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Airborne Movement of the Pink
Bollworm and Other Arthropods

By Perry A, GuicK and L. W. NOBLE, entomologists, Entemelogy Research
Division, Agricnitwral Ressarch Serviee?

The pink bollworm (Pectinophore gossypielle (Saunders)) has
infested the areas swrrounding Monterrey, Nuevo Lebn, and Tor-
reén, Coahuila, Mexico, since 1911, and the southwestern border of
Texas since 1918. No doubt its advance into the United States has
been greatly checked by quarantines and other measures. Despite
these measures, however, the infested area has gradually increased,
with a rather rapid spread in some years.

Infestation becaroe established in central Texas through spread
from the southern part of the State. The insect was first found in
the lower Rio Grande Valley in 1936. It gradually advanced north-
ward to the Robstown and Taft sections of the coastal bend by 1943
and to the Navasota, College Station, and Waco sections by 1950.
Further spread was continuing at the time of this study.

The possibility of long-distance dispersal of pink bollworm
adults was recognized when specimens were collected as high as
3,000 feet on airplane flights over the heavily infested Laguna
District of Mexico in 1928 (Glick 1959). The moths were again
taken at altitudes of 100 to 1,000 feet on similar flights over the
lower Rio Grande Valley and King Ranch areas of Texas in 1954
{Glick 1957). Long-distance movement of moths and their ability
to reproduce after such flights are evident from infestation records
of isolated cotion plots in western Texas, 35 to 65 miles from the
nearest infested felds {(Noble 7955},

The airborne movement of this insect was studied again in 19586,
A series of airplane flights were made over central Texas and
other localities, extending to the northeastern fringe of the quar-
antined area. Data were obtained on the insects and other arthro-
pods collected at various altitudes over these iocalities.

PROCEDURE

An airplane equipped with insect-collecting traps, as described
by Glick (1839). was used in a total of 100 flights from August 10
to Qctober 12, 1956. The flights were made over the heavily In-
fested area alonyg the Brazos River from Waco to Navasota and

“In cooperition with the Plant Pest Control Division of the Agricultural
Besearch Service and the Texas Aprvicuitural Experiment Station,

T References to Literature Cited, p. 19, ave herein indicated by the name of
the anthor followed by the year of publication,
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over the Red River Valley in northeastern Texas, northwestern
Louisiana, southwestern Arkansas, and southeastern QOklahoma
(fig. 1).

Three daily {lights were scheduled—near dawn (5—7 a.m.),
midday (11 am.—2 p.m.), and evening (7-9 p.m.}. During each
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FIGURE L.—Map showing areas over which airplane flights were made to study
the airborne movement of the pink bollworm moth. Dotted lines indicate the
heavily infested central Texas area and the lightly infested northeastern
fringe area.
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flight insect-collecting screens were exposed for approximately
equal periods of time at altitudes of 200, 500, 1,000, 2,000, and
3,000 feet. The -exposures totaled about 99 hours over centra)
Texas and 40 hours over the northeastern fringe area.

Meteorological data, including temperature and humidity, were
recorded during the screen exposures. Wind direction and velocity
of surface and upper air were obtained from the 1.8, Weather
Bureau stations at localities where the flights were made. The
amount of convection was determined or estimated by the “feel”
of the air when flying—that is, whether the air was smooth, slight-
Iy rough, or very rough. To determine the direction of upper air
currents to which moths might be subjected, 2,000 small hydrogen-
filled balloons, tagged with a return address, were released at
Waco and College Station during the flights. The direction and
distance of balloon drift were indicated by the place of descent
noted on the recovered tags.

PINK BOLLWORM

During the 100 flights 18 pink bollworm moths were collected at
altitudes ranging from 200 to 2,000 feet, as shown in table 1. The
greatest number were taken at 500 feet and none at 3,000 feet.
The sexes were about equally represented. Four moths were taken
at midday and seven each in the morning and evening. The differ-
ence in number was probably due to chance rather than the time
of day. Sixteen moths were collected over central Texas, the more

heavily infested area, and two over the fringe area—one at 500 feet
near Garland, Ark., and the other at 2,000 feet near the inter-
section of the Red River and the Louisiana-Arkansas line, prob-
ably in Louisiana.

Several of the moths collected over central Texas were taken
during the drift period of balloons, which were recovered. One
moth was taken at 2,000 feet between Collegn: Station and Navasota
on August 17, and a balloon released at College Station on the
same day drifted 170 miles north. Another moth was taken at 200
feet near Waco on September 1, when a balloon drifted 160 miles
north from Waco.

The moth collected at 2,000 feet between Shreveport, La., and
Texarkana, Ark., on October 7 ~-as taken during an air disturb-
ance resulting from the passage of a cold front. Effects of the
cold front on the abundanece and distribution of insects in the air
are discussed under Cold Front, page 6.

It is thus evident that pink bollworm moths may drift or be
carried by the wind to the north and northeast from the heavily
infested central Texas area. The near-surface wind was mostly
from a southerly direction, and balloons released at Waco and
College Station drifted predominantly to the north and northeast
as far as 195 miles. Although only a few of these balloons were
recovered, the data were similar to those of Gaines and Ewing
(1938), who reported that during May and June balicons drifted
as far as 375 miles from south-cenfral Texas, with prevailing
winds to the north and northeast.
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TABLE 1.—Pink bollworm moths collected during 100 flights, with
screens exposed for équal periods of time at various altitudes,
and some meteorological data, August 10 to October 12, 1956

CENTRAL TEXAS (EXPOSED 6,085 MINUTES)

Wind | }
Adtitude {feel) | Tine of day | E r Cendivion Sex of
nnd dafe Diveetion | Speed I of air mothg
{m.p.h) i
200: ! ; ‘
Aug. 21 G50 aan.. . NISLL L t 147 Siightly cough, i Male.
b S TG pam.. | 88E. ... i 8 5 HBmooth, .. i o,
! i
Sept, ... Sdlbaam... b B8E. L, i 3 ' do.. . P
Aug. 13, v 8RB aam.. L BRW_ 4ot do © Femade,
Po[aos . l 8RW. ... B! : - do. © M,
Mot :
- AT pamLL l 23 D 10 L b, FPenade,
25 COGO9 aam., . L SSE, L, Totdo Do,
27 .. 0 7T am.. E BRE 7o Slightly rough.. Male,
28 3048 num.. si ¥ :_ Smooth. .. i,
: i )
Bept., o o0 pam. . G Shghtly rough. 1.
1,000: : P )
Aug § 9S8 pan... 2 R ORI Smooth. . Fenuie.
22 733 o, b, L. o 1,
CONT WS, 6 Hough.. e,
Sept. 27 e ; )
B Pt R IRTURNE S PR 47 Smooth. .. BT
2,006: -. ’ :
Aug, 17 AO80Span,. T8 3 do. Do,
i .
20G. . {86 pam.. 4 NNBE 1 ~do. o,

NORTHEASTERN FRINGE OF INFESTED AREA (EXPOSED 2a78 MINUTES)

500, Oct. 3. ... ] 1048 pan,. | RSl L ! n i!."iligilll_\' rough. © Female,
2,000, Ol 7., H:i8 ... D D 12 Smooih. .. i,

' Each record indlcates one moth,
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OTHER INSECTS, SPIDERS, AND MITES

Insect populations during this study were undoubtediy lower
than usual owing to drought conditions. The flights were made
during the last part of a long dry period, reported by the U.S.
Weuather Burean to be the worst drought in central Texas since
1916 (Mitchell 7857). Effects of the drought were less severe in
the ares from Shreveport to Texarkana, where many bavous and
small lakes intertwined through swamps, dense woods, and culti-
vated land (fig. 23,

[ LR = ETT ]

Fagr e 2o Typleal Red River Valluy area between Shreveport, La., and Tex-
arkana, Avk., ovir which insecet-collecting fiighis were made. The Red Hiver
ts B upper ket with eottonfiolds bordering the winding bayow in forewround.

The average number of specimens collected per 10-minute trup
exposure ab varions altitudes over the wo areas are shown in
Lable 2. The specimens totaled 1,304 and represented 14 orders,
They were coliected In 138 hours and 26 minutes at allitudes of
200 tn 31,000 feet. They were identified as to order, family. venus,
and species when recovered in o candition permiiting determina-
tion. There were 113 families, 241 vencerw, mivd 151 determined
species represented in the colleetions, These specimens are listed
in iable 3.

METEOROLOGICAL DATA

Distribution of insects, spiders, and mites in the air in relation
{0 certuin meteoralngical conditions was reporfed Ly Glick (1939,
1057, Our findings were similar to the previous data, exeept that
Fewer insects were collected per unit of sereen-expnsure time, prob-
ably Lecause of dreought conditions, and there was 2ome difl'erence
I inseet activity in reiation to temperature,
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TABLE 2—Number of insects, spiders, und mites collected by air-
plane at different altitudes over central Texas and area border-
ing the northeastern Texas line, August 10 to October 12, 1956

Number collected at
indicnted altitude {feet) Pereent
Order Total | of grand
total
200 1 500 | 1,000{ 2,000 3,000
Araveida. .., ..., ..., 27 15 13 15} 10 16 4.3
Asarimy. ...... ... ...... 0 ] 2 0 1 3 2
Coliembola i 0 & 0 1 2 L1
Orthoptera 2 o 2 2 0 & 4
Neuroplers. .. .......... k| i b 0 0 5 .3
Odonata................ 1 } )} [t} 0 3 .2
Psocoptera, .. .......... 0 Q O 0 i 1 3
Hemiptera.............. 48 P11 14 16 8 102 5.8
Homoptera...... ...... 281 155 | 137§ 102 ] 7531 42.5
Coleoptera. ............ 30 it 21 7 1 108 6.1
Trichoplera............. 7 0 4 i b 13 .7
Lepidoptera. . .......... 23~ A8rv - By 1L 4 67 3.8
Diptera................ 170 123 Hr 73 33 506 286
Hymenoptera. .. ........ 56 249 19 i7 5 126 1 7.1
Unrecognizable ! ... ... a8 25 25 13 4 25 ...,
Total. ... ... 728 411 354 256 145 {21,884 1000
!
Percent of grand total....[ 38,4 1 20.7T | 187 { 13.5 ] 7.7 S
Tatal fiyviog time !
{minutes)............. 1,622 {1,381 10 37 1,540 11,628 8,308 .. ... ...
Avernge number of i |
specimens per 30 ; i :
minutes of {ving time..] 4.5 2.6 1.8 1.8 R P
Central Texas.......} 3.6! V.7 | 1.2 S LT L
Bordersres.........} 74§ 5.0 .2.SI .57 1al 404
t 1 ! 3

! Not included in calculation of percentages of grand fotal,
* Grand total

Temperature

Collections in the 1956 flight compared closely with those in the
Louisiana flights for 1926-31 (Glick 1939} as to temperature,
except that the peak in the number of insects collected in 1956
per unit of flying time occurred when the surface temperature
was about 72° F., as compared with 75° to 79° in the 1926-31
flights.

Cold Front

Wellington (1954) recognized the effects of eold fronts on insect
activity and, in connection with such phenomena, the value of
weather forecasts in ecological studies. He cited, as an example,
an observed association between mass flights of the spruce bud-
worm {Choristonenra fumiferanae (Clemens)) and passages of cold
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TABLE 3.—Insects, spiders, and mités collected by airplane at dif-
ferent altitudes cver central Texas and area bordering the
northeastern Texas line, August 10 to Oclober 12, 1956

. Number collected at
indicated altitude (feet)

Order, family, genus, and species

200 | 500 | 1,000 | 2,000 | 3,000

ARANEIDA (spiders):
Argiopidne:
Undelermined sp. (immuature}
Ctenidae;
Zora sp. (immature)
Undetermined spp. (immature)
Linyphiiclae:
Estrandiu sp
TUndetermined spp. {immature)
Undetermined spp. ... ... .. L.
Micryphantidae:
Phelecopais spn
Undetermined spp. {immature}_ ... . ...
Oxvopidae:
Oryopes salticus Hentz
Ozyopes spp. (immature}
O yopes spp
Undetermined {immmature)
Undetermined s
Salticidae:
Phidippus spp. {immatuare}....... ... .
Undetermined sp, (immature) ... ... ..
Undetermined spp. .. ... ...
Thomisidae:
Afisumenops asperedus (Hentz). . ... .. ..
Miswmenops spp. (immature)
Miswmenops spp
ACARINA:
Ervibimeidae:
Bulaustivm sp
Phyioseiidae:
U'ndetermined sp. (larva)
Cropodidue:
Undetermined sp
COLLEMBOLA:
Undetermined spp
ORTHOPTERA:
Giyliidae:
Achete spp
Tetligontidae:
Conorephalus sp. (nymph)
NEUROPTELRA:
Chryropidue:
Chrysone sp., plorabunda group. ...
Chrysopa sp., rifilebris group
Hemerolyiidae:
Sympherobivs sp. near bidlingloni
Carpenter
Symphierobins sp. near perpereies
{(AMeLachlan)
Myrmeleontidae:
Hesperaleon ap

L= D
SRS oD o= oo o
o -0 Q- @

— S

=0 Lo Qe O-—=

I O -
coo W—
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TABLE 3.—Insects, spiders, and mites collected by airplone at dif-
ferent altitudes over central Texas end area bordering the
northeastern Texas line, August 10 to October 12, 1956—
Continued

Number eollected at
indieated altitude (leet)
Order, family, genus, and species

200 | 500 | 1,600 | 2,000 | 3,000

ODONATA:
Aeshnidae:
Anax juntuy (Drury)
Coenagrionidae:
Fnallagma sp
Libellulidae:
Pantala flevescens (F) ... ... ... ..
PSOCOPTERA:
Liposcelidae:
Linoscelissp. ..., e
HEAMIPTERA:
Anthocoridae:
Orius tnsidiosus {Say)
Qrius tristicofor {(White)
Core lae:
Arhyssus luteraliy (Say) (nymph)
Hurmostes reflexulus (bov)
Sudera huemotoloma (H. 8.3, .00 . L.
Corixidae:
Rhumperoriza aciminate (Chler)
Prichocoriza kenza Hailer
Lygacidae:
("Hyenes spp
Erptachimmere eonfusa Barber,
Brptuchiomera _.Fu.surarmac (Stal}
Geocoris pallens Stal. .
Ceovoris prnctipes (S u)
Heraeus plebejus Stal i
Kleidocerys resedae geminafus (Rovi. o
Nysius californicus alabamensts Bakoer, .
Nypsiug erteae (Schilldo . o000 :
Nystus raphanus Howard, ... .. ... ]
Puchyhrachius bifobotus (Say)
Perigenes constrictus (Say}
Phiegyas annulicrus Stal
Vedonelus pubertefus (Stal)
Miridae:
Cerafocaspus apivalis Knight, ..
Laygus neolars (Bode By L.
Lygus pallidufus (Blanchardy. o000 L0000
FPsaftus seriains (Reuter)
Reuterostopus sulplierens (Reuler)
Trinonotylins dehertyi {Distant)
Nabidae: Lo
Nubis afternatus Parshley. ... ... ...
Nejdizlae: ;
Aknisus multispinus Ashm. ..., ... .
Pentatomidae: i
Anmnestus prsio of avthors, not Stiil -
Corimeloena tneogntla (Med, & MO L0
Oehalus pugrax (FY. .00 0 0 L. !
Piesmidae; X
Piegma einerenm (Sayt. ...

=N =

—
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A =
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TABLE 3.—Insects, spiders, and mites collected by airplane ot dif-
ferent altitudes over central Texas and area bordering the
northeastern Texas line, August 10 to October 12, 1956—
Continued

Numbher collerted at
indieuted altitude {feet}

200 | 500 { 1,000 '2,{)0013,000

Order, lamily, genus, and species

HEMIPTERA—Continued
Reduvii-iae:
Stnea sp. (nyimph)
Tingidue:
Corgthucka wmarmorata (Uhler)
Clorythueha morrilii Osh, & D
HOMOPTERA:
Alevrodidae:
Prialewrodes wbutiipnea (1uld,}
Gudetermined spp
Aphidue:
Aphis spp
Myzocallts spp
Pemphigus spp
Rhoputosiphunm fifchit Sapd
Therioaphis mocufaty (Buckt. ) ..........
Tribe Aphini, undetermined s
Cieadellidae:
Aeerctagaifia whieri (Nan DY, ... ...
Aceratagetlio spp . {females)
Aetnoplerns angulatus Lawson. ..
Avinopterus spp. (femaldes). ... ...,
Aeoncure macra Grifi
Alronewra spp. {(fenu.des). C e
Carneseephaln fluviceps (Ihlm)
Curncocephala spp -
Chloroteftie sp. fHemadey, ... .. L0 L.
Cirenlifer fenotivs (Baker)
Deltocephalins sonorus Baoil
Dibranevra sp. Qemaley. ... ...
Prucevlacephala sp. {female)
Fmpoasea fubue (Marris] (malesy, ...
Empousea fobue (Harris) {females). ..
Enrpogscy fabue {Harris) {sex nol
determined)
Eniponsee selivee Poos (feamded, .. ..
Empoaser solang Dele (aalesy, (0L
Eumponscy sorane Dels, {emulosy,
Empoasen spp. {femules) .,
Empooscy spp. {sex not detormine i!
Emponsce spp. (nymphs) ... . L.
Erythroneire (Fn;Mrmwumi g tlemale).
Eritianis eritioses {Uhlor). .
Flerauria pivte €Osha o000 0 o
Flexaniia sp. .,
Graminella n :g; i fmr: s {Forhes) .
Gyponane angule Dol L.
Limoleltiz spp. near striolus (Fail.y,
Liimotettic sp. (fomadet, . L
Muaerasteles fesreifrons (Stdl)
Mucrosteles spp. emalesy . L L | Co
Maerosteles spuo... oo

SOOWOO N—
—_OOLOo oW
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OO0 =000~ W ———
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PR DO0oQOO- 00—
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M
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TABLE 3.—Insects, spiders, and mites collected by airplane at dif-
ferent altitudes over central Texas and aree bordering the
northeastern Texas line, August 106 o Oclober 12, 1956—

Continued
Number collected at
tndicated altitude {fect)
Order, family, genus, and species
200 | 500 | 1,600 | 2,000 { 3,000
HOMOPTERA—Continued
~Cicadellidae—Continued
Mesamia nigridorsum (Bally. . .. ... ... ] 2 0 1 1
Nesosteles neglectus (Del.. & Dy, . ... . 12 5 8 7 2
Nesosteles spp, (femules). ... ... ... .1 19 + # 4 19
Nesosteles spp. .. ... L 2 2 2 i 3
Oltarignus strictus (Bally .. .. ... ..., + 1 1 0 i
Paraphiepsing frroratus (Say). ... ....... 0 0 0 2 0
Scaphylopius frontalis (Van DY ... .. 0 0 0 1 0
Seaphyloptus loricatus (Van DO, .. L. ¢ ] 5 5 | I
Scaphytopits spp. {femules).. .. ... ... ¢ 2 0 0 (]
Seaphytopius $p. .. oo e 0 1 0 0 0
Seaphylopius sp. (nymphid. .. ... ... i 0 0 0 0
Stivetfus bicolor (Van DV ... .. ... 2 2 i 0 i
Zyging sp. (female. ... 0. ... 0 0 i 0 ¢
Eandetermined spp... ... ..., 0 2 0 0 G
Cixiidae:
Cizius spp. {females). ... ... ... .. ... { ) 2 0 g
CLEiug SPp. . oo e e 3 0 i i ¢
Qecleus sp. (femaled, . ..o .. ..., 0 ] 0, 90! ¢
Mliarus aridus Ball. .. ..., . e Y 1 i ] 01i o
Qliarus teranus Mete. .., . .. ... i 0 i 0 11 ¢
Qligrug sp, (femaled. ... ... . ..., .. 0 1 ¢ 0. & ¢
Olferessp.. .. e, ] g: 0. 9. 0
Pseudocizius stigmates (S, ... ... 20" 0: 0] 0
Undetermined sp............. _...... bl sy 6 0 0
Delphacidae: l et ' .
Delphucedes busivitte (Van D), S S D T I T | 0
Detphucodes puella (Van Dy o000 L, b3l 2t 0o 1! 0
Delphacodes spy. {femules) .. AP - S S U S I B ¢
Delphacadesspp. .. ... ... ... ... .. 1 : e vlo0l
Euidelle magnistyle (Cwid. ) ............ ¢ ;. 1+« 0 0 0
Liburnicile arngte {S1a1).. cee.. 8 007 3, 1 5 4
Peregrinus maidis (Ashm, L N i 0 l 0
Pissongtus J~pustulatvs {Nan D). A g1 0 f 0
Sogata meridivng Bmr. ............ ..., R R g1 0! 0
Sogata epp. females)........... ... .. . | { 0 G I Phoo
Sogula $P. . oo e e 1 ¢ 0 g, 01 0
Undetermined spp........ .. ... ... 47 2 20 0 1
Membraeidae: ; i !
Canpylenchia lolipes Saxv. ... ... .. ..., gt i 0 0
Vantluzea lueta segmentata (Fowh). ... ..} @ i 1 1] o 0
Psyilicae: ; i
Heteropsylla fexana Cwid. ... ... ... g 00 0 1 0
Pachypsylfe celiidizs-mammea (Rileyy. ... 0 0 ¢ | 4 I 0
Prioza diospyri (Acshm.). . ... ... I S T { I 0
COLEOPTERA: i
Anobiidae: :
Coforanma SPP. ..o .o v i 1o ¢ 0
Anthicidae: B
Arthicus spp. .o 410 1 3 0 0
Nolorus sPPo ..o ivir e e o ;3 i 0 it
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TABLE 3.—Insects, spiders, and mites collected by airplane at dif-
“ferent altitudes over central Texas and area bordering the
northeastern Texas line, August 10 to October 12, 1956—
Continued

Number collected at
_ indieated altitude (feet)
Order, family, genus, and species

200 | 500 | 1,000 | 2,000 | 3,000

COLEQOPTERA—Continued
Bruchidae:
Zabrotes subfasciatus (Boh.)
Carubidae:
Undetermined spp
Chrysomelidue:
Chaetocnenia sp., probubly puticaria
Melsh
fXachus sp., probably aurutus {F.)
Epilriz sp., probubly hirtipennis
{Alelsh.)
Glypling sp., probably atriventris Horn . .
Lema sp., probably lecontei Clark
FPachybrachys sp
Coceinellidae:
Hippodamia convergens G. M
Hyperaspis fimbriolate Melsh
Scymnus (Pullis) loewii Muls
Cucujidac:
Cathartus quadricotlis LeConte. ... ... ..
Curculionidae:
Anacentrinus deplanatus (Usy.)
Anthoronties grandis Boh
Apion sp
Llateridae:
Conoderus belluy (Say)
Lathridiidae:
Corticaria spp
Melunophthalma distingwenda (Com.)
Melunophthatma spp
Melyridae (Malachiidae):
Collops ballealus Lec
Coltops vitintus (Sux)
Collops spp
Mordellidae:
Mordelfistena sp
Mycetophagidue:
Undetermined spp
Nitidulidae:
Carpophilus spp. (male, female). . ..., ..
Phalueridae:
Undetermined spp
Seolytidae:
Hilustes sp
Staphylinidae:
Aleochara sp
Astenus sp
Carpeline sp
Erichsonius sp
Lobrathium. sp
Philonthus spp
Tachyporus jocosus Say
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‘TABLE 8.—Jnsects, spiders, and mites collected by airplane at dif-
ferent altitudes over central Tewvas and area bordering the
northeastern Texas line, August 10 to QOctober 12, 1956—
Continued

Number collected ot
indicated altitude {feet)
Order, family, genus, and species

200 | 500 | 1,000 | 2,000 | 3,000

COLEOPTERA—Continued
Staphylinidae—Continued
Tachyporus ap
Undetermined sp
TRICHOPTERA:
Hydropsychidae:
Cheumatopayche spp. (lemales)..........
Chewmatopsyche sp. {female) different.. ..
Hydropsycke spp. (femuales)
Hydroptilidae:
Undetertnined sp
Leptoceridae:
Oecetis inconspicna (Walk.) (mules)
LEPIDOPTERA:
Coleophoridae:
Coleophora spp
Cosmoptervgidae:
Cosnmopleriz sp
Undetermined spp
Gelechiidae:
Anueampsts sp
Batlarisits conctunusella {Chamh.)........
Eucordylea sp
Glyphidocera sp
Peclinophoru gossypietle (Saund.) (males)
Peclinophora gossypietla (Snund.)
{lainales)
Stegasty busqueetta (Chamb.). .. ... ...
Undetermined sp
Noctuidae:
Trichoplusia ni (Hbn). . ... ... . ...
Olethreutidae:
Uniletermined spp
Phaloniidae:
Phaloniae sp
Phyeitidae:
Elasmopatpus lgnosettus {Zeller)
Undetermined sp
Pterophoridac:
Oiduemutophorus sp
Pyraustidae:
Lozostege similatis (Guen}.............
Microtheoris spp
Undetermined app
Seythrididue:
Seythris spp
Undetermined sp
Tartricidae:
Undetermined sp
DIPTERA:
Anthomyzidae:
Ceradonthe dorsalis (TLw.). ... ... .. ....
Mumefopia ocelpiluiis Mel
Mumelopic sp
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AIRBORNE MOVEMENT OF PINK BOLLWORM AND OTHER ARTHROPODS 13

TABLE 3.—Insects, spiders, and mites collected by airplane at dif-
ferent altitudes over central Texas and area bordering the
northeastern Texas line, August 10 to October 12, 1956—
Continued

Number collected at
indicated altitude {feet)
Orier, family, genus, nnd species

|

200 | 500 | 1,000 { 2,000 | 3,000

DIPTERA—Continued
Bombyliidae:
Mythicomyia ap
Cecidomyiidne:
Anarete spp
Itenidini, undetermined sp
Lasiopterini, undetermined sp
Ceratopogonidae:
Culicoides variipennis (Cog.) (Temales). . .
Culicoldes variipennis (sex undetermined)
Dasyheleaspp... .. ... ... .. .. ...
Helea sp
Stilob Liini, undetermined sp
Chironomiuae:
Cricolopus sp
Digmesia sp. {male)
Dinmesinzae, undetermined spp
Hydrobseninue, undetermined sp. {male)
Hydrobneninue, undetermined sp.
{female)
Pelopin spm. (Temales)
Pelapiu spp
Pelopiinae, undetermined spp
Pentaneira sp
Tendipedidae, unrdatermined sp. {lemale)
Tendipedinae, undetermined spp.
Temales), . ... .. .. .. ... . ... ...
Tendipedini, undetermined spp.
{lemales)
Tendipeding, undelermined spp... ... ...
Tendipes spp. (females)
Tendipes spp
Chloropidae;
Chioraps certima Ad
IMplotora versicalor Lw., . . . ... ...
Elachiptera wigriceps (Lw.). .. ... .. ...,
Hippelutes dissidens (Tuekly. . ... . ..
Hippelales pariieeps (Bovkd .. ... ... ..
Hippelales pusio Lw
M adiza pervg. {As.)
Matdiza sp
Meromyze wmericana Fileh
Gacinelle carbonaria (Law.) .
Oscinell rozendie (Fiteh) .. ... ...
Psendoganrar wnchore (1)
Thusmlomyia globre (Meig) .. .. ...
Undetermined sp
Culicidne:
("uter fursalis Cog
("wler spp
Dolichopodidae:
Chrysotns spp
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TABLE 3.—Insects, spiders, and mites collected by airplane at dif-
ferent altitudes over central Texas and area bordering the
northeastern Texas line, August 10 to QOctober 12, 1956—
Continued

Number collected ut
indicated aititude (fect)
Order, fumily, getius, and species

1

200 | 500 | 1,000} 2,000 | 3,000

DIPTERA—Cuntinued
Dolichopodidae—Continued
Hydrophorus spp. (females). ...........
Hydrophors sp
‘Thryplicus spp
Undetermined spp
Drosophilidae:
Drosophila app
Scaplontyza spp
Empididae:
Drapetis spp. (femlea), .. ... .......
Ephydridae:
Discocering spp
Ephydra sp
Ephydrini, undetermined sp
Notophilinae, undetermined sp
Purvdrinae, undetermined sp...........
Philygria debilis Loew
Scafellu spp
Lonchaeidue:
Lonchaeu sp
Milichiidae:
Desmometopa M-wigram (Zett.). ... .. ..
Desmometopy spp
Muscidae:
Funria spp
Hylemyo spp
Stphong drrttans (LY. ... . ..ol
My eetophilidae: :
Undetermined sp
Otitidae:
Euzesta notetar (Wied ). . o..o0 oo
Phoridae:
Megaselia spp
Undetermined spp
Pipunculidoe:
Toamosvaryella sp
SBarcophagidue:
Surcophaga {Ravinde} achracea Ald, ... .
Sarcophaga (Orysercodesia) veniricosa
Wulp»
Sciuridae:
Bradysia sp
Sepsitlae:
Sepsis spp
Undetermine:d spp
Sphaeroceridae:
Leplocern exiguella Spuler
Leplorera fontinalis (Falld. .. ... ... ...
Leptacera wheeleri Spuler
Leptocera spp
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‘TABLE 3.—Insects, spiders, and mites collected by wirplane at dif-
ferent altitudes over cemtrel Texas and ares bordering the
northeastern Texas line, August 10 to Oectober 12, 1956
Continued

Number gollected at
indicated altitude {feet)

Order, family, genus, and species

200 | 500 | 1,000 | 2,000 | 3,000

DIPTERA—Coutinued
Byrphidae:
Aftograpta obligua {Suy)
Baccha
Mesograpte emarginate (Say)
Hesograpte marginate (Say) (femules). . .
Mesograpte marginatg {Say)
Mesagrapia polita (Suy)
Sphaerophoria sp. (femnle}
Tachinidae:
Puaradidyma sp
Undetermined sp
Tephritidae:
Euaresta belle (L. ... . . .. .. ..
Neaspitola sp
Orellia sp
Parozyma spp
Trupanea actinobole {(Lw) . ...« ... ..
Trupeanca spp :
Tipulidue:
Gononyyia helophila (Alex)...... ... ...
Gonomyia tpp
Limnophile sp
Limonia spp
Polymede cane {Walkl}. oo ... ...
Polymeda tuniilla (Aex). ... ... .
HYMENQPTERA:
Baetidue:
Baetis sp. (sublmuge) (female)
Bethylidae:
Fopyris spp
Preudisobrachiwmn spp I
Bhabdepyrissp. ... ... . . 0.
Braconidie:
Apardeles aristotelioe Vier.,..... . . ...
Apanteles spp. ..o o Lo oL 0
Blaeus spp
Bracon mellitor Sav
Bracon spp . .
Chelonus spp
Daryetinae, n. genera, oo sp
Hormins pulgaris Ashan ..., . ... .
Oryilus gelechine (Ashm.), .. ... .
Ceraphronidae:
Conostignus spp
Chnleididue: :
Haltichella sp. (femaler... . . 3
Cynipoiden {Fucolinae):
Eueotlidea sp. (ferale)
Eucharitidae:
Orasema sp
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TABLE 3.—Insects, spiders, and mites collected by airplane at dif-
ferent altitudes over central Texas and area bordering the
northeastern Texas line, Angust 10 to Qctober 12, 1956—
Continued

Number colected ut
indicated altitude (feet)
Order, {amily, geuus, and species

200 | 500 | 1,000 | 2,000 | 3,000
1

! ;
HYMENOPTERA—Continued !
Eulophidne:
Aphelinini, undetermined sp. {male}. . ..
Closteraverus cinctipennis Ashm. (male). .
(Closterocerus cinctipennts Ashm. (femalel.
Euplectrus sp. {maled. ... ... . L. i
Buplectrassp. ..o .o oo o o i
Tetrastichuy sp. emado)o . o000
Burytomidae: ;
Bruchophagus gibbus (Boh)) tmaley. ... i
Bruchophagis gibbis (3ol (lemales), 03
Bruchophayus ¢ibbuz (Boh.) {(sex ;
uncletermined). ... Lo L.
Bruchophugus megicanus Ashm, (uaies)..
Bruchophagns mecleanns Ashim. (femuled.
Bruchophapus spp. (lemales) . ...
Furgloma spp. (femades; ... ..
Formicidue: -
Crematogaster spp. {fmades). Lo Lo
Leplogenys elongaly (iSu('kiL-_\') tmnlesy ..
Pheidole spp, (mades) . e
Fheidole spp. (workers) . . Lt
Solenopsis ryloni MeCook (workorsi .
Solenopsis spp. (males). '
Selenopsis (Diplorhoplr wni sp - (fomalo,
Halictidae:
Halictus (Chlorglictusyspp. . . ... 1
Ichheumonidae: :
Mesostenus longiveudis Cress, fimadesto .0
Ormyidae: ;
Ormgrus sp. Jemaled .00 .00 P
Perilumyndae:
Pertdampus carinifrons Cwid. (Temade)
Perilam pus subearinatus Uwid. ...
Perilgmpnsspp_. ... .o o0 o]
Meronutiidne: i
Celatrechnus fgnotus Burks (madey. 0 L
Cyrtogaster ghasgowd Cwid, (fomalel, |, . ;
FEupteromelus taehinge Gabun ifemadel.
Habroeylus spp. (femalesy .. . i
Halicoplore enae (Walk.) (females),
Halicoplera spp. (Ganales) .
LPuelygnenron spp. (Females).
Pachyneuron spp. . ... .
Pstlocera refipes (Ashim.y fannicl -
Pteromeling, undeter m;m'd 50 iTematlor. )
Pleromalus sp . e
Zedroptis spp, tmalesy o000 :
Seclionidae: :
Ceratoteleiu marteltii (Ashun,y ... . ;
Hudrongtus spp..... .. .. .
Feleassp. .. . . ... ... - :
Pelenomus podisi Ashm .. ...
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TABLE 3.—Insects, spiders, and mites collected by airplane at dif-
ferent altitudes over central Texas and area bordering the
northeastern Texas line, August 10 to October 12, 1956~
Continued

Number collected ut
indicated sltitude (feet)
Order, family, genus, z2nd speeies

200 | 500 | 1,000 2,000\3,00{}

HYMENOPTERA—Continucd I
Scelionidus—Continue: ;
Felenomussp. ..o 0 oo i !
Trimorus sp. ..o i ] l
|

i

i

Tiphiidue:
Tiphia sp
Torvmidae:
Liodontomerus perplecus Guhan (males).
Liodontomerus perplecis Gahan (fermales)
Zaglyplenstus schwarzi Cwid. {female). . .
Trichogrammaticdas: :
Trichogranona sp. {nuded i
i

fronts, and he gave other examples of an association between in-
sect activity and cold-front passages, as revealed in daily varia-

tions in abundance of insects collected in a rotating net near the
ground.

Two collecting flights were made in the Shreveport-Texarkana
area after passage of a cold front on October 7. The cold front
passed Shreveport in a southerly direction about 2:30 a.m., with
a marked drop in surface temperature. The flights were from
Shreveport to Texarkana and return, with respective screen ex-
posures from 5:556 to 7:26 and 9:36 to 11:01 am. The insect
collections were compared with those of the preceding day. This
is the only known record of airplane insect-collecting flights made
just before and following the passage of a cold front. Although
the data are limited, they do give some information of value on

the effect of this weather eondition on insect distribution at various
altitudes.

As shown in table 4, many more insecis were taken behind the
cold front on October 7 than on the preceding dav ahead of the
cold front. The maximum taken for both flights behind the c¢old
front oceurred at 2,000 feet, but the count at this altitude was
lower for the second flight than the first. The count of 44 at this
altitude was more than five times greater than that at the same
level and time on the preceding day. After reviewing these data
from a meteorclogical standpeint, Jacobs and Barre® indicated

*Jacoss, W. C., and Bagrrr, L. A., 1II. PERSONAL COMMUNICATION. Air

Weather Serv., Mil. Air Transport Serv., U.8. Air Force, Washington, D.C.
1956,




TABLE 4.—Number of insects collected on flights between Shreveport, La., and Texvarkana, Ark., ahead of and

behind a cold front, and sonie metéorological ddatd, 1956
AHEAD OF -COLD FRONT (OCT. &)

Altitude
(feet)

Tnisects
colleeted

Number
)
[}
-
8
4

5158-7:24 n.m,

Temperature

Wind
diredtion

:50-11:15 n.ni.

5:40-7:06 p.m,

SSKE
SSI
S8
§814
(DD

Insects
collected

Numiber

14

L1
Ll
7

Temperatire

Wind
direction

Insects
colleeted

Temperature

Wind:
directiont

m.

—_ s

bt e B |

WSW
WSW
WEW
NNE
NN

Naonber
8]

6
3
}
§

BEHIND COLD ¥FRONT (OCT. 7)

22
13
07
H

6

H5;55-7:26 a.m,

Gl
(4
63
(i}
66

BN
NB
NNW
NW
NW

9:36-11:01 n.m,

7l
68
({5
54
5

ISN1S
ENE
BN
ISNE

WNE

" BT

TVOINHDIL,
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that it seemed unlikely that the insects collected at 2,000 feet on
QOctober T were always at ground level in the area where trapped.

Comments by Franceschini and Boudreau ' afford an explana-
tion of the concentration of insects at 2,000 feet following the cold
front, and their explanation is founded on basic meteorological
concepts. The air following the cold front has had a long trajec-
tory over land north of the area and therefore a long sweep over
insect-source areas. Furthermore, the air following the cold-front
temperature inversion is unstable and is characterized by strong,
gusty winds. These features, with associated turbulence and ver-
tical mixing, would tend to stir the insects near the ground and
distribute them to higher levels. However, within the cold-front
temperature inversien, vertical motions are inhibited or damped.
Consequently, any insects carried aloft by wvertical air currents
may likely be deposited within the inversion layer. KEssentially,
the temperature inversion acts as a lid, whieh prevents or restricts
the vertical motion of the air. This fact may explain the maximum
insect count of 44 at 2,000 feet in the cold-front temperature in-
version following the cold front.

SUMMARY

In a study of airborne movement of pink hollworm moths (Pec-
tinophora gossypielie (Saunders)), 100 airplane insect-collecting
flights were made in 1956 over central Texas and other Jocalities,
extending to the northeastern fringe of the guarantined area. The
insect-collecting sereens were exposed for a total of 138 hours and
25 minutes at altitudes of 200 to 3,000 feet. Balloon drift during
the collecting peried indicated that pink bollworm moths may be
carried by wind currents to the north and novtheast from central
Texas.

Spiders, mites, and 12 orders of ingects were represented among
1,894 specimens collected, which included 113 families, 241 geners,
and 151 determined species. Two flights after passage of a cold
front showed a greatly increasged number of insects in the air,
particularly at the higher altitudes, and indicate the effect of
such a cold front on insect dispersal.
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