichus sp e 142
Tetrastichinne, indetermined sp.
Euplectruy comstockii Howard
Luplectrus platyhypenae Hownrd.
Euplectrus sp i
Gyrolasia nigrocyanea Ashniond ..o, ..
Zagrammosoma  multilineatus (Ash-
ST T4 R S
IHorismenus fraternus (Fitch)
Horismenus'sp
Meclittobia sp., .
Aprostocetns SpL....
Galeopsomyin 0. sp. ...
Entedoninae, undetormined spp.
Elachertinae, undeiermined spp..
Eulpphidae, undeterminoed spp...
Mymaridae:

Amnagrus orifentatus Crosby and Teon-

'S 0 ‘g9 NITWTING TYOINHOAL

Ft o S PR
Amnagrus pallidipes Ashmend
Gonnfocerty 8P avasonnn R,
Polynemna Spavecmaan —bmbeman -
Mymaridae, undetermined spp...

Evanildae:
Erania semacoda (Bradlsy)
Hyptia floridana Ashmend
Psammocharidae:
Ceropales longipes Smith..
Aporinellus fasciatus (Smith). .
Cryplocheilus pallidipennis Banks
Prammochares  (Pompiloides) ~mar-
ginatus (Say)...
Anthioboscidne:
Sierolomor pha sp

HINLTAOINOV d0 "IdEd




Tiphiidae:
Tiphia sp
Myzinesp..
Mutillidae:
Mutillidae, undetermined sp
Formicidae: o
Pornera opaciceps Mayr (winged
queens)

Ponera opaciceps Ma)r (winged fe-
males)

Ponera opacxccps Mayr (winged
INYBS) Lo Lottt an el e

Ponera trigona var, opacior Forel
(queens). ...

Ponera trigong  var, opdcior Forol
{WOTKerS) cvv cmamecmsmiomanccmansnmnn

Ponera courctatu subsp. pennsylvumcn
) 53314 N [ U

Monomorium . minimiiin Buckley
(winged queens). . ooepaanienlouaa

Monpmorium  minimim (Buukley)

GE-——£0LL0T

ANV ‘Suaaras ‘STOUASNT

quwns)
Solenopsis zulom McCook (winged
males
Crematogaster sp. (winged males)..
Pheidole dentata Mayr (workers)
Pheidole dentata Mayt (winged males).
Pheidole sp. (worker)
Leptothoraz sp. (winged male).
Aphaenogaster sp. (workers)
Mjyrmicinae, undetermined
(winged males)
Tapinoma sessile (Say) (worker)
Iridomyrmezr pruinosus var. analis
(André) (worker)
Prenolepis  Nylanderia) sp. -(workers).
Pmmlcpm ( 7\"x/lrxndcria) sp, (winged

IV THEL NI STLIIN

. (wiugcd

Lasius sp. (winged male)
Camponotuy caryne var.
‘Emery (worker)
Camponotus sp. (winged mme)
Formicidae, undetermined spp.
(workers)
Formicndae, undetermined spp.
(winged males




TaBLE 9.~Insects, spiders, and mites collected by airplane, according to allitudes, Tallulah, La., August 1926 to Oclober 1931, inclusive—Con.

0¢g

Tot{.\;églsle cls Collected at altitudes of—

Order, faniily, gonus, and species 50 200 400 500 1,000 feet 2,000 feet 3,000 feet. 5,000 feet

Night foot feet feet | feet
(day) (day) (day)|(night) Day |Night| Day |Night Night Day [Night

Hymenoptera—Continued. Num- Num- Num- Num-| Num- Num-|Num-| Num-| Num-| Num- Num-|Num-
Bethylidae: ber ber | ber ber | ber
Perigierola cellularis (Say) 1 1 1
Perinierola cellularis punctaticeps
Kjefler. .-
Perisierola cellularis var. gracilicornis
Kiatler,
Perisierola sp
Goniszus platynolae Ashmead.
Goniozus sp
Plastanorus laevis (Ashmead)
Epyris sp
Psilepyris sp.
Rhabdepyris sp.
Anisepyris sp.._-
Dissemphalus ranthopus Ashmead._ .
Dissomphalus sp
Aphelopus comesi Fenton._
Aphelopus sp
Anteon sp
Chelogynussp. ..
Laberius lengitarsus (Ashmend)
Gonatepus sp. (male,
Anteoninag, undetermined sp..
Bethylidae, undetermined spp
Vespidae:
FEumenes sp. -
Polistes  fuscalus var. - rubiginosus
Lepeletier
Sphecidae:
Tachytes sp
Larrinae, undetermined sp
Psen sp....
Alyson melleus Say
Adrenidne:
Halictus ligatus Say. .
Hulictus coreopsis Robertson.
Halictus rugosus Crawford

C0 1D B i b DD €0 R O et bt BT i 1D b i B DD
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Halietus stultus Cresson
Halictus allitarsis Cresson
Halictus disparilis Cresson._.
Hulictus lepidii Graenicher.
Halictus (Chloralictus) sp
Augochlorella striata (Provancher)..._.
Augochlorella pura (Say) ..
Agapostemaon radiatis (Say)
Sphecodes sp
Anthophoridae:
Melissodes bimaculata Lepeletier.
Melissodes sp.
Bombidae:
Bombus americanorum (Fabricius)
Apidae:
Apis mellifera Linnaeus
Apoidesa, undetermined spp
Hymenoptem, undetermined spp

Total

Diptera:

Tmulldne
Limonia (Rhipidia) SP_.eiciomeeocieoan
Limonia rara (Osten Sacken)
Limounia (Dicranomyia) sp
Erioptera paroa Osten Sacken
Erioptera sp
IIelobm hybrida (Meigen)
Gonomyia sp.
Epiphragna Jescipennis (Say)
Tipula SPPovaee--
Tipulidae, undetermined spp.

Culicidas:
Chabarus punclipennis (Say)
Anopheles guadrimaculatus Say.
Culez spp. -.
Uranolasnia sapphirina(Osten Sneken).
Psorophora . columbiee (Dyar - and

Kunab)

Psorophora (Janthinosoma) sp.

Aedes vexans (Meigen)

Aedes spp

Orthcpodomyia signifera Coqmllett----

Culicinae, undetermined spp.—..

Culicidae, undetermined spp.
Psychodidae:

Psychoda sp

Psvcho’hdue undetermined-spp
Chironomidae:

Tanypus punctipennis (Meigen)

Tanypus stellatus Coquillett

Tanypus sp

MIV IHI NI SELIW ANV ‘SYEdIds ‘SIOESNI




TaBLe 9.—Insecls, spiders, and mites collected by airplane, uccording to eltitudes, Tallulah, La., August 1926 to October 1931 ;. tnclusive—Con.

cs

TM&I lingIOCtS Collected at altitudes of—

Order, family, genus, and species
2 50 | 100 | 200 | 300 | 400 500 1,000 feet 2,000 feet 3,000 feet 5,000 feet

Day {Night! feet | feet | feet | feet | feet | feet feet
(@ay)| (duy)| (day)) (day)| (day)| (day) (night) Day |Night| Day {Night| Day [Night Day [Night

Diptera—Continued. Niem-| Num-| Nuan-} Num-| Num:<| Num-{ Num-| Num-| Num- Nim-} Num-| Nom-| Num-| Num-| Numn-| Nuwi-| Num-
Chironomidae—Contimied. b b b b ber ber ber | ber | b b ber
Procladius bellus (Loew)
Clinotanypus concinnus (Coquillett) __.
Clinotanypus scapularis (Locw)
Clinotanypus sp
Cricolopus sp
Tanylarsus sp
Chironomus halleralis Coquillett._.___.
Chironomus needhami Johannsen
Chironomus perpulcher Mitchell.
Chironomus sp .
Pentaneura illinoiensis (Mallgeh)......
Pentaneura sp
Spaniotoma sp
Chironomidae, undetermined spp
Ceratopogonidae:
Culicoides biguttatus (Coquillett)
Culicoides variipennis (Coquillett)
Culicoides multipunctatys Malloch____
Culicoides crepuscularis Malloch. ..
Culicoides sp.
Ceratopogon sp
Ceratopogoninae, undetermined spp...
Forcipomyia pergandei (Coquillett)__-
Forcipomyie squamipes (Coquillett).. .
Forcipomyia sp.
Palpomyia subasper (Coquillett)
Palpomyia sp
Stilobezzia coquilletti Kiefler. ..
Alluaudomyia splendida Winnertz.
Atrichopogon levis (Coquillett) . .
Atrichopogon sp. . ... oo
Dasyhelea grisea (Coquillett)
Dasyhelee sp
Cecidomyiidae:
Ceratomyia sp.
Colpodia sp...
Dasyneura sp

FIALTAOIYIV A0 *TIAC S *A ‘€9 NITETING TVOLNEHOEL




Asphondylia sp

Diplosid sp. (group Bifili). .

Diplosid sp. (group Trifili).

Diplosid sp

Cecu]omvndnu undefermined SPP aane
Mryeetophilidae:

Cordyla sp..

Frechio P voeme v

Mycetophilidae, undetermined SPPae-
Sciaridae:

Fugnoriste occidentalis Coquillett

Jugnoriste sp

Scinra jucunda Johannsen...

Sciara copraphile Lintner.

Seiara sp

Sciaridne, undctermmed spp_-
Bibionidae:

BIbioSD . iciaviinnie el e e ma e ana

Ditophus breviceps Toew..

Dilophugspe. . cveun..

Biblonidae, undeternined appv R,
Scatopsidne:

Reichertella sp

Scntopsidne, uudetcrmmed spp,.. -
Simuliidae:

Simulivm meridonale RileY. ... counee

Stmulinm occidentale Townsenud

Simulium sp

Simuliidae, undetermined spp
Stratiomyiidne:

OdONIOMYIT SP e e cemmee ool e

Nemotelus s

Stratiomylidae, undetermined spp. ...
Tabanidae:

Tabanus mularis Stone

Tabanus sp
Bombyliidae:

B U7 115 o U

Systoechug Sp. cueeenn

Sparnopolitts SPowecceieomiemanianina .-
Threvidace:

Pisilocephala s .eollcniz Mre s amm
Scenopinidac:

Scenopinus $p.._ivaqen- canime.

Seenopinidae, undetermined spp ———
Asilidae:

ALOTO8IA SP e e A ————— -
Dolichopodidae:

Sciapus sp i

ChrySOLUS SPevecnmenncanacman -

Argyra sp..

Raphim SP_ceneeeaancas .-
Nothosympycnus sp. ...

UIV THI NI SHIIIN ANV ‘SHNdIIS ‘STOUSNI



http:Diplo.id

2

TABLE 9.—Insects, spiders, and miles collected by airplane, according to altitudes, Tallulah, La., August 1926 to Oclober- 1981, inclusive—Con.

Tota:lifclgecw Collected at altitudes of—

Order, family, genus, and specles
' ’ 20 50 100 | 200 | 300 | 400 50 | 600 1,000 feet 2,000 {eet 3,000 feet 4.000 5,000 feet

Night| feet | feet ; feet | feet | feet | feet | feet | feot feet
{day) | (day)} (doy) | (day)] (day)} (day)|(nighit)] (day) Day |Night| Day [Night| Day [Night (day) Day |Night

Diptera—Continuned. Num-| Num-| Num-| Num-} Num-| Num-| Num-| Num-} 2 Niom-| Num- Num-| Num-} Num-[ Num-| Num-| Nuin-f Num-; Num-
Dolichopodidae~ Continued. ber | b b b ber
Thryplicts 8P ecvensmnenn e
Hydrophorussp . 1
Gymnapternus sp 23
Lelastoncurus tagans Loey :
Pelastoneurtig SPaav. wivarn. .
Dalfchopodidae, undetermined spp....
Empididnre:
HYDO8 SPosomis v mnin wimbmia RS
Empis sp..
Drapetis sp.. ..,
EmmdidnL. undetermined sm)
Lonchopteridae:
Lonehopteridae, undetermined spp. ..
Phoridne:
Megaselia sp
hora SpPee - .
Phorldae, uudetermincd <pp
Platypezidae:
Platypeza sp
Pipunculidae:
Pipunculus sp
Pipunculidae, uudemrmlncd b])p
Syrphidap:
Chrysogasier sp
Paragus blco!or Fnbricim S
Baccha fascipennis Wiedemann .
Baccha SPe,ocpianeioan laiann
Syrphus americanits \Wisdematin,
Xanthogramma $Dveveneaenawn
Tazomerus polita Soy.....
Toromerus marginatus Say ..
Toromerus sp
Allograpta sp.
Sphacrophoria
Liristalis tenaz (
Eristalis sp..
Syrphidae, undetermined spp.
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Tachinidae:
Doryphorophaga doryphorae (Riley). ...
SUUTIIA SPiwameccmrmacmnbmeean
Atyophasia sp
Gonia ferana Rondum..-

Cuphocera Sp
Alophora sp.. .. cvouan
Tachinida, ANdeterminea spp. oo

Sarcophagidae:

Sarcophaga opifera Coquitlett..... ..

Sarcophaya salva Aldrich.. .l ...

Sareyphaga australis Aldrich. . ...

Sarcophaga quadrisetosa (‘nqnmct( .

Sarcophaga rapar Walker ...

Sarcophaga therminjeri Robin enus
Desvoidy. cevaomunses

Sarcophaga lgakei Hall ...

Sarcophuga tenuiventris Va

SarcoPhagn SPezocamevercnnn e eum

Macronichin SP. e eevommwcssan

\[llwgmlmmnne undotormmod 51 .

Sarcophngidae, undetermined sp

Calliphoridae:

. Cochliomyia macellaria (Fabrictus) ...

Muscidae:

Stomorys calcitrans (Linnaeus)

Morelliasp...-... welemarann

MUSCINA SP e ecccieonmsnas

Afuseidae, undetermined wp
Anthomyiidae:

LiSPASD - cminamanns

Iylemyia sp

Lispinae, undeter mined sp.

Fanniinae, undetermined spn. -

Authomyiinae, undetermined spp.-.._.

Anthomyiidae, unidetermined spp....

Seatophagidae:

Seatophagidae, undetermined spp

Helomyzidae:

H-lomyzidae, undetermined spp

Borhoridae:

Sphaerocera spp
Leptocera frontinalis (Fallen)..

Leptocera sp

Borboridae, undetermined spp
Sciomyzidae:

Tetanocera sp..

Sclomyzidae, undetermined spp
Sapromyzidae;
Sapromyzidae, undetermined spp.
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TaBLE 9.—Insects, spiders, and mites collected by airplane, according to altitudes, Tallulah, La., August 1926 lo Oclober 1931, tnclusive—Con,

Total inseots Collected at altitudes of—

20 50 | 100 | 200§ 300 | 400 | 500 | 600
Night} feet | feet {feet | feet | feet | fect | feet | feet feat

Order, faniily, genus, and specics 1,000 feet 2,000 feet 3,000 fect 4,000 | 55000 feet
) f
(ny)| (dny)| (dny)| (dny) (duy)) (duy) |(ight)} ()| pay [Night] Day [Night] Day [Night| @99 Day [Night| (3

Diptera—~Continued. Num-{ Nl Num-{ Num-| Num-| Num- Nuwm-( Num-| Num- | Num- Num-| Num-| Nun-| Num-| Num-| Num-| Num-} Numn-
Otitidae: ber | b b ber | ber | ber | ber | ber lier
Rirellia sp - 1 1.
JFuzesta nolate Wiedemann..... 1 1
Buzesta sp . 3
Otitidae, undetermined spp
Trypetidae:
Paracantha cnlta Wiedemann.........
Tomoplugitt-SP e cvmen s lcaner .
Neaspilota 8P mviiee oo
Trypanea daphne Wicdemann.
Trypanea bisctosa (Cocuillett) .
Trypanea mevarna Walker. .
Trypanea sp
Tephritis sp. N e
Trypetidae, undetermined spp.
Sepsidae:
Sepsis violacen Neigen
Sepsis sp
Nemopoda SPe .. o.- .
Piophilidae;
Piophilia spcie ceniinn -
Psilidae:
Psilidae, undetermined sp
Ephydridae:
Dichaclasp.._ ... .. .
Scatella sp -
Ephydridae, undetermined spp
Chloropidae:
Meromyza sP_ e ccecennidan -
Chlorapisca sp.
Chlorops SPe aenn
Rippelates texanus Aldrich
Hippelates pallipes Loew
Hippelales sp.._.
Madiza sp ST,
Oscinella-corendir (Fitch)
Oscinella sp
Qscinis sp...

o en
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Elachiptera nigricornis (Loew)..

Elachiptera sp...

Chloropidae, undetermine
Drosophilidae:

Chymomyza amoena Loew__.

Leucophenga varia Walker

Drosophila melanogaster Meigen

Drosophila Spe-npmvnee

Seaptomyze adusta Loe

Scaptomyza sp

Drosophilidae, undetermined spp
Milichiidae:

Desmometopa m-nigrum Zetterstedt. ..
Ochthiphilidae:

Leucopis sp
Agromyzidae;

Agromyza virens Loew

AGrOMY20 SPee coeeciuncsnamns ann

Agromyzidae, undetermmed spp
Diptera, nnrccogmmble SPPwemnen ORI X

ot oot miie e aas -

Siphonaptera:
Pulicidae:
Pulez irritans Linhaeus

Unrecognizable jusects. 2, 0 1,444

Grand totol .o o_iieiie L2o.124,550 13, 13,366 3 , 7 2, 357
Total time flying, minutes._._.._.[51,178 |G, 790 83 (10,277 ' , . 9, 767 |1, 248 10,1021, 3 1,165
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TaBLe 10.—Insecis and spiders collected by atrplane ai allitudes over 5,000 feel,
Tailuiah, La., 1926-81

Calicgted at sltitude of—

Qrder and spacies
peet 4,000 | 7,000 | 8,000 0,000 JU.UDOEII,UOOI 12,000 13,G00] 14,008( 15,000
feet | feet § feol | foet | feet | feor | feet | fuet | feet | feat

N Numi-l Nuwg- Nown- N, Nuw- Nuww-| Num- Nume
Araneida: |2 i &7
Linyphildoe, undetermined sp
Thomisidas, nndelerniingd sp,
Salticidae, undalerningd sp,
Araneids, unrcvopnizobio spp
Thysuauru:
Jepisane sp_
Collembola;
Jgurietictla sp
Corrodeniia:
Psocvdag, umdetermined sp
Lachesitla pedicniaris,
Thyssuoptari:
Frankiniella tritici
e plothrips gruminis
Heteropiteri:
Corgidag, {uudetermined wywiph)
Lygacus bicrucis

recheluy cineress.

Origy inaidiosns ..

Prigunotyins sp

Heteroptera, undeicrniue

Homoptern:

Agetiia constrict. . -

XNestacephafaus purdicarius. .

Lieltocephatus australis

Macrasteles divisus

Impoasca fobee

Lmpoasc erigeron. .

dmpoesea s, {funole)

dSrpthronieara spp

Alegamelus sp

Liburaiella arauta, .

Itiphacodes spp

Aphetera sp toroindly reaziel var,
mefzaring

Hachypeytly coltidis-gemmy . _

Haplla vp

S b Phis goasypii __ .

Ajphid, virdetormived spo..

Aphiidae {undetermined adolisy,

Homoptery {undetormined udnly

Coizoptern:

Puchys spo_.

Dechrus pusio. _..__

Stenaceflun taniftlug. | .

Aleocbarinae, undeterived spp..

Athele spr

Crypads sp

Progoderma sp. {live Inrva)___

Cerlicaria sp ————

Ll gitlu floridesia

Liabrotica viftute. ...

Hrachplarsus pesfitus, -

Colennters, undetornined 5
U ymenoptara:

Afierobracan sp

Bruconldue, pndotermined sp

Jhaenopriv sn._

Diareiidne, vodalermioed sp

Callicerax gp -

Felenomuy sp

Joeptuels sy

Flalygaster sp..

Cothtinaepiz sp o . . _.

Croipldae, nudetorming! gn

Frichynenron siphonaph

I’ac.f.-‘r.me{xmu ]

PFPHODBIGHE 51
Encyrtidae, vndatormined sp
Clasteroceris sn
Felrastichnx s
alynema spo .. oo .
Hymenonlers, otormingd sp__..
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TaBLE 10.—Fnsecis and spiders collected by airplane al altitudes over §,000 feal
Taltulah, La., 1926-31—Conlinued

Collepted at altitude of—~

COrder aad species

G,moff.ooﬁs,ooo 9,:}00'10,&00111.{:-90[12.000 1-1.000'
fecl : feet | feot | foet ! ofcet | feet § leet feat

- Num- ;\'u:::~! ‘\'um-l Natar-t N Nust-pNam-
Diptera:
Tipulidee, undeterraioed sp
Cufbentder Spr. . e iameaan
Ceoratoporoninne, sndetermined sp
Chiroripmus 5p. .
Spariotona sp 1
Chirgnoinidae, undetennined spp. 3.
Cocidormnyiidue, vadolermbned sp._
Myeetppliilidog, undelenmbned spis
s 1 4 3T
Seiarfd e, unidetermived sp.
P L o P
Daiwchapedidag, eodetermiped spp i
AFegaselia S|P oo e
feplocera s, .
Seefellt 1L oo aoaoan
Ephydrklae, undetermined sp
Hippelntes pallipes Lw
Afadiza sp
Orcinelle cozendic
Chaetnds s ..
Elachiplera nigricorniy.. -
FoRrhEPera B L e ceee o oo amayacn -
Chloropidue, undeivemined spp_.
Diptern, undelermined spp
Unrecopaizatde inseets. ...

WINGED FORMS
ORTHOQPTERA

Of the order Orthopters 13 were taken in the day flights and 3 at
night. They were found scatteringly from May to November, inclu-
sive. In the day colloctions two specimens of a cricket (Tridactylus
minutus Scudd.) were faken in June and July 1929 a* altitudes of 200
and 1,000 feet, respectively. Four specimens of ine red-legged grass
hopper (Melanoplus femur-rubrum (Deg.)) were collected in September
and October at altitudes of from near the surface to 1,000 feet. This
species is very destructive, causing scrious damage to crops. The
other species of grasshoppers taken 1n the upper air were one specimen
of Teltigiden acuie Norse at 2,000 feet, and three specimens of T.
lateralis {Say), two at 1,000 fect and one at 2,000 feet. Two unde-
termined species of Orthoptera were taken at 200 and 2,000 feet. At
pight one cricket, Nemobius carolinus Scudd., was taken at 1,000 and

two at 2,000 feet.
CORRODENTIA

There were 78 specimens belonging to the order Corrodentia taken
in the upper air. Seventy specimens were represented in the day
collections and eight in the mght. The families Psocidae and Atro-
pidac and six determined species were represented. Corrodentin ap-
ggamd in every month of the year, but were more abundant in April,

ay, and November, The family Psocidae included the majority of
the specimens taken. Several species belonging to this order are of
economic importance and are known as booklice, being pests in libra-
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ries and muscums. One particularly annoying species, the booklouse
(Troctes divinatorius (Mull.)), was taken in the upper air at 1,000 feet.
One Trogium pulsatorium (L) was taken at 5,000 feet. One Psocus
tnornutys Aaron was taken at 3,000 feet. Thirty-one specimnens of
Lachesilla, pedicularia (1..) were taken in the day llights at from near
the surface to 10,000 feet. Two were found at night at altitudes of
500 and 2,000 fect.

ISOPTERA

The order Isoptera, or termites, was represented in the day collec-
tions only. There were 10 specimens taken in the upper air at alti-
tudes ranging from near the surfnce to 3,000 feet.  Reticulitermes vir-
ginicus Banks was the only species taken, with 13 specimens in April
and 6 in May. On the dates of these colleetions great numnbers of
termiites were visible in the air.  Jtis not appropriate to reler to these
swarms as “nuptial flights” sinee the sudden appearances of termites
In the air are merely colonizing flights, or » means of dispersul (68).
It s only on these Mghis that termites come out into the sunlight and
above ground. The wings are shed before the adult termites are
sexually mature, and mating does not take place at the time of swarm-
ing. The females form new colonics, nover returning to the colonies
from which they came, Unless carried by the wind, {ermites do not
fly very far. The great majorily of the colonizing adults of the genus
Recticulitermes, alter a short vacillating ftight, alight or fall to the
ground and lose their wings. Spocies of this genas always swarm
during the daytime. The dates of swarming vary with ihe species,
the geographicn} location, and the season. The nctunl dates of the
month are of no importance, as there may be swarms from one colony
distributed over a period of severnl weeks. Termites were collecied
in the upper air from Apri} 8 to 22 in 1930, and on May 21 and 22

in 1931.
EPHEMEROFTERA

The order Ephemeroptera was represented by 10 specimens taken
ab altitudes ranging from 200 to 3,000 feet in the spring and summer
months, with equal numbers for the day and night collections. One
specimen of Caenis hilaris (Sav) was found at 2,600 feet in the day-
time, and one speciinen of Cuenis sp. was taken i the day at 200, and
one ab 1,000 feet, and two at night at 500 and one at 3,000 feet. A
species of Heragenia was collected at 200 feet, and one of Lophemera
at 2,000 feet in the daytime. "P'wo undetermined spocies of Ephemer-
oplera were collected at 1,000 feet at night. The Iiphemeropters are
juite mmportant as food for fishes, as the nymphs feeding on living or

erd aquatie vegetation in lnkes and bayous are very abundant.
Often great numbers of Mayfiies, cspecially species belonging Lo the
genera Caents and [leragenia, were seen under street lights in Fallulah,
and by morning the wulks and pavements would be covered to the
depth of an inch with the dead badies of these fragile and short-lived
adults.  Although they were often so thiek in the air that they beeame
a general nuisance in s{ores and on the streets, com paratively few were
taken in the higher atmospliere.

HIONATA

The order Odonata appeared only in the day collections, 21 speci-
mens being collected belonging to this order. Odonata were taken
In the spring and summer months and two specimens in Qctober ab
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altitudes of from 20 to 3,000 feet. The dragonflies taken at 200 fcet
were one specimen of Perithemis tenera (Say), one Libellula vibrans .,
four Pachydiplaxr longipennis (Burm.), and one undetermined species.
At 1,000 feet there were collected one specimen of P. longipennis and
two undetermined species of dragonflies, Damsel flies were collected
at 20 to 3,000 feet, with one Lnallagine sp. near the surface and one
Anmmalagrion hastatum (Sax) at 20 {eet, two at 200 feet, and three ot
1,000 feet. Dr. Needham, who determined the apecies of Odonata
collected i the upper air, stated that he was surprised in studying
them to find that the moest abundant species was cue of the smallest
weaklings in_the whole order, sAnvmalagrion hastalum. Airplane col-
lecting explaing the wide distribution of this specics, which ranges [rom
Cannda to Argentina and which is always very local in iis distribution.
Dr. Needham stated that hie had never seen one flying higher than the
tops of the spikerush in the seepage pools that arve its home. Three
undetermined species of Zygoptera were colleeted at 200 feet and one
at 3,000 feet.

During the summer and carly in the fall the writer has seen dragon-
flies flying at altitudes as high as 7.000 feet. Dragonflies are very
rapid fliers, and the writer has observed these gauzyv-winged insects
keeping up with the sirplane or even darting shead at times when
the airplane was flving at 90 miles or more an hour. The species,
as nearly as could be determined from the cockpit, wns the big green
darner, dArar s {Druy. Thus it is to be expected that very few
speeimens would be taken in the upper air, beeause of their Tapid
flight and their ability to dodge the on-coming airplane.  Diragonilies
are considered useful inseets, as they destroy many injucious insects,
especinlly mosquitors.  They may be seen in great numbers flying
at dusk, when mosquitoes and nightilying insects are especially active
m the air.  The nyimphs also furuizh a food supply for fishes, and on
the other haid it i< known that the larger dragonily nymphs linbitually
eat very young {izhes,

THYSANOPTERA

The order Thy~unoptera was represented by 08 specimens. of which
91 were collerted in the npper air during the day and 7 at night,
They were colleeted from Nareh 1o October inelusive, aud were nost
abundant I Juue. Thysosoptera were taken at altitudes rauging
frm near the surlaee to 11.000 feet. The families repre<ented were
Thripid e, in which <ix deterndned species were taken, amd the family
Phlucothripidae, of which there were elelt deternmined spocies.  Of
the Thripidace, the fower theips cFranldan ity titiel - Fitely 1 was the
most ahundant ~pecies tahen, 19 heing eolleeted in the daytime and
Jul npight. Specimens of t1d< specios were colleetod as hich as 10,060
feet. Tlis is u very important ceolode spreics which daes mueh
danuere (o yonne cotton and ather ereps, Twu speeimens of the
{obreeo thrips F. fasca s were tahen ot 200 feel, {wo at 1,000
and two at 2000 feet. This speetes of theips oeenrs on seedling
colfan, and has been very destrnetive in South Caroling and no
doubt is resporsible Tor o Turee pereentase of the thrips dunage (o
catton 2. OF the Phineathripidae, Livtkelips corpee (Fiteh) was
most abundaint, 12 specimens Linving beeu ealleeted, 3 in June and
§ in July, {rom near the surface (o 1000 feet. ‘This species oeeurs in
phylloxers galls on hickory and is probably predncious.  Eight speci-
mens of Leplothrips meli (Fiteh) were taken m the day flights in June,
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July, August, and October af 20 Lo 2,000 feet.  This species is known
as the “black hunter” and is preducious on thrips, lice, ete. Five
specimens of Tfaplothrips graminis Uood were collected, vne at 200
feet, two at 2,000, one at 5,000, and one at 11,000 feet.  Many spocies
of Thysanopters are very scrious pests of [ruit, vegetables, flowers,
and [ield crops.

HETEROPTEILA

The order Tleleroplera was ropresented 1n the collections of inscels
of the upper atr by a tofal of 1230 wpeeimens. OF this number 1,080
were collected in the day llichts and 179 at nieht.  Ileleroptern were
foundl in every month of the vear, with the greatest numbers in Oclobor
and the next largest in May. Speeimens were collecled ot every
altitude up to 11,000 fect. Nineteen families, 03 genern, and 08
determined speeies were ropresented.

Twenty specimens of the negro bug, Cllocoris {(Thyriaeoris) puli-
carie (Gernuy {(Cydnidaed), were eollected in the day flights. They
were (aken at 20 to 5.000 feet, from March to Augost, inelusive. with
the largest numbers in Mareh and June.  These snall shiny black
bugs, similar to heetles in appearanee, are known to atiack ripe fruits
of raspherry and blackberey. Two specimens of the spined soldier
bug (Puodisns maewlircntris (Saxyy (Pentatonmidae) were taken, one
each in Mareh and April, at 1068 feet in the day flights. This is a
beneficind predacious insect.  One Lleasa armdger (323) (Corekdac) was
caught in June in the daytime at 1,009 feel. This is an injurious spe-
cies. Thirteen specimens of Corlzas lopdinus (I8 (Coreldaey woere col
lected at 200 to 5,000 feet in the day fighis, and four at night at 500
to 5,000 {eet. Fourteen specimens of Lygueus bicrueis Say (Lyaacidae)
were taken in the doytime at 200 to 7,000 fect and four al night, three
at 500 feet and one at 1,000 feet. LKighteen speelinons of Nysius
californicus Stdl (Liygaeidae) were collected in the day flights at 20 to
2,000 feet, and one at night at 1,000 feet. This species i3 very inju-
rious, especially to beets.  Fifty-three specimons of Nysius ericae
(Schilll) were collected from near the surface to 3,000 feel, with the
greatest numbers taken in July and Ocetober. One specimen was found
at night at 500 feet. This species is of ceononiie importance. Speei-
mens of Ischrorhynchus resedae (Panz.) (Lyeacidae) were collected
mostly at the higher altitudes, with three specimens at 200 feet, three
at 1,000, six each at 2,000 and 3,004 lect, and three at 3,000 foet, all
having been taken in the day flights and mostly in the winter end
spring months. This species often canses damuge Lo plants, especially
to azeleas.

Twenty-four spectmens of Blissus leucopierus (Sny) {Lyeacidae)
were collected in the day flights at altitudes of 20 to 3,000 feet, and
the species appeared from April to Novemboer, inclusive. One speci-
men was taken at night at 500 feet in August. This speeios is the
destructive chineh bue, which ecauses enormous damage nnd loss to
wheat and corn.  The writer, while lying on September 29, 1930,
observed great numbers of chinch bugs at the height of 2,000 feet.
'The wind was from the north af this sltitude, sned s nearly as could
be determined the insecls were flying in a southerly direction. The
late Elmer Johnson, senior agriculural engineer, formerly of the Delts
Laboratory at Tallulaly, La., related to the writer that at one time while
he was llying in Arkansas, he saw great numbers of insects in the air
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at an altitude of 5.000 leet and detected the peculinr and ehuracteristic
odor of chinch bugs. No specimens were captured yet he was quite
positive in his determination of the species.

'1\\0111\'—111!1@ specimens o Geocoris punclipes (Say) (Liygacidae)
were taken in the daytime in the months of April to December [rom
near the surface to 5,000 feet. This lyvgaeid 15 commonly found on
cotton and is prodacious on many Insects.  cAndillocoris pallidus
{UhlerY (Lyzacidae) was {nken in considerable numbers, with 51 in
the day collections and 14 at niché.  These were colleeted ot from
near the sirface (o as high ns 7,000 leel and at nioht up to the heieht
of 5,000 feet. Speeumens were tuken thronghout the year. “This
species s of no econopiie mportanee,  Oune speeimen of Corythucha
pergareddd Heid, (Tingitidaes was faken at 206 Teet in the month of
AMay, This spectes i thoughl to frananil mo<aie diseaces. Twenty-
one speeimens ol Suystelloderus e ps i3ay) (Enivocephalidac) were
collected front near the surface 1o 5,000 feot. The preatest numbers of
specimens were found In September. This i a most interesting insect,
being very odd by appearanee and quite dillerent in structure [rom
other Ileteruptern. It is u predacious speeies, and the front legs are
fitted for grasping prev. One specimen ol _Yrachelus cinereus (F.)
(Reduviidae) wus coltected at 8000 feet in June.

The most abundant of the speeies of Heteropters taken wag (Tre-
phlepsy Orins fnsidiosus (Sayy \mhm-mnhtv) There were 214
specimens of this i the day collections nud 7 at nicht.  Specimens
were collected in every month with the greatest numbers in May.
They were taken b most oltitudes, with 117 speeimens af 200 feet,
45 af 1,008, 20 al 2,000, 11 af 3,000, 3 at 5,000, and one ench at 6,000
and 8,000 fect. At night five were collected at 500 Teet and two at
1,000 fect.  This speeies = known as the insidivous flower bug and
is pimluuom on thrips, plant lice, the chinel bug, the grape phyl-
loxern, and other pests.  (rius Desidiosus is also known fo attack and
dpc:tmv the oggs il emall farvae of the corn carworm (79). Tight
specimens of e rapid plant bug (Adelphocoris rapidus (Say)) (\Im-
due) were colleeted, six in the day flights and two at night. This
species is known £ dnmage cofton.  Five specimens of Polymerus
basalis (Jleut)) Mividne) were colleeted in the upper air, two speei-
mens 1t 200 feet and three at 1,004 feet.  Fiftv-four specimens of the
tarsished plant bue (Lygus pratensiz (LD (Aliridae) were tnken dur-
ing {he daviinme. They were enptured i every month of the year
with the exeeption of November.  There were 38 specimens collected
at 200 feet, § at 1,008, nud 1 each at 2,000, 3,000, and 5,000 feet.
Two were found at nw}ai at altitudes of 500 and 2,000 foct respec-
tively, This iuseel is “of considerable geonomic Impmt'mco, causing
damage to cotton, orchard trees, nursery stock, and many species of
flowers.

Seven specimens of the cotion fles hopper (Psallus sertatus (Reut.))
(Aliridne) were eollected in the dayitme; two each at the altitudes of
20, 200, and 1,800 feet, and one at 2,000 feet.  They were taken in
the months of April {o June and from August {o Oelober. This
species does considerable damege to cotlon. There were 53 speci-
mens of drefocoriva modesta Abbolt (Corixidae) taken in the day
flight= and 58 in the night {lights. Specimens were found in every
month of the yefr, but {hcy were most abundant in September.
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They were taken at altitudes up to 5,000 feet in both day and night
collections. This is an aguatic species that olten appears in immense
numbers around street lights at night, and by morning the walks and
pavements under the lights are covered with the dead insects.

HOMOPTERA

The order Homoptera was third in numbers {aken as compared
with the other orders of inseets colleeted in the upper air. There
were 3,834 specimens coliected of which 3,081 were taken in the day
collections and 855 at night (tables 9 and 10). The order appeared
in every month of the year.

For the day collections the largest number per 10 minutes’ flight
were taken in October and November, with more in November. At
night Homoptera were collected in largest numbers in May, Sep-
tember, and October, and in smallest numbers in July, after which
they increased, reaching their maximum in October.  In the daytime
fewest appeared In Januery, the numbers increasing until May, drop-
ping oft considerably in June and July, then greatly increasing in
August and until November, with over three times as many specimens
taken in November as in August.

Homoptera were collected 1n the day flights at almost every altitude
up to 14,000 feet, and were tnken at night at every allitude flown up to
5,000 feet.

There were 0 families, 74 genera, 70 determined species, and 3 new
species represented,  Of these numbers, § families were represented in
the daytime and 8§ nt night, with 71 determined species in the day col-
lections and 38 at nizht (table 9).

The greatest munbers of speeimens taken belonged to the families
Cicadellidlae, of which family 773 were colleetod in the day flights and
47G at night; Chermidae, with 581 in (he day and 19 at night; TFul-
goridae, with 518 in the dax and 133 ot night; Membracidae, wilth 86
in the day and 2 at night; and Aphiidac, with 304 specimens taken in
the day llighis and 31 at night.

The largest homopteron tuken was a Tidicen lenci (Sm. and Crosb.)
taken al the altilude of 200 fect. The family Membracidae was repre-
sented principelly by the three-cornered allulln hopper (Stictocephaly
Festing (Say)), ol which 64 spectmens were {aken in the day {lights from
near the surface to the alfitude of 1,000 feet.  These speehnens were
collected from Nax (o November, with the greatest numbers in June.
Only one apecimen of this species was faken at night, aad this ot 3,000
feel.

The Cieadellidae were found at nearly every altitude ffown,  Speci-
mens wore faken ap Lo the beight of 14,000 Teel during {he dov (hehis.
One of the most abundant of the species (aken was {iraphoce phula
versuin (Say), 87 being eauahl in {hie day Hights and 3 at night. They
were {aken up o the heieht of 5,000 feet.  In the day collections 12
specimens were laken al 1,000, 12 af 2000, and 10 at 3,000 fecot.
This specles was most sbundant in Octobor and November, There
were 38 specimens of Agallia eonstrictn Van 1), ao important pest of
alfalfa, collected in the day flights in March, and in May to Octlober
inclusive.  This species was talen mostly at the allitude of 200 feet,
wiLth several ot 3,000, and one specimen a1t 10,000 feet.  Twa specimens
were taken atnight, one at 500 feet and one nt 3,000 fect.  Seven speci-
mens of Aceralagullia sanguinolenta (rov.) were taken at the altitude
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of 200 feet. This is 2 serious pest of & number of legumes in the East-
ern States. Two specimens of Draeculacephala mollipes (Say) were
taken at 200 feet, one each in April and November. This species is
recorded as being of importance as a grass feeder. Three specimens
of Deltocephalus flavicostus Stal were collected at 200 [eet, one each in
May, June, and September, in the day flights. It is probably of con-
sidernbly Importance as n grass feeder.

The most abundant of the spacies of Cicadellidae taken was Tham-
noteltrx negrifrons (Fovbes), which was canght in almost every month.
Fifty-three specimens were colieccted in the daytime at altitudes up to
3,000 feet. In the night {lights 29 ware taken at altitudes of 500 to
3,000 feet, mostly in June and September. This is 2 common pest in
the Eastern States. The largest species of Cieadollidae taken in the
upper air were the sharpshooters Oneometopia undata (B3, €. lateralis
(F.), and Ilomalodisca triguetra (F.). ‘These spocies were taken
throughout the year at altitudes of 200 to 3,000 fect. /. lriquetra was
taken at night also, two specimens at 500 feot and one ab 1,000 feet.
Forty specimeus o) the leathonper Afacrosteles divisuy (UhL) were col-
lected in the daytime from Mareh to Qcetober.  This species was taken
mestly at the altitude of 200 feet, although (onr specimoens were found
at 2,000 feet and two at 13,000 {feet. Seven specinmiens were collected
at night during the summer months at altitudes of 500 to 2,000 foet.
This speeies attacks some grains wnd grasses and 1s reported as trans-
mitting certain moesaie diseases, The potato lenfhopper (/94 pocscae
Jabae (Flarr.}) was represented by 19 spectimens taken in April, August,
September, and October, from near the surface to the height of 7,000
feet. Iive of these were taken at night,  Two specimens of Empoasca
solena Delong were collected in February and Septewberin the day-
time, at 200 feet and 1,000 feet, respeetively.  Fowr were talken in the
night flights in October at 500 feat.  This cieadellid occurs on potatoes.
Two specimens of Frythroneure rulierate IFiich woere taken in the
daytime, one in July near the surface and one in November at 200
feel. This species 1s a common pest of wrapes,  The Cieadellidae
were most abundant in September and Oclober, although they
ovcwrred in great numbers thranghaont the spring, summer, and fall
months.

Tho family Fulgoridae was represented by 14 goneras and 14 deter-
mined species of which 13 species were taken in the dav ilights and
9 at night.  They were taken in the daytime at almost every altilude
up to 14,660 feet. The Fuleoridae were taken mostly in Seplember
and October, with fewest in the speing, late In the fall, and in winter.
Two specimens of Peregrinnus wmuidis {Ashm,) were énken in the day-
time, inSeptember and Oetoboer, at 200 foat. Five were taken at night
m {etober; three al 500 feed, and two at 000 feet. This species is
the transmitier of corn steipe i Cuba, o viens diseaco similur Lo the
mosade disease of sucareane,  Theve were 116 specimens of Fiburniella
orpaba (SEAD taken in the upper aie with 88 in the day eolivetions and
98 ot nieght.  Phis species 15 of no special interest sconomiienily, bu
it was very abundant fate in the suniner at most alditodes, 12 having
heen talen at 5,000 foot in the davtome sid one each at 7,000 and
12,000 feel. .\t pight this species was taken as high as 5,000 Jeel.
Delphacodes puelle (Van Dovowes the most abundant spesies of Ful-
gortdae talen.  There were 112 specimens tnken at altitades up éo
5,000 feet in the daytime and al night there wore 27 specimesns taken
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at altitudes up to 2,000 feet. This species appeared mostly in
August, September, and Oclober.

The family Psyllidas was represented by 6 genera and 10 determined
species. The most abundant species of all the Homopters taken in
the upper air belong to this family, namely, Pachypsylic cellidis-
mammea Riley, of which 321 specimens were takep from near the sur-
face up to 5,000 feet. Of this number only five were taken at night,
these at the altitudes of 500, and 1,000 to 3,000 feect. This species
appesred in greatest numbers in Mareh and November. There were
47 specimens of P. cellidis-gemma Riley taken in the daytime at alti-
tudes from near the surface to 3,000 teet, and one specimen at the alti-
tude of 13,000 feet. Tlis species is the common hackberry twig gall
psyllid. The family Psyllidae appeaced mostly in the spring and late
{all months,

The family Aphiidae appeared in considerable numbers in the upper
air, species having been taken up fo ths height of 13,000 feet. There
were 14 determined geners represented, 8 defermined species, and 1
new species. Though specimens were collected in every month of
the year, they were taken mostly in Apeil, May, and June. Fawest
were taken in the winter months. One specimen of Siphe fava
{(Forbes) was collected at 1,000 feet during the daytime in May. This
species, known as the yellow aphid and found on sugarcane in Puerto
Rico and the Tropies, has caused serlous damage to broomcorn and
sorghum in Illinois (38). Opecimens of the cotton aphid or melon
aphid (Aphis gossypii Glover) were taken in the day collections at
altitudes from 200 to 3,000 feet and one specimen at 13,000 feet.
Two specimens were taken at night at 500 and 1,000 feet. This spe-
cies was taken in the spring montbs only. It is 2 well known eco-
nomic species, being destructive in the South especially to cotton
and cucurbits.

The most ahundant aphid collectad was tha pen aphid (Aacrosiphum
(Ilhinoia) pisi (Kalt.)). There were 17 specimens collected ab alti-
tudes of 200 to 4,000 feet and they were collected mostly in May,
This is & very injurious species, often serious on pess, clovers, and
other legumes. One specimen of the green peach aphid (Myzus persicae
(Sulzer)) was taken at 3,000 feet in May 1930. This species is of
considerable economic importance, attacking truck erops, garden flow-
ors, and fruit trees.

The family Aleyrodidae was represented by two specimens taken
at 200 and 1,000 lest, respoctively, in the day collections in Septem-
ter 1939, The whiteflies are often verv destructive to various cul-
tivated plants.

Two specimens of the {amily Coceidue (seale insocts) were taken at
1,000 feet in July 1930.

In comparing the day and night collections of the species of Homop-
tera it was found that there was a similar trer d in the monthly maxi-
mum and minimum occurrences.  The spring peald was in May, with
& minimum {or the summer in July. Both day and night collections
inergased simifarly in the nwmber of specimens taken, with the excep-
tion that the peak of abnndance for might was reached in Oectober,
whereas that {or the duy collections was 1n November. This may he
aceounted for by the fact that Cicadellidac were more active ab night
in October than in November, hecauss of mefeorological conditions
that limited the sctivity of mcth-ﬂ) ing insects in the [attor month.
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It is evident that many of the species belonging to certain families
are more nctive in the upper air either in the daytime or at night.
The families especially represented in the day collections are those of
Membracidae, Psyllidae, and Aphiidae. The families Cicadellidae
and Fulgoridae were collected in great numbers both in the daytime
end at night. However, as estimated on the nmount of time flown,
more than five times as many Cicadcllidae were taken at night as
during the day. This would indicate that Cicadellidee were more
active at night in the upper air than during the daytime. Almost
twice the numbers of Ifulgoridae were taken at night as during the
day, as estimated on the amount of time flown. Species of Homop-
tera of which mare were taken in 10 minutes of flight in the day than
at night are Stictocephala festine (Say), Micrutalis calve (Say), Agallia
consiricta Van D., Graphocephala versute (Suy), Alacrosteles divisus
(Uhl), Liburnielle ornate (Stél), Delphacodes puella (Van D.),
Aphalara veaziei Patch, Trioza diospyri (Ashm.), Pachypsylla celtidis-
mammae Riley, and Macrosiphum (Illincia) pisi (Kalt.). Species
which are apparently more active at night than during the dayiime
are Xestocephalus pulicarius (Van D)) and those belonging to the

genus Empoasca.
COLEOPTELA

The order Coleupters was second to Diptera in the numbers of
insects taken in the upper air. The order appeared in every month
of the year, and in the day collections the specimens were mast
abundant in Marchi and November, with more in March, They
were found at every altitude flown up te 12,000 feet. At night

Coleoptera appeared in the collections in greatest numbers in May
and October, with more in May. Nearly twice 2s many were teken
at night per unit of flying time as in the day flights. The Coleoptera
collected In the upper air were represented by 46 families, 191 genera,
and 175 determined speciez. There were 4,420 specimens taken, of
which 3,560 were collecied in the daytime and 854 at night (tables
9 and 10).

More than bhalf the Colcoptera taken belonged to the families
Carabidae, Staphylinidae, Chrysomelidae, and Curculionidae.

The {amily Carabidae was third in the number of specimens taken.
The greatest numbers were found in Mareh, Moy, and June, with
the greatest number colleeted in May.  Fewest speeimens were found
in January and, for the summer, in August. They were collected
from near the surface 1o the height of 10,000 fect. Species belonging
to the genus Bembidion were taken mostly at nieht at altitudes of
500 and 1,000 feet. Twelve specimens of Micratopus fusciceps Csy.
were collecled In the doy flights, and 46 atnight. These were collected
from May to December, at altitudes of 200 to 2,000 fect. ITorty-
seven specimens of Flarpelus nitidulus Chd, were taken in the day
flights, mosily at 200 feet, hut three at 1,000 fect. This species was
found from Fehruary {o May, with the most taken in Mareh and
the fewest in May. Thirteen specimens of Agonoderus pallipes F.,
were collected, 10 in the daytime and 3 at night, at from near the
surface to 1,000 feet. This species sometimes atineks seeds of corn,
althougl it feeds mainly on insects or insect remains. Species of
Carabidae taken at high altitudes were one specimen of Blechrus
pusio Lec. at 10,000 leet, one Stenncellus tantillys Dej. at 6,000 feet,
and one Fachys sp. ut 8,000 feet,
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Members of the family Staphylinidae include more specimens than
any other family of Coleoptera taken in the upper air, and are among
the most abundant of insects. There were 1,188 speclmens collected
in the daytime and 206 at night. ‘specnnens were taken at nearly
every altitude up to 11,000 feet, In the day coliections staphylinids
were more abundant in the months of Mareh, May, and November
than in other months, with the peak of abundance in March, but at
night they appearcd mostly in Qctober. Based on the amount of
time flown, the Staphylinilae were more abundant nt night, when
they were probably the niost active of the Coleoptera, at times the
air being filled with thesc minuie insects, especially around liglhts.
As these insects feed in decaving animal and vegetable matter where
they are predacious on other insects, they may be classed as beneficial.

One interesting family represented in the collections of the upper
air was the Trichoptervgidae, of which six specimens were taken.
They were collected in the summer months, four at 1,000 feet and
two at 2,000 feet. This [amnily includes the smmallest beetles known,
They are minute inseets, the wines being long and slender, fringed
with long hinirs, and featherlike in apearance.

Five speciinens belonging to the Lampyridae, or fivefly fnmily, were
collected.  One speeimen of Pyropyga mivute (Lee) waos talen at
200 feet in April and four undetermined specimens at the same
altitude, one in April and three in September.  Firellies do not fly
Ligh at night, as the writer never observed any “llashes” of these
msects while flving very high at night. While they are rather
sluggish by day, & few are active, as all specimens were collected
between & and 10 . m.

One specimen of Micrmmalthus {bilis Tee. (AMicromalthidne) was
taken in September ol 1,000 feet, This is 1 most luleresting species,
having a very remarkable life history. 1t has been found by Barber
{4) that most of its larvee give birth to living larvae (viviparous pacdo-
genesis) wheress somme lay single eggs (oviparous puedogenesis).  This
egg produces & male beetle through larval forms that are different
from those producing the female beetle. The adult female lays two
egirs that are not like the cge of the oviparous larva. Most of the
larvae burrow inand feed upon decaying wood, but those that produce
males remain equiel, eael in the ecll of its mother laeva, which latter
supplies its own notriment.

The family Dermestidae includes three speciniens taken in the duy
fhghts,  One dermestid Tarva, a species of Trogederme, wus ceaught
altve in March at the altitude of 9,000 feet. Two vndetermined
species of adults were eollected m June at 200 feet, This fomily
includes many species destruetive to foodstufls, household goods, and
clothing,

One specimen of the elover stemborer Languric mozardi Latr.,
{Frotylidae) was taken near the snreface in April.

The family Coceinellidae (Indxbeetles) was represented by 30
speeimens taken i the day Mights and 2 at night. Bpecimens were
taken in every month except Janvary and Becomber. Eight deter-
mined species were colleeted Trom near the surface to the height of
6,000 feet. Seven specimens of Seymupug terminabius Say were found in
the day flights, with four 21 200 Teel, one at 1,000 Teel. and two at
5,000 fect. ‘T'wo specimens of S. Ioewd Muls. were canght at 200 feet.
One Colromegille floridana (Leng) was taken af fhe altitude of
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6,000 feet in August. Ten specimens ol §. fuscilabris (Muls.} were
taken st 200 feet in the summer months. Eleven specimens of
Hi podam'ia convergens Guér, were found from near the surface to the
hetght of 5,000 feet. One Coccinella noremnotata Hbst. was found at
1,000 feet. Two specimens of Cycloneda munda (Say) were collected
in the day at altitudes of 200 and 1,000 feet and onc at night at 1,000
feet. The species of Coccinellidae represented in the collections of the
upper air may be considered as beneficial, being predacious and feeding
on aphids and other small insects.

Three specimens of the red flour beetle (Tribolium castaneum
(Herbst)) (Tenebrionidae) were taken in the daytime, one each in
January, Aprl, and September, at the altitudes of 200, 1,000, and
3,000 feet, respectively. This species causes damage to stored flour
and other products.

Qne specimen of Aylobiops basilure (Say) (Bostriclidae) was
taken in March at the altitude of 200 feet. This species i1s one of the
shot-hole horers and causes damage to wood products.

The family Scarabaeidae was represented by six specimens collected
in the day fiights, and eight at night. They appeared in the winter,
summer, and fall months. Two specimens of a dung beetle, A;p}mdius
lvidus (Oliv.), were found at night, one each in July and October at
500 feet.

The family Chrysomelidae was second in the numbers talen, there
being 475 specimens In the day collections and 26 af night. The
greatest numbers were taken in March and April.  For the months in
which flights were made at night the larger numbers of Chrysomelidae
were found in May and October. There were 24 gencra and 34
determined species taken at altitudes ranging from near the surface
to 11,000 feet. Seven specimens of (ofasms brunnea (F.) were col-
lected in the summer months, six at 200 feet and one at 1,000 feet.
This species is of econymie importance, feeding on corn and clover
and being destructive to grapes. It has alsu caused some injury to
growing cotton. A specimen of the grape rootworm {(Fidia viticida
Walsli) was teken in June aé the altitude of 200 {eet. Twenty-five
specimens of Afyochrous denticollis (Sny) were taken, 6 at 20 feet,
18 a4 200, and 1 at 3,000 fect. They were found in the spring, summer,
and fall months. This chrysomelid causes injury to young corn
plants. Two specimens of the strawberry rootworm (Paria canella
(B.)) were found in March at 200 and 3,800 feet, respeetively. Thisis
g pest on many plants, eating leaves and buds and feeding on the
small roots. One willow leaf beetle, Chrysomela (=Ling) seripta I,
was taken at night at 500 feet.

The spotted cucumber heetle (Diabrotica duodecimpunciaia (7))
wus eaught in the upper air, with 18 specimens found in the day
collections and 10 at night. They appearved in nearly every month
from February to Decembel, (thhough {he grentest number were
taken in May., They were captured in the d.wtune {rom near the
surface to 1,0ug 'eet, and at night from 500 to 3,000 fect. There
were 12 specimens of the striped cucumber beetle (Diabmtica, eittate
(F.)) collected, 6 each in the day and night fights. They were taken
from June to October, from near the surfrce to 1,000 feet, and one
specimen at 11,000 feet,  Two adults of the bean leaf beetle (Ceroloma
irtfurceta (Forst.)} were found in September at the altitude of 200 [eet.
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Twelve specimens of Crepidodera afriventris Melsh. were col-
lected in the day flights in April and May and fromn September to
November, at altitudes of from 200 to 2,000 feet. 'This species has
caused severe injury to Acalypha In gardens in [linois and in Wash-
ington, D. C. (8). The flen beetles were taken mostly in the summer
months at altitudes of 200 to 1,000 fect. The species of flea beetles
collected in the upper air included the eggplant flen beetle {fpifriz
Sfuseula Cr.); potato flea beetle (F. cucumeric (Hare))); K. brevis
Schwartz; and the tobacco flea beetle (K. parrula (F)); seven speci-
mens of Mantura floridena Cr. taken in April, six at 200 fect, and one
at 1,000 feet: the sweetpotato flen heetle (Chaetocnema confinis Cr.),
and the toothed fica beetle (™. denticuluia TI) ot 200 [eet; 19 speci-
mens of the corn flen heetle (C. pulicaria Nelsl) from 200 to 5,000
feet; the pale-striped flea heetle (Systene taeniata Say) {rom near the
surface to 1,000 fcet: and many undetermined specimens. Chae-
tocnema pulicaria has often been reported as a corn pest of first im-

ortance. It has been known for many vears to be a vector of
sacterial wilt of corn.  However, it is enly more or less recently that
1t was learned that Aplenobacier stewerti, the organiam which cuuses
bacterial wilt of corn, was found passing the winter in a virulent
condition in the bodies of the hibernnting adult beetles {40). New
corn planis are inoculated with the wilt organism in the spring by
the feeding of these beetles, and this appears to be the echief means
by which disease is spread each vear in cornfields.  Chaclocneme
denticulate is also a vector of bacterinl wilt of corn, ax it will transmit
the bacterial wilt organism from nfected to liealthy corn for a con-
siderable period of time, but it has not been found to harbor the
organi-m over the winter,

Longitarsus testaceus {(Melsh.) was found in every montl, aithough
it was taken mostly in March and April. Two hundred and nine
specimens were collected in the daytime from near the surface to as
high as 5,000 feet. Three specimens of the striped cabbage flea
heetle {(Phyllotrcte striolata (TIL)) were Tound at 200 feet in April.
The hap flea heetle (Psylliodes punctulate Nelsh.) was taken late in
the spring and carly in the summer at 200 and 1,000 feet. A small
leaf miner, Baliosus ruber Web., wns collected at 200 feet in May.
The larva of this species mines in the leaves of apple and basswood.
One specimen cach of the striped sweetpotato beetle {Melriona
bivittate (Saz)), and the golden tortoise heetle (A, bicolor (F.)) were
found in October and Novenibor, vespeetively, at 200 and 1,000 feet.

The family Curenlionidae was fourtli in the numbers of specimens
collected,  There were 108 tnken in the day flights and 12 at night.
Seventeen genera and 18 deseribed species were represented, und they
were collected in every manth, althongh mostly in spring, being most
abundant in May. They were found from near the surface to the
altitude of 5,000 feet. Fourteen specimens of the cotton holl weevil
{Anthonomus grandis Boh.) were collected from May to October.
One specimen was collected al 20 feet, ceven at 200 feet, three at
1,000, and three at 2,000 feet. Only one specimen was found at
night, this at the altitude of 1,000 feet, This heetle iz the major
pest of cotton.

Of the family Platypodidae one specimen of Platypus quadriden-
fufus Oliv. was taken at 200 fect in October. Two adults of another
similar ambrosia beetle (7. compositus Say) were collected near the
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surface and one at 200 feet. These bestles are destructive to dying,
recently felled, and wind-blown trees, especially to cypress through-
out the range of this tree.

Of the family Scolytidae five specimens of Leperisinus aculeatus
(Sey} were taken in the winter and spring at 200 feet. One Pilyoph-
thorus rhois Sw. heetle was found in August at 200 {eet.

NEURQPTERA

The order Neuroptera was represented by 36 specimens taken in
the upper air, of which 10 were found in the day flights and 26 at
night. The specimens were collected from April to November, with
the greatest number taken in QOctober, &t 200 to 5,000 feet. Four
families and six determined species were represented (table 9},

Four specimens of Sympherobiug amiculus (Fitch) (Sympherobiidae)
were found in the upper air, two at night in August, at 1,000 and
3,000 feet, and two in September, one cach at 1,000 feet in the day
and the night collections.

Seven specimens of the family Hemeroblidee were taken at 500
to 3,000 feet, with two specimens in the daytime and five ot night.

The {amily Chrysopidae was represented by 6 specimens caught
in the day flights and 17 in the night. One specimen of Chrysopa
gculate Say was found at 200 feet in the day, and one each ab 500
and 1,000 feet at night. Five specimens of O, ceuluta var, albicornis
Fitch were collected, one at 200 feet in the daytime and one at 500
feet and three at 2,000 [eet, af night. One (. eculeta var. chlorophana
Burm. was found at 500 {eet at night. Three & plorabunda Fitch
were taken in the day collections at 200 fect, and seven at night,
with four at 1,000, two at 3,000, and one at 5,000 feet. Four Chrysepa
species were collected at altitudes of 500 to 3,000 feet. Specles
belonging to this {amily are the well known lacewing flies, and as the
larvae are predacious on aphids and other smnall insects they may be
clagsed as beneficial,

One Malacomyza westwoeds (Fitch) (Coniopterygidae} was taken in
the daytime in October at 3,000 {eet.

TRICHOPTERA

Threes specimens belonging to the order Trichoptera (caddisflies)
were collected in the upper air in the day flights (tahle 8).  One speci-
men of Oeceiis sp. was found in July ot 5,000 feet. Two undetermined
species of Trichoptera were collceted at 200 feet in October. The
Trichoptera are importont as food for fishes, the larvae being abuntunt
in the bottom of lnkes or streams.

MECOITERA

The order Mecoptera was represented by three speciinens of scor-
pionflies of the genus Panorpe (Panorpidae), collected in the daytime
at 5,000 feet on September 15, 1926. The order Mecoptera includes
insects of little, if any, cconomic Umportance.

LEPIDOTFERA

There were 225 specimens of Lepidoptera collected in the airplane
ingsect traps, of which 217 belonged to the leterocera and 8 to the
Rhopalocera.
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RUBORDRER HETEROCERA

The Heterocera, or moths, caught belonged to 16 families and 30
genera, in which 24 species were determined. They were taken in
every month of the year, although mostly in September and October.
There were 67 specimens eaught in the day flights and 150 at night.
At night the greatest numbers appeared in Qctober.  They were ¢ol-
lected at altitudes ranging from near the surface to the height of 5,000
feet (table 9).

Forty specimens belonging to the family Noctuidae (cutworms, ete.)
were taken, of which 4 were found in the daytime and 36 at night,
One specimen of the cotton bollworm or corn carworm moth (Feliothis
obsoleta. (I7.)) was found at night in October at 500 feet.  Seven ndults
of the fall armyworm moih (Laphygma frugiperde (A. and 8.)) were
collected, one in o day flight at the altitude of 2,000 feet, and five at
500 and one at 1,000 feet, at night. Larvae of this specics are a
serious pest of field and vegetable crops.  One specimen of the cabbage
looper (Autographa brassicae (Riley)) was taken in October at 500 feet
at night.  The larvae are serious pests of plants of the cabbage family
as well as of many other vegetables and of flowers,

The cotton lealworm moth (Alubama argillacee (11bn.)) was repre-
sented by 22 specimens of wlich 3 were taken in the daytime and 19
at night. They were collected in August, September, and QOctober,
from 200 to 3,000 fect in the daytime and from 500 to 1,000 fect at
night. The larva of ths moth is one of the important cotton pests,
and the moths often eause injury to fruit in the North, There is &
mystery about the advance of the cotton lenlwerm from year to year.
An infestation will uppear in one locelity and then suddenly in o place
far distant.  The moth is n well-known migrant, flving from the Cotton
Belt of the South and appearing in grent swarms in the Northern States
and Canade. There is no known record of this species overwintering
in the United States, yet each vear it appears usually first in the
cotton fields of the extreme Sauth and then advances toward the
North,

Doubtless temperature is the controlling factor in the appearance or
disnppenrance of the cotton leafworm moth, for it seoms to stimulate
or vetard the migrations. The migrations of Alabame in South
America are southward from the Tropics in December and January,
the caterpillars disappearing in May and June with the advuance of
colder weather. In the United States the migrations are northward as
the season advances. In some years the moths veach the most
Northern and Northeastern States very carly, and at times are re-
ported in the North within a few days after their first appearance in
Louisiana. In 1929 the first moth found ot Tallulal was one taken in
the airplane insect trap on Auvgust 3 at the altitude of 500 fect. This
specimen was probably & migrant, sinee eggs or Jarvae lind not been
reported in Louisiana previously. On August 24 a moth was token
in Wisconsin.  Tn 192¢ the first eggs and larvae were found on eotton
et Tallulah on July 22, On August 1 adults were found at Columbia,
Mo. Comparing the records of 7 years it was found to take from 40
t6 58 days, or an avernge of 56 days, for the moth to appenr in northern
Louisiana after its initial appearance in southern Texas near Browns-
ville. Trom the first record of the moth near Brownsville to the first
record of the moth reported from Wisconsin thiere was an average of
107 days, with 121 days for Minnesota and 113 days for Michigan.
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The pink bollworm (Pectinophore gossypiella (Seund.)} was not
taken in the flights over Louisiana, but a few specimens were captured
in Mexico, as discussed under another heading.

One moth of the green clover worm (Plathypena scabra (F.)) was
found at night in October at 500 fect. The larvae of this spectes are
very destructive to clover, alfalfa, and leguminous crops.

One moth of the celery stalk worm (Nomephile noctuelle (D. and
8.)) (Pyralididae} was taken in September af 3,000 feet in the dry-
time. This species has a world-wide distribution, but as & rule is not
of much economic importance. The larvae attack celery, bluegrass,
and legumes. Three adults of the garden webworm (Lozostege simi-
lalis (Guen.)) were taken at night, two at 500 feet and one at 3,000
feet. The garden webworin attacks truck crops, feeding on the foliage.
It may seriously injure alfalfa. Six specimens of Geshna primordalis
Dyar were taken at night in July and September, two at 500 feet and
four at 1,000 feet. This is a widely distributed species, the larvae
feeding on semiaquatic plants. One specimen of the meal moth
{(Pyralis farinalis L.) was found in September at 5,000 feet in the day-
time. The larvae feed upon cereals of all kinds and do considerable
damage. Three adults of the lesser cornstalk borer (Klasmopalpus
lignosellus (Zell.)) were collected at night in September and October,
ot 500 feet. This is & very destructive species that eauses injury to
young sugarcane in Cuba and to young corn and other crops in the
United States.

SURCORDER RHOPALOCERA

Eight species of butterflies were taken in the day flights in April,

August, September, and October, all at the lower altitudes. A
specimen of the alfalfs caterpillar buiterfly (Colias eurytheme Bdv.)
was taken at 50 feet. Other species of butterflies collected at altitudes
from near the surface to 600 feet were Phyciodes tharos form marcia
Edw., Junonia coenia (Hbn.), Epargyreus tityrus (F.), Aniigonus
nessus (Bdw.), Hesperia leonardus Harr., Lerema acetus A, and S, and
Lerodea eufele (Edw.) (table 9).

HYMENOPTERA

The order Hymenoptera was fourth in the number of specimens
taken. 'There were 2,947 specimens collected of which 177 were
caught at night. Hymenoptera appeared in every month of the year,
with the greatest numbers for the day flights taken in May and July
and the smallest in January and February., At night most speeimens
were found in October. They were collected at nearly all altitudes
flown up to thie height of 14,000 feet. There were represented 33
families, 244 determined genern, and 195 determnined species, with
3 new genera and 20 new species.  More than half of the Hymenoptera
belonged to seven families, these being Braconidae, Dinpriidae,
Scelionidae, Cynipidae, Eulophidae, Pteromulidae, and Formicidae
(tables 9 and 10},

The family Bracenidae included the greatest number of specimens
collected of any of the families of Hymenoptera. There were 325
specimens taken, of which 298 appeared in the day collections and 27
at night. There were 44 genera, 44 determined species, 2 new genern,
and 7 new species represented in this family. Specimens were found
throughout the year and were more or less evenly distributed, but
with fewest specimens taken in the winter months.  They were found
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at all altitudes flown up to the height of 8,000 Ject. The genus
Microbracon was represented by five determined speeies and one new
species. 'Two of Af. gelechiae (Ashm.} were collected aut 200 feet, in
April and May. It is a specics parasitic on many lepidopterous larvae
of the families Pyralididae, Tortricidae, and Celechildae. Itis known
as a parasite of the apple wnd grape leaf rollers, oriental fruit moth,
and grape berry moth. Ten specimens of M. mdlitor (Say) were
taken in the spring and summer at altitudes from near the surfnce to
5,000 fect. This species is excoedingly hmportant as a parasite of the
boll weevil and the pink bollworm.

Three Triespic curculionis (Fiteh) were colteeted at 200, 2,000, and
3,000 feet. This is n widely distributed parasite of the plum curculio
and frequently parnsitic on the boll weevil.  Twenty-two specimens
of Chelonus teranus Cress. were Tound, mostly in August and Septem-
ber, at altitudes from 200 to 5,000 feel.  This species is a parasite of
the fall armyworm and the bollworm.  One Mieroplitis varicolor Vier.
was found at 1,000 fect.  This is a parasite of the armyworm {Cirphis
unipuncte (Faw )} and the green clover worm (Plathypena seabre (I} ).
The genus Apauteles was represented by 83 specimens, of whieh only
4 were taken at night.  There were nine determined species collected
in the spring, summer, and fall al altitudes from near the surface to
5,000 fect.  Six Apanteles margivirendris (Cress.) were found at from
near the surface to 2,000 feet. Thiz is known as a parasite ol the
corn carworm, full avmyworm, ete.  Fourteen of L1. malitaris (Walsh)
wore found at altitudes up Lo 1,000 feet.  This Is a gregarious parasite
of the armyworm ((rphis wunipuneta),  Three of 21 forbest Vier. were
found at 200 and 3.000 feet. This is also a parasite of cutworms.
One Opins dimidiatus (AL was enught a0 200 feet. 1t is a common
parasife of the serpentine leal miner {(Agromyza pusilla Mleig.).
Thirteen of Mcteorus rulgaris (Cressy were founid, mostly in May, at
eltitudes of from 200 to 2,000 feet.  This is an abundant parasite of
noetiid larvace of the cutworm type.  Seventeen speetmens of Lysi-
phiebus {estaceipes (Cress)) were taken in the spring and summer at
altitudes up to 5,000 feet.  This is an important parasite of the cotton
aphid and other aphids. Six adults of Lphoreta pinseae Ashm,
parasitic on various Diplers. were taken at 200 to 3,000 [eet.

There were 64 specimens belonging to the family Tehneumomdue
taken in the day flights, and & at night, The speeimens collected
comprised 23 genern, 16 determined species, and | new species.  They
were found throughout the yvear at altitudes from near the surface to
the height of 5,000 feet, Three Fphialtes acqualis (Prov.) were
collectod nt the altitudes of 200 and 3,000 feel, and one Acrolyta
aletice Ashm. at 2,000 Teet.  The former species is parasitic on the
colton lenf worm and the bollworm, and the latter is a secondary
parnsite. A specimen of Diplazan lactatorius (F.) was canght at 1,000
feet. This is a parasite of syephid Nies. One Sagaritis provancheri
(D, 'T.Y, parasitic on the fall armyworm, European corn barer, boll-
worm, nnd other lepidoplerous Inrvae, was found at 200 leet. Your
of 8. orylus (Cress.) wore colleeted at 200 foet in the months of Mareh
and Apri). This is also a parasite of the fall armyworm (Lephygma
frugiperda), and the armyworm {Cirphis ynipuncia).

One hundred and twenty-seven speeimens helonging to the family
Diapriidae were collected, of which eight were taken at night, They
were taken moslly late in the spring, in the summer, and carly in the
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fall, and were found at altitudes up to 10,000 feet. There were 10
genern, 3 determined species, and 2 new species represented in the
collections.

The family Secliomidae was fourth in the number of specimens
taken, with 227 specimens, of which 9 were fourdl at night. They
appeared from Mareh to November, but cliefly in NMav and Septem-
ber (hased on the amount of time flown). They were taken at from
near the surface to the height of 13,000 feet.  Kighteen generu, 12
determined species, and 1 new species were represented.  Members of
this family are ceg parasites. infesting the eges of nearly all orders
of inseets and the eggs of spiders. Twenty-lour specimens of Tele-
nomus pidid (Ashm.) were colleeted up to the height of 5,000 fect.
This is an egp parasite of pentatomid bugs,

The family Cynipidae comprised 193 specitnens taken. of which 14
were Tound at night, and included 25 genera and 5 determined species.
Specimens were tnken at altitudes up to 11,000 Jeet. appeared in every
month except February, and were most abundant in April and August
with more in August. Members of this family are mostly minute
inseets. Many species produce galls, some are parasites, and others
are inquilines or guests in galls produced by othier species.  Eighiteen
Prisuspieerg similis (Ashmey were Tound at 200 to 2,000 feet,  Ths
species s parasitic on Diptera. Four spechmens of Charips brassicae
{Ashm.1, parasitic on the eabbage nphid, were taken at 3010 feet. Filteen
femaler of the genns Synecrgus were colleeted from near the surface to
3.000 feet.  Species of this genus arve guest flies in evoipid galls on vak.

The 37 speenmens of the family Chaleididae taken at altitudes up
te 5,000 feet included 3 genera, 4 determined species, and 1 new
species,  Thix Tamily comprizes speries which are mostly parasitic on
lepidoptercus larvae or pupae, wlthough a few are parasitic on other
nsects,

The Tamily Eurytomidae was reprisented by 49 specimens, of which
4 were taken at night. There were six genera, eight determined
species, nind one new species colleeted rom near the surface to the
beight of 3,000 feet, from Mareh to October.  Four specimens of the
clover-seed ehnleid (Bruehophague gibbus (Boheman)) were taken nt
altitudes of 200 and 1,000 feet In the daytime, and one at night at
500 feet.  Thisis » =erious pest of red and erimson elovers and allalfy,
infesting the seeds,  One Bruchobius laticeps Ashin. was collected at
1,000 feet in October.  This species is 1 Jarval parasite of bean weevils
{(Bruchidae),

The specimens colleeted of the family Pleromalidue comprised 222
individuals of which 18 were colleeted at night. The colleeted ma-
terial included 16 geners and 13 determined species found at altitudes
from near the surface to 30,000 feet. The greatest numbers of speci-
mens appenred in Seplember and October.  Thirty-four speeimens of
Zatropis ineerius (Ashm,) wore taken ot oltitudes up ta 5,000 leet,
This species s parasitic on the holl weevil and pink bollworm.  Six of
Catolacens hunteri Cwhil, were colleeted at allitudes of 200 and 1,000
feet.  This is nlso w purasite of (he holl weevil and the pink bollworn.
Four species belonging to the genus Paclynenrun wore found at alti-
tudes of from 50 to 10,000 feet.  Nine specimens of P, siphonophorae
{Ashm.}) were taken at from 200 to 6,000 feet and were found mostly
in the spring months,  Thix i an important parasite of the cotton
aphid (Aphis gussypii’.
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The family Eupelmidae contributed 38 specimens, of which 3 were
taken at night. There were two genera, nine determined species, and
one new species represented,; taken from near the surface to 2,000 feet.
They were found mostly in the summer months.

The family Encyrtidae was represented by 58 specimens, 2 of which
were taken at night, XFourteen genern, 10 determined species, and 1
new species were taken at altitudes from near the surface to 12,000
fect. Ono Homalotylus terminalis (Say), o parasite of eoccinellid
larvae, was taken at 200 feet.

There were 245 specimens belonging to the family Eulophidae, 17
of which were taken at night. There were 16 genera, 15 determined
species, and 2 new species represented in the collections.  This family
ranked third in the numbers taken. The insects appeared from
March to Tyecember and were mostly found in May and October, with
more in May. Specimens were collected from near the surfnce to the
height of 13,000 feet. There were 153 specimens belonging to the
genus Testrastichus colleeted at aliitudes up to 11,000 and 13,000 feet.
Some are egg parasites, but membhers of this genus show a great diver-
sity in host relations. Many ure larval parasites of Coleoptera and
Lepidoptera, and many are secondary.  Filteen specimens of Fuplect-
rug comstockiz How. were found at 200 to 3,000 feet. This species is
known as a parasite of the bollworm and cotton leaf worm. Six of
E. platyhypence How. were colleeted at 200 and 2,000 feet. This
species 1s parasitic on the corn earworm,

One Anagrus srijentatus C. and T., of the family Mymaridae was
taken at 5,000 feet in May. This is an egg parasite of the tarnished
plant bug.

The family Formicidae contribuied 309 specimens, of which 7 were
found at night, and the material ineluded 12 genera and 10 deter-
mined species.  They were taken from near the surface to the height
of 5,000 feet, and appeared in March to November, with the greatest
numbers colleeted in July.

Great swarms of winged ants are often seen in the air in the spring,
summer, and fall. These are the newly matured males and females
that have emerged from their nests. The pairing of the males nnd
females from different nests prevents too close interbreeding. The
factors that determine the oecurrence of the nuptial flights at the same
time in one locality are not understood.

Several of the speeies of ants collected are of specinl interest nnd
economic Importance. Some are knawn to occur in liouses, being
more or less destruetive and of major importance.  These are Solenop-
518 molesta (Sax), S. rylani NeCook, Pheidole dentata Nayr, Tridomyz-
mer pruinosus var. anafis {Andrd),  Prenolepis (Nylanderia) sp.,
Tapinoma sessile (Say), and Monomorivm minimum (Buckley). The
eenus Crematogaster also ineludes some of the most commaon species
of ants in the South, a few of which are house-infesting forms.  Of the
150 specimens of (remaiogasier sp. collected in the upper nir, most
were taken in the morning, with the majority at from 10 to 11 4. m.
They appeared 1n greatest numbers at the temperature range of 85°
to 89° T, and were mostly taken on partly cloudy days.  Solenopsis
ryloni s considered to be the most destructive species in the Southern
i‘itﬂtt‘s, poultry, quail, clothing, seeds, citrus, and nuts heing attacked
Y it.
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In comparing the morning and afternoon collections of these fire
ants it was {ound that of the 106 specimens taken, 101 were found
between 1 and 6 p. m., with the majority at 2 to 4 p. m. TFrom &
limited number of records on this species by M. R, Smith, it appears
that the nuptial flights of firc ants take place in the afternoon, usually
between 1 and 6 p. m. The greatest numbers were taken in the
temperature range of 80° to 89° F., with the majority at 85° to 89°.
More specimens of the fire ant were taken when the sky was avercast
than when it was clear.

The family Bethylidue was represented by 53 specimens, 2 of which
were taken at night. There were 13 genera and 8 determined species
collected from near the surface to 5,000 feet, mostly in the swinmer
months. ‘This is a very large family of parasitic wasps, many species
being known to prey upon either coleonterous or lepidopterous larvae.

Of the family Andrenidae, 506 specimens were collected in the upper
air, only one of which was taken at night. There were 5 genera, and
11 determined species taken from near the surface to 3,000 feet,
mostly in the spring and summer.  This family contains the andrenid
bees, which are solitary nest-building bees, niul members of the genus
Halictus, the mining hees, of which seven species were found.

One specimen of Bombus americanorum (¥.) (Bombidae) was taken
at 200 feet. This is a well known species of bumblebee.

Thirteen specimens of the honeybee (Apis mellifera L) (Apidac)
were collected, 2 at 20 feet, 10 at 200 feet, and 1 at 1.000 feet.

DMIPTERA

The material of the order Diptera comprised the grenzest number of
specimens collected. There were 11,304 specimens of which 9,973
were taken in the daxtime, and 1,331 at night. They appeared in
every month of the year.  Tn the daytime Diptera were most abundant
in Mav and June, with more taken in May. At night the greatest
numbers were colleeted in May and October, with nearly twice as
many taken in October as in May,  Specimens were found at every
altiturde flown in the daytime up to 14,000 fect, and at every altitude
flown at night, Diptera were slightly more abundant at night than
in the davtime per unit of flying time.  In comparing the number of
spocinmens collected at the altitude of 200 feet in the daytime with
those at 500 feet flown at night, it was found that curves representing
the maximum and minimum coilections of Diptera for each month
follow each other elosely,  Theve was a decided increase in number of
specimens collected at night in Max, and for the day colleetions the
meximum numbers were also found at this time.  In Qetober there
was but a slight inerease in the nunibee of speeimens found at 200 feet;
but at night, a1 500 feet, nearly twice as nmany were collected as in
the davtime.  Caleulated on the basis of 10 minutes of flying tinw,
in May more specimens were colleeted at 200 feet in the daytime than
at 500 feet at night, but at 1,000 feet there were fower specimens
taken in the daytime than at night. In October the numbers at
1,000 feet in both day and night collections were similar to these for
200 and 500 feet. At 3,000 Teet in May and October, Diptera were
more numerous at night than in the daytime, but at 5,000 feet thero
were many differences, as at this high altitude other factors contribute
to offset any natural tendenecies of inseet flight.  Tn the day titme fewest
Diptera were collected in January and December with about equal
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numbers in each of those months These estimates are all based on
the 10-minute unit of collecting timo.

Noarly three times as many Diptera were collested us of the second
largest order, Coleoptera.

Many species of Diptera taken in tho upper air were of economic
importanee, and comprise some of the most dangerous pests. Those
species affocting the health of man and animals ave discussed
soparately.

There were 293 specimens belonging to the family Tipulidac tuken
in the day flights and 48 at night. Of fowr determined species col-
lected, Flelobin hybsida (Meig)) was the moest abundant, with 187 in
the daytime and 12 at night.  They were found mostly in Marel, and
April. This spegies is one of (he very common erane (lies and is widely
distributed.  One species was colleeted at (4,000 feet in June.

SBeven spreimens of the family Psychoditlas wore taken, with one
Psyehoda sp. in the daxtime at 200 feat in July, one at 500 feet at night
in June, and one at 3,000 feot in October, Three other specios of the
family wero taken at 1,000 feet in July and November, with ono ut
night in Oetebor.  Species of this family are mothlike in appearance.

The {annly Cecldomyiidae was represented by 64 specimens taleen
in the daytime an<d 20 at night.  They waore colleated at all altitudes
from near the surface to 5,000 feet awd one undetermined species was
taken b 14,000 feel in August. The ceecidomyiids were collected
throughout the vear, principally in Folhruarey and October. These
are very minute flies, many speeica producing ealls on vegetation.

Ono undetermined specimen belonging to the fumily Psilidac was
taken at 20 feet in March.  Some larvae of this Tamily feed or earrots,
celery, and parsnips and are often quite destructive,

Thers were 669 specimens taken in the daysime and 58 atl night
belonging to the family Ephydridae. They wero talen at most ulti-
tudes near the surface to 5,000 feet and rne Seatelle sp. and one unde-
terined species of Bphydridas were taken at 10,000 fect in Septomber.
They cceurred throughout the vear, although more specimens wero
collected 1 April.  This family is of no special eeonomic importance,
except in the Tar West and in Mexico, where tle [arvae oceur in gront
numbors in the alkaline liles, and ave gathered, dried, and used for
food by the Indinns Cf7, p. 8580).

Thirtv-one speeimens of the Tamily Drosophilidae woere taken in the
day flights wnd 11 2t night,  Four speries were veprasented, Chipmomy-
za amoena Loew, Lewcophenge rarin Walk,, Droxophile melunogaster
Meig., and Seaptomyza wlijusta Locw. They were colleeted at alti-
tudes Trom 200 to 3,000 feet,  Speeimens were Tound in the colloctions
throughout the vear, but princinglly in Septetber. Those of the
genus Drosophile are known ns truitflies or pomace flies, as they feed
ot ripe and decaying frait.  The adult flies nre widels wsed in experi-
mental resestvel I genetio-,

Two specimens of (he genus Leweopix (Ochihiphilidae) were taken,
one 1n the daytime in Fobruary al 1,000 foet and one at night in Octo-
ber ab 500 fest.,  The lavvae of this genns prev upon aphids and coccids,
and thus may be eonsidered as beneficial,

One hundred and cighteen specinens of the fungus gnats (Myceto-
philidae) were (aken, 95 in the day flights and 23 at night,  They were
collectad at most altitudes {lown.  One specimen was taken at 7,000
feet in July and one at 10,000 feet in June. They were found in
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every month of the year except January, the greatest numbers 1 May.
These flies are usually abundant, the larvae feeding on fungi and on
decaying vegetable matter.

The Sciaridae were reprosented by 463 specimens, of which 34 were
taken st night. They wors collected at most altitudes and appeared
throughout the year, with the greatest numbers taken in May.
Thirty-six specimens of Fugneriete occidentulis Cog. were colloeted,
including one at night; they wers taken rnostly in June and Septembor.
Sixty specimens of Seiara Jucundu Joh. were collocted in the day Rigltts
&t altitudes up to 5,000 feet.  One spacimen of 8. coproplala Lint. was
taken at 2,000 feet in June. There were also 208 Sciera sp. collected
in the day flights and 27 at night, with the greatest numbers taken in
May. One Seiara sp. was collected at 5,000 feet In August, one at
10,000 foet in June, and one undetermined species of Sciaridae was
taken at 8,000 foot in May. The larvae of the genus Sciara ave par-
ticularly interesting in that they have a charvacteristic habit of con-
gregating in dense numbers under the bark of trees. Just before
fime for pupation they bocome very active, marching over tho surface
of the ground in a serpontlike column, and accordingly have been
termed the sciara armyworni,

Ninety-eight specimens belonging to the [ty Bibionidae were
taken in the day flights,  They were colfected from Marveh to (Octuober,
with the greater numbers appearing in June and July. Twenty-one
specimens of Dilophus brerieeps Loew and 49 of iNtophus sp. were
taken from pear the surface to 3,000 feet.  One Hifoplus sp. was also
tnken at 10,008 feet in June. The larvae of the bibionwds, or Muarch
flies, lood on deeaying vegetable matter, althongh some species atiack
the roots of grass and growing plants.

Two specimens were faken belonging Lo the Tandly Sceatopaidae,
with one, Reickedtelta sp., taken at 200 feet in April aind one undeter-
mined species of Seatopsidae at 3,500 feet in September,

Seven speeimens belonging to the family Stratiomyiidae were takon,
all in the day flichts.  Two genera were vepresented with foar (Jelom-
tomyia sp. i attitades of 20 to 1,600 feet, und two Neseodelus sp. ub
200 feet. The stratomyiids, or soldier flies, were collected from
Aprit to July.  The Iarvae of somoe of the species are aguatic, others
hving tn the carth or decaying wood and vegetable matter. and a
fow are carmvorons,

Three spocimens of the fawily Bombyindae were colleeted in the
dagtime, with & speeies of dnlhrae and one of Systocehux nl 200 {eeb
in November, and one of Sparuspolins at 20 fool in Qetober. The
adnlt (Hes, kiown as bee {lies, are strongly built and rapid fliers,
and may be seen hovering over (lowers as they feod on the neetar.
The larvae are prreasitic on the larvae of Hymenoptera and Lepi-
doptern, and on soe sicks of Orthoplera, and oy be classed as
honelicind.

Ouly one specimen was taken belouging to the family Therevidae,
a species of Peiocephnln at the altitude of 206 feet in May. The
larvae of this family are wsually predacions but sometinies feed on
deenving animal aml vegetable patter. The adult flies llkewise are
predacions,

Soventy-eighl speeimens of the Scenopinidne were collected, 15
being taken sf night.  They were found at most altitudes up to 5,000
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feet, oceurring almost throughout the year, with more taken in April,
May, and June. The adult flies are commonly seen on windows and
for this resson are known as the window flies. The larvae are pre-
dacious and often found in houses, under carpets, cte, Others are
found in decaying wood.

“The family Asilidae or robber flies was represented by one speci-
men, e species of Alomosia taken at 20 feet in Qetober.  The adults
of this family are strong fliers and are mostly beneficial. They prey
on almost any insect they are able to catch.

The family Dolichopodidae was represented by 836 specimens, of
which 45 were collected at night. They were found at most altitudes.
One undetermined species was taken at 10,000 feet and one at 14,000
feet in September. The Dolichopodidae were taken throughout the
year, although more specimens were found in June and September.
This family 1s of some importance economically; it is & very large
group containing several hundred species. The larvae of some
specles are predators in ralleries of other insects, and some are aquatic
or semiaquatic,

Twenty-two specimens of the Empididae were taken in the day
Bights. They were collected at altitudes of 200 to 3,000 feet. Speci-
mens appeared scatteringly throughout the year. The empids or
dance flies are often seen in swarms, and are predacious. The larvae
live in decaying vegetable matter, sonme being carnivorous,

One undetermined specimen of Lonchopteridae was caught in the
daytime at 3,000 feet on November 5, 1026. The adults of this
family are very minute flies. The larva has & very peculiar [orm.
and has been reared from cabbage in England.

The family Platypezidne was represented by the genus Platypeza,
two specimens of which were taken. One was taken at 200 {eet in
Februory and one at 1,000 feet in October. Members of this family,
called flat-footed fies, are somewhat lilie the housefly in appearance,
although smaller, and may often be seen flving rapidly in cireles.
The larvae are found in deeaying mushrooms.

Thirty-six specimens of the family Pipunculidac were taken, one
at night. This family, the members of which are comnionly known
as the big-eyed flies may be considered us beneficial, as the Jarvae
are nurasitic on leafhoppers. The specimens collected were found
throughout the year.

Of the lamily Syrphidae 246 specimiens were taken in the day
flights, and 5 at night. Thirty-three specinens of Tozomerus polita
Say were taken at altitudes up to 5,000 fect. This is one of the very
common syrphids, {he larvae preying mostly on plant Jice, alihough
adults have been known to be pollen feeders on cotton and corn, but
causing hitle injury (26, p. 162-168). The Syrphidac were taken
mostly in August and Sepiember, although specimens were collected
in every month.

Twenty speciniens were collected helonging to the family Tachini-
dee, of which (wo determined species were token at night, one
Doryphorophaga doryphorae (Riley) at 500 fect in August, and one
Gonia terane Rend. at 1,000 feet in July. The tachinids were col-
lected mostly in the summer months.  Species of this {family are
beneficial, as (hey are parasitic chieflly within lepidopterous larvae,
and are extremely importunt in checking the increase of many inscet
pests.
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The family Anthomyiidae was represented by 278 specimens in
the day flights and 15 at night. They were found at altitudes near
the surface to 5,000 feat, and were taken throughout the year with the
greater numbers in April. The anthomytids are very common flies,
the larvae living mostly in decaying vegetable matter. Some are
parasitic on other insects, while a few species are very destructive
garden pests.

Seven undetermined specimens of the family Scatophagidae were
collected in the day flights, six at 200 feet and one at 1,300 feet.
Five were taken in June and one each in May and August. The
scatophagids are commonly known as dung flies.

Two undetermined specimens of the lamily Helomyzidae were
caught at 200 feet in February and December. The adult flies are
found in shady or damp places, the larvae [eeding on decaying wood
and mushrooms.

Of the family Borhoridae 518 specimens were taken in the daytime,
and 19 at night. They were collected at most altitudes flown under
and including 5,000 feet, and one at 11,000 feet 1n August. They
appeared throughout the year, although mostly in the spring and fall
months. They are alao called dung fAies, and are of little importance,
as the larvae live In excrement.

Thirty specimens of the family Sciomyzidae were in the collections.
One, of the genus Tefanocerq, was taken at 1,000 fect in March.
Twenty-six undetermined specimens were taken in the daytime at
altitudes up to 3,000 feet. Three were caught at night. The speci-
mens were found secatteringly throughout the year. The larvae are
aquatic.

Thirty undetermined specimens of the family Sapromyzidae were
collected, of which two were found at night. They were taken at
altitudes up to 3,000 feet and were distributed throughout the year.
The larvae are aquatic.

Nine specimens belonging to the family Otitidae were taken in the
;]ay flights. They were collected in the summer months up to 2,000
cet.

The family Trypetidae was represented by 47 specimens tuken in
the daytiine, and 5 at night. They were found in the day at the alti-
tudes, 200 fect (28), 1,000 {(5), 2,000 (10}, 3,000 (3), and 5,000 feet (1);
at night, 500 feet (2), 1,000 (2), and 1 at 2,000 feet. They were col-
lected in every momth of the year with a few more in September and
October than in other months, The Trypetidae include many species
which are well known gall makers,

The Sepsidoae colleeied comprised 64 specimens taken in the day
flights and 4 at night. Twelve specimens of Sepsis riolacea Meig,
were collected at altitudes up to 5,000 fect. This species, widely dis-
tributed thronghout North America, was found seatteringly through-
out the year, but chiefly in May. Fifty-five undeterniined specimens
of the same genns were (aken at altitudes up to 4,000 {eet, mostly
in May. Tins family includes small slender flies which are so com-
monly met with that they have been Inrgely shunned by the system-
atists (50, p. 7). They are of cconomnic 1mportance, being princi-
pally scavengers, feeding and hreeding in filth, sewage, exerement,
carrion, and otlier decomposing vegetable and animal matter (50, . 8).

Two specimens of the genus Piophila (Piophilidae) were caught at
200 feet m April and November. The [amily Piophilidae s similar in
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habits to the Sepsidae, and is considered of economic importance,
siuce the flies are principally scavengers (50, . 3).

The family Agromyzidae was represented by 18 specimens, of which
2 were caught at night. They were taken at altitudes up to 5,000
feet, and throughout the year. The agromyzids are very small flies.
Many are stem and leaf miners, and & few species live in plant galls.

DIPTERA AFFECTING MAN AND ANIMALS

Many of the species of Diptera tuken directly affeet man and ani-
mals. These are included in the families Culeidae, Chironomidae,
Simuliidae, Tabanidae, Phoridae, Syrphidae, Sarcophagidae, Calliph-
oridae, Muscidae, Anthomyiidae, and Chloropidae.

There were 111 specimens taken belonging to the family Culicidae,
comprising 7 genera nud 6 determined species, with 44 specimens
found in the daytime and §7 at night, These mosquitoes are usually
active at dusk and at night, alihough, if disturbed, may be seen flying
about during the day. TVifty Chaoborus punetipennis (Soy) were
taken, with 22 in the day flighte at the following altitudes: 200 fect
(11}, 1,000 (5), and 2,000 (6), 28 were taken at night, at 500 feet (19),
at 1,000 (2), at 2,000 (0), and at 3,000 feet (1). They were found
from April to October.  LEleven Anopheles quadrimaculetus Say wore
taken, three in the daytime and eight nt night, at altitudes up to 1,000
feet, in May, June, and Auvgust. Five females and six males were
taken. This species is the well known earvier of malaria. Five
Culex sp. were taken, three in the daytime, one at 200 {ees, and two nt
5,000 feet. Two {ranataenia sapphirina (O, 8.) were found at 3,000
feet in the daytime on July 1, 1929, One speciinen of Fserophore
columbiae I, and K. was taken at 200 feet in the daytime, and one
each at 5300 and 1,000 feet nt night. This mosquito 18 quite impor-
tant, and may become serious to livestock by its ereat numbers (8).
Two females of ledes rerans (Meig) were eollected at night at 5,000
feet, oue specimen at 500 leet in October, aud one at 1,000 feet in
May. This mesquito is annoying bat it is not known to be a carrier
of any cdisease of man. Two undetermined specics of Aedes were
taken at 200 and 1,000 feet, respeetively. There were 32 undeter-
mined spechnens ol mosquitoes, 11 of which were taken in the day
flights at altitudes of 200 to 3,000 fect, and 21 at night at 500 to 3,000
feet.

The [amily Chironomidae was represented by 701 specimens, com-
prising 8 genera and 9 determined speeies.  They were [ound through-
out the year, with more in the months of June and Suly in the daytime.
Nearly twice as many were taken at night as in the day in proportion
to the time flown. Chivononttds were found as high as 13,000 feet.
One Chironomus sp. was taken al 7,000 [eet. Ifive undetermined
apecimens of Chironomidac were collected at 7,000 (1), 9,000 (2),
10,000 (1), and 13,000 (1) leet.

There were 298 speeimens taken belonging to the lamily Cerntopo-
gonidae, of which 90 were collected at night,  Thirty-two undeter-
mined speeimens of Culicoides were collected at altitudes from 200 to
13,000 leci. One specimen of Culicoides rartipennis (Cog.) and one
C. erepuscularis Mall, were taken in the same flight at 5,000 feet
at night in Qctober. Members of this genus are olten mistaken for
mosquitoes; they are known as punkies, “no-sce-ums,” or sand {iies,
and are bleodsucking midges. Their hite is very annoying, and where
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they occur in sufficient numbers they become almost unbearable. The
larvae are aguatic, and thrive in great numbers in the swamps, lakes,
or ponds. No species of this genus are known as disease carriers in
the United States.

The family Simuliidae was represented by 48 specimens talen, all
in the daytime, in May and June, Three turkey gnats (Simulium
mermdionale Riley) were found in Mav 1929, two at 200 and one at
1,000 fect. Forty-two 8. ozeidentale Town. were collected at altitudes
of 20 (2), 200 (25), 1,000 (5), 2,000 (3), 3,000 (3), and 5,000 feet (2).
Two undetermined species of Stmulium w ore ta,ken ane at 1,000 and
one nt 3,000 feet. The species of Simulium are known us bliek flies,
buffalo gnats, or turkey gnats, and constitute one ol the major pests
of our country. They viciously attack both man and animals, in-
flicting a most painful bite. They arc at times responsible for heavv
losses of livestock, especially in \IlSSlRSlppl Louisinna, and Arkansas,
where mules occnsmn-‘tlly are killed in great numhers when they are
most needed to put iu the cotton crop.

Two specimens belonging to the family Tabanidae were taken, one
Tabanus mularis Stone at 1,000 feet and one undetermined 7abanus
at 200 feet. Members of this family, commeonly termed horsetlies, are
quite important econonuieally, and esuse considerable annovance to
both man anud livestock. They are known to be active agents in the
transmission ol the deadly anthrax. Members of this genus are strong
and rapid fliers, which may account for so few specimens being taken.

There were 107 speciinens helonging to the [amily Phor idne taken
in the daytime, and 14 at night. They were collected from near the
surface to 8,000 feet. These small flies, commonly known as “hump-
hacked” flies, are often seen dancing up and down in the air, The
larvae feed mostly on decaying vegetable matter, although a few are
known to he parasitic on other insects, The genus Megaselia was
represented by 435 specimens.  Species of this genus Liave been known
to survive the action of gastric juice, and thus have been included in
the field and study ol animal myiasis.

The lamily Syrphidae was represented by 251 specimens, of which
only 5 were taken wt night.  One specimen of Fristalis tenax (1) was
tolen at 200 feet In February. The lurvae of this species, «ulled rat-

tailed maggots, have been indicted in ecases ol intestinal myiasis in
man (19; 49, pp. 398 -400).  Syrphus larvae have also been reported
as causiny intestinal myiasis, although they are mostly predacious.
Three foristalis sp. were collected, one each in February and July at
200 feet and one 2t 1,000 feet 1n Ootober,

There were two genera and eight identified species collected belong-
ing to the lamily Hum])l] |<r1d‘10 Thirty-one specimens wora ml\cu
all in the day flights, at altitudes from near the surlace to 5,000 feet,
The sarcophagids ure quite important in that they may be cither
beneficial inseets or dangerous pests of man and anlinals,  Some
species bave been eredited ss eausing intestinal myiasls in man,
Others huve been found in necrotic tissues of wounds in man and may
be regarded assaprophytic or beneficial {19y, Surcophaga quadriselosa
Coqg. was taken at 2,000 feet in July.  This is ene ol the very common
excrement-foading speeies (25, 8. rapur Walli, was colleeted at 20 loet
1y, 200 (6}, and 1,000 feet (11, The larvae of this species are seavy-
engers on meats and parasitic on some insects.
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The fainily Calliphoridae was represented by one species, Cochliomyia
mecellaria (F.), three of which were taken at 200 feet and one each at
3,000 and 5,000 fect. This species is known ss the secondary screw-
worm fly; the larvae are often found m old wounds.

One stablefly (Stomerys ealettrans (1.)) {Muscidae) was taken at
3,000 feet In September 1829, This fiy 1s a definite menace to the
farmer, causing heavy losses In practically all types of livestock. Two
specimens of the genus Morellia were taken at 200 feet and one at
2,000 feet. T'wo specimens of AMuscina were collected at 200 and
1,000 feet and two of the family Muscidae at 20 and 2,000 feet.

Two hundred and seventy-eight specimens belonging to the family
Anthomyiidae were taken in the daytime and 13 at night. They
were found as high as 5,000 feet. The subfamily Fanniinae was
represented by 25 specimens taken at 20 feet (7}, 200 (10), 1,000 (3),
2,000 (3), and 3,000 feet (2). This group has been associated with
intestinal myiasis of man, although in some cases it was considered as
accidental,

The Chloropidae were represeuted by the largest numbers of speci-
mens taken of any family of Diptera. There were 2,227 collected, of
which only 97 were taken at night. Hippelales texanus Ald. and H.
pallipes Loew are included in this family, one specimen of the former
being taken at 200 feet in April. Forty-five specimens of J{. pallipes
were collected in the daytime as follows: 20 feet (1), 200 (15), 1,000
{15}, 2,000 (10), 3,000 (3) and at 11,000 leet (1). They were found
practically throughout the year. Forty-four undetermined Iippelates
were also collected, one vt night, in about the same nuinbers and at the
same oltitudes ns Jf. pallipes, excepting the 11,000-foot collection of
H. pellipes. Species of this genus have been associnted with the
transmissinn of pink eye (48, p. 861). (ften the air seerns filled with
the tiny insecls of the genus Ilippelates, which become extremely
annoying to man and suimals.  They are usually excessively abundant
after o rain following a dry period.

SIZE, WEIGHT, AND BUOYANCY

The size and weight, and therefore the buoynncy, of an insect deter-
mine the height to which it may be carried by air currents. This
relationsbip may he expressed in terms of the aerostatic or Lghter-
than-air coefficient.  The acrostatic cocllicient varies directly with
the area of the inseet which is exposed perpendicular to the pull of
gravitation and inverscely with the weight of the insect per unit of
exposed aren.  This is represented by the equation

R
Jc—-KW
in which Ae is the aerostalic cocflicient, 12 equals the area in metric
units exposed perpendicular to gravity, I represents the weight in
milligrams of the insect, and K equals o constant; therefore the lighter
the Inscct the greater the acrostatic coefficient, and the heavier the
insect Llic less the acrostalic coeflicient or actual buoynney.

The insecis colleeted in the high altitudes, especially from 6,000 to
14,000 feet, occurred there because of their relative size and weight, or
buoyancy. Under the same given coaditions of wind velocity and
convection, a heavily built insect with smell wing expanse will not
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be carried up sc high as & very light insect with relatively greater wing
expanse.

There is, of course, a wide range of values for the ratic of weight to
wing surface among insects. According to Piéron (59), this weight
ranges from 0.04 to 593 kg per square meter. Portier and de
Rorthays (61) determined the weight supported during flight by wings
in 20 species of butterflies and moths, & dragonfly {Aeshne grandis
(1.)), and two bees (Xylocopa wviolacea and Bombus terrestris) snd
found it to be much less than in birds and airplanes. The weight
sustained in butterflies is 0.1 to 0.15 kg per square meter; in certain
hawk-moths, 10 times as much; in Bombus, 25 times, or 2.5 kg. In
biplanes the weight supported by the wings was equal to 8 to 22 kg,
and for monoplanes 13 to 23 kg per square meter.

It is probable that after insects are on the wing little muscular
exertion is necessary to sustain the rate of speed. Insects on enftering
strong vertical air currents may attempt to resist them by flying
through these currents; otherwise they will be carried up from one
level to another.

Most butterfliies find it difficult to fiy In a strong wind, as the wings
offer 2 broad surface to the air. A few butterflies, such as hesperiids,
have a jerky flight which seemingly offers less resistance to air cur-
rents. One butterfly, Catophage galena, in Ceylon, is especially
noteworthy in its method of flight. It is o migratory specles and
usually flies directly against the wind, and the stronger the wind hlows
the more rapid the flicht. Tutt (72, p. 72) comments on this peculier
butterfly and states—

The action of the wings of these buiterflies is not horizontal like thet of the
Admiral or the Tortoiseshell, nor is the {light even and continuous, but they are
prepelled in jerks, with the wings vertically closed and opened allernately, so
as to offer the sharpest edge to the resistance of the wind., Thus the butterfly
does not appear to propel itself, but tu be driven forward by the action of the
wind eddying round against the under surface of the wing presented to if, but how
this is donu it is not casy to demounstrate.

Among the Homoptera Stictocephala festina was collected mostly
at the lower altibudes, with several at 1,000 and 3,000 feet. This is
a very strong flier, henvily built, and able to resist the rough currents
of air. The larger cicadellids, such us Oncometopia wndate and IHoma-
lodisca triquetra, were taken mostly at 200 feet and very few nbove
1,000 to 3,000 feet. More specimens of the smaller species ol cica-
dellids were taken at high altitudes than at the 200-icot level. More
specimens of several species of Fulgoridae were tuken at 1,000 feeb
and above than at 200 feet. Most of the Fulgoridae have o large
wing expanse in proportion to their body size, which accounts for
their appearnnce in the higher altitudes. The Aphiidae, slthough
weak fiers, and the Psyllidae, which also have a large wing cxpanse
in comparison with their small bodies, were taken in considerable
numbers at as high altitudes as 13,000 feet.

The Heteropters showed some correlation between size, weight,
and buoyancy and the heights at which they were found. Lygacidae
appeared in considerable numbers above 1,000 feet and were taken as
high as 7,000 fect. Species of this family are gencrally strong flters,
vet with a wing expanse greater than average in proportion fo their
size and weight. The Tingididae, Anthocoridae, Miridae, and Corix-
idae were also found in considerable numbers in the higher altitudes.
In most species of these families the insects are light, with compara-
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tively good wing expsnse. On the other hand, compactly built
Heteroptera, such as the pentatomids, were not found above 1,000
feet, and very few were taken. Pentatomidae are abundant on the
ground, but do not fly high, apparently because of their weight.

Coleoptern offer less resistance to the wind than do Lepidoptera,
being bulky, with less wing expanse in relation to their size. Many of
them are strong fliers, however, and must depend mostly on their
muscular power for propulsion, as they lack the ability of the butter-
flies to drift with the wind. The horny elytra of beeflos are concave
and act more or less as vanes, and the wind blowing against them
makes it diflicult for the beetles to regulate their flight, putting them
at the mercy of a strong wind. Thus the lowland species of beetles
are carried up by ascending currents of air, and probably travel
great distances at high elevations.

There are many records of the occurrence of species of Coccinellidae
at high altitudes. These Jadybird beetles are often migratory. It
1s not known why ladybird beetles fly to high mountning, especially
during the midsummer days. The ‘writer once observed (August
1920) a great swarm of [ndybird beetles at the altitude of 12,680 feet,
near the Arapahoe Pass in the Rocky Mountains, in Colorado. The
bectles had congregated by millions on the talus slope and were crawl-
ing over the rocks projecting out of snow and ice adjacent to the
Arapshoe Glacier. Many beetles could be seen flying over the ridge
of the Pass, There was a strong ascerdling current of air on the wind-
ward side of the mountain, which doubtless aided the beetles in their
upward flight. The air on the other, or leeward, side was found to
be more quiet, and as soon as the beetles passed the summit of the
ridge they scttled down immedintely. A fow minutes after these
coccinellids were first seen a severe thunderstorm came up, eausing
the beetles to disappear. They probably found shelter beneath the
great rocks.

Coleoptern were collected at all altitudes up to 12,000 fect. More
specimens per 10 minutes’ {light were collected at 10,000 fect than at
other high altitudes above 5,000 feet. The Coleoptera taken at alti-
tudes ahove 6,000 feet helonged mostly to the families Carabidae and
Staphylinidae. A few Coccinellidae were taken at very high altitudes,
with two specimens of Seymnus terminatus, st 5,000 feet, and one
Ceratomegille flovidana at 6,000 feet. One chrysomelid beetle,
Diabrotice ritiata, was found at 11,000 fect.

Lepidoptera were not taken at heights above 5,000 feet.  The spee-
imens teken at 3,000 to 5,000 feet were small microlepidoptera, with
great wing expanse in proportion to their weight and thus with more
buoyancy. These tiny moths are weak fliers and accordingly would
be aimost entirely subject to air currents in their distribution in the
upper air,  The Noectuidae, however, were found mostly at the lower
altitudes, from 200 to 2,000 feet, with one at 3,000 lect, but with the
majority of the specimens at 500 and 1,000 fect. The nostuids are
strong fliers, but with Iess wing expanse as compared with their body
weight, which would cause them to fly or to be Tound claser to the
surface.

Hymenoptera were well represented, with 33 specimens taken at
the rltitudes of 6,000 to 14,000 feet. The specimens found were very
small species and included 11 families. These small Hymenoptera
have considerable wing expanse, with light bodies. Winged males of
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ants were taken as high as 5,000 feet, while the winged queens were
found mostly at 200 and 1,000 feet. The queen ants are much
heavier than the males and secordingly would not fly very high. The
workers are the smallest of the ant forms.

More Diptern were taken at the high levels than of any other order.
There were 81 specimens faken at 6,000 to 13,000 feet, mostly very
smell species. The Diptera taken were weak fliers, with great wing
expanse as compared with their size and body weight, thus having
considerable buovaney.

WINGLESS INSECTS

Numbers of wingless insects, belonging to the orders Thysanurs,
Collembola, and Siphonaptera; also nymphs of Heteroptera, Ho-
moptera, and Orthoptera, larvae of Coleoptera, Lepidoptera, and
Diptera, great numbers of wingless ants, and spiders and mites, were
collected 1n the upper air, from near the surface to as high as 15,000
feet. These adult wingless insects, as well as the nymphs, larvae,
spiders, and mites, were all at the mercy of the air currents. It is
most likely that the wingless forms found above 5,000 feet did not
originally come directly from the territory over which the flights were
made, but were picked up at distant places and carried in the upper
pir currents, perhaps for hundreds of miles. By means of these
avenues of travel insects have been distributed to far countries, to
remote islands, over mountain barriers, and ncross stretches of hot,
barren deserts and waste lnnds {tables 1, 2, and 3).

ARANEIDA

There were 1,461 spiders taken in the upper air, and of this number
only 60 were collected at night. There were determined 15 familics
and 30 species, and there was 1 new species. The greatest number of
specimens foken in any one family (192) belonged to the Linyphiidae,
with the next highest numbers (83) in the Lycosidae. They were
found at nearly every saltitude flown from 20 to 15,000 feet, and
appeared mostly in November to January, with fewest in August.

ABRONATUTICAL SPIDERS

The dispersal habits of spiders provide opportunity for an absorbing
investigation. There were 1,461 spiders taken in the upper air at
altitudes from near the surface to 15,000 feet. They were taken in
greatest numbers in November, December, and January. The spec-
imen taken at the highest altitude of all was o spider, and this is
probably the highest clevation at which any specimen has ever been
taken above the surface of the cartl,

A species of spider has been found in crevices in ice on Mount
Everest at an altitude of 22,000 feet (I8). Savory (64) states that

Far sbove the highest planl. which grew at an allitude of 18,000 feek, small black
spiders belonging to the family of juraping-spiders were found, hopping among the
rocks and hiding under the stones in such pieces as were swept bare of snow by the
wind. They reached & height of 22,000 feet, st which ajtlitude they were nof only
in proud position of being the highest permaunent inhabitunts of the carth, but
seemed {0 be alone in their isolation. Ne other living thing has been found to
ghare their loneliness. Thore is nnthing bué rock, snow, and ice. Whatl they get
to feed on is & mystlery.
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Dr. Ewing of the Division of Insect Identification has observed
dead insects in crevices at 14,000 fect, blown up while alive by surface
air currents, and believes that these dead {or dying) insects furnish
the food for spiders inhabiting the icy tops of high mountains.

At times while fiying. the writer observed numbers of white silken
filaments of webs floating through the air, even as high as 11,000 feet
or more, and ofter when landing the struts would be almost white
with the silken webs wrapped around them. [t is chiefly the immature
stage of a spider, known as a spiderling, that uses the air as & moeans
of dispersal, and it is probable that the young of most spiders are
more or less addicted o this mode of transportation. MeCook (48,
v. 2, p. 268} states that the huntsman spider (Teterapoda venatorius) on
account of its acronautic habits, might well have circumnavigated
the globe with the aid of trade winds, basing his caleulations on locali-
ties wheve the spider is known o oceur and on thie direction of the
winds. It is interesting Lo note the method the young spiders have
of “taking oft” on their journays. The spiderling climbs to the top
of some object such as o fence, twig, or any other elevated projoction,
lifts its abdomen t3 an angle of ubout 45°, with legs stiflened, thus
pushing the body upward, spins out a thread, lots go, and is cutried
off into the aix and away. Fields have often been secn covered with
2 gauze of silk, blown down when the wind was too strong.  Howard
(84) states that these remarkable sheets of gossamer are yearly found

on the sides of the Yosemite Vailey and are of great extent. Comstock

(16, p. 216} states that showers of gossamor have been met by ships
at sea hundreds of miles from land. Ballooning spiders are carried
long distances in_this way and are stopped only by striking against

some elevated object or by the subsidence of the breeze. 1t has evon
been noted that 1t appears to be within the spider’s own volition to
regulate its flight, for it can draw in with its claws the forwaed ray
and gather it in a white roll within the mandibles, thus aansing either
& gradual or sudden descent,

The families of spiders which secm to have a strongly fixod acronau-
tical habit are the orb weavers, epeiroid spiders just out of the cocoons,
and the subfamily Iirigoninae of the Linypbiidas. These families
were well represented in the airplane collections, ns were also the
families inchuding the craly spiders, lynxy spuders, wolf spiders, and

shest-web weavers.
AUARINA

The order Acaring, ov mites, was roprosented by 44 specimens
takon in the upper air during tho day flights, and 2 at night. 1n the
day they were found at altitudes ranging from near the surface to the
herght of 3,000 feat and wore taken mostly in February, Maceh, and
April. The fmmily Parasifidae was represented by 33 specimons
collected at altitudoes of 200 to 3,000 feet, with 2 specimens in Fobruary,
16 in March, 13 in April, and 1 in Novomber. During March, April,
and May large numbers of Tipulidee wers usually i ths aie, and
Carabidac ware taken in the uppor sir in grestest munhors in March.
Acaring were especially Tound on these two lanilies of insects.

The nymphs of Acnrina are nwstly attached to insects, & habit
known as phoresy. They are not dependent directly on the air
currents, but are cauried upward as riders on the insects.  This affords
an effective means for their dissemination. The specimens wers
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taken, however, when the surface wind velocity was from 3 to 14
miles an hour.

One undetermined species was taken alive at 3,000 feet attached
to a species of Tipulidae. The two specimens collected at night were
one Dameosome sp., taken September 18, 1929, and one undetermined
spectes of Acaring in August at 500 fect. Speecies of the genus
Dameosoma uve known ns moss mites.  The record of the speciinen
taken in the upper air is interesting in that the species of the genus
gre not found on beetles but are heotlelike in appearance, ocourring
under rotten logs and in moist places, in ground iitter, or under loose
bark. At the time the specimen was taken the surfnce wind velocity
was 3 miles an hour and the air was slightly rough.

THYSANURA

Forty specimens of Thysanura were taken In the upper aiy, repre-
senting two families, five genera, and one determined speeies.  Thy-
sanura are the most primitive of insects. These insects, known as
bristletails, are found under stones and various objects Iying on the
ground and in cool and shody places, Some species of the family
Lepismatidae, which were represented in the upper-air collections,
are commonly found in houses, libraries, and museums, sttacking
starched clothes, book hindings, ete.

In the airplane collections Thysanuvra appeared in every month
except Fobruary and Julv (table 4).  Three specimens of a lepismatid
were taken at 3,000 fect and one ub 8,000, They were collected at,
times when the wind ranged in veloeity from ealmm to 16 miles per
hour, slthougt the majority were taken when the surface wind veloci-
ties were from 3 (o 10 miles an bour.

COLLEMBOLA

The Collemboln, or springtails, nre similar to Thysunura in being
primitively wingless insects.  Specitnens were taken in the upper air
i every month exeept Javuney and September (table 4), and when
the surface wind velocity was {rom ealin to 13 miles per hour, princi-
pally O to 14 miles per hour. Twentvsix specimens were coaught
representing three nmilies, seven genera, snd four determined species,
They were found at altitudes up to 11,001 feet, the genus Hourletiella
being represented by one speeimen each at 5,000, 7,000, and 11,600
fect, The specles Sira nigromoeviaie Labb., which is often found
m houses, wos taken nt severn} levels up to 3,000 feet (table 9).

HYMENOPTERA

Worker ants were the onle wingless Hymenopiera found in the air.
QF the 300 ants collected there were found to be 23 winged queens,
265 winged males, 20 waorkers, and 1 pot distinguishied (table §), It
appears that worker ants are carried into the upper air with n wind
velocity of 3 to 6 miles per hour, whether the atr s smooth, slightly
rough, or rough. A typiesl colony of most speeies of ants consists
of warkers, queens, and males.  The queens are winged until they
become fertilized.  Woarkers were taken at altitndes of 100 to 4,000
feat. One specimen of the genus Pheidole was taken atb 100 feet; at
200 feet there were collected Lwo specimens of Poneve trigone var.
opacior, one Aonvmortum neinimwm, two Pheidole denteia, two
Aphaenogaster spp., one Tapinome sessile, three Prenolepis (Ny-
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landeria) sp., and two undeterinined species of ants; one Solenopsis
zyloni was found at night at 500 feet; at 1,000 feet were found one
Iridomyrmer pruinosus var. analis and iwo undetermined species of
Formicidae; at 2,000 feet one specimen of Prenofepis (Nylcmcferin) sp.
was taken; and at 4,000 feet one specimen of Cumponotus caryae
var, minute was taken.

SIPHONAPTERA

One specimen of Puler irritans L. {(Pulicidac) was taken at 200
feet (table 9), onJuly 1, 1929, 2t 2:16 p. m. The surface wind velocity
was 7 miles an howr, and the air slightly rough at 200 feet. Tleas
arc jumping insects, and probably the wind was strong enough to
piek up this small wingless insect and carey it elong.

IMMATURE STAGES

ORTHOPTERA

One nymph of & species belonging to the family Phasmidae (walk-
ingsticks) was talen at the alfitude of 200 feet 1n September. The
wind veloeity was 10 miles an hour at the time, with considerable
convection.

HOMOPTERA

The immature IJomoptern wers represented by one cieadellid nymph
taken at 200 feet, and five nymphs of the Aphiidae, three at 500 {eet
at night, aud one cach in the daytime at 1,000 and 2,000 feet. There
were also five undetermined homopteran nymphs taken, three at
200, and one cach ab 1,000 snd 2,000 {eet, respectively. The aphid
nymphs were taken when the surface wind velocities ranged from
3 to 6 miles an hour, and when the convection was fairly strong
{table 9.

HETEROPTERA

Among the Heteroptarn, nymphs were colleeted in the upper air as
high as 8,000 feet. They were takon in the spring when nyvmphs were
most ahundant in the field, and when the surfece wind velocities
were from § to 10 miles per hour, with the air rough and the convection
strong.

Two nymphs of the family Coreidae were taken at 5,000 and 9,000
feet, respectively. Tour nymphs of (socoris were found, with one
each at 20, 1,000, and 2,000 teet, in the daytime, and one af night
at 2,000 feet. Two nymphs of Antilfocorss pallidus and four of
Lynus protensis were taken ab 200 feet. One nymph of Psallus
seriatus was taken at 20 feet, Nine undetermined nymphs of Heter-
optora were {ound at the altitudes shown in table 0.

COLEQPTERA

One smell and very hairy dermestid larva, Trogoderma sp., was
taken alive at 5,000 feet. It was caught on March 24, 1031, when
the wind velocity was 11 miles per hour at the surlace and 42 miles
an hour at 9,000 feet, and the alr slightly vough to rough af all alti-
tudes. Considering the hairy covering of this small larva, with the
long hairs offering & great surface aren, it is not surprising that it
was found at such o height.
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LEPIDOFET- ;A

Three larvae of the genus Gelechir were taken in the upper air, one
at 500 feet at night and two at 1,00 feet early in the morning. The
two specimens at 1,000 fect were taken on the same screen on Sep-
tember 9, 1930. The surface wind velocity was 4 miles per hour and
the air was slightly rough. The one at 300 feet was caught on the
morning of the followirg day ot 4 a. m. The lower air was calm, but
at 500 feet there was n wind velocity of 9 miles an hour and the air
was slightly rough. Doubtless the small caterpillar taken at 500 feet
had been in the air for some time, as convection is not present at night,
and the air was calm on the surface. The larvae of Gelechia are often
seen dangling from limbs of trees, ench by a siiken thread, 'FThe
wind blows these unprotected larvae loose from their silken ropes and
carries them through the air. There were also two unidentified
lepidopterous larvae taken at 200 {eet in October when the surface
wind velocity was 5 and 6 miles per hour (table 9).

It is well know that eaterpillars of many of the Lepidopterz are
carried by the wind. Important investigations have been made in
determining the extent to which larvae of the gypsy moth {Por-
thetrie dispar (L.}) are carried by the wind., Burgess (J0) relensed
newly hatched first-instar larvae that had spun silk in front of an
electric fan, and found that they drifted from 20 to 30 feet. Later
Collins (I8) in 1915 ecaught larvee on specially econstructed screens
covered with o sticky substance, the larvae having drifted from the
mainland to the Isle of Shoals, off the coast of New Hampshire, for
distances ss much as 134 miles. Continued experiments by Collins
(14) showed that the wind carvied gypsy moth larvae from 19 to 30
miles inland from across Cape Cod Bay oll the coast of Massachusebts,
The most outstanding work done in connection with the study of the
dispersal of the gypsy moth larvae was that in 1932-33 by Collius
and Baker (75), who used traps made a$ the T'allulah Inboratory on -
an airplane, with which three newly hatehed gypsy moth larvae were
taken, ene at an clevation befween 300 and 500 feet and two ot 1,000
feet, and later one larva was taken at an aliitude of 2,000 feet above
sea level, Studies have also been made by Felt (24} on the possible
drift of insects.

DIPTERA

One small dipterous larva was [ound at 200 [eet on October 16,
1930; the surface wind veloeity was 5 miles per hour, and at 200 feet
the wind velocity was 12 miles per hour, with the air slightly rough.

The larvae of Diptera, Coleoptera, and Lepidoptera were taken
when the temperntures were from 67° to 86° I,

INSECTS TAKEN ALIVE

There may be u question us to whether inseets token at heights of
5,000 te 14,000 feet are still nlive.

It has been suggested that the oxygen content of the atmosphere
at 14,000 feet would not be sufficient to support inseet life. The
writer, however, collected insects on the summit of Loogs Peal, Colo.,
at 14,255 feel above sen level, and other collectors have recorded
insects from mountains at altitudes of 15,000 to 16,500. In a letter
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te the author, C. F. Marvin, former Chief of the United States
Weather Bureau, states:

To the hest of our knowledyge, no difficrence in this quantity lof oxygen] has
been observed as between free air and mountain surface zir.  In fact the continu-
ous and great movements of air-winds, thernal conveetion, turbulance—and also
motecaiar diffusion would quickly smooth out any nppreciable difference in the
pereeninge of oxygen between places mentioned if for nny reason it should coear.

At the very bigh altitudes of 14,000 feet and above, there is less
barometric pressure. laitz (44) conducted experiments with baro-
metric pressure and its effect on inseets in relation to their chance of
life at high altitudes and their future ability to reproduce. He placed
numbers of flies in a bell jar together with a dish of water to keep them
from drying up in the vacuums to which they would be subjected, and
pumped out the air. DLutz, in describing this most interesting
experiment, said:

The baromeler showed a pressure of about 22 mm but it was the water-vapor
that was keeping it {here.  T'his pressure represented a heighl of ore than
sgveniecn miles above sea-level, and the flies were Laken Lthere from approximately
see-level in ninciy seconds. The flies stopped moving, possibly because they
were chilled by excessive evaporation from their bocies.

Then the valves in the apparaius were opencd wide and the pressure instantly
returned to normal,  Within Jour minuies all fen flics were walking aboui as
though nothing had happened.  The same procedure was repealed again and
agnin.  After the cighth fvip from & pressure of thai at approximate sea-level to
one of that more than sevenieon miles up in a minute and a half, and return trips
in Jess time than 1 Lakes to say it, one fly did not walk within seven minutes after
reaching grovnd pressuve and I did not wait for him but went on with the one-
to three-minutfe swings from normal pressares to practically no sir #nd back
agein.  After the {wentieth Lrial only 6 of Lhe 10 sialwarts were walking % % ¥

Human enduranee would fail so far below that of insects in such o test that no
comparizon ean be made.  An oxpress elevator in the Empire Stale Building or
the dropping of o enge in a deep mine are slow coaches going a short block com-
pared {o {the rides {hese flies look fwenty-four times in four bours, = *

Lutz later tock the two surviving flies and kept them in a cage,
and found that they reproduced normally, and the following genera-
ti s failed to show indieations that anything unusual had happened
in the life of these flies,

Minimum tempernture is another factor affecting the possibility of
insects remaining alive in the upper air and being uble to reproduce
their kind in new or distant loealities. Noble (83) conducted experi-
ments with the pink bollworm moth, using a temnpernture of 80° I,
This was the average temperature at which specimiens were taken In
the upper air (6,700 feet nhove sea level) by the writer in Mexico In
1928. Noble concluded that after 7 days’ isolation female moths
were able to begin or to resume oviposition of fertile eggs.

WWith the oxygen contenf of the air sufficient to support insect life,
and with an adequate barometric pressure for their existence, there
can be no apparent resson to believe that insects could nof live, for
a while at lenst, in the upper atmosphere above the troposphere
{convection region) and approaching the stratosphere.

From the collection of inscets by alrplane mueh evidence can be
drawn to support the conelusion thut many of the insects are alive in
the very high altitudes. Considerable numbers of the specimens
taken, helonging to many orders, were found to he alive when removed
from the screens. Tt s alse evident that the majority of the 28,739
specimens cellected in the upper oir were alive when caught, since
the specimens when removed [rom the sereens were sofl and plisble,
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even an hour or more after the flights. Insects were found alive at
altitudes of 200 to 9,000 feet. Naturally, at the altitudes of 200 to
1,000 feet or more it is to be expected that the majority of the insects
would be alive. Itis more important for the migration and dissemina-
tion of insects that they be alive 2t the sltitudes of 3,000 feet and
above, for at that height prevailing winds are blowing and at a greater
velocity, and the insects would have a better chanee of being carried
over long distances. A few of the more important records are given.

At 3,000 feet several unidentified Diptera and a Mayily (Cuenis
hilaris) were taken alive. At 5,000 fect even more of the inscets taken
were found to be alive. These included one specimen each of Grapho-
cephala versutu, Aedes verans, an aphid, one unidentified lepidopteron,
and also numbers of Diptera, including two trypetid flies. At 6,000
feet one coccincliid {Coleomegille floridane) was found alive. At
7,000 feet an aphid was found alive. The highest altitude ot which
& specimen was taken alive was 9,000 feet, at which height a small
dermestid larvn {Trogoderma sp.) was taken. This small hairy larva
was alive and wriggled considerably when placed in a vial of alcohol.

A few specimens of importance taken alive at the lower nltitudes
were two boll weevils, one each at 1,000 and 2,000 feet; and a moth
(Clisseps fulricollis) at 2,000 feet. Numbers of Stictocephala festina,
honeyhees, one Melenoplus femur-rubrum, onc dnopheles quadrimacu-
latus, several chironomids, crane flies, & bumblebee, and 15 specimens
of the family Lampyridae were collected alive at altitudes of 200,
500, and 1,000 feet.

METEOROLOGICAIL DATA

In the field of ecology of insects it is most essential carefully to
observe and study the complex meteorclogicn] factors associated with
the interactions of insects. The numbers of insects taken in the air
at any given time depended directly on the condition of the weather
preceding snd at the time the collections were made.

Insects naturally are far less abundnat in the winter than in the
witrmer months of the year,  There were tunes, however, ai the peak
of their sbundance when very fow or no iuseets were taken on [ights,
Often it was difficult to single out any specific condition ol the weather
which contributed to these differences in the numbers of specimens
taken. At times when thie weather nppeared to be ideal for insects,
only a few or none would be taken.  Again, when wenther conditions
were “bod,’” inseets were taken in considerable numbers,

Meteorological observations were made and carvefully recorded for
every flight (fig. 2), but not until the last 2 years of flying were any
records made of the wind movements 1n the upper air.  During the
5 years ol collecting, certain meteorological conditions were found
which influenced either favorably or unfavorably the numbers of
insects tnken.  These are considered as to their influence on the netiv-
ity of inscets in Lhe uir, nnd in thelr relation to the numbers collected,
in the {ollowing secelions,

TEMPERATURE

There is uo doubt that temperature 1s one of the most nportant
meteorological factors in the control and distribution of mmsects.
Wherever nnd whenever the temperature conditions are favorable,
inseet life is usually abundand,
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The airplane collections show that temperature plays the dominant
role in the seascnal distribution of insects, and, combined with various
other meteorological conditions, was the most important controlling
factor affecting the distribution of insects both on the surface and in
the upper air. At a given locality vapor pressure, dew point, and
absolute humidity usually vary more or less direc tly with temperature.

SURFACE TEMPERATURE

The numbers of insects in the upper sir depend, of course, on the
surface conditions; and the number caught at 200 feet serves as 2
nearly accurate index of their abundance. If the temperature is
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Fravne 5~-Comparutive numbers of insccts collected by airplane in 10 minutes
of flying at the allitudes of 200 feet by day and 500 fect hy night, as related to
the surface temperatures, Tallulal, La., 1926-31.

favorable at the surface, and the other conditions are more or less
equal, insects will be active.

In the colleetion of insects from the upper air during the day
flights at the altitude of 200 feet, it was found that in general the
numbers taken inereased rapidly from low temperatures of approxi-
mately 35° F., reached n definite peak between 75° and 79°, then
dropped off suddenly and continued to decrease as the temperature
increased from 792 to 100° (fig. 5).

Considering the orders of insects separately, there was found to be
some varation in the optimum surface temperatures. Hoemoptera
were taken in greatest numbers between temperatures of 70° and 74°
F.; Heteroptera, Coleoptera, and Dipters in the range 75° to 799;
and Hymenoptera at 85° to 89°. The order of spiders, or Araneida,
was collected in largest numbers at ground temperatures {from 50°
to 54°, this low temperature rang= being partially explained by their
being found mostly in November, December, and January.
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At the altitudes from 1,000 to 3,000 fcet, insects were taken in
greatest numbers when the surface temperatures were from 80° to
84° F. It nppears that as the air became warmer, convection became
stronger, and carried insects into the higher levels. With the surface
temperatures higher than 84°, insects in general dropped off in num-
bers at all altitudes.

Among the 1,162 flights made during the daytime in Louisiana,
there were many eases 1n which temperature appeared to be the con-
trolling factor it the numbers of insects collected. During the winter
and early spring months insects were taken in greater numbers when
days were warm. On very cold days few specimens were collected.
During the summer the collections dropped off most decidedly when
the days were excessively hot, especially with temperatures of 95° F.
and sbove. As the temperature increased from before sunrise and
until it reached about 90° insects hecnme more active and were col-
lected in great numbers. There were times, however, when other
conditions entered, such as severe winds, rain, cloudiness, or drought
thﬁt offset the tempearature effect and limited the numbers of specimens
taxen.

A few of the many examples are given in table 11 to show how
temperature appeared to be the dominant factor, as indicated by the
numbers of insects collected. For each flight the traps were exposed
at 200, 1,600, 2,000, 3,000, and 5,000 feet for 10 minutes each, the
entire flight being usually accomplished in a little over 1 hour.

TaBLE 11.—Mectearological data showing effect of lemperature on the numbers of
tnsecls taken in airplane fraps, Tallulah, Lo,
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On November 18, 1930, insecis were tanhen only at 200 {eet on the
8:32 a. m. flighi.  On the second flight, made nt 10:45 a. m., insects
were colloeted at both 200 und 1,000 feef, and on the 2:30 p. m. flight
they were taken up to 2,000 feet When the lemperature was 58° I,
the air was smooth, with Hftle conveetion and no wind.  Then as the
terupesaiure rose, reaching 829 for the aflernoan, the air beecame
slightly rough with considerable wind, and inseels reached the higher
aliitudes.  IFurthermore, (he low {emperalure of 58° is helow the
range of maximum activity, while 82°isstill within the aptimum range,
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On days when the temperatures were within or slightly above the
range of maximum activity of insects, the numbers of insects taken
usuelly decreased as the temperature rose. Examples of this rise in
temperature and its effect are seen in the flights of June 17 and J uly 1,
1929, and of August 1, 1930 (table 11). When the temperatures were
not extreme for the first flights of the day, insects were taken at the
higher altitudes, but as the teruperntures inereased to 90° F. and above,
few insects or none were taken shove 2,000 feet.

Among meny species of insects, sudden changes in temperature
cause noticeable reactions. It was often observed that affer a drop in
the temperature, following a long period of hiot weatlicr, insects beeame
cery active and abundant in the upper air.  If such changes oecur in
the fall, especially after there has been a frost, many insects will start
their migration flights. At such times the boll weevils beconte more
active and fly out of the cottonfields to seek hibernation guarters.

In the spring u reverse reaction tales place, in that as the mean
ternperature increases, hibernating insects coine forth, and many
species start their flights northward.  Thereis also n general emergenee
of pupating insccts, and hatching of sggs.  The ineroase in activity of
insects 1n spring due to the vise m tempernture secounts for the maxi-
mum numbers taken in the upper air in the spring months, especinily
May.

To tabulat: the numerous species of insects vollected in the upper
atr according to the temperatures at which they were tuken would be
too great an wndertaking.  Some species will be Tound when the days
are cold in wiitter, as well as on extremely hot duys in the summer and
fall.  Budden drops or rises in {emperatures will eavse insects to be
scarce or abuadant, respectively. Generally speaking, however,
insects have thelr optimum temperatures for netivi tv, below ar ahove
which they will decrense in nun.bers or disappoear from the upper air.

NIGHT TEMPERATURES 1IN THE UPPER AlR

With respect to convection, night conditions are the reverse of day-
time conditions. There is conunonly “temperature inversion,”’
that is, the temperature of the lower hiyers of air usually increases
with increase in height: and even when there is sufficient wind to
prevent this temperaluore inversion, the lower atmosphere still is
colder than it otherwise normally would be (35, p. 42). Dhring the
night the ground is slightly colder than the air in winler and shightly
warmer in suminer,  The ground st night cools rupidly, and the air
loses heat by radiation both to the open sky and (o the vooling ground.
Conduction cools the nir in immediate contact with the envth’s surface,
and unless the wind is strong this layer is not mixed with the air above.
Convection is usunally not operative at night, and the marked cooling
must take place very near the eartl’s surface (52, p. 67).

The amount af time spent in {light at night was senrcely sufliciont
to compare the results with thuse of the day flights, exeepf for flights
made on the swne day. Tt was found, however, that the Freatest
mambers of insec(s wore colleeted in the night flights at the altitude of
500 fect when the surfuee temperatures were from 75° 10 79° ¥, The
temperature range from 55° to 59°, gave the next highest numbers.
These lower night temperatures wore recordod mostly Infe in the fall,
when insects usunlly were abundant (g, 5).
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FREE AIR TEMPERATURE

Temperatures were recorded at every altitude at which collections
were made (fig. 2).

The average vertical temperature gradient Is subject to much varia-
tion fromn varicus canses,

At the altitude of 200 feet most insects were colleated when the
temperature ranged from 75° to 79° I, surfuce temperatures being the
same, At the altitude of 3,000 lect the greatest numbers of insects
were taken when the temperatures recorded at this altitude were from
70° to 74°, the surlace temperatures ranging from S0° to 84°. At
2,000 feet insects were most abundant at temperatures of 65° to 69°,
with the surface temperature at 80° to 84°. Above 2,000 feet there
was much varation, since other meteorogical conditions entered in.

Homoptera, Coleoptera, and Diptera were collected In greatest
numbers at the altitude of 200 feet when the temperatures recorded
at that altitude were from 75° to 79° I, Hymenoptera at 85° tc 89°,
Heteroptera at 80° to 84°, and Araneida were collected in greatest
numbers ab 200 {eet in the temperature range of G0O° to 64°.

In the day collections at 1,000 feet, imore Diptera and Hymencpters
were taken when the temperatures uf that altitude were 70° to 74° F.
Homoptera, Heteroptera, and Coleoptera were found in greatest
numbers when the temperalure ranged from 65° to $9°.  Spiders were
found in greatest numbers at temperatures of from 60° to 64°,

At the altitude of 2,000 {eet, Dipters, Homoptera, Heteroptera, and
Hymenoptera were taken in greater numbers when the temperature
ranged from 65° to 69° F.  Coleoptera varied considerably.  Arancida
were collected in largest numbers ot temperatures of 45° to 46°,

Above the altitude of 2,000 feet, the orders varied considernbly in
regpect fo optimum lemperafure ranges.

The high-altitude flights at 6,000 to 16,000 {ect were made during
the spring, summer, and fall months. Ifor the altitude of 10,000 fect
tempera fures were recorded in March as low as 27° F.; the minimum
for April was 32°; for May, 42°; {for June, 45°; for July and August, 43°;
for September, 42°; and for October, 45°,  The lughest altitude was
attamed on Avgust 13, 1931, when 16,100 feet was reached. The
temperative and other meteorologien]l condilions recorded on this
flight and on one on March 11, 1931, are given in table 12.

TapLE 12.---Meteorclogical date, und fnsccts colleciad on the highest collreling flights
mede at Pallulah, La.
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TanrLe 12.—Meleorological data, and insects collected on the highest collecting flights
made et Telluleh, La.—Continued

AUGUST 13, 1831
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Few insects were taken at the high altitudes in the early spring
months, since the surface air had not reached & temperature at which
insects are abundant in the air.

DEW POINT

In the collection of insects in the upper air, their distribution
appeared to be correlated with the dew point, which is the temperature
ab which the quantity of water vapor present would at the same pres-
sure produce saturation. If the temperature of a quantity of humid
eir is lowered, a temperature will finally be reached at which any
further reduction must result in the condensation of some of the mois-
ture in the form of dew, fross, fog, cloud, or precipitation (52, p. 156).

The surface dew point was recorded at the time each flight was made.
At the altitude of 200 feet fewest insects were taken af the low dew
point of 25° to 20° F., represented in figure 6 by the middle point of
the range, but the numbers of specimens then rapidly increased and
reached a decided peak at 60° to 64° suddenly dropping off as the
surface dew point continued to increase {fig. 6).

There was some variation In this, Heteroptera being collected in
greater numbers at dew points of from 55° to 59°, Dipters and Ho-
moptera at 60° to 64°, Coleoptera at 65° to 69°, and Hymenoptera at
70° to 74° F. Spiders were taken in greater numbers at dew points
of from 35° to 89°, and decreased in numbers as the dew point was
raised, which was the reverse of the resction on insects (fig. 7). A
further discussion of dew points and spiders is given in the section on
barometric pressure.

At the altitude of 1,000 feet there was still an indication that
surface dew point contributed in some messure to the numbers of
insects collected. Homeoptera, Diptera, and Hymenoptera were more
abundant when the surface dew points were 60° to 64° F.; Heteroptera
were taken mostly at dew points of from 55° to 59°; Coleoptera at
45° to 49°, although this order fluctuated much. Spiders continued
to be most ebundant 8t 35° to 39°.
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For the altitudes above 1,000 feet, the variation was too great to
show a decided relation, since other meteorological factors entered in
to offset the effect of surface dew point.

Dew points were also calculated from readings taken in the upper
air af the various altitudes, and some relation of dew points at higher
altitude to numbers of insects is apparent. Homopters varied much
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F1GURE 6.—Comparative numbers of inscets collected by airplane in 10 minutes
of daylight fiying 2t altitudes of 200, 1,000, 2,000, 3,000, and 5,000 feet in
relation to the surface dew point, Tallulah, La.

in numbers 8t the altitude of 200 feet. At 1,000 feet, the greatest
numbers of Homoptera were found in the dew point range at that
altitude of 45° to 49° I, the numbers dropping off decidedly as the
dew point inereased. At 5,000 feet a peak was reached at 60° to 64°,

Heteroptera showed a relation to the dew point only at 200 feet,
with 2 sudden rising in numbers to & maximum abundance at 55° to
59° ., gradually dropping off to 65° to 69°, and then decreasing rapidly
thereafter.

More Coleopters were taken at the altitude of 200 feet when the dew
point at that altitude was 60° to 64° F. For the higher altitudes no
relation was evident.
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Hymenoptera appeared to be directly affected by dew point at the
altitude where collected. At 200 feet they reached a peak at 70° to
74°, but at the altitude of 1,000 fect considerably more Hymenoptera
were collected when the dew points were 55° to 59°.

Diptera showed a general tendency to react to dew point for moest
altitudes from 200 to 3,000 fect. AL 200 fect & peak was reached in
the dew point range of 65° to 68° F. At 1,000 feet there were two
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Fieore 7.—Average number of inseets of the important orders collected by
airplanc in 10 minutes of daytime flying at the aliitude of 200 feet, showing the
effcet of the surface dew point on the abundonce of the insects in the air at
that height, Tallulah, La,

peaks, o minor at 45° to 49°, and a major peak at 55° to 59°. For the
altitude of 2,000 feet most Diptera were taken with dew points reading
from 55° to 54°; at 3,000 fcet most specimens were collected with
dew points from 50° to 54°.

Dew point, next to barometric pressure, seemed to be the most
important contributing factor to increase the numbers of spiders taken
and limit the numbers of insects in the upper air.

RELATIVE HUMIDITY

Relative humidity is the ratio of the actual amount of water vapor
present &t any one tune to the quantity that would be present if the
air were saturated, and is expressed as o percentage of the laster
quantity. Relative humidity is more or less regular in its daily fluc-
tuation. During a hot sunny day it ususlly is low but with the ap-
proach of sunsct, when the air usually becomes more quiet and the
temperature drops, the relative humidity increases rapidiy and remains
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high during the night. After sunrise, with the rise of temperature and
the Increase in wind and convection, there is a gradual decrease in
relative humidity. Thus with the more or less regular daily increase
and decrease in the relative humidity, there would seem to be & con-
siderable probability that insect activity would be closely associated
with and affected by such changes.

It khas been stated that certain insects are more active at night,
since they require a high degree of humidity, and are inactive during
the day, remaining in dark places tc avoid excessive evaporation.
While this is correct to a certain degree, Uvarov (74 p. 108) considers
that humidity is not the only factor that affects the daily eycle of
Insect activitles, since a damp rainy day does not bring out the noc-
turnal insects from their hiding places.

The number of insects in the upper air did not appear to show any
relation to the relative humidity for the investigation as a whole, or
at any given time. The reason for this may be that relative humidity
is so Irregular and varinble under all temperatures throughout the year.
It may be 95 percent or 20 percent at any given temperature, but
insects will be abundant or scarce according to temperature and other
factors rather than according to relative humidity.

Relative humidity appears, therefore, to have no direct influence on
the numbers of insects collected, since they were taken indiscrimi-
nately under widely varying conditions of humidity in both day and
night collectione.

ABSOLUTE HUMIDITY

Absolute humidity iz the actual quantity of water vapor per unit
volume of air. For every flight, absolute humidity was calculated
from the records of temperature and relative humidity, both on the
surface and at each altitude.

A correlation was found between the number of insects taken and
the actual amouny of water vapor (absolute humidity) at the surface.
There was a tendency for the numbers of Insects to increase as the
absolute humidity rose from low to high values, with fewest at absolute
readings of 1.5 to 2 grains per cubic feot, and nearly seven times as
many at readings of 6 to 6.5 grains. From this point the numbers of
specimmens taken dropped off considerably as the amount of water
vapor increased. The orders Diptera, Hymenoptera, and Coleoptera
showed the closest relationship between numbers collected and-the
amount of water vapor in the rir. Homoptera and Heteroptera
fluctuated considerably in this relation.

For the absolute-humidity records at the altitude of 200 feet, the
reletion was considerably more evident, The numbers of insects
collected increased rapidly as the amount of water vapor increased,
with the minimum numbers taken at the readings of 0.5 to 1 grain,
and the peak at 6 to 6.5 grains per cubie foot. Thera were more than
five times as many insects taken at the latter readings than at 0.5 to 1,
The numbers dropped off greatly after the 6 to 6.5 range was passed,

The numbers of Diptera showed the closest relationship to the
amount of water vapor in the air. Spiders were taken in greater
numbers at the lower absclute-humidity readings, the numbers of
specimens decreasing as the amount of water vapor increased. Appar-
ently the greater moisture content of the atmosphere, the greater the
;endgncy of water to collect on the webs, causing the silk to become

eavier.
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At the altitude of 1,000 feet the greatest numbers of insects were
taken when the amount of water vapor was from 6.5 to 7 grains per
cubic fooé, At the altitudes of 2,000 to 5,000 feet the relationship was
not significant, since other conditions appeared to offset any effect of
the amount of water vapor,

As mentioned in the discussion of temperature, the amount of water
vapor in the air is in general connected with the temperature. With
high f{emperatures there were correspondingly high absolute-humidity
readings, At teaperatures of from 75° to 85° ., which were found to
constibute the most favorable range for insect activity in the air, the
absolute-humidity readings averaged from 5.5 to 6.5, i. e., the larger

15

e DAY P
14 |— = NIGHT -~ Y

o
\
\
i
"}
|
-

=/
hY
N

\

\

LY

p

(f

RN

INSECTS COLLECTED (NUMBER?}

Q.100~-.199 300399 500-599 700799 .800-939
200-2%9 400-498 BH00-.699 8020-=853
SURFACE VAPQOR PRESSURE (INGHES)

Figure 8.-~Average number of insects collected by airplane in 10 minutes flying,
in reletion to the surface vapor pressure, the flying being done at 200 to 1,000
feet alitude in the daytime and from 500 to 1,000 fect at night, Tallulah, La.

quantitics of water vapor were correlated with the largest catches of
insects.

However, where lavorable temperatures for insects were found
accompanied by low absolute humidities, as uueasionally cccurred,
there was found no apparent diminution in the average numbers of
insccts taken, other conditions being equal.

This would indicate that the effeclive factor in operstion was tem-
perature rather than absolute humidity, and that the close correspond-
ence in the slope of the temperature-insect and absclute humidity-
insect curves is due primarily to the close correlation between absolute
bumidity and temperature rather than to any marked cffect of
absolute humidity on insect abundance.

YAPGR PRESSURE

Absolute humidity has been stated to be the actual quantity of
water vapor per unit volume of air.  The total possible amount, that
is, the amouns that would produce saturation, increases rapidly with
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temperature. Absolute humidity is often expressed in ferms of the
expansive force that the vapor exerts, which is referred to as vapor
pressure and is measured in the seme units as employed for barometric
pressure (28, p. 28).

Vapor pressure was calculated from the records of temperature and
the depression of the wet bulb, both at the surfaee of the ground and at
each altitude when the fights were made. Surface vapor pressures
were not considered for
the collections of insects @ e
made above the altitude - == COLEOPTERA
of 1,000 fee$, as the rela- T IrkenopTRa
tion was not important., et ARANEIDA

It is evident (fig, 8) ———+ HETEROPTERA /

that the numbers of in-
sects taken were related
closely to the surface
vapor pressure. For
the daycollectionsat the
altitudes of 200 and
1,000 feet, the numbers
of insects increased rap-
idly from the vapor-
pressure minimum
range of 0.100 to 0.199
inch to the maximum
of ¢.500 to 0.599 inch,
there being more than
three times 28 many in-
sects taken ot the latier

as at the former. How- y

ever, from the surface ,/
vapor-pressure readings J:(L-r"
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of 0.500 to 0.599, the
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dropped off rapidly as
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sures increased. R ol
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‘mg_ht collections at the Figore 9.—Average number of insccis of the im
?Itlbtqusbg £500 !’0.1’000 portant orders cgliected by airplane in 10 minutes
€et, Wilth & MINmMum  of doyiight fying at 200 feet altitude as related to
at vapor pressures of  the vapor prossuve ab that height, Tallulah, La.
0.200 to 0.20% inch and
a definite peak st 0.600 to 0.699. The numbers of insecis taken
were much less after this peak had been reached (fig. 8).

There was not a great variation in the maximum numbers of spec-
imens of the differ2nt orders of insects taken, either at 200 or at 1,000
feet. Diptera, Coleoptera, and Homoptera were taken in greatest
numbers in the surface-vapor-pressure range of 0.500 to 0.589, and
Hymenoptera at 0.700 to 0.799 inch.

Spiders were affected to some degree by vapor pressure, with the
greatest numbers found at the lower readings of 0.200 to 0.269 inch,
and they decreased more or less in numbers as the vapor pressures
increased (fig. 9).
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The effects of vapor pressures as calculated for each altitude were
similar to those of surface vapor pressures as related to the numbers
of insects taken. The peaks, however, were more evident. Most
insects were teken at the altitude of 200 feet at vapor pressures of
0.500 to 0.589, and at 1,000 feet nt 0.300 to 0.389 inch.

Vapor pressure and the number of insccts eaught both vary with
temperature and in the same direction. The apparent vapor-pressure
effect is undoubtedly due not to vapor pressure itself, but to the tem-
perature effect upon the insects, which varies to a definite degree and
in the same divection as does the temperature cffect upon vapor
pressure.

Vapor pressure by its eflect on dew point has a diveet relation to
the occurrence of spiders; and, as affected by temperature, sn indirect
relation to the occurrence of insects.

BAROMETRIC PRESSTRE

Experiments and observations in both the laboratory and the field
have shown that there is a more or less direct relation between at-
mospheric pressure and the behavior of insects.  Some observers have
reported rather definite reactions, while others have considered that
they may be dealing only with coincidences in which other conditions
may be the controlling fnctors,

There are several factors which produce changes in barometric
pressure: There is, for example, a small regular daily variation, in
which, among other things, temperature has an important effect.
Both the alternoon barometric minimum and the forencon maximum
are to be regarded ns effects, in part at Ieast, of temperature increase;
the minimum as due to expansion and consequent overflow, the max-
imum as caused by vertical conveetion and consequent interference
with the free circulaiion of the atmosphere. In gencral, convection
increases most rapidly during the forenoon, is most active at 10 to
11 a. m., and reaches its greatest clevation at about 4 p. m. This
produces o damming up of the atmosphere, due to the vertieal con-
vection, and the resulting increase of barometric pressure must take
place most rapidly during the forenoon and come to a maximum at
about 10 a. m. After this, the convectional interference decreases
while at the same time the emount of air in & vertical column of fixed
cross-section diminishes, as a result of expansion and overflow; until,
at about 4 p. m., the barometric pressure, as already cxplained, has
reached a minirmun (38, p. 235).

The amount of evaporation is influenced slightly by barometric
pressure—-the higher the pressure the slower the rate of ovaporation.
Of course, the amount of evaporation depends upon a great variety
of things, such as the nature of the surface from which the evapora-
tion Is taking place, the quantity of water vapor already in the at-
mosphere, the temperature, and the velocity of the wind. The
amount of evaporation is greater during the day than at night, and
greater during the summer than in winter (62, pp. 199-194).

The greatest changes are produced by the passage of the haro-
metric ﬁighs and lows that are responsible in the main for weather
changes; and there are many examples in which the changes in baro-
metric pressure are shown to have had an important bearing on the
reaction of insects. As far back as 1897 it was pointed out by Sajo
(68, p. 230} that insects became unusuelly active during barometric
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depressions. Psrman (67) found that in some flies the mortality in-
creased considerably with a falling barometer. He collected data on
the effects of a severe storm st Corpus Christi, Tex., in 1916. A {few
days before the storm Stomozys calcitrans was very abundani, but
after the storm the flies had practically disappeared. Musca domes-
tica L. and Cockliomyie macellaria were alsc abundant before the
storm, but all species of Diptera diminished appreciably in numbers
with the storm, although Lucilic sp. was least affected. With the
rapidly falling barometer at the approach of the storm, the muscids
bscame nervously active and showed s tendency to seek places of
protection, where they went into a state of partial coma. The great
destruction of the flies may have been due to the heavy rains follow-
ing the chilling effect of the storm, and to the action of the wind and
sen spray. Porman also made observations at lights at night, and
found insects to be more active during high barometric periods and
especially while the barometer was rising. He also observed that
migrations of Libythea bachmanni Kirt. took place after storms, which
indicated that the flights were made during periods of high barometric
ressure.

P Williams (76} reports that in 1815 there was an invasion of migra-
tory locusts (Sehistocerca gregaria (Forsk.)) into Eegypt, and all the
waves of the Invasion were preceded by barometric depressions; also
that some butterflies, as Vanessa cardui (L.), have heen occasionally
nofed to follow aveas of depression during their migrations. Accord-
ing to Pictet (58) Lepidoptera tend to emerge from the pupal stage
during & fall in atmospheric pressure, a sudden drop in pressure, even
of & small magnitude, after o long-continued rise, resulting in a con-
siderable emergence of inseets,

It is said by some that the swarming of somne insects in the even-
1ng 1s due to the usual slight (not over 8.1 mm) lncrease in barometric
pressure which occurs every evening between 9 and 10 p. m, It is
suggested, however, that swarming begins at dusk under natural con-
ditions, keeping pace with the change m the time of sunset, and being
related to a definite intensity of light, or degree of darkness, rather
than to a difference in barometric pressure (74, pp. 99, 100).

Felt (22, p. 65) states:

Since winds blow towards lows, a lowering of the barometer would be favor-
able for the drifting of inscels toward the center. It hardly scemss as though
changes in pressure atone would have a determining influence upon the move-
ment of inseels, atthough it can be casily understood how the conditions near
the cenicr of a stormn area would wvery likely have a profound influenee upon
inscet life, os well as upon larger animals,

There iz no doubt that insects would gradually drift toward the
center of a low, since air has a component of flow {rom high-pressura
areas to low-pressurc arcas. Dut as to there being & profound in-
fluence upon mscct life near the center of a storm area, it is some-
what questionable. While winds do blow toward the center of a
low, they do not blew directly into the center, but spirally inward
around the center, Just what the eflfeet, then, would be on insects
in the center of a storm is nol ecertain.

Steinberg (70}, in his studies of the sugar-beet web worm in the
Union of Soviet Socialist Republics, states that the migrations are
always connected with cyclonic depressions, and that it is mosi prob-
able that the moths are swept In from every quarter to the center of
the cyclonic depressions. In the southesstern steppes they will re-
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main in large nuinbers and deposit their eggs. Here will remain a
mass stock of hibernating larvae, and the moths emerging the follow-
ing spring may immediately threaten the cultivated areas bordering
the steppes and cause a mass outbreak of the pest in them.

There is little chance of a satisfactory explanation of the phenomenas
observed, if pressure alone is considered as a factor affeciing the be-
havior of insects in the air, since changes in barometric pressure are
also associated with changes in the weather. It is possible to under-
stand how sudden drops or rises in harometric pressure can and do
influence the behavior of insects, since the weather is correspondingly
variable.

The collections of insects in the upper air indicate that one or more
factors have an important correlation with barometric pressure.
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Ficure 10.—Average number of inscets eollected by airplane in 10 minutes of
daylight flying at 200 feet altitude, as related to the surface barnmetric pres-
sure, Tallulah, La,

There is no marked relation in the numbers of insects in the upper
air to barometric pressure and temperature, but there is an evident
tendency for temperature to be the controlling factor. Barometric
pressure generally varies inversely with temperature; i. e., with high
pressures there are low temperatures, and with Iow pressures, high
temperatures. The same tendency is shown in correlating dew point
with barometric pressure, for the latter also varies inversely with the
dew point. There is no evidence that the relation of vapor pressure
to barometric pressure affects the number of insects in the upper air.

Only the collections at 200 feet will be considered, as at 1,000 feet
and above there is very litile or no correlation with barometric pres-
sure. At the high altitudes pressure is only secondary, since other
factors which overweigh or interfere with this influence regulate the
distribution of insects at these heights.

The greatest numbers of insects were taken in the daytime when
the barometer was at 20.85 inches; and the numbers decreased more
or less rapidly as the pressure increased. (The normal barumetric
pressure for Tallulah, is from 30.00 to 30.15 inches.) More than
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twice as many insects were taken at pressures of from 29.85 to 29.89
than at 30.35 to 30.39. From 29.85 to 30.05 there was only a small
and grudual decrease in number of specimens taken, but from 30.05
and on the numbers fell off decidedly (fig. 10).

'The orders Coleopters, Hymenoptera, and Dipters, the three orders
with the most highly developed nervous systeios, showed the closest
relationship to barometric pressure, as the largest numbers were in
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F1aurs 11 —Average number of the insects of the important orders collected by
airplang in 10 minutes of daylight flying at 200 feet altitude, as related to the
surface barometric pressure, Tallulah, La,

the air mostly at the readings of 29.90 to 30.00, and theresfter de-
creased rapidly as the barometer rose. There was also & tendency
for Homoptera to decrease in numbers as the pressure increased, bu
%ﬁe Hes&eroptem showed little effect of the various pressure readings

g 11).

There was a distinet and exactly opposite resction in spiders as
compared with insects. This same frend was evident &t the sltitudes
of 200, 1,000, 2,000, and 3,000 feet, with the fewest specimens taken
at the readings of 29.90 and the numbers greatly incresasing with in-
crease in the pressure from 29.90 to 30,10 inches. At the altitude of
200 feet there were more than twice the number of spiders teken at
the pressure reeding of 30.10 as were collected at 29.90 or 28.94.
Then at 30.10 the numbers of spiders taken dropped off considerably,
but greatly increased thereafter from 30.15, reaching & maximum at
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30.30, with neatly twice as many as were collected on flights when
'1{3%8 readings were 30.15, and almost four times as many ss ab 29.90

. 11).

High barometric pressures from 30.15 to 30.30 inches were recorded
mostly in the winter months. Sinece the spiders were taken i greatest
numbers fo November, December, and January, it appears that the
occurrence of spiders i+ correlated with the seasonal change in baro-
metric pressure.

It is important to know what meteorological condition contributed
the confrolling factor along with barometric pressure, in order to
cause such o reverse reaction of spiders in comparison with insects.
Surface vapor pressure and absolute humidity did not show any direct
relation with the abundance of spiders in the upper air. Dew point,
however, appeared to be the ouistanding factor in correlation with
barometric pressure, to which spiders showed the most definite reae-
tion. This is quite understandable when one considers the role $hat
dew point plays in the movements of aircraft. Dew point means
simply tha$ temperature at which, without change of pressure, satu-
ration is just reached. It might be defined as the temperature at
which the saturation pressure is the same as the existing vapor
pressure (35, p. 11).

Airplane wings offer a wide surface for the condensation of water
vapor. When a plane passes through fog or clouds, or an area of
saturation, a drop in temperature from s given dew point may result
in the collection of moisture or ice on the surface of the wings. Ac-
cordingly it is most essential that the pilot know the dew point,
especially in freezing weather, as the collection of ice on the wings
may result in a foreed landing,

The silky webs of spiders may be compared fo the wings of an air-
plane, sinco the spider floats on these webs as an airplane remains in
the alr on Its wings, and if the dew point changes and moistvre col-
lects on the webs, this excess liquid weight will bring the web and its
rider down towaid the earth,

AIR CURRENTS

It has long been suggested that wind has played a considerable
part in the distribution and dispersal of insects over the earth. There
are numerous references in entomological literature to the importance
of the wind as an agency in the migration and diffusion of insects.
Its effects are seen everywhere in the sudden invasion of certain insect

ests, when wind of sullicient velocity has brought them from distant
ocalities; or in their sudden disappearance with the change of the
wind direction.

It is important to know what effect the intensity of the wind, strong
convectional curvents, and the Jircetion of the wind Lave on insect
movement in the upper air.  Wind plays numerous roles in its effect on
insects. It influences the evaporative power of the air; and the
mechanical action can directly destroy insects by driving them into
large bodies of water or carrying them to places unsuitable for life
and reproduction, or by destroying the immatare stages, such as
mosguito pupae in water. Winds of great intensity, such as are
found in tornadoes, destroy insects in great numbers instead of aiding
them much in their flight. If the wind becomes too strong, insects
have & tendency to remain close to the ground, clinging to vegetation;




INSRCTS, SPIDERS, AND MITES IN THE AIR 109

or if flying, they may be carried along by the wind. On the other hand
many insects fly against, and not with, the wind.

To understand and properly account for the distribution of insects
in the upper air it is essential to have some knowledge of the action of
winds, eddies, and disturbances.

An important type of wind that huas n definite effect on disturbing
and distributing inseets is that which usually acconipanies & thunder-
storm. The air becomes agitated, blowing dircetly toward the nearest
portion of the storm front. As the rain i1s about to fall, the wind often
suddenly changes to violent gusts, blowing away from the storm
center and in the same direction in which the storm is traveling, which
is usually different from that of tho original surface wind. After the
>torm the wind may resume the same general direction as the original
surface wind.

Intense heating of the surince of the carth often causes vertical
currents of air, by which insects are carried upward. The writer once
observed on Longs Peak, Colo., at the altitude of 14,265 feet, various
species of butterllies and dragonflies flying brisldy up the sides of the
great walls of this mountain and over snowbanks until the insects
reached the very summit, Strong ascending surface currents of air
were evident and these aided or carried the insects upward and over
the mountain barriers.

These mountain air currents have been a great 2id in $he migration
of the enormous swarms of grasshoppers which have been so destruc-
tive in past years. There is unmistakable evidence that numerous
flichits of grasshoppers were made at remote times, Speer (62) men-
tions a visit of Prolessor Ruggles ol the University of Minnesota sev-
eral years ago to Grasshopper Glacier, near Cook City, Mont. This
glacier lies in & valley in the Rocky Mountains some 12,000 feet above
sen level, near Yellowstone National Park. Here Professor Ruggles
found decaying heaps of locusts lying at the melting foot of the ice
gsheet of the terminal moraine. Successive layers of locusts were
imbedded in the ice from the bottom to the top of the face of the
glacier. I&ach layer was evidenee of an individunl flight. The bottom
layers had been depasited hundreds of thousands of years ago.

Guppy {30) records that in 1897 numerous wings of butterflies were
found on the top of Mauna Loa in the Hawalian Islands, at the alti-
tude of 13,600 fcet where life was scarcely bearable for man. Muir,
according to YWilliams (77}, m writing on the Hawaiian Islands, states:

Only such |inseets, phuits, and animals] #s could eome on the wing, be earried
by the wind through the air, earricd on bodies or in the crops of birds, or be
horne on floaling logs, ete., conld rencl the Ixlands.  Tlven today we ean state
that in a hroad sense, the native fauna and florw are mainly composed of forms
that eould travel in these ways, or of descendents of sueh.

Guppy (30}, however, doubts that butterflies could be transported
2,000 miles from California,

There are cases on record which illustrate the importance of winds
in carrying insects over unexpectedly long distances. Tlton {21) gives
an example of the appearance of winged spruce aphids on the snow at
Spitzbergen, where they could have been brought only by the wind
from the Kola Peninsuln, a distance of over 800 miles.

MceAtee (45) has assembled & number of records of the fall of insects
during storms. TIn one instance numbers of living larvae of Tene-
browdes maurifanicus were found on the snow following a storm in
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Haute-Savoie. The insects had probably been carried there to a
height, of 3,500 feet from central or southern France,

The cosmopolitan butterfly Danaus menippe (Hbu.) (Anosia plex p-
pus of authors) has been seen in the South Pacific, 500 miles from land.
Tutt (72 p. 15) reports a record that a swarm of mipratory locusts
(Schistocerca gregaria (Forsk.)) invaded a ship which was making a
voyage from Bordeaux to Beston, the nearest land being some 1,500

es distant.

Hardy and Milne (31) conducted experiments on the drift of insects
over the North Sea by flying collecting nets either from the masthead
or from kites flown from tlie ship. Altogether 730 insects were ool
lected 120 to 150 miles from the nearest land, some being taken with
kites at heights of from 200 to 400 feet, Considering the small size
of the nets used, the number of insects collected indicates g very
large populution of “aerial plankton’ drifting across the sen. They
concluded:

It appears likely that the study of insect drift ever the sea, in giving definite
evidence of 1he distances (minimum when measured from the nearest land) trav-
elled by inreets, may be of value in understanding the =pread of insect pests over

the land, in addition to indicating the infestation of Great Brituin from the Contis
nent and throwing light on the origin of the insect faunas of islands.

WIND YELOCITY

In the collection of insects by airplane there is much evidence to
show to what degree wind velocity influenees insect abundance in the
air. The numbers of inseets taken do not imply that the wind was
the most important factor but indieate the comparative numbers of
insects that may be found in the air under given wind velocities.

At the altitudes of 200 to 5,000 feet inscets were more often taleen
in the daytime when the surface wind veloeity was from 5 to 8 miles
per hour, and the greatest number was talen at from 5 to 6 miles an
bour.  Fewest were collected at 15 to 16 miles per hour, above which
velocity few flights were made. As compared with the velocities of 1
to 14 miles per hour, fewer inseets were taken when the air wae calm.

At the altitude of 200 feet the greatest numbers of insects were
collected when the wind was blowing at 5 to 6 miles per hour, and
fewest at 15 to 16 miles. At the altitudes of 1,000 and 2,000 feet the
greatest numbers were collected in the daytime when the surface wind
velocity was from 7 to 8 miles per hour, indiecating a. slightly stronger
wind_ns necessary [or insects to reach the higher altitudes (fig. 12).
At night very few flights were made when the wind velocity was over
5 to 6 miles an hour on the surface, and fewest insects were taken when
the air was calm, the numbers collected continuing to increase rapidly
up to velocities of 5 or 6 miles per hour.

As regards the orders, there was mueh variation. Heteroptera were
collected in greater numbers at the altitude of 200 feet, with the wind
on the surface recording from 1 to 8 miles per hour.

The Homopteri collected at 200 feet were ot their maximum num-
bers when the surface wind velacity was from 7 to § miles an hour, and
for the higher altitudes {here was a considerahle fluctuation in the
numbers, with apparently little reference to surfnee wind velocity,

The Coleoptera were collected in greatest numbers at 200 feet when
the wind velocity was between & and 6 miles per hour. The spotted
cucumber beetle (Ihabrotice duodecimpunetate) was taken when the
wind was calm or when it was strong.  The boll weevil was collected
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in the upper air when the average wind velocity ranged from calm to
S5oré mﬁes anhour. The boll weevil is governed in flight by the wind.
If there is no wind, or only a licht one, a weevil is as likely to fly in
one direction as another (36).
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Ficurs 12.—Average number ofjinsects colleeted by airplane in 10 minuies of
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The species of Hymenoptera talen at 200 feet were about equal in
numbers when the surface wind velocity was from 1 to 2 and 5 to 6
miles per hour. The greatest numbers of anis were collected at
velocities of from 5 to 6 miles an hour, with the next largest number
al, 7 to 8 miles per hour, Especially was this cvident at the altitude




112 TEOHNICAL BULLETIN 673, U. §. DEPT. OF AGRICULTURE

of 200 feet. For the higher altitudes there was no apparent relation
between velocities and insects taken, except at the altitude of 1,600
feet, when most ants were found when the surface wind veloeity was
from 7 to 8 miles per hour.

The Diptera showed a stronger reaction to the wind than any of the
other orders. Their numbers taken inereased from calm air, reaching
& peak when the surface wind velocity was 5 to 6 miles per hour, and
dropping off as the surface wind increased in velocity. At the alti-
tude of 1,000 feet there was a rapid rise in the numbers collected, from
the fewest at calin to most at the velocity of 5 to 10 miles per hour,
At 2,000 feet more specimens were collected when the surface wind
velocity was from 13 to 14 miles per hour.

Too few specimens of Lepidoptera were taken to show muel rela-
tion to surface wind velocity.  Alubama argillacea was taken at night
during calin evenings and at wind velocitics of 1 to 4 miles pet hour,

Spiders were taken in greater numbers when the velocity of the
wind was from 3 to 4 and from 7 to 8 miles per hour, with most speci-
mens at 3 to 4 miles per hour. When the velocity of the wind in the
upper air was observed (theodolite readings), it was found that at
the altitudes of 200, 1,000 and 2,000 feet most spiders were collected
when the veloeity was [rom 1 to 2 miles per hour.

At the high altitudes of 6,000 to 16,000 fect many inseets were taken
when the upper-air wind velocities were as high as 45 miles per hour.
The velocifles at these high altitudes are significant, for when insects
reach heights beyond 6,000 feet Uiey ave carried upward and doubtless
great distances by the usually high winds,

WIND DIRECTION

The direction of the wind has, it is believed, determined to a areat
extent the course of the migrations of insects. Certain prevailing
winds have been definitely used in the migratory movements of
insects during varicus seasons of the vear, Not only Liave birds taken
advantage of seasonal wind divection, but inscets as well, for mauy
msecls, as suggested long ago by varions entomologists, are now known
to follow the migratory routes of birds.  Such avenues of travel have
been mapped out both in this country and in other parts of the world.
Some lines have follewed & constwise route, extending [rom the New
England States, through Long Island. Charleston Ha rhor, 8. ., and
southward.  Shanmon(U6)has brought evidence in support of a wostera
reute along the northern shores of Lake Ontario and Lake Erie, which
bas becn followed especinlly by “monarchs” in their flights to the
South. Another great rotte has heen indicated along the west shore
of Lake Michigan through Chicago, central and eastern Ilinois, and
southward to the Tropies. Routes have been suggested through the
wide highways of the CGreat Pleins and West Central States, ns
Minnesota, lowa, Kansas, Okluhoma, and eastern Texns. Vast
armies of monarch butterflies and dragonflies travel southward over
given routes, starting in August and September at times when the
general wind direetion is from the north. Appearances of insects
such as Lepidoptera and Odenata over the ocean have indicated to
seamen the approach of (he pampero of South Ameriea, a southwest
wind often very violent (63),

It is believed that the destructive grasshopper (Sek istocerca) whieh
often descends in yast swarms from Montana to as far us Missouri
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takes all possible advantage of air currents. Hurd (38) states that on
fair days, when the prevailing winds are from the southeast, the
grasshoppers have been known to fly over the prairie for a distance of
200 to 300 miles. It has been shown that nearly all grasshoppers
apparently prefer to fly with the wind. According to Tutt (72,
p. 21) locusts, or grasshoppers, have been observed from mountains
at elevations of 13,000 to 15,000 feet golng in opposite directions with
the differing air currents. Complete destruction of vegetation and
crops from plagues of locusts are known to have been averted by the
sudden change or start of the wind.

Whether grasshoppers definitely take advantage of certain air
currents, especially those favorable to their migration, it is diflicult
to determine. However, 2 sudden brisk or steady wind would serve,
perbaps, as a stimulus or an aid in their dispersal movements.

Bishopp and Laake (9) found that 2 blowfly, Cocidyomyic macel-
laria, and the housefly {(dfusca domestica) appeared to have a tendency
to go with the wind in greatest numbers, although they were found to
travel also against the wind and at right angles to it. Many insects
of the South are migrants and are dependeunt for distribution on
meteorological conditions, usually being carried along by southerly
winds that carry the insects northward. Often insects are swept by
hurrieanes from one island to ancther, or to a2 mainland where they
had not previously appeared. After the southwestern gales of
August 26, 1001, numbers of the “blue page” moth of Trinidad were
found to have been blown to the Darbados, a distance of 160 miles,
and some to Dominica, still more remote (88).  Summer resorts along
the Gulf coast have been invaded by great swarms of mosquitoes,
blowing in with the winds. Assoon as the wind ehanged its direction,
the mosquitoes disappeared.

In August 1932 there was over 15 inches ol rainiall in the Ever-
glades, causing a considerable nren to be flooded. A low-pressure
center was moving in, with the barometer at 24.84 inclies on Septem-
ber 4, dropping to 28.67 by September 6. Gireat numbers of mos-
quitoes (Psorophora columbiac) were blown in from the Everglades by
the west wind which followed a tropieal storm threst. These mos-
quitoes eaused great annoyance and made it necessary to take measures
to protect cattle and horses. Complete rejief from this mosquito
invasion came only when an east wind started blowing on September
15. Swarms of huffalo gnats, which eause tremendoens destruction
to livestocls in the Mlississippt Delta States, have been blown into
various sections from the swamps of lower Loulsiana, when strong
winds swept the ares, carrying the gnats before them, and then
suddenly have boen blown awnay with the change of the wind.  Wadley
according to Chapman (71, p. 188) considered it probable that the
green bug (Toropterd graminuwm Rond.), found so abundant in Min-
nesota in 1926, was corried from Oklaboma by the southerly winds in
the spring of that year,

Melniehenko {57) found that the movement of the migeating moths
of the sugar-heet webworm coineides almoast entively with the diree-
tion and speed of the air currents at the time of their migration.

Lutz conducted experiments with light traps to determine insect
preference in relation to wind direction. e concluded from his col-
lections that at least the night-flying Diptera and Lepidoptera tend
to stop their fiight on the leeward side of a light, and that this some-
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wléz)mt favors the idea that, in general, they tend to fly against the wind
(43).

When the author was discussing the subject of insect fight and wind
direction with Dr. Williams of the Rothamsted Experimental Station,
England, Dr. Williams oftered the suggestion that it may be possible
for an insect to find it easier to Iand against the wind than with it,
just as it is important for & pilot to fly his airplane against the wind
in making a landing.

The altitude studies of 1931 substantiated those of 1930 as regards
the movement of insccts with or agninst the wind. More insects were
collected on the north side of screens, or the leeward side, since the
preveiling wind during this period was from the south and southeast.

Revolving screens were placed in the field so muade that the sereen
would turn to face the wind. Most of the boll weevils caught were
found on_the leeward side of these revolving screens, showing that
the weevils flew into or against the wind.

It 1s evident that most insects can fly better against a moderate
wind than with it. With the wind 2t 5 to 6 miles an hour, insects are
able to fly against the wind, for more were found in the upper air at
such velocities. At higher wind velocities insects will be carried along
with the air currents, even though they may be fiying into the wind,
since the angle of attack makes 1t casier for the insect to keep itself
oriented. Bees make little progress against a wind having a velocity
as great as 15 miles per hour (55). As has been previously noted,
Tutt (72, p. 72) records that many butterflics have been observed to
fly against a stiff wind, so strong are their migratory instincts.

In the airplanc flights it was found that the groatest numbers of
insects were taken at 200 feet wlhon the surface wind direction was
from north-northeast, south-southeast, and southwest. This appears
to correspond with what is known respecting insect migrafion in
general, 1. e., that insects fly with the wind during the spring and sum-
mer when the surface prevailing winds rre from a southerly direction,
and [rom a northerly direction in the fall.  When the wind directions
were recorded by means of theodolite readings, it was found that most
tnsects were collected at 200, 1,000, 2,000, and 3,000 feet when the
wind was from the northeast, and at various directions for the next
highest numbers of inscets taken.

'The spotted cucumber beetle (Diabrotica duodecimpunetata) is known
to be migratory. Smith and Allen (67) have studied its habits and
have found that this destructive chrysomelid mierates northward
regularly during the spring and early summer and that the offspring
migrate back to the South in the fall. The migration of this beetle
scems to be an established habit, and certain climatic fnctors are taken
advantage ol in its accomplishment. Of these, surface wind, upper
air currents, and temperature are probably the more important, the
migration occurring during periods of favorable winds, that is, with
southerly winds during spring and northerly winds during the fall.
A temperature of 60° to 65° I'. or above is also neccssary. In the
airplane eollections the general tendency appeared to bear this out,
in that in the spring months most of the beetles collected were taken
at times when the wind was in a southerly direction, and in the fall
when the wind was in a northerly direction. Longitarsus testaceus, a
chrysomelid beetle of which 209 specimens were taken, was colleeted
in greatest numbers in the spring months when the wind was from the
south. This bectle, however, is not known to be migratory.
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Many species collected had probably been carried in the upper air
currents from distant locslities. The late J. M. Aldrich stated that
a small fly, Hippelates texanus, (Oscinidee) taken at 200 feet, is known
only in the distant Southwest, and has never been collected in the
Mississippi Valley. The late J. W. Folsomr determined a collem-
bolan, & species of Enlomobrya, taken at 3,000 feet, as being probably
cubensis Fols., known as Kfﬁ only from Cuba. Ons of the anis col-
lected, determined by W. M, Mann as Ponera coarctata subsp. pennsyl-
vanica Buckley, is northern and eastern in distribution and barely
extends into & number of the Southern States. M. R. Smith states
that in his many years of collecting ants he has taken the species very
rarely in the central and southern sections of Mississippi.

Thus it appears that the upper air currents and the direction of
the wind have much to do with many serious and sudden outbreaks
of insects. It is advsntegeous to the migration of insects from the
south in the spring and for their return in the fall months. On the
other hand, the direction of the wind may be a disadvantage o insects
bfr blowing them into regions of unsuiteble habitat where their food
plants are not available, or where temperstures are tov low or too
bigh for them to exist. If blown out to sea they may eventually be
destroyed.

CONVECTION

Convection plays an important role in the limitation of insect popu-
lation in the upper sir. When convection is very strong, insects
flying near the surface may be quickly carried upward to enter the
korizontal wind currents of the upper strata of sir. Convection in
the atmosphere may be divided into two classes: (1) Mechanically
forced convection, as the rise of air on the windward side of & moun-
tain, or other obstruction, and its {all on the leeward side; (2} thermal
convection, involving both warming and cooling, which i1s by far the
more important of the two;in fact, 15 either constitutes or 1s associated
with all natural air movements. 1In reality thermal convection is only
a gravitational phenomenon, consisting 1n the sinking of relatively
cold air and the consequent forcing up of air which, volume for volume
and under the same pressure, is relatively lighter (35, p. 7).

During the winter the temperature decreases with elevation less
rapidly than it does in the summer. The femperature of the atmos-
phere, however, is dependent on the same factors in the winter as in
the summer, including radiation, ce. luetion, and convection, prin-
cipally from the surface of thie earth and the lower altitudes. Thermal
convection is the spottiest, in that it is much more dependent on local
surface conditions, such as plowed fields, meadows, forests, deserts,
and bodies of water. Clusters of trees may create local convection
currents in the air, owing to their coolness as compared with open
country. The effects from water, ns over lakes, swamps, and rivers,
are sometimes felt up to a great height. Rddies are found over white
roads, moving trains, sand chimney stacks.

Mosquitoes and small Diptera have oceasionally been observed
swarming over treefops, steeples, and similar objects. This rising
column of nir is often of great impertance fo certain insects, as ter-
mites, by aiding in their dispersal, and to ants and bees in mating.
Thecdore Roosevelt, Jr., reported that at one time while making a
balloon ascension he passed through a cloud of gnats drifting at a
height of some 500 or 600 feet. The warm vertical currents of air
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thus carry upward numerous light bodies and insects even to the tops
of mountaing. Whenever atmospheric disturbanees occur suddenly,
as by convection, grent numbers of insects are lifted and may be
removed to distant places.

T, C. Moeicr of the ¥xtension Service, United States Department of
Agriculture, who made an extensive study and collection of plant
spores, pollen, and mieroorganisms of the atmosphere nnd stratosphere,
related that on one of his (lighits e met with a swarm of beetles at an
gltitude ol 4,000 fect. The airplanc was making a speed of 100 miles
or more per hour, and for nmore than a minute he encountered these
beetles. The air was execedingly turbulent,

The importance of thermal convection ns an aid not only to insects
but to man as well may he illustrated by the interesting account of
how a famous Austrian glider was guided by a flock of butterflics to
the winning of a coveted prize (/). Many pilots of motorless planes
had tried unsuecesslully to accomplish the leat of gliding from the
top of the Puy-de-IDeme in France to the mouvntain Banne d’Ordnnchie,
Iving on the other aide of a wide valley. IKronfeld himself, in spite of
his skill and experience, was not at all sure he could win the prize,
becnuse the canditions required that the winner hop from one peak to
a aoight of exactly the same altitude over a valley free from such
ohstructions as are likely to form upgoing currents.

Describing bis achievement alterward, Kronfeld said he was cata-
pulted ofl the Puy-de-Ionie at a height of 1,440 meters (about 4,500
feet) and got into the air suecessfully but immediately lound that he
could not maintain his altitude.  There was no strong wind to buoy
him up. and ne thermal streams rising toward the sky.  As he neared
the foothills of the mountain on which he was to Innd he hegan to sinik
again.  For nearly an hour he sailed ahout over the woods, descend-
ing ever lower and lower until he was not more than a dozen meters
above the trectops. It was then, on looking ahout, that he saw little
white butterflies standing out sharply agalnst the dark pine forest.
They were gliding, as he was, hut were slowly rising.  They bad found
the current he was looking lor.  So he followed them and glided into
a wirm stream of air that earried him upward.,  TTis courage returned,
bis speed increased nbove the trees, and he sailed out over a smooth
grass sward 1,400 meters high and Lm(iecl winning the prize.

Later, in & letier to the author, Kronfeld added the following
information:

Tt might interest yuu 1o hear that T previously made observations about inseets
and the influence air eurrents have gn their flight. Any Lime ou see inseels at
greater hoights, say bhetween 6,000 or 10,000 feet or more, you can be eorfain that
they got {hoere Huullgh up—mlrrt'nis fmri nearly always fl;.,mnst their will. T saw
millionz of inscets sieanded on glaeiers on the Bwiss aned Austrian Alps al a height
of about 10,000 feet. What happens is thal they gt earcied np by currents of

warm air. By the influence of {he ice and snow the air gets eouled, an up-current
is converted inlo a down dranght and the inseets die in the eold.

With the air calm at the surface, convection may be exceedingly
strong, eausing inseets to he earried to great heights.  The nir is often
rough high above, and smooth below most clouds. In the case of
convertion (cumulus) elouds (pl. 5, A), however, the nir is genernlly
smooth above and rough helow.  This is enused by the constant flow
of air up and down. his dilference in wir currents was frequently
observed by the writer while flying among the elouds.
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The heat-radiating and absorbing power of green fields and plowed
fields may differ markedly. Differences in surface topography con-
tribute to differences in the amount of convection over valleys, can-
yons, or even bayous as in Loulsiana. L

The bayous there were made by the Mississippi River and form
drainage canals, as it were, winding in and out of the swamps and
cultivated areas. The writer vividly recalls that on a certain flight
the pilot nearly lost control of the plane because of meeting a sudden
downward current of air while fiying over & bayou. The plane was
saved from a terrific crash only by » sudden lift caused by an ascending
current a$ the edge of a hot dry meadow which bordered the bayou,
Gregg (28, p. 46), in discussing flying in gusty air, says:

The resulting changes in zir density give rise to vigorous convection which pro-
duces a bodily uplift or drop of an aireraft, with changes in the angle of attack as
the eolumn of ascending or descending air is entered or lefl. 1f, as sometimes
happens, only 2 portion of the aircraft is affected by such a column, &. g., one
wing is in rising air and the other is not, & decided tilting of the machine is pro-
duced. If, for instance, on cntering a columy of rising air, the angle of atiack
is so changed as to keep the machine at & constant level, an abrupt drop {popu-
iarly known as “air pocket"” or “hole in the air’) will gecur as the column of rising
ajr is left.

Convection is more rapid in the morning and reaches its greatest
height late in the afternoon. Melnichenko (51), in his studies of the
migration of the sugar-beet webworm (Lorostege sticticalis (1)), shows
that the diurnal rises and departures of the moths are slways in con-
nection with convection currents in the air, and that the diurnal
fiights of the moths are associated with heat convection in the air
about noon. Convection usually reaches its limit at about 5,000 feet
and is strongest in the lower strata. Usually the atmospliere becomes
more stable and an airplane runs smoother above 1,000 feet.

It is very difficult to measure the convection in the air, owing to the
difflerence in the alr movements. During each airplane flight to
collect insects, the amount of convection was judged by the “feel” of
the plane in the sir. The amount of vertical motion in the atmos-
phere was estimated in the following terms: (1) Smooth air, where the
plane ran evenly with no vibration felt; {2) slightly rough, when the
plane began to tilt from side to side, with slight sudden lifting and
falling; (3) rough, when the maechine was thrown about considerably,
making 1t somewhat difficult to keep it adjusted (fiying then became
hazardous at very low altitudes, snd very few “bedge-hopping”
fiights were ever made under these conditions, since the danger of
crashing was greater); and {4) very rough, when the plane wns thrown
violently about, making it very difficult to control at times. Often
these strong ascending air curreats resuited in & swdden drop of the
machine for as much as 100 feet or more, Few (lights were made
below 1,000 feet when the air was very rough, and even at that alti-
tude some risk was run,

The insects taken were separated into divisions for each altitude
according to the amount of convection as estimated by the pilot and
the person making the meteorological records and controlling the trap.
Sinee most of the flights were made by J. M. Yeates nnd the writer as
observers, the convection was recorded and suflicient flights were made
to compare records and reach a relatively uniform standard of meas-
urement, with the air conditions classed as smooth, slightly rough,
rough, and very rough.
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At the altitude of 200 feet more insects were taken when the air was
smooth than when it was slightly rough or rough. The supposition
ia thet when the air was smooth, more insects were in the air from
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daylight flying, showing the relation between the altitude reached by the insecta
and the condition of the air, Taliulah, La.

their own volition from near the surface fo 200 feet, since they were
flying about undisturbed with less chance of interference by air cur-
rents. At the altitudes of 1,000 to 5,000 feet, however, fewer insects
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were found when it was smooth, and the greatest numbers were col-
lected when the air was rough (fg. 13).

The evident interpretation of these data is that under disturbed
conditions of the atmosphere weak-flying forms, such as aphids, small
Diptera, Hymenoptera, and insects of this chzuactei ol which thou-
sands were taken, are unable to remain close fo the ground but are
carried up in convection currents into regions above the altitudes
where they would be expected, thus giving an increase in insect popu-
lation in the air. The rougher the air, the greater the numbers of
insects that were found at higher levels. At lower altitudes there was
& considerable modification of chance distribution, since the strong-
. flying insects were befter able to remain close to the ground, or ebng
to vegetation, Under rough conditions many of the stronger fiying
insects doubtless did not take wing ot 2ll, sod the insect population
under these conditions at altitudes above 3,000 (eet was found to con-
sist primarily of the very weak flicrs such as aphids, Many inscets
are able to regulate their flight activities to a considerable extent and
are not always at the mercy of rir currents unless the sir is very rough
and wind velocities cousiderable.

Chance distribution varies inversely as the square of the distance
from the estth’s surface. Under slightly rough and rough conditions,
at somewhere between the 500 and 1,000 footi levels distribution is
equel to that expected according to the laws of chance, with fewer
insects than expecied below 500 feet and more than would be expected
above 1,000 feet. The greater the atmospheric disturbance from
calm to shightly rough and rough, the greater the variatiou from the
expected chance distribution.

Among the records of the 1,356 flights made to collect insecis in the
upper air, examples are numerous in which convection played a very
direct part in the distribution of the insects. With the uir smooth,
and & brecze of 3 to 4 miles per hour, there was a greater nomber of
insects in the air and & closer approach to the theoretical chance dis-
gribution. A wind of this strength is not suflicient to interfere with
normal insect flight. It is not to be inferred, however, that hecausze
the air is smooth there is no convection, as often it was very strong.
Especislly was this noted during clear summer days when thermal
convection and attending movement so mixed the surface layers of the
air with those next above as to bring both to 2 more or less common
velocity, which was greater then the undisturbed or night surface ve-
locity, and less than that of the undisturbed vpper layers before their
mixture with the lower iayers {36, p. 137).

After insects are up in the smooth air and then are caught in strong
sscending and horizontal currents of air, they will be carried upward
from elevation to elevation. A few of the more cutstending and in-
teresting examples are given in tabls 13, in which conveetion was the
apparent cause of the distribution of the insects in the upper air.

Often when it was slighily rough at 200 feet and smooth above,
insects would be taken in abundance at the lower altitudes and few
or none taken above 1,000 feet. An example of this is shown in fhe
flight of July 2, 1830 (table 13). On this flight 57 ants of the spsacles
Solenopsis zyloni were taken at 200 feet and one at 1,000 fest.

There were many flights when the air was slightly rough at 200 feet,
and ss altitude increased either convection or wind velociby inereased,
or both, and insects were carried upward and taken in greater numbers.
The flights of September 18, 1929, represent this condition (table 13).
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TanLe 13.—Ezamples of inleresting cases of distribuiton of insects in the upper air
in relation lo air currents, Tallulah, La.

Wind

Sky conditipn Air gondition
Valag- | Direc-
ity tion

Afiles
per hr,

AUg. 5, 1920 .| 3135 p.m.. .| Partly cloudy.

Sept. 18,1820 __| 1135 0. m_..

Slightly roupgh.

Do ceu_ | 10 pam._. Rough

Oct. 21,1920 __ ) 32 pom. .| Partly cloudy.

Noy, 7,1029.___| 145 p.n_ .. Clear do

Sreoth.

“&mooth
May 15, 1990 | B2 mo.. 5. Sllg}&iy rough.

PSRN ¥ L1 DV
“Slightiy rough.
July 2,1990. .| 4:05 p.m.._| Very eloudy. . NN 5""’?“‘

Aug 11,1631, Fartly cloudy.

Aup.21,1031...| 285 p.m_,_

N.
NNE.

N,
NNW!
Oct. 16, 1931..._| 2:10 p.m__._ NN,

5,000

When the air was slightly rough or very rough, insects were usually
taken in greater numbers in the higher altitudes. IExamples of this
are found in the flights of October 21 and November 7, 1929, and
August 11 and 31 and Oectober 16, 1931 (table 13). In the collections
on the first two of these dates a great variety of insects of all sizes
were caugbt at the lower altitudes.
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At 2,000 feet there were taken Orius (Triphleps) insidiosus and
Stirellus obtutus, which are sms]l Hemipters but with good wing
expanse. Spiders were abundant at 200 to 3,000 feet.

The species of Heteroptera collected ot 5,000 feet in the flight of
August 11, 1¢31, are especially interesting. These were Lygus pra-
tensis, Geocoris punclipes, Nysius ericae minutus, and Alloceris (Thyre-
coris) pulicarie. The first three species are comparatively strong
fliers, with correspondingly good wing expanse in proportion to their
bodv weight, giving added buov&ncv The negro bug Allocoris puli-
caria is a small hard-shelled, shiny-black bug, which resembles &
beetle. While this species is a strong flier, it does not have much
wing expanse in comparison with its body weight. The rough air at
all altitudes, with wind velocities of 10 to 17 miles per hour, probably
accounts for its occurring at this height.

The species collected in the ﬂmht of August 31 1931, wvaried in
size, weight, and buoyaney. At the sltitude of 200 feet the Heterop-
tera. taken were Orihaa basalis, a light insect with considerable wing
expense, and Trichopepla semiviliala, a rather lazge and heavy penta-
tomid. The Homoptera included four specimens of Delphacodes
puelle, & very small fulgorid having considerable buoyaney. Libur-
nielle ornate, 2 small fuloond with o o'reat wing expanse in comparison
with its mez’y small body was taken at the altitudes of 2 ,300, 3,000,
and 5,000 feet.

At the time the flight of October 16, 1931, was made great numbers
of insects were out, primerily owing to a good rain in the morning
after n long dry spell. The day cleared up, insects eppeared in great
abundance, and as convection was very strong they were cartied
upward. Many strong fliers were collected, such as the large sharp-
shooter Oncomelopia wndata, token at 200 and 1,060 feet, and a female
red-legred grasshopper (Belanoplus femur-rubrum). Graphocephaln
versute was taken ot all altitudes, with 2 at 200 feet, 1 at 1,000, 11 at
2,600, and 7 at 3,000 feet. The psyllids Pachypsylla celtidis-mamma
and P. celfidis-gemma were 0lso asbundant at all altitndes up to 3,000
feet. One butterlly, Junonia coenia, was caught at 200 feei, and
numbers of spiders were taken st all altitudes.

INSECT ACTIVITY AT NIGHT

The atmospheric conditions at night are the reverse of the deytime
conditions. Relatively calm air generally prevails in the lower strata
at night; there is little thermul convection, and the surface friction
hotds the lower air levels comparatively qmet. at the time of o light fo
moderate wind. In general, the maximum wind velocity in the
daytime is reached hetween noon and 3 p. m., and the minimum af
night between midnight and 6 &. m. At sunset the ground begins to
cool, and, being a much better radizstor than the atmosphere, it often
cools, especially during clear uights, to a decidedly lower temperature
than the air &) some distance above it. Hence, late at night when
the sky is clear and the wind light, the temperature of the lower layers
of air usuelly increases with increase in height, and even when there
is sufficient wind to prevent this temperature inversion, as it is called,
the lower atmosphere still is colder than it would be without thie
radistion. The smount of surface cooling depends jointly upon the
rates of radiation to and from the sky and the time involved (35, p. 42).

Insects that are in the higher levels (above 3,000 feet) during the
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day tend to be brought down toward the surface at might, with the
descending cool air currents, or because of failure of upward conveetion
currents, while those on the surface are carried upward in the ascending
warm air. In this way there is apparently a concentration of night-
flying insects from the surface and the diurnal insects which have been
left n the upper air from the day. On mrny flights insects were
collected in greater numbers at the higher sltitudes than they were
at the lower levels.

The dats from three flights which are cutstanding examples are
given in table 14 to sbow the relative distribution of insects in the
upper air at night.

TaBLE 14.—Ezamples of the distribution of insecls ol night (air smooth) under
various lypes of weather condilions, Tallulah, La.

Wind

Bky condition Elevatlon T:mr-

Veloelty { Directlon

Miles
per haug

Oct, 14, 1826, 10:55 p.m._.| Clear, very bright
moonlight.

Qet. 12, 1930.___| 10:34 p. m_._| Calm, halt moan,
clear.

Cetb. 25,1930, .. S:00p. m._.. vory dark,

On the flight of October 13, 1930, one microlepidopteran belonging
to the family Pterophoridae was taken at the altitude of 1,000 feet.
August Busck, who determined the species of microlepidoptera taken
in the upper air, made the following comment:

Anp interesting collection. All of these are minute, weak-flying species, which
voluntarily would not go more than a few yards from the place they hatched out.
Air currents are solely responsible for their being taken in the upper air. The
wide distributien of seme species of Plerophorus is accounted for in this manner.

On the same flight two mosquitoes, females of Aedes VEXANS, Were
taken at the altitude of 5,000 feet.

In geveral it may be said that at night insects were in greater
numbers in the upper atr at all altitudes when the air was smooth.
In most instances, however, there was considerable wind in the upper
air even at times when the air was calm at the surface. Insects were
often teken in greater numbers at 1,000 feet and above than at the
lower altitvde of 500 feet, during the same flight.

LIGHT INTENSITY

The numbers of insects appearing during the time from daybreak
to dark varies considerably. The actual hour or period when insects
are most abundant in the air depends upon the amount of light and
the meteorological conditions most favorable for their activity.
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Insects which require considerable moisture or high humidity are not
usually found flying during the daytime, as they prefer deep shade
or dark places.

It has been suggested that the time of activity of certain crepuscular
insects, such s mosquitoes, depends or the light being of a definite
intensity. There are, however, other conditions which point to the
intensity of light as secondary. Light and heat are inseparable in
their effects, for with less light, as on very cloudy days, mosquitoes
become sctive, since evaporation is not 1n general so great as on
suney and hot deys,

Insects react positively or negatively to light and their activity
varies sccording to the amount of light. Thus great numbers of
insects fly by day; other species, not until late in the evening or after
dark. Sunshine has a stimulating effect on most insects, but if the
rays of the sun are too nearly direct and intense, many insects,
especially the immature stages, will be killed.

The distribution of insects 1s influenced by the intensity of light.
Grevillius {29) has shown that some insects will concentrate in the
best illuminated part of & cage, even if thet part is kept cooler than
the others. In other words, within the limits from 60° to 71° F.
temperature is less important than light. One controlling factor in
the oviposition of the codling moth is the intensity of light, as, accord-
ing to laboratory experiments, the moth usually deposits its eggs in
the evening, or at night (39).

Marcovitch (48) has shown in experiments with Aphis sorbi that
just ns the short days of the fali stimulate the production of fall
migrants, so the lengthening days of spring stimulate the production
of spring migrants, The length of day In relation to the time of
hatching appears to be an important factor influencing the early or
late production of migratory forms.

Light seems to be the principsal factor in the activity of hees. In
one instance, after & storm, though the temperature remained low,
honeybees resumed their activities (42).

There are many meteorological fnctors which contribute to the
maximum sctivity of insects during the daytimne; the more important
of these, other than light intensity, are temperature, humidity, con-
vection or air currents, and wind velocity. The surface wind velocity
at night is usually less than during the day. Convection starts at
sunrise and reaches its maximum intensity at 4 p. m.

Tempersture and light are inseparable in their effects. Melnichenko
(81) has shown that the Influence of light upon the flight activity of
the sugar beet webworm was extremely interesting in that the moths
were negatively phototropic when the temperature was not lower
than 24° or 22° C. and positively phototropic when the air tem-
perature at the flight level of the moths fell to 20° or 19° C.

In another study of the numbers and species of insects coliected in
the upper air, the day flicht periods were divided into four major
groups. These were: (1) Daybreak to sunrise and shortly aflter, or
the hours from 5 to 7 &. m.; {2) morning flights from 8 &. m. to noon;
(3) afterncon fAights frem 1 to 5 p. m.; and (4) sunset or late evening
before dark, from 6 to 8 p. m,

It was found that at the altitudes of 200 to 5,000 feet & few more
insects were collected during the time from daybreak to sunrise than
during the morning flights at the same altitudes. At this time of the
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day, or carly in the morning, there is a concentration of night-flying
insects at all altitudes; these insects are added to the day-flying
Insects which begin activity at the break of dawn and continue to
increase in numbers as the light increases or the temperature rises.

In the afternoon, when convection is strongest, the upper air usually
becomes slightly rough to rough, wind increases in velocity, and insecets
are carried upward in greater numbers. At the altitudes of 3,000
and 5,000 feet, however, fower insects were taken than for the same
altitudes at daybreak.

At sunset the meximum numbers of inscets are found. Aany
night-flying insccts are starting to fly, and together with the day
forms there is an aceumulation of insects. At 3,000 feet, however, the
number hegan to drop off, but at 5,000 [eet moro insects were collected
than during the morning and afternoon flights. Thermal convection
has practically censed af this time, and insects which were carried to
eltitudes above 5,000 feet are beginning to deseend only to meet with
many night-flying insects.

The orders Heteropters, Homoptera, Coleopters, Hymenoptera,
and Diptera were taken in greatest numbers in the daytime between
5:30 and 6:30 p. m.

At pight more Diptera were collocted at 11 p- m,, while Coleoptera,
Homoptera, and Heteroptera were in greater numbers earlier in the
evening, or from § to O p. m.

During 1929 and 1930, 19 days were given to flights to determine ai
what hour of the day insects were most abundant. Nine days of
fiying were mude from Mareh to Qctober in 1929, and 10 days from
March (o August in 1930, An average of six flichts were made for
each day, and on several days seven or eight flights were made, The
flights usually started at or before sunrise, were hegun every other
bour, and ended from 5 to 6 p.m. In the 120 flights there was found
to be no direct relation hetween the maximum numbers of insects
caught and any particular hour of the day. On some days the
greatest nunibers were taken early in the marning, at 6, or at 8, or 11
2. m.  Sometimes the maximum numbers were taken in the afternoon
from1to5p.m. These results simply show that the time of day had
little velation to the maximum or minimum numbers of insects col
lected. It was found that the greatest numbers of insects wero taken
when the skyv was clear, when the air was smooth at the ground surface,
and when the temperature ranged from 64° to 90°, with a peak
acbivity at 75° I,

The numbers of insects collected had a close relationship to tem-
perature. In March, with low temperatures early in the morning,
Tew nsects were taken, but the numbers increased with the rise in
temperature. It was undoubtedly the temperature increase from
40° to 81° F. which caused the increase in the numbers of insects
found in the air.

During the summer months temperature had the same effect, since
insects were at times just ag abundant early in the morning as at any
other time of the day, regardless of light.” For the 120 flights from
Merch to October, the results show o temperature correlation, with
fewest insects collected in ranges of from 36° to 58° F. Inscots begin
to be active at a minimum temperature of approximately 60°, becom-
ing Increasingly active and reaching their peak in the range from 76°
to 86°, then gradually dropping off from 87° to 92°, with a minimum
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activity beyond 94°. Therefore, with a later time for sunrise in the
winter and spring months insects do not begin activity until tempersa-
tures increase as the day advances. In the summer and fall months,
with the sunrise earlier in the morning, and correspondingly higher
temperstures, insects start fying af sunrise,

COLLECTIONS BEFORE AND AFTER DARK

It is generally thought that some insects are more active as twilight
approaches than at any other time, while others cease to be active or
are never seen. As darkness arrives some species are seen which
were not observed at twilight. At first it may be considered that this
decrease or increase in the numbers and species of insects flying at this
time is in direct proportion to the intensity of light. But, as stated,
light may be secondary in its effect on insect movement, for the con-
ditions of light and heat are inseparable in their offects. Evaporation
is retarded and relative humidity increnses at night, and many insects
are more sctive under the conditions of high humidity and lower
temperatures of night.

In order to determine to some extent the exact numbers of insects
that were flying before and after dark, {lights were made a few minutes
before dark and then immediately after dark. Xach flight was so
timed that 10 minutes were flown at the altitude of 500 feet during &
period of considerable light, immediately after sunset or twilight.
Then 10 minutes of flying time was made at 1,000 feet after dark.
The airplane then descended to the altitude of 500 feet to fly another
10 minutes in complete darkness. The flights were made each year
during August to November in 1929, 1930, and 1931. In this way
collections were made showing the numbers and species of insects
which were in the air before and after dark at the time of each Hight.

Nearly twice the number of insects were taken before dark as after
dark. The orders of insects that showed considerably larger numbers
%Lken before dark than after dark were Homoptera, Coleoptera, and

iptera.

The Homoptera werce represented mostly by Cieadellidae, and more
than twice the number of these were taken before dark than after
dark. Although more Heteroptera were taken before dark, o few
species were faken in greaster numbers after dark, and & few species
appeared only after darl. Nearly twice as many Arctocoriza modesta
were found after dark as before dark.

The Coleoptern comprised mostly specimens belonging to the
(fiarnlilies Staphylinidac and Carabidae, and were taken mostly before

ark.

The Lepidopters were slightly more sbundant after dark, the
Noctuidse especially. Nine specimens of the cotton leaf worm moth
{(Alabama argillacea) were taken after dark at 500 feet, and only one
specimen before dark. The fall armyworm moth (Laphygma frugi-
perda) was taken mostly after dark.

The Neuroptera were represented by species of (frysopa or lacewing
flies taken before dark.

The Hymenoptera appeared to be mwostly day-fiying insects, al-
though several species were found at 500 fect after dark., Among the
species taken after dark were one cloversseed chaleis, Bruchophagus
gbbus, Meteorus vulgaris, Fuplectrus comstockii, and E. platyhypenae.

Approximately one-third meore Diptera were taken at 500 foet before
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dark than were found after dark. Mosquitoes appeered in about
equal numbers before and after dark., Culicoides varipennis and C.
crepuscularis, or “punkies,” were taken after dark.

MOONLIGHT

It was of interest to determine how the activity of insects in the
upper air was affected by moonlight. Hora (32) noted in Indis that
swarms of Mayflies appeared usually about the period of full moon,
He studied the dates of swarming of Mayflies in other countries and
found with each species that the appearance of swarms coincided with
a definite moon phase.

In order to have comparable data, flights at 500 feet from May to
September, inclusive, when the moon was hglf full to full, were com-
pared with collections made on nights with no moonlight, and there
appeared to be a tendency for insects to be more sbundant in the air
on nights when there was considerable moonlight. Considering in-
dividual flights made during the several vears of collecting, it was
found that the maximum numbers were taken mostly on nights of
bricht moonlight. Moonlight nights when only & few insects were
collected were usually charscterized by relatively low temperatures.

Coleoptera, Hymenopters, and Dipters were taken in greater
numbers on meonlight nights than on dark nights. A few more
Heteroptern, Homoptera, snd Lepidoptera were taken on dark nights
than on moonlight nights.

The presence or absence of moonlight made no apparent difference
in the height at which insects were collected, for insects were talken
up to 5,000 fect about as many times when it was dark as when it was

moonlight.
CLOUD CONDITIONS

The intensity of light, the temperature, the humidity, evaporation,
and other meteorological factors are directly affected hy the cloudiness
of the sky. Insects are sensitive to the atmospheric changes resulting
from the degree of cloudiness {rom a clear to an overcast sky. When
clouds obscure the sun, cutting out the direct rays and lessening the
amount of light, the temperature drops, and the rate of evaporation
is lowercd. Many insects prefer clear and sunny days, whereas
others are more active when the sky is partly cloudy or overcast.

Uvarov (78, p. 83) and Parker (56, p. 65) report that nymphs of
Melanoplus mezicanus and Camnula pellucida stop their march even
when the sun is obscured by a small passing cloud. This is due,
apparently, to the sudden change in the intensity of light or to the
dropin temperature.  In the eases of nocturnal Lepidopters, cloudiness
increases the number of insects coming to light, but this is probably
due to tha incresse in air humidity eaused by cloudiness (62). The
activity of honeybees during cloudy intervals on sunny days is low-
ered. One bee visits on the average from six to nine flowers in a
minute when the sun shines, and only five or six when there are elouds.
The actual cause of this difference remains unknown (78).

The beautiful underwing moths of the genus Catocele remain in the
deep woods, at the bases of trees or under an overhanging bank of a
stream, during hot sunny days. They prefer these dark, woeded
places where they are hidden from divect sunlight, and remain there
quiet and motionless unless disturbed. During & very cloudy day,
however, they become restless and may be seen flying about in the
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woods from tree to tree and even flying out into the open spaces.
Mosquitoes usually become more active on a cloudy day.

Clouds have a direct relation to sudden changes in air temperature,
causing strong air currents, eddies, and gustiness. Clouds are asso-
ciated with vertical convection, resulting from the local application of
heat, and the consequent forming of strong horizontal temperature
variations, which may often be observed in the rapid boiling and
rolling motions of the upper portions of larpe cumulus clouds. These
conditions were frequently met with when flying on days when the sky
was partly cloudy, the air usually being rough because of these strong
vertical convectional currents of air, and the plane was sometimes
difficult to control.

For every flight made, both day and night, the cloud condition was
recorded. When the sky had o few scattering clouds or was less than
three-tenths covered, this was considered as a clear day, as these few
clouds could have no effect on insect activity. When the sky was
from four- to seven-tenths covered with clouds, this was considered
as partly cloudy; beyond this the sky was recorded as very cloudy or
overenst.

The greatest numbers of insects were taken on days and nights when
the sky was partly cloudy. For the day collections the diffierence was
small between sunny and partly cloudy days, but there appeared to
be & tendency for more insects to be found on partly cloudy days.
On days when the sky was overcast there was usually an appreciable
drop in the numbers of insects taken. At night nearly twice as many
insects were cotlected on partly cloudy nights as on clear nights; more
insects were also collected on nights when the sky was overcast than
on clear nights.

The orders of insects showed some relation, in the numbers taken,
to cloud conditions. Homoptera, in general, indicated only a slight
refation to the degree of cloudiness in the daytime. At 200 feet 1a0re
specimens were collected on partly cloudy days, but at 1,000 feet more
were taken on clear days.

Heteropters were collected at 200 feet in greatest numbers on partly
cloudy days, with fewest when the sky was overcast. TFor the slti-
tudes ahove 200 feet for the day colleetion the differences were not
appreciable. At night, however, the numbers taken were fewest on
clear nights, increasing to their maximum on very cloudy nights.

More Coleaptera were taken st 200 feet on clear days, the numbers
gradually dropping ofl as the sky increased in cloudiness.

So few Lepidoptera were taken in the day flights that no comparisons
are possible. At night more than twice as many specimens were
found on partly cloudy nights ns on clear or overcast nights.

Diptera and Hymenoptera did not show a very definite relationship
::io cloudiness in general, although more were taken on partly cloudy

ays.

Spiders were collected in considerably greater numbers on clear
days. This may be owing to the decrease in humidity in the air, for
when it is partly cloudy and overcast the relative humidity is gener-
olly greater, and thus moisture would collect on the gossamer webs,
making them less buoyant.

Doubtless the reason that o more definite relationship between the
number of insects taken in the upper air and the cloud conditions was
not evident is that when the flights were made the sky may have been
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from four- to six-tenths cloudy, but not immediately over the terri-
tory where the plane flew, or vice versa. The sky may have become
cloudy withia o very short time, or the sky may have been partly
cloudy, or almost overcast, when the plane left the ground, but clear
before the end of the ﬁlght Accordingly the eollections were snibject
to these variations in cloud conditions.

PRECIPITATION

Precipitation had a definite elfect on the numbers and species of
insects found in the upper air. It is scarcely possible to estimate
the eflects of excessive rainfall on the numbers of insects by exact
observation; yet when a period of drought is followed by sudden rains,
one is able to observe an increase in the insect population. Excessive
rainfall checks the (light of many inscets, reduces their progeny,
especially of subterranean species, by drowning, or causes fungus
growths on many insects such as aphids, Tunter and Pierce 37,
p. 118) found that a moderately cold winter, with temperatures fre-
quently near the fatel zone, and excessive preeipitation, is Very une
favorable for the boll weevil, but that a winter with little precipitaiton
and o temperature within the zone of fatal temperatures iz much more
unfavorable. Ifrequent rains Iate in the spring and in summer are
conducive to an increase in the boll weevil population.

On the other hand, deficient vainfnll checks aquatic insects, and the
laclk of rain kills food plants, making 16 difficult for Iarvae or nymiphs
to mature. A long period of drought causes the ground to become
dry, making it diflicult for ground insects to emerge through the hard
soil, or greatly delaying the emergence of gertain species.  But if this
is followed by a sudden rain, the insects n the soil often emerge in
great swarms.  J. (. Bridwell has stated that in various excessively
arid regions, such, for instance. as the Kalihari Desert of west-central
South Africn, the normal dry condition is interrupted at intervals of
perhaps 10 years by seasons of excessive rainfall. With such wet
seasons there appear in vast numbers the strange insects peculiar to
that region but not apparent during the long intervening dry period.
Similar mass emergence of dormant drought-sesled insccts has been
noted in various arkd regions, and sometimes in the Sonoran region of
the United Ssabes.

On various oceasions the effects of drought, eveessive precipitation,
or sudden Tains were ohserved while insects were being collected
by airplane. A few exnmples are given to represent these conditions.

In April 1930 less than one-half inch of rain fell, and there was no
rain of any importance uniéil May 7, when one-half luch was recorded.
On this day inscots incressed greatly in numbers in the wpper-air
collections, avernging 58 insects per (light, with a maximum of 79
inseehs in one fHizht.  The fumilies Aphiidae and Psyllidae predomi-
nated in the collections.  During Moy the precipitation amounted to
nearly 10 inches, and insects were taken in greater numbers than in
any other month of the year.

Daring June 1830 no rain wos recorded.  On the morning of July 2
the first rain fell.  Tnsecls beeame exceedingly nbundant immediately
after this first light rain.  Seven {lights were made on this day, wit}l
an average catel of 35 inscets per flight and & maximum of 83 speci-
mens in onc {light. Anis appeared in swarins in the air, and 76 ants
were collected up to 3,000 fret, including specimens of Monomorium
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mainimum, Crematogaster sp., Solenopsis zyloni, and Aphaenogaster sp.
Aphids and thrips were also abundant. Very little rain fell in July,
and scarcely enough in August, September, and October to relieve the
drought. Then from November 11 to 14 more than 2 inches of rain
fell, ending at noon on November 14. The sky became clear and the
afternoon was very warm and suony. Insects were unusually
numerous in the air. A flight was made between 1:40 and 3:08 p. m.,
at the sltitudes of 200 to 5,000 feet, and 189 insects were faken.
This was the largest number of specimens collected on any single day
flight. The predominating insects taken belonged to the families
Cicadellidae, Psyllidae, Chrysomelidae, and Carabidae, and there
were 23 speeimens of ants, winged males of Crematogaster sp.

During September 1931 and up to October 16 there was scarcely
any precipitation, and few insects were taken in the flights made
during the daytime. On the morning of October 16 nearly 1 inch of
rain fell. A fight was made in the afternoon, on which 136 insects
were taken at altitudes of from 200 to 5,000 feet, with 31 specimens
at 3,000 feet. Tlus was the second largest number of specimens taken
on any [light. Theinsects belonged mostly to the families Cicadellidae,
Psyllidae, Alycstophilidae, Eulophidae, and Pteromalidae. Many
spiders were also taken up to 3,000 feet.

Many other examples might be given to illustrate the effect of
precipitation as a controlling factor in the increase or decresse of
numbers of insects in the upper air.  During the months when precipi-
tation was excessive and temperatures low, however, insects dropped
off to a minimum.

ELECTRICAL STATE OF THE ATMOSPHERE

On the spproach of a thunderstorm insects are unusually active.
Dragonflics have been seen in great sbundance just before thunder-
storms. Collectors of moths in Kurope are slso in general agreement
that on heavy, still nights, with thunder in the air, moths are much
mere active and numerous than at other times. Certain insects
migrate just before or immediately after thunderstorms.

The movements of air currents in and preceding 2 thunderstorm
are often very rapid, with the wind blowing outward in front of and
iz the general direction of the travel of the storm. Descending cur-
rents in a thunderstorm may stir up insects to a considerable degree.

Kestner (40) observed that in man & nervous depression is usually
found during a decline of the barcmeter on sultry days preceding
thunderstorms, He raises the question about the possible existence
of substances in the higher air levels, formed by the radiation of the
sun and driven down by the descending air currents, which may be
responsible for lower blood pressure in man and cause his depressed
feeling. What effect such a condition would have on insects has never
been determined, little being known regarding this subject.

It has been suggested that the Increase in numbers of nocturnal
insects flying before a thunderstorm is due to the electric state of the
atmosphere, or to some meteorological factor such as pressure or
humidity. That the ozonization of the atmosphere during 2 thunder-
storm causes insects to remein tnactive for a long time afier the storm,
owing to the stupor produced by the ozone, has been held by Gourdon
(27). Ozone is present in only very small quantities in the lower
atmosphere, since in the presence of moisture at ordinary temperatures
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ozone soon reverts to ordinary oxygen. Ozone is present in the
stratosphere, since the extreme ultraviolet radiation, such as there is
every reason to believe is emitted by the sun, in passing through
cold dry oxygen converts much of it into ozone; and it has long
appeared exceedingly probable that this substance must exst in
appreciable quantities in the outer air (35, p. 88). The peculiar odor
often noted after a storm is not that of ozane, but is due to nitrogen
peroxide according to Flumphreys. The quantity of ozone in the
atmosphere is extremely sma]i)l, usually 1 part in 1,000,000, and there
is much more during the winter than during the summer (52, p. 13),

Since ozone is practically absent in the lower atmosphere and
since its amount 1s greater in winter than in summer, ozone could
bear no relation to the behavior of insects.

Only & few flights were made at times when thunderstorms were
approaching, since flying conditions were unfavorable, in fact it
was dangerous to fly. The air was never smooth on the surface, and
was slightly rough to rough at all altitudes. Observations were made
on these occasions to determine what cffeet lightning and thunder
might have on the activity of Insccts in the air. Tt was found that
the numbers of inscets collected under such conditions were usually
ahove the average. Inseeis were taken at all altitudes, from 200
to 5,000 feet. Those especially abundant were aphids and leafhoppers.
Among the Coleoptera, staphylinids were noticeably abundant.

Tt would be difficult to determine what effect lightning and thunder
have in the activity of inseets. It is doubtful whether there is any
direct relation between the numbers of insects taken in the upper awr
and the electrie state of the atmosphere when thunderstorms are
imminent, since other conditions, as wind, humidity, barometric
pressure, and femperature, disturb insects,

EFFECTS OF THE MISSISSIPPI RIVER FLOOD OF 1927 ON
THE INSECT POPULATION OF THE AIR

The extensive and destructive floods in the Mississippi Valley during
the spring and snummer of 1927 are well remembered.  The flooded
aren. included an almost continuous strip in some places 30 miles in
width along the Mississippl River reaching from New AMadrid, Mo,
to the Gulf of Mexico.

The flood at Tallulal, was caused by the hreaking of Cabin Teal
levee some 8 miles northeast of the town, on May 3, 1927, and the
water covered the territory in and about Tallulak to u depth of from
1to 15 feet {pl. 5, B). A part of the country opposite Tallulah on the
Mississippi side of the river was not llooded, since the land is much
higher, espeeially at Viekshurg, On the Louisiana side there was con-
siderable territory at Lalke Providence, 28 miles north of Tallulah, which
was not overflowed. Alost of the water had receded by August 1,
although the lowlands and swamps were covered for several months
longer,

It is of importance (o know what cffeet these flood conditions hadl
on the inseet life within the territory covered with water. One of the
most conspicuous elfects was the migration of vast numbers of ants.
Trees, shrubbery, and even houses that protruded above the rushing
currents of water formed places of refuge for ants.  Often the ants,
bringing along their eggs, formed in o hall at the top of a plant, only
to be destroyed as the waters washed them away,
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Practically everything in the path of the overflow was directly or
indirectly affected. Considerable vegetation was destroyed, and
rmuch of it was covered with water for several months. Probably the
majority of the adult winged insects escaped, but may species were
prevented from feeding or depositing their eggs, and immature stages
undoubtedly were killed, especially those forms near the ground.

Many species became more abundant after the overflow, probably
because of the destruction of their parasitic and predacious enemies,
It has been observed by Coad (12) that certain insects became abnor-
mally abundant and injurious, and that in some cases this increase in
numbers and abnormal injury was noticed almost immediately alter
the water receded, while in others the effect was slower and lasted lor
several years. The larvae of the fall armyworm (Lephygme frug-
perda) and the bollworm (Heliothis obsoleta) were exceedingly abundant
ond caused considerable damage, becoming injuricus immediately
after the water receded.

Other insects which were formerly injurious, such as the cotton
aphid (Aphis gossypii) and the cotton flea hopper (Psallus serivtus),
were afterward extremely scarce. The cotton aphid was scarce
especially during 1928,  The wild host plants of the cotton flea hopper
were killed, and until these plants were again established this cotton
pest did negligible damage.

The Leoll weevil was practically destroyed in the flooded aren, but
on small patches of isolated cotton on profected plices or high ridges
the boll weevils found refuge, and those places served as nuelei of
reinfestation. The flood had uo ellect on the cotton leaf worm, since
this insect migrates into the cotion territory,

A number of flights were made over a nonfleoded aren at Mansfield,
La., about 165 miles west of Tallulab.  This territory was not com-
parable with that of Tallulah, as it had a somewhat different type of
vegetation. It had been quite dry there during the summer and
insects were accordingly searce.

For an exact comparison seven [lights each were made over the
flooded and nonflooded territory at Tallulal during September 1927,
The flooded territory consisted of an area adjacent to the Mississippi
River and was comparatively narrow. It was therefore possible for
great numbers of nalive insccts to escape the rushing waters,

At the altitude of 200 feef over eight times as many inscels were
taken over the nonflooded area as were ecollected over the Nooded
territory. At altitudes of 1,000 to 5,000 feet, however, the usuelly
expeeted numbers were collected.  Over the flooded area eight times
as many inscets were taken at 1,000 feet as at 200 feet. This defi-
nitely shows a drift in of insects from nonfleeded region.

The itnseets represented in the colleetions at 200 feet over the flooded
aren were mostly those of the fnmilies Chloropidae, Dolichopodidae,
and Ceratopogonidae of the Diplera, A very few leafhioppers and
plant Iice were also tuken.

The collections made over the territory which had not heen flooded
showed a definite increase in the numbers of families and specios taken.
Many more leafhoppers wore collected and Inrger specios of Diptera
were represented,  Mierolepidoptera, parasitic [Tymenoptera, Sta-
phylinidae, and a few Heteroplera were also taken.

In tho flights made over the flooded nren in the following October,
the numbers taken greatly increased at the 200-Toot altitude.
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As the water receded, vegetation grew again, and the difference in
the collections became less noticeable in both numbers and species
taken over these jocalities.

SEEDS COLLECTED IN THE UPPER AIR

Numbers of seeds wers caught on the collecting sereens. Un-
fortunately thesc were saved only during the last year (1931) of
collecting, and accordingly the collection is rather small. Tt shows,
however, the comparative sizes of the fow species of seads represented
and the height at which they were found. ~ A list of the sseds caught
on the screens and the altitude at which they were drifting is given
in table 15.

TaBLE 15.—Plunt seeds canght by the collecling screens and the altitude at which
Jound, Talluleh, La., 1931

|
Callected at altitides of— '

o0 12000 | 2000 | 5000
feet feat, ! {eot F foet feet

Fomiiy and species ’Sl;i:ﬁﬂl

: -

l o0 | a0 | 00
feot

| !

Compaositac: 1
Enpoforium 5P caee .
Erigeren sp_.__.. i
Cirgireim =g {pappus onlv).
Senrchug asper (Litoneus) ... 1T T, .

Sallerceae:

POputus S e :

1

. P i Th 1
N mber Number Ny mbcru\'umberl.\'umber Aumber Number
1 i i

l'"'"i' """" i ¥

Gramineae:
FPogpetum dilatptum Polro.. . ..
Poaspatum wreiller Stead . ., __
LPagprinm pubifforsin Rupr_ . ...
Fanicum nreittes Siewd. L.
Seteria prohably genientotn (Law.) Boauv,
Flordeuwtn pugitium Wuatt, ... .. | PO :

The seeds of Populus sp. were taken in June; Paspalum dilatatum,
P. yrvillet, and P. pubiflorum, from July to October: and the seods of
Erigeron sp. were collected throughout the year. The height to which
seeds of Populus sp. were taken is, of course, Lo ho attributed to their
light, weight, and their “parachute’” attachment in the shape of a
pappus. Seceds are subject to much the snme conditions as insects,
in so far ns their size, weight, and buoyansy are concerned.

The late A. S. Hitchcock of the Bureau of Plant Industry, who
identified the sceds of the grasses, considercd the list to be rather
surprising. e added:

Cne would expect to find fluffy seeds like those of Andropogon virginicus.
The two species of Paspalum, P. dilmtaiwm and P. wrttiller, nre cilinte-margined,
but are rather heavy for sueh high fiights, The abundance of P, wruitled is note-
worthy. This iz an inteoduced species common in some loealitios of Louisiana
and adjacent Staies, bul not wirdely distributed.  That the seetds were all gathered
in the region of Tallulah would be 4 fact coordinaled with the presence of Paspalum
urvillei there.

P. ureillei is a native of Brazil, Uruguay, and Argopting, having
oeen introduced into the United States some 40 vears ago. This
species was collected at altitudes of 200 to 5,000 fect.

Most of the seeds wore taken when the upper air was slightly rough
to rough and when convection currents were rather strong. Tor
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example, on September 29, 1931, the air was from slightiy rough to
rough, and seeds of Paspalum wrvillei and P. dilatatum were taken at
ell altitudes up to 5,000 feet.

Plants, like insects, have become established in remote islands of the
sea and In continents far distant from their original homes. Seeds
are transported by birds and by water, but the majority are probably
carried in the upper air currents by the prevailing winds.

COLLECTION OF INSECTS IN MEXICO

In August 1928 a faip was made to Mexico under the direction of
B. R. Coad, and F. A. Fenton, formerly of the Bureau of Entomology,
to investigate the possibility of the migration of the pink bollworm
by flight. Two airplanes, equipped with insect traps, were flown
from Tallulah via El Paso, Tex. After a week at Kl Paso, and at
Juarez, Mexico, in making the necessary customs arrangements to
transfer the planes and equipment across the border, the planes
landed in Tlahuaslilo, Durango, Mexico, on August 22, 1928. The
pilots were accompanied by Lieut. Eduard Aldorsoro, Mexican escort
pilot, and, through the courtesy of the Mexican Government Manuel
Aleazar sccompanied this entomological expedition as interpreter and
official representative.

The territory in which the fiights and studies were made is situated
some 500 miles southesast of El Paso and 200 miles south of the Big
Bend section of Texas, The headquarters for this investigation were
established on the haciends of the Tlahualilo Agricultural & Coloniza-
tion Co., situated in the Laguna district of Durango and Cozhuila.
The Laguna district was ideally located for the study of pink bollworm
migration flights, since it is & desert reclaimed by irrigation and com-
pletely surrounded by barren desert and equally barren mountains.
Vegetation other than that grown by means of irrigation and cultiva-
tion is scarce. Cotton is the principal crop and normelly 75,000 to
100,000 bales are produced snnually. The pink bollworm hsas been
present in this section since 1911, and the infestation and damage
here are the highest on the North American Continent.

It had been found that the fluctuations in the infestations of the
pink bollworm in the Big Bend section of Texas were in proportion to
the increese or decrease of infestation in the Laguna district, and it
had been suggested that the moths from the Laguna district flew
with the aid of the prevailing winds to the Big Bend section. In order
to test the possibility of this source of infestation, & series of airplane
flights were made over the Laguna district to determine whether a0y
pink bollworm moths were actually present in the upper air.

Forty-four flights were made between August 27 and September 17,
1928, at altitudes from near the surface to the height of 4,000 feet.
No night flying was done except on a few occasions when the plane
landed late in the evening. Thirty-one hours and twenty minutes
were used in the actval collecting, In which time 1,284 insects were
taken. Ten orders of insects were represented, including Epheme-
roptera, Odonata, Thysanopters, Heteroptera, Homoptera, Coleop-
tera, Neuroptera, Lepidoptera, Hymenopters, and Diptera (table 18),
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TABLE 16.—TInsects eollected by airplane in Tlahualilo, Durango, Mexico, in August
and September 1988, according to allitudes

Callected at altitudes of—

Total
Order, family, genus, and spepies sgéis
tnken 20 | 0 | 500 | 1,000 (2,000 | 3,000 | 4,000
feet | feet | feet | fest | fest | feal | feot
Ephemeraptorn; Num-| Num-[ Num-| Num-| Num-| Num-} Num-| Num-
Boetidee: ber | ber | ber | ber | ber ter ber | ber
ClO80N SP e e camemamam s 1 | PN UV PSR PN N R
Qdonata: 3
Undstermined species of the snhorder Anisoplera. - PO b2 R R A
Thysangptern:
Aeolothripidne;
Stomulothrips flapuy Ho0Qa oo .. ________ 20 [RORSS N 1 2 e 1
Thripidaa:
Heltothrips phasealt Hood_ owanaeoe oo . 13 1 4 2 3 1 2 o
Hetcraptera:
Cydnidpe:
PR T T ] 2 1 | N RPN RPRRRRINY DUSRTIUIY R
Pantatomidae:
Meeidea lorpula StAl ... - 1 ) PSS F S . PR
Coreidoe:
Aufeins imprexsicolffs StA) el 3 2 |3 [ S RPN PO R
NMeididae:
Abnisus mulfizpinue (Ashmend) .. ooo.oo..a 1 N RO (NI USRI PRI MV R,
Lyegacidae:
MNysive coflfforndeus St ____ ... .l 3
Nyshup eriene (Echilllng)_ . 17
Titratus flefius StAL.___ R 1
Erplochiomera fusicarniz (Stl)_.___________ 1
TIngigidne:
Piesma cineree (88Y) e aimaamaa 1
CorphueRe 8P .___. 2
Gargaphia iridescens Champlon.. 5

Miridae;
Triganctyins breviceps Tavoowlel (adirlts)
Trigonolyine breuiceﬁs Jakowlef {nymphs).
Polymerus basalis (Reuter)

Adelphaceris rapidus (Say)
Flopionathue sp

Chlampdatug spo_ ... ________
Leucopoeciln albofasein’o Reulor.
Mirldne (undetermined nymph)..
Miridae {undatermined adults)

85

Homontera:
L-Iergbrnciduﬁe:{ p Say)
tictocephale festing {Sa
Cicndallidg: (Bay.
Cicndet{a hieroplyphica (S8¥) . oo onamoreoe
Dreeetacephodd D oo ooeoaa
Carneocephnia nude Nottingham__
Kestocephafuy pulicariug Yan Dirzes__
Platymetopius gertus (Say) ...
Dettocephatus sonarns Ball, .
Deltovephatussp. ...
Etitianus obrcerinervis (Sthl
PhRICPSINE SPo e ccmmmcne e
Acinopteruz anpuiniug Lawson._
Aoineplerus Sp_ ..
Macrosleles dirizne {Uhler)
Nesoateles neglectus {Deloog nod Davidson).
Nesorleles sp
Er gt hronetFt St e e e e mcmmme e mmm ——nn
Cieadellidae, (undetermined adults).
Cicadeilidae, (undetermined nymphs)
Fulgoridae:
Dlariue aridus Balt, ...
Aflerofedrin arperata Fowler
Delphacodes conelmitis (Van Duzee)..
el pharot el SPa . e e am
Psyllidae:
JHeteropayfio texane Crawford . ...
Triozinee, undetermined sPo-muazamaa
Paratrioze cockerelti (Snlc)
Paratriezn sp..
Trivza 5p
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TABLE 16.—Insecls collecled by airplane in Tlahualilo, Durango, Mexico, in August
and September 1928, according o altétudes—Continued

Tatal Collected at altitudes of—
in-
sects | 20 500 | 1,000 ) 2,000 | 3,000
takon feet | feat | feat | feat | feet

Chrdor, lamily, gepus, and specias

Cdlecptera: Num- Num-| Num- Num-
Carabidae: ber
Micratopus sp.
Biseoderis sp.
Bradycetius sp
Staphylinidae:
Piatystethus emericanus Erichson
Platystefhus obacurus Sharp
Stenus sp
Lathrobium sp..
Aderocharis sp
Axtenur sp
Athelu 5p_
Malyridae:
Coffops punciufoius LeConte
Anthicidae:
Nolozus sp
Anthizus sp.
Elateridae:
Conoderis sp.
Elateridae, undetermined sp.
Throseidae:
Throscus sp
Mycetopbagidee:
Typhaea stercoren (Linnneus)
Lathridiidae:
Melonophthalma sulfutce Sharp
Phalacrididae:
FPhatacrus sp.
Tenebrionidne:
Lioma sp
Melandrydidae:
Canifasp
Anohiidae: .
Lasivderma serricorne (Fabrieius)
Calorame sh.
Chrysomelidne:
Babtia sp
Pachpbrachiz sp..
Monozia sp U
JHinbrotica viflala var
Tiiabrolica spr
Epitrir pareife suctorum. .
Epitrix
Charlocnema 5D -
Longitarsus sp
Mylabridas:
Acanfhoscelides prosopis (LeConte)
Curculivoidee:
Smieronpr sp
Endalus sp..

Total._

Neuaroptera:
Chrysopidae:
Chrysopa externa TTagen
Chrysopa 5D
Eremochrysa punciinervis (McLaehlan}

Lepidoptera:

Qracilariidas:

Gracilariidac, nndetermined sp
Qolechildne: )

Prectinophora gpossypiella (Saunders)

dnerimoschenia sp.
Saythridse:

Seythrin sp
Heltodinidae:

Eellodintdae, undetermined sp. .
Olethrentidae:

Epitferna sosane (Kearfott)
Pterophoridac:

Pterophoridac, undetermined sp
Lycaenidan:

Tlemiargus feofa {Reskirt)_ ..,
Batyridae:

Batyr]dae, undetermined sp. ..
Macrolepidopters, nndatermined s
Laopidopters, undetermined sp.._

Total
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TasLE 16.—Insecls collected by airplane in Tlakualilo, Durange, M. exica, in August
and September 1928, according lo altitudes—Continued

Coliected at altitudes of—
'I,‘Inta]
n-
Crder, family, genus, and spesies sects 100 | 300

20
taken feat

Hymengpiera:
Arpidae; Nuw-
Sterletiphorg (Leston) rebriskief Webster and ber
Mally (females)
Serictiphora (Letton) zabriskiel Webster and
Mally {male)
Braconidas;
Micrebracon nuperus (Cresson)
Jg:ﬁcrabracm sp
A iilpbielid

Fy

&

Chelonus sp
A bal, ED.en
Boasus 5p.
Euphoriang uniformes Gaban__.___ 7
Vipio sp
Braconidne, undetermined sp

Ichneumonidae:

2paChorit 5p_

Beellonidae:
Telenowmussp_._.
Seellonidae, undetermined sp

Plat ?arsterlcr:lae:

{0 L1l v .

Cynipidae:

Cynipldae, undetermined sp.. ... wammmmaman

Calllmonidee:
Mierodontomerus sp

Chelcidldae:
Chaleididas, undetermined sp
Spiiochateis $p

TH M e e L B G

Bothriothoraz sp
Pteremalides:

Cyriogasier sp

Zatropls sp

Pletomsiides, undetermined sp
Eulophidae:

Telrastichus sp.

Eulophidas, undetermined sp
TIphiidae:

Tiphia sp
Formlcidae:

Ponerg sp. (msles)

Ponera sp. (fomules)

Monomorkum sp.
Bethylidae:

Bethylidae, undstermined sp
Bpheﬁidae: . rin Fox tfarmslo)

rypaiylon carinfrone Fox (femalo

Andranidae:

Iinlictus figaiur Say (female)

Jialiclus pacydofegularis Cockerell (females)__

Hatichis prufnose;}armia Crawford__._ -

Hlatictus { Chloriticiur) sp

Sphecodes sp_. .

Mellisades pailigicindae Cockerell

Andrenldee, undetermined spo o .oooe o ____.

pldse:
Apis melfifera Linnaens
Apalden, undeterminel sp

Dipters:
Culicidaa:
n tn sD

¥ ¥ 8
Chirooomitae:
Chetlcolder =p,
Chironomus sp. -
Chirenemidae, undetermined sp.
Ceclilomyiidae:
Cecldemylidae, undetermlned 5p
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Tasre 16.—Insecls collected by airplane in Tlahualilo, Durango, Mezico, in A uguast
and September 1928, according to allitudes—Continued

Total Colleeted at altitudes of--

Oraer, family, geous, and specios Sé;l{s

taken 1,000
feet

Dipters—Continuad. Num- N
Bombyliidne: ber ber

Phthiria sp. 1

Geron sp. 2

Sr.‘enopmidne

5P .

Dollchopodida&

Dahichopodidas, undetermiosd sp....
Empidldaa:

Empidldae, undeterinined sp.
Phoridas:
I Phoridas, undetermined sp.
P;puﬁnculidu.

us op

Byrphidee:
Syrphussp. .
.%Ifog'mprn sp

Bfuwmmma potite 83y .o dmmmme—————

Mesogramma sp

{r{:hidas, unetermined sp
“Tachinidae

Phorocera sp.
‘Barcophagidae:
Sarcophagu{a secidula {Fabricius)
Muscidas:
Haem:ubia !rr!mm (L# } J
Musea & sifca Linpasus.
.»\nthomyhda.s.
Anthomyildae, undetermined sp.
Helomyzidae:
Trizsocelis [ronratu (Fallen) _ . ommimemaa e

Ty
‘Borbaridae:
Li

P

Burboridne, undetérmined sp
~Chyromyidaa

Spdocbroa ornata Ji
Sapromyzidas:

Campleprosopelfa vulgaris (Fitch)
Ot (i?ﬂmmoproaopeﬂa Sp

Eu.reatn notate Wiedemann

Sp___ .

‘Trypendne‘

Spilographa vittigera Coquillett

Tephritis s

Trypanes bizelosa (Coquillat
Sepsices;

Seprizsp._
Ephydridae:

Paitopn campta {Meigen)

Philygria furicornia Loew.

Typeprilopa atrg Loaw

Ephydridne, undetermined sp
Chlompldm‘

Tip len sp.
Oac:mun co:rendr: (Fiteh)

OhIoropidno. undetermlned sp
Drosﬁophiiidm'

Aptom yz;dae'
Agro rrwza sp

ip

Diptera, undslermmad s

Unrecognizable fnsects. .. oo oiemmieeaas
Qranad totol. ... '
Total Qyiog time, minutes
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The Thysanoptera comprised four of Stomatothrips Aavus Hood
and 15 of Heliothrips phaseola Hood. Both species were collected at
altitudes up to 4,000 feet.

There were 85 Heteroptera taken, representing 7 {amilies, 16 geners,
and 13 determined species. They were found at altitudes up to 3,000
feet, The species taken were of more or less genersl distribution.

The Homoptera comprised 250 specimens of 4 families, Mem-
bracidee, Cicadellidae, Fulgoridae, and Psyllidae; 19 genera; and 14
determined species.

There were 136 Coleoptera found representing 15 families, 31
genera, and 9 determined species. One striped cucumber beetle {Dia-
brotica witlala) was taken at 1,000 feet and six tobacco flen beetles
(Epiiriz parvule) were found at sltitudes of from 20 to 3,000 feet.
Twelve Acanthoscelides prosopis (Lec.) (Mylabridae) were found at alti-
tudes of 20 to 2,000 feet., This beetle is destructive to seeds of mes-
quite, both in Mexico and in the United States.

The Lepidoptera were represented by 18 specimens, including 8
families and 3 determined species. Seven specimens of the pink
bellworm moth (Pectinephora gossypiella (Saund.)) were taken; four
ab 20 feet, one at 100 feet, one at 1,000 feet, and one at 3,000 feet.

There were 104 specimens of Hymenoptera found, including 18
families and 10 determined species. One Euphoriana uniformis Gahan
was taken at 1,000 feet. This braconid is recorded in the United States
Nationel Museum collections from nymphs and adults of Lygus
pratensis,

The Diptern comprised 274 specimens, representing 23 families, 33
genera, and 14 determined species. There were 79 specimens of
Chironomidee taken. Owing to the extensive irrigation system the
chironomids found breeding places. Five horn flies (Haematobia srri-
tans L.} were taken at altitudes up to 2,000 fest. This iy was especially
troublesome to the cattle and was abundant everywhere. One fiy
especially abundant in the collections was Trypanen bisetose (Coq.)
f(;I‘ry];}etic‘me), of which 74 specimens were taken, some at all altitudes

own.

As & whole the families and species represented in the upper-air
collections in Mexico were found to be much the same as those taken
at Tallulah. There were, however, some decided differences in the
numbers of specimens taken with reference to altitude and time of
day. As was stated, the Laguna district is smrrounded by mountains
and & desert region, and the inscets collected were those which for the
most part came directly from this district,

In order to make a more definite study of the insect population of
the upper sir, the flights were divided into the following four divisions:
Flights made at daybreal, in the morning, in the afterncon, and at
sunset. The collections made at daybreak showed a very heavy
population at the lower altitudes, with & decided decrease at altitudes
sbove 500 feet.

The morning flights, made between § a. m. and noon, showed a
decrease in the numbers taken at 20 and 100 feet, but for altitudes
above 100 feet the numbers Increased greatly, with nearly twice the
number taken at 500 feet as 2t 20 feet, and more were taken at 1,000
feet than at 20 feet.

In the afternoon the numbers of insects taken dropped off
appreciably for all the altitudes.
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At sunset the greatest numbers of inseets collected during the day
were taken at 20 feet. Insects were scarce at 500 and 1,000 feet, and
no specimens were collected above 1,000 feet.

Barly in the morning or at daybreak, when the insects were very
active, especially at the lower altitudes, the average temperature was.
67° F., and convection had ceased. Later in the morning convection
began and the temperature increased to an average of r9° the air
becoming turbulent. The insects found close to the gmund were
carried upward, showing a great increase in the upper air at altitudes
of 500 feet and above. Convection was decidedly strong during the
morning hours, and made fiying diflicilt and hazardous at the very low
altitudes. In the afternoon convection was not so strong, the tempera-
turs rising to 84° on an average, and the numbers of insects decreasing
rapidly, especially at the higher altitudes. At sundown there were
almost no inseets at the hlrrh altitudes, buv there was a concentration
of insects near the suri'acc, when noeturnal insects became active.
These changes in the insect population of the upper air were presented
day after day with remarkable regularity. In the airplane collections,
two pink bollworm moths were taken at 20 and 100 feet, respeciively,
at daybreak; two were found in the morning collections at 1,000 and
3,000 feet, respectively; and three specimens were taken af 20 feet at
sunset. These few specimens were collected at daybreak and sunset.
close to the ground, in the absence of convection, and at high altitudes
in the morning when convection is greatest.

In this section of Mexico the prevailing winds are from the south
or southeast, and any strong ground wind will alse be from that
direction. Regm‘dless ol the direction of the ground wind the airplane
at 1,000 feet would always encounter winds from tho south or south-
enst, becoming very strong at the altitude of 3,000 fees, This same
wind was encountered as a strong head wind by the pilots when flying
to Tlahuslile, although it greatly aided the return flight. Thus it
can be seen that insects caught up by the violent convectional currents
of the morning to the heights of 3,000 and 4,000 feet will be caught in
the horizontal wind currents.

Tt was also Tound, when collecting north or west of the Tlahualilo
property, either at the edge of the cultivated area or over the desert,
that ingsects were as abundant in the upper air as they were found to
be directly over the irrigated area, although, of course, there was no
such concentration of insects close to the ground as was found over the
cultivated ares. YWhen fiying cast of the extreme southern aren of the
Laguna, however, where the prevailing wind was out of the desert few
Insects were taken at the higher altitudes. This is in contrast to the
conditions In Louisiana, where insects are ahundant in all directions
within the area flown. In the Laguna few insects were {found above
3,000 feet, whereas at Talluiah insects continued to he taken up to
the height of 14,000 {feet, and no doubt many of those found in the
upper air directly over Tallulah had been brought in from distant
localities.

The flights made at Tlahualilo, snd all other ohservations (41, 47,
54), bear out the ides that flight with the aild of air currents has been o
dominant factor in the distribution of the pink bollworm in the
United Stetes.
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SOURCES OF INSECTS AND ROUTES OF MIGRATION

One of the difficult things connected with a study of insects collected
at some distance above the ground is the determination of the probable
sources of the insects. Those taken at altitudes above 10,000 feet may
have been in the air for days, earried in the prevailing winds and strong
air currents from places hundreds of miles away. The record of 2
collembolan Tniomobyra cubensis Fols., taken at 3,000 feet, known
only from Cuba, points {o evidence of inscets carried by air eurrents
from distant points. However, where the territory over which fiights
are made is of & more or less homogencous nature it is impossible to
determine whether the specimens taken in any flicht have had their
origin in the territory immedintely beneath or whether they have been
carried in for great distances by winds. There are fortunately certain
aress in the United States where such studies might well be carried
on. The insect fanng of irrigated lands with their imported plants are
ususlly accompanied by no inconsiderable populations of the pests
and insects sssociated with those plants. These insects are often
actual immigrants into the area and differ markedly from the native
desert fauna of insects. Studies in such aress, then, both inside the
cultivated ares and outside it, to find the extent of movement of
desert forms into, and emigrant forms out of, the irrigated area might
be of marked value,

A project which should yield information of interest as well as of
economic importance on this subject is the tracing of the flight of the
cotton leaf worm moth (Alabama argillacea). It is known that
argillacea does not overwinter in this country and that the moths
migrate each season from the countries to the south, but no serious
attempt has ever been made to find the actual source of infestation or
to trace the routes of flight taken. Airplane collecting flights made
during the probable time of migration would be of spcciiﬁ interest.
‘These flights should be made along the Gulf const with the chance of
collecting any moths in flight from the Tropies. Flights should be
made along the coasta) region of Central America and in the Carib-
bean Sea between the West Indies and the northern coast line of South
America. Not only could important records of the flight of the cotton
leaf worm moth be taken but also records of other tropical ecconomie
insects such as the Mediterranean fruitfly, Mexican fruitfly, and pink
bollworm moth.

In further studies of the flight and migration of inscets in gencral it
would be of considerable interest to collect insects in the upper air
over bodies of water hundreds or thousands of miles from shore.
When transoceanic alr-passenger routes are established and regular
schedules flown from continent to continent, an excellent opporiunity
to make these collections may be oflfered.

Workers in other fields of science have become much interested
in the study of upper air zones. On November 12, 1937, a group of
scientists met under the suspices of the National Resoareh Couneil to
consider these matters. From this meeting there resulted a commitiee
on aerobiology. 1t is hoped that this meeting marks the beginning of
an important step in the advancement of research in the study of
aerinl dissemination of micro-organisms, viruses (insect transmitted),
pollen, insects, and other objects. The National Research Council
mnterdivisional committee on rerobiclogy hopes to cstablish a central
laboratory which will assist in the fields of human, veterinary, and
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lant pathology, industrial mycology, economic sntomology, plant
greeding and meteorology.

Fred C. Meier, senior scientist, Division of Cooperative Extension,.
Extension Service, United States Department of Agriculture, was.
appointed chairman of this committee. Meier's work in collecting
spores and micro-organisms with the cooperation of Charles A,
Lindbergh and Albert W. Stevens, of the stratosphere flights, was ocut-
standing and fitted him most sdvantageously for directing the activities.
in this new fleld of research.®

AIRCEAFT AS INSECT CARRIERS

With the great numbers of airplanes in use throughout the civilized
world, numerous ways are offered for insects to find shelter in the
cockpit, fuselage, or cabin of an airplanc.

Quarantine stations have been established for a number of years a6
the international airports in the United States under the direction of
the Bureau of Entomology and Plant Quarantine, cooperating with
the Customs Bureau and the Public Health Service of the United States
Treasury Department. During the fiscal year 1935, 8,150 airplanes
arriving from foreign countries and from Hawaii were inspected (71).
A total of 9186 interceptions of prohibited and restricted plant material
were taken from airplanes.

Immediately after & passenger airliver arrives, the passengers’
baggage and the express are unloaded, and inspectors search for
quarantined material, and at some ports clean the arrplane with a light
portable machine, very much like a vacuum cleaner, to get any insects
that might be in the dark corners or around the window jambs,

During the 5 years of collecting insects in the upper air there were
many times when insects were found in the cockpit or cabin of the
airplane used. This was particularly noticeable during the spring
and early fall months when insccts were at their maxinun abundanee,
Insects would fly into the lighted hangar at night and wouid often
fall into the cockpit underneath the lights. The next morning, when
the airplane was taken out and flown, many of these insecis still
remained in the cockpit or back in the rear fuselage. Often, when
the airplane was high in the air, and at a considerable distance from
the landing field, these inscets would be scen flying out of the cockpit.

To have kept s collection of the inseets found in the cockpits and
cabins of the several airplanes used would have been a laborious under-
taking. Often numerous microlepidopters, Noctuidae, even dlabamea
argitlacea, Ileliothis obsoleta, and Luphygma Frugiperda, would fly
out when the motor was started, or be seen crawling into the purts of
the fuselage where the dralt from the propeller could not disturb
them. Many beetles, as carabids and staphylinids, were always
to be found. Leafhoppers were common stownways. Wasps were
always to be feared, for often they built nests in the fuselage behind
the seat; in fact, mechanics working on the planes were often
annoyed by wasps as the Intter flew in and out, and at one time the
writer was stung on the ankle by a wasp while the alrplane was {lying
at & 5,000-foot altitude. It became an accepted part of the daily

* Dieler’s tragle death in (he Hi-fated Finwnil Clipner an Tuly @9, 1048, wil) he n preatd Joss Lo seiance,  Ac-
companying him on this fight wis Earl 1. Metinley, denn of the Sehool af Medicine, Gearpe Washinglon
Uafversity, Washington, 1. C. Hoth were caliecling pathopens and pllerpens with n specis devies inventod
by Lindhergh, The writer hopes that Lhe work nnd stidy tn this fold of uerobinlogy will be enrried onns

first planned by Meler and his cobumittee, nnd that Lhe interast and netivities in rergentoinology will
continue and furiber sdvance ways amd tenns to study the disserrination of insects o the gir.
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Toutine to clean 2 mud dauber’s nest out of the air-speed tube, which
projected underneath the wing, Invariably every day s mud dauber
wasp filled this small air-speed tube with mud, which if not thoroughly
cleaned would interfere with the registering of the speed of the
airplane.

Mosquitoes find en excellent hiding place in the dark cockpit, and
unless driven out by the air blast from the propeller, or by the pilot,
remain therein while the airplane is in flight.

It is not always easy for insects to fly out of the cockpit while the
airplane is in flight, since the great pressure of the air when the plane
is flying upward forces them down on the floor of the cockpit.

On several occasions Insects flew info the airplane while £ was
flying. A specimen of Sticlocephala festing flew into the cockpit at
the altitude of 2,000 feet and one at 4,000 feet. On one flight the
writer flew through & swarm of chinch bugs at 2,000 feet, and several
flew into the cockpit.

With the new means for the dispersal and distribution of diseases
and dangercus insect pests offered by modern air transportation,
it is ur%ent that physicians, health officers, and medical and economic
entomologists be ever ready and alert to cope with this situation.

COLLECTING INSECTS IN THE UPPER AIR

The actual work of collecting Insects in the upper airin this country
and shroad has heen very limited.  The following references given of
such work are the only other ones which have come under the atten-
tion of the writer. Whils the data of collections made from forest-
lookout stations, mountaintops, and voofs of high huildings are of
great interest and importance, only those collections that have
been made in the free air high above the surface of the earth are given
herewith.

B. P. Feit made several flights using an insect trap attached to
the lower wings of an airplane. A number of Insects were taken in
fiights on August 30 and 31, 1926. (22, 23.)

In 1627 Felt and Chamberlain (25) used traps on various types of
kites for the purpose of demonstrating possibilities of eapturing insects
in the upper air.

In 1931 and 1932 T. T. Terrell, of the Division of Forest Insect
Investigations, of this Bureau, made collections using airplane inscet
traps as designed by the writer. Exposures were made as high as
13,000 feet, but without results at the very high altitudes. Diplera
and Hymenoptera were taken up to 6,600 feet. The flights were
mede to study the flight activities of the mountain pine heetle (Den-
droctonus monticolue Hopk). In 1833 the standard Weather Bureau
kites were used in Montana, 7 miles southwest of Dillon, in the open
plains between the Beaverhead and Madison National Forests.
Eight successful kite (lights were made as high as 8,000 feet above
the ground. Soversl bark beetles were taken, but none of the moun-
tain pine beetle,

Flights were made by Collins and Baker (15), of the Bureau of En-
tomology, at Melrose Highlands, over a section of southeastern
Massachusetts that was heavily infested with the gypsy moth. In
1932 the airplane insect traps as designed hy the writer, with certain
modifications by Collins and Baker, were used for the flights. In
1933 & different type of airplane insect trap was used designed by
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Karl O. Lange, and installed on an airplane (15, p. 325). The flights
were made to study the distribution of the gypsy moth larvae, as dis-
cussed on page 91.

In June 1932 several flights were made in Honoluly, using the
airplane insect traps, with a modification to accommodate them for
the type of airplane used. The flights consisted of 6 hours’ flying
time, and were made at elevations from 50 to 1,800 feet. No mos-
quitoes were taken, and the conclusion of the Honolulu health au-
thorities was that mosquitoes do not fiy over the mountains into the
city of Honolulu, Obvicusly it is not good science to make such 2
conclusion in view of the brief time given to the work. Also the three
species of mosquitoes represented in Honolulu are essentially do-
mestic or bouse mosquitoes, and are not migrutory species, and thus
are not expected to make extensive flights or be eaught in the upper
air,

Lucien Berland, of the Museum National D'Historie Naturelle,
Paris, was the first European entomologist to have used an airplane
to collect insects in the upper air. The collections were made in
1934 with speciaily devised nets attached to the wings and controlled
from the cockpit. Dr. Berland made many flights collecting con-
siderable material, representing the orders Collembola, Thysanoptera,
Hemiptera, Homoptern, Psocoptern, Coleoptera, Hymenoptera, and
Diptera. Collembola were taken as high as 2,000 m, and FHemiptera,
Homoptera, and Diptera at 2,500 m. The flights were made near
Paris (5, 5, 7).

Jean Larribere, accoucheur & I'Hépital d’Oran, made a number of
flights at Oran, Algeria (north Africa), using the Berland airplane
inscet nets. He collected a number of insects,

Father Le P. Poidebard used nets on airplanes to collect insects
while making archaeological surveys in Beymouth, Asia Minor,

J. A. Freeman of London, who was a student in Cornell University
during 1937, made collections of insects in the upper air using kites.
This work was done along the Great Lakes in Canada.

In England Freeman worked under the direction of A. C, Hardy,
of the Department of Zoology and Oceanography, University College,
Hull, making a special study of inseet drift.  Nets were used on the
300-foot masts of a large wireless station. This work was done between
1932 and 1935. Freeman also used specially constructed kites for
collecting, whereby samples could be obtained at given altitudes.

Hardy and Milne (31) studied the drift of inscets over the North
Sea in 1936. They used collecting nets flown either from the mast-
head or kites flown from the ship. Considerable data were collected
as discussed on page 110,

SUMMARY

Collecting insects in the air by means of special traps fitted to the
wings of various types of airplanes was accomplished during the
G-year period from August 1926 to October 1931. During this period
the traps were in operation for 1,007 hours in 1,314 flights at Tallulah,
La., and 44 fligiits at Tlahualilo, Durango, Mexico.

There were 30,033 specimens of insects and spiders taken at alti-
tudes ranging from 20 to 15,000 feet. Specimens were taken in every
month of the year. They were caught most abundantly in May, per



http:Berla.nd
http:accommoda.te

144 TECHXICAL BULLETIN §73, U. . DEPT. OF AGRICULTURE

10 minutes of flying time, and in fewest numbers in January and
December.

Eighteen orders of insects and the orders of spiders and mites were
coliccted. There were represented in the Loulsiana collections, 216
farmilies, 824 geners, 4 new genera, 700 species, and 24 new species,
The order Diptera was the most abundant order in the air, and
nearly three times as many specimens were taken as of any other
order. Coleoptera followed next after Diptera in the numbers taken.

Homoptera and Iymenoptera were taken at 14,000 fect, the
hichest altitude at which insects were found. The highest altitude
at which any speeimen was taken was 15,000 {eet, at which a spider
was caught.

The numbers of insects taken at different altitudes in 10 minutes
of collecting in the daytime were as follows: At 200 feet, 13.83 speci-
mens; 1,000 feet, 4. 70; 2,000 feet, 2.41; 3,000 feet, I. 30 and 5,000
feet, 0.64 specimens. For the nirrht, collections the ﬁmnes are: At
500 feet, 15.31 speetmens; 1,000 fect, 5.73; 2,000 feet, 2.52; 3,000 feet,
1.11; and 3,000 feet, 0.89 specimens.

Of the Arancida, 1,461 specimens were taken, chiefly in November
and up to 15,000 feet altitude, The Heteroptera were taken up to
11,000 feet, with the greatest number in October, 1,259 in all being
captured. There were 3,834 Homoptern eaught, ehiefly in November
and as high as 14,000 feet. The Coleoptern were most abundant in
March, and 4,420 were caught, the greatest altitude at which any
were taken heing 12,000 feet. The Hymenoptern and Diptera were
most abundant in May and both were taken as high as 14,000 feet,
and 2,947 Iymenoptera and 11,304 Dipters were taken during the
airplane {lights,

The size, weight, and buoyancy of an nsect contributes directly
to the hewht to which i may be carried by air currents. Of the
I-Iomoptem, numbers of the small species of Cicadellidae, Fulgoridae,
Psyliidac, and Aphitdae were taken up to 14,000 feet. These are
weaker fliars of small size but of comparatively large wing expanse.
Many species of the other orders represented at high altitudes were
also small inseets

Numbers of adults, nvmphs, and larvae of wingless forms of insects
and mites were collected in the upper air at altitudes as high as
14,000 feet and a spider af 13,000 feet.  These wingless {orms are all
at the complete merey of the upper air currents.

There is much evidence to support the conclusion that many of the
insects taken in the upper air were alive at the time they were col-
lected. Many specimens were alive when removed [rom the screens.
Among the most interesting of these was one mosquito, Aedes rexans,
and a cicadellid, Graphocephale rersute, token alive at 5,000 feet; 2
coreinellid, (4 :e’mmup?iu foridana, at 6,000 leet; an aphld at 7 000
feet; and a small dermestid Iarva, Trogoderma sp., at 9,000 feet.

The rolative distribution and abundance of insects in the air de-
pend on the weather conditions preceding and af the time of ohserva-
tion,

Temperature was undoubtedly the most important fuctor regulating
the numbors of insecls to be {ound in the air at any given time. The
optimum range was fromt 75° {0 79° F., surface temperature. Dew
point and vapor pressure were found to be more conv enient criferia
than relative humidity or absolute humidily for expressing the rela-
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tion of moisture in the air to the number of insecis collected. Most
insects were collecied when the surface dew point was from $0° to
64°. OSpiders were taken in greater numbers at the lower dew points
of 35° to 39°.

The numbers of insects talen foliowed closely the differences in the
surface vapor pressure. The apparent vapor-pressure effect is un-
doubtedly not due to vapor pressure itself, but to the tempersture
effect upon the insects, which varies to & definite degree with and in
the same direction as does in general its effect upon vapor pressure,

Barometric pressure showed some possible reiation to the numbers
of insects in the upper air. Mlore insects were taken a$ pressures of
29.85 to 28.89 inches, the numbers collected decreasing with variation
therefrom. 8piders were collected mostly &t the high barometric
pressure of 30.30. (The usual normal barometric pressure at Tallulah,
La., is from 30.00 to 30.15 inches.)

The intensity of air currents is a great factor in the distribution and
dispersal of insects. Most insects were taken at the lower altitudes
when the surface wind velocity was from 5 to 8 miles per hour, and
fewest when it was calm,

The direction of the wind has influenced to & great extent the migra-
tions of insects. In the airplane flights at Tellulah it was found that
the grenatest numbers of insccts were taken when the surface wind
direction was from the north-northeast, southeast, or southwest,
Some insects were apparently moving with the wind during the spring
and summer when the surface prevailing winds were from o southerly
diﬁecti{m, snd agein with the wind from a northerly dircction in the
fall.

Convection snd turbulence play an important role in determining
the insect populntion in the upper air. At the saltitude of 200 feet
more insects were taken when the air was smooth. At 1,000 feet and
up te 5,000 feet more insects were taken when the air was rough or
slightly rough. As the air became rougher greater numbers of inseets
were found proportionately at the higher levels, When insects are in
smooth air and caught in strong ascending and horizontal currents of
air they will be carried upward.

It was found that from 200 to 5,000 feet more insects were collected
during the time from daybreak to sunrise than during the hours from
8 a. m. to noon. At sunset the maximum numbers of insects are
found. At that time many crepuscular and night-flying insects are
becoming active, and together with the day forms there is an sceumu-
lation of insects.

The intensity of the light, with temperature, humidity, and evapora-
tion, es well as other meteorological factors, are directly affected by the
cloudiness of the sky. The greatest numbers of insects were taken on
days and nights when the sky was partly cloudy. Spiders were taken
in greater numbers on clear days, the numbers diminishing as the sky
increased in cloudiness.

When flights for collecting insects were made shortly before and
after dark, 1t was found that almost twice as many insects were taken
before dark as after dark,

When the collections were made on moonlight nights and very dark
nights, it was found that more insects were taken on moonlight nights
than on nights when the meon was not shiningr.  While the difference
was not great, yet there appeared to be o tendency for insects to be
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more active in the upper air on nights when there was considerable
moonlight, .

Precipitation had a definite effect on the numbers and species of
insects found in the air. A rain after & long period of drought caused
an incresse in insect activity, and insects were taken in greater num-
bers in the upper air at such times. At times when precipitation was
excessive and temperatures low, insects dropped to minimum numbers.

It was noted that the electric state of the atmosphere at times of
thunderstorms apparently increased the numbers of insects collected
to above the average.

Numbers of seeds were found in the upper air at altitudes of 200 to
5,000 feet. They belonged to the families Compositae, Salicaceae,
and Graminese. The seeds were usually taken on flights when the
upper air was slightly rough to rough from convection currents.
Seeds are subject to the same conditions as insects in so far as their
size, weight, and buoyancy are concerned.

Flights made over the flooded area of 1927 at Tallulah showed
definitely that fewer insects were in the air at the lower altitudes.
However the numbers taken at 1,000 feet and above were approxi-
mately the same as over nonflooded territory, indicating that insects
flew or drifted in.

In the airplanc collections of insects in Mexico the pink bellworm
moth was found as high as 3,000 feet. This and other studies all in-
dicate that the pink bollworm moths are carried in the upper air cur-
rents for considerable distances.

Modern aireraft offer a new source of danger in the dispersal and
distribution of diseases and dangerous insect pests, During the 3
years of flying to collect insects, many insects were found-in the coek-
pits of the planes used, even during flight,
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