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FOREWORD

(S) The U. S. Army Chemioal Corps has been assigned the task of
providing the Department of Defense with adequate CBR weaponry. Certain
entomological veotor-agent systems have, after a period of laboratory
demonstrations, qualitative fisld experience, and theoretiocal evaluations,
reached the quantitative field test stage, and Dugway Proving Ground has
been assigned the field testing responsibility. The present volume re-
ports on Dugway Proving Grouni's first independently designed and con-

=g~

duoted mosquito field trials.

(U) This dooument oontains information affeoting the national de-
fense of the United States within the meaniis; of the Espionage laws,
Title 18, U,.S.C., Sections 793 and 794. The transmissioi or revelation
of its contents in any manner to an unauthorized person is prohibited
by law.

(U) When this dooument has served its purpose, it should be destroyed;
it should not be returned to the issuing office.

(U) Reproduction of this dooument, in whole or in pari, is pro-
hibited except with specifioc permission of the issuing office.
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(C) The primary objeotive of this test was to ascertain the effeotis
of major meteorological parameters on the biting rates of starved, virgin
femalo Aedes aegyptli mosquitoes upon troops ir the cpen. Other objectives
wore (1) to see whether this mosquito, & domestiosted, house-loving
tropic 1 mosquito, ocould be effeotively tested in hot, open, temperate
desert terrain and (2) to ascertain sheiher traps could be usea s¢ replacs

huobn sampiers.

(C) A total of 58 field trials were oonducted between 1 September
ard Q Ootober 1959. The basic triel design consisted of threv 16-foot
radius circles, located L/¥-mile apart on a orosswind line. Ten wmen
wers looated equidistantly around the perimeter of ons cirui-, u.d alther
ten guinea pig baited traps or ten nontaited ‘raps were placed around the
perimeters of the other twa oiroles, The voluntcers all remained seated
in these trials. One hundred veotors were released in the center of vach
oirole, and sampling was conducted for 30 minutes. A moblle meteoirologioa
station was located 1/4-mile upwind of the center oircle.

(S) Using uninfectad, virgin female A. aegypti mosquitoes Ain FPhase A
of BW 459, the results obtained within the ranges of oonditions encompasse

in these trials indiocate that:

1. It is feasible to test this mwsquito under hot, dry, desert
oonditions, at least for the initial primery time period, and to assuss
the effeots of various meteorological variables upon biting activity.

2. Although many of these trials produced erratioc and unpre-
diotable results, it would appear from the analysis of these data that
each of the mataorologiosl variables studied--wind spsed, temperaturs,
relative humidity, and solar radiation--exert a significant influenca ou
the biting aotivity of the A. aegypti mosquito, and all would have to be
considered as important paramdters in any model designed to predict bitin
aotivity. However, the effects of the latter three faotors were méni-
fested only in terms of interaotion with wind speed and with each other;
wind speed alone had a direot effoct upon biting activity. Moreover,
within the ronges of conditions enoompassed in Shese trials, it appears
that wind speed was the most important factor afrfeoting biting activity.

3. An inorease of 1 mile per hour in the ambient wind speed war
associated with a deorease of approximately six bites in a 15-foot redius
oirole with 10 volunteers over a 30-minute time interval.

4. The date suggest that the previously determined lower tempe:
ature limit of 59°F for veotor biting activity of the non-ocold resistant
strain 1s placed too high; howsver, at these lower temperatures some
other feotor(s), at present unknown, produce erratic results.

SECRET



6. Quinea pig-baited traps captured ons and vne-half times as
E many mosquitoex as did nonbalted traps.

7. Whereaa, on the over-all average, a single wosquito in a
- baited tr p was equivalent to two bites on a human, excessive intertrial
variation precludes replacing human samplers with ireps to dotermine
Mting rats aotivity.

B. With a veotor/host ratio of 10:1, 4in only a very faw triasls
did 100 per cent of the volunteers repo.t bites. The mean percentage cf
tost srblaots bitten lay between 60 and 70 per cent.

9, The over-all average outdoor biting rate for thls vector was
40 bites par 100 mosqultoes in the time period studied. '

10, No evidence of orenuscular-period biting preference was
obtained in thoca trisde '
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INTRGDUCTION

BACKGROUND

(S) Arthropod-borne diseases of man and his domestio animals, both
fatal and debllitating, have exacted an enormous toll of 1life and have
oaused untold misery throughout recorded hiatory. In general, these
diseases are charactarized by epidemic potentieality and e.demic persian-
tenoy. The causative disease organisms, ranging in nize from nemotodes
to virusas, produce suoh diseases a&s bubonio and sylvatlio plague, typhus,
walaria, yellow fever, filariases, various encephalitides, sleeping siok-
ness, dengue, spotted fever, Texas tiok fever, and many others. The
arthropod vectors involved inoclude tioks, lice, fleas, flies, mosguitoes,
and bugs.

(S) The biologioal effectiveness of laboratory-rearsvd and ‘aberatory-
infeoted a1rtliivpous in transmitting disesase to human beings is well
dooumented in t%9 literature. One hundred and thirty human volunteers
have been infeoted with yellow fever and cver two hundred with dengue by
lahormmtory-reared en. laboratory-infuoted yellow fever mosquitoes, Tioks
reared and infeoted in the laboratory with Rooky Movntain spottrd fever,
tularemia, and relapsing fever have transmitted these (iseases to voluntoe
test subjeots (1).1 The literature dealing with acaiiental and intentiona
laboratory infeoction indioatos that the deliberate employment of infeoted
arthropod veotors ageinst enemy targets holds great strategio potential (2
and limited, feasibility field tests with several vesnc -3 ha'a borne out
this possibility (1, 3 through 7). Concurrent witir lnesy feasibility-
demonstration field triale, mass production teochnijuves of re.rlng seleuvted
vectours, producing agent, and infecting veotors will agent have beer de-
veloped (see 1).

(S) There are other requirements, however, that oruina-ily wusi e
satisfied in acceptin/ and standardizing a potential weapolu system for
use. Jome requirements of obvious importance would be realistio pre-
dictions of target effectiveness and casualiy rates upon which munition
expenditure caloulations ultimately would bhe based. Thease raquirements
are, of ocourse, formidable for any of the more conventional CW or BW
weapons, and the numerous faotors that must be congiderad and quantitative
appraised to satisfy these requirements need not be mentioned here. Al-
though many of these problems would be common %o any weapon syster:, there
are others attendant to the evaluavion of an entomological weapon that
are inherently unique. A cursory review of the state of the art of asses-
sing the field porformance of conventional CW and BW weapon systems will
serve to emphasize the uniqueness and occmplexity of the prohlems associate
with the assessment of EW weapnns systems.

1rigures within parenthcses denote references in the LITERATURE CITED
section, ses pags~ 51,
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g

———- - R alhe ] ~g -y Tywan holid A SALA LI 25 SLLAL A A LTI &Y AU LYIM willy Ty 17y wly AV 8 ATE R A AR L
or blologioal decay on the quantitative distribution of offactive partt_u-
latos, theso dosage flelds arise entirely as a revsult of physica® uroos
(i.e., mode of dissemination. ballistic affeots on droplata, and mateorc-
logioal diffusion pareametyrs) acting upon the airborns agents,; thoeuso

dosago flelds are usually deterwined by the routine laboratory esaar of
regulated mochanliocal saupling devices that have besen exposod systenatically
throughout the area of intereast. The cvllection efficlency of the nampling
devices Leing aithsr known or assumnd, dosaygo-field data ~an then L» used,
in oconjunction with the appropriate dose. rosponse curves that may bn avail-
able, to arrive at direot or indirest astimatos of the offec’s on exposed
man. Although far from porroot, satisfactory sampling devices and tech-
niques for tho above assessments hav. bYbeen davelopad and have Loon nore

or less standardized.

{C) Fur ZW weanors, comparable field tosting teohnique . have not been
dovoloped. Tho axoint ig carriad to tha huwan tagat by the tarpot-sooking
entomological vector and consequently is rathsr independent of the metearo-
lozioal diffusicon processes. Therefore, the diasomination of arthropod
vectors from an EW munition results in Lohavior quite unlque from other
C8 wrapone. This uniquoness i{s basically associatod with throe bLroed but
mutually dependent vector oharactoristios, all of which are related to the
potential transmission of tho disoase ageut to a target population. Theseo
charaoteristivs are (1) movement und distribution, (2) biting habiis, and
(3) survival or persistency of sffaot.

(C) #horeas serosols, once released, are subjeot sololy *n the effocta
of the various wmeteorolog.cal parameters, arthropod behavior is quito
different. The vsctors move actively in all directioas, and this moveront
is orratic both in time and space. Tewmporature... soldom lL.miting in
aoro1ol work, have a sharp luwer cutoff in entomological applications and
the biting rate survaes sharply downward as this cutoff is approschud.
VYariation in the relative atiraotiveoness of diffcront human individuals
to mosquitoes is a recognized but 1little studied prohlem. Further, a
diurnal biting oycle 1s reported for Aedes aegypti, biting puaks occuring
in early morning or evening. A‘though thoy mny bite at anytime, especially
if they have gainod sntry into lighitsd, lnhablted builldinks, biting bhas
been reported to approach zero during the nicht with 4hose mosquitoes
that remein outside of bulldings. A female .uosquitoc may bite and piobe
many timas on one or more individuals in order to gain a ful! blcod meal;
howsver, onoe she has eccomplished this meal, shc is lost to the primary
target offect until she has deposited her eggs. This involves an avarage
of 3 to 4 days, but after oviposition is completed, she is again ready to
continue the primary target effacts.

SECRET



R et

s i i aas o aED SCL. Lianie o it cnishi i e A

IRt S

o T R TR TR A T

GALOU diaonanical SQmpiLr roquliyemonuv. ALLhougn oerialn mecnanita. Qovices
have besen used in oarlier tests, they have not proven to be satisfaotory
for general purposes with the present vootor gnacles. Amide #rom the rels-
tive nonattractiveness of traps to A. acgypti, there is the further bdasic
problsm of trenslating trap oapture “data to human biting rates.

(C) Project BELLWETHER-I, BW 459, is a preliminary step in evalua-
ting somy of thesa problems with the A. aegypti mosquito, and it is an
approash to the over-all problem of developing field assessment techuiques;
1.e. technlques wheraby vali. data for the developmsnt of Munition Wxpen-
dlture Tables can eventuaslly be obtained. The results of these trials
will also be used in designing subsequent tests under BELIWETHER-II where
some of the abowve nited problems, as well as osthers, will be further in-
vastigatsd and elucidated.

OBJECTIVES

(C) The specific objectives of Project BELLWETHER-I, asing uninfeoted,
virgin female Aedes aegyptl mosguitoes, ware:

1. To determine the feasibility of testing this mosquito under
hot, dry, desert conditlons;

2, To ocstermine the relative significance of temperature, rela-
tive humidity, wind speed, and exposure duration upon veoctor outdoor
biting activity; and

3. To determine the relative value of gulnea pig-baited mciguito
traps compared with humsan test subjsots as asse:. went teohniques.

SCOFE

(C) Phase A cuncisted of 52 field trials conducted beiween 1 Septem-
ber and @ October 1959. The first six trialc were exploratory, variant
trials used to obtain data to establish a basic dnsign; several other
trials later in the test program also varied from the tasic design. All
varient trials, together s/ith their devietions, &re listed in Table 1.

A total of 44 “rials were conducted on the basic design of either 10 men
or 10 traps locataa ogquidistanily along *the perimet r of a 15-foct radius
¢ircle, with 190 test mwsquitoes released in the ceanter of each sircle.
The traps were either nonhaited or were vaited with live guinea pigs.
Sampling was conducted for 30 minutes, with the trans recording total
capiures and the volvnteers recording bites for ths 1-, 3-, §-, 7-,

10-, 15-, and 30-minute time intervals.

(U) A rathar wide range of meteorological conditions were experienced
in these trials, viz: temperatures of 53.9 to 93.7°F; average wind speeds
of 1.6 to 13.5 miles per hour; and relative humidities of 16.2 to 69.5 per
cent.

CECRET .



SAMPLING PERSONNBL

(U) A request was initiated in August, 1968, through BW Operations
Division, for 30 soreened, voluntee ' military porsonnel %o be furnished
for a 6-week period. These men were supplied by the 48th and 468th Chewmi-
oal Companies and the 1503.00 Headquariers Detachzint, all attacheu to
Dugway Proving Ground, Utah (DRG). The men were thoroughly brisfed on
what was expected of them and, on the whole, the individual interest and
cooperation in the oconduct of these trials vas remarkably high. The men
were olothed in the standard Army work uniform, with trousers bloused into
combet boots, and fatigue caps. On cold and/or windy days, field jJeokets
were wern.

TEST VECTOR

(U) The mosqultoes used in these trials were revred at Baker lavora-
tory, DPQ, from egg papers furnished by the Entomology Division, U, 8.
Army Chemical Corps Biologiocal labt~reatories (B3iolabs), Fort Detriok,
Frederick, Maryland. New batohes were seeded every 7 days throughout the
test period. When the larvae reached the pupal stage, the females were
separated from the males by means of & Fort I 'riok pupal ssparétor and
100 female pupse saoh were placed in l-quart .cd cream oertons in which
the sardboard *ops wers replaced by squares of nylon bebbinette. Bach
carton was marked with the date of pupation, and the adults were fed &

1 molar solution of sucrose until 16 to 24 hours prior to use. All cartons
of veotors to bs used on a test day were pioked up in the morning and
oarried about the field in the cabs of the vehicles until used. The mos-
cultoes were hardenad for 3 or more days before being used, except those
usaed in Trials A-3 through A-6 when this factor was overlcoked ;2 in these
four trials, pretrial field mortality was encountered, probably because

of excessivs dehydration through the soft exoskeleton.

TEST FIXTURE

(U) The test fixtures used in each trial ¢f Projent BELILWETHER-I
wore round, l-guart oardboard, ive cream cartons suspendsd approximately
5 feot &bcve ground level between two driven, wooden stakes. Prior to
£illing, the topt of each ocarton was pushed out and replaced by & 3quare
of nylon bobbinette; four-string hernesses were affixed to the top and
tc the bottom of each carton to serve as hanging polnts. Just before
ench trial, the caricon was hung with the top, previously loosened, atfixed
to one stake; the carton body was suspended by a 50-foet lanyard runaing
through a hole in the second stake. At function time, the operator pulled

2"Hardening" is that torm used to denote the drying of the wings end
ihe general hardening of thke chitoncus exoskeleton after smergence from
tha pupal ocase.
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all of the mosquitoes from the oarton. At the volunteer oirole, Wne
fixture operator was one of the numbered volunteers seated in the oirole.
At the trep uircles, the operetor, after releasing the mouquitoes, quiokly
left the area by means of vehiole trensport. A typloal test fixture is
shown in Figure 1. HExoept for two or three cool weather trials, no if24-
oulty wae encountered in getting the veotors out of the fizture.

(UNOLASSIFIED)

Fig. 1.- A typlcal test fixture set-up,
BW 459.

MOSQUITO TRAPS

(U) The traps used in these trials were fabricated from 26-gauge
galvanized steel sheeting. A 5-foot length of sheeting, 31 inoches wide,
was spot welded to form a tube 19 inohes in diameter and 31 inches long.
Soreen fuannels, 9 inches dsep with & 4#-inoh hole at the apex, were solder-
ed to reiovable rings that f£it over each end of the basic tube. In the

SECRET
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two metal guides cocampleted the treap. The baaio damign o® the treps wae
furnished by Biolabs. Tk sise of the test vector vallyd for ths uus of
Lu-mesh soreening in the funnels, but the nonavailability of thic meteria!
precluded its use on all but four of the trapa. These 18 remeining treps
were fitted with 18 by 18-mesh soroen funne.s. Khile the test wosqulto
oan sumetimes escape through such a mesh, it was felt that esoapes in the
tire periods considered would he insignifiocant, and & laboratory-type ex-
periment supporied this belief.

TBST SITHS AND TEST PROCEDURRE

(U) Pos=zible persistence of the test species used in this test pre-
cludsd condusting all of the trials at & single test site; thorefore,
soevorel general areas were utilized. These areas were ths Clay Flats
Grid north of Dog Area, the area sovth and east of GPI-], the area south
of the West Gate, and, especially after reinstorms, various laterals of
the Downwind Grid. These gsneral arsas are depicted in Figure 2. Usually
all of the tests accomplished on a single day were sonducted in the same
gereral area--the troops meroly moving several miles upwind from the last
test site.

TR AR UL SRR B

(UNCLASSIFI
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Fig. 2.- Map showing the general areas used in BELLWETHER-I, BW 459.

SECRET



——

stake would be driven in the center of the opon ares and a 16-foot radius
oirole would be soribed, compass-like, with a measured rope or wire. The
test fixture was then installed, and the treaps were positioned equidis-
tantly along the p imeter of the oirole with their long axes at right
angle to the perimeter. The number 1 position in all three ocirvlos vas
orientated to the north in the first trials, bLut frow Trial A-32 on it
was oriented into the wind prevailing at test time. Similar procedures
wvere followed in the volunteer oirole.

() The first six triale were largely exploratory in naturs: Trials
A-1 through A-4, with 100-veotor releases, were conduoted for 60 minutes
and Trials A-B and A-6, with 1000-vector releases, were oonducted for 10
minutes with the volunteers and for 6C minutes with the traps. In all
but two of the remaining trials (A-32 and A-48), the basic design of 100
veoters, 18-foot radius, and 30-minute sampling period was used, and the
men in the volunteer oiroles were seated and remained as motionless as
possible during ths trial period. In Trial A-32, relatively high wind
speeds dictated that a limited downwind study be oconducted. A man and
& ‘rap were located at cach of the 10 ring poesitions and 4 men and 5
traps woere located along an aro 100 feet downwind. In Trial A-42, the
loss, by excessive heat, of 200 of the 300 available vectors resul.ol
in all three circles being combined for a single 100-vector release. 1In
sumnery, 44 trials were conduoted on the basic design and 8 wers variants.
Table 1, scupra, lists these variant trials.

(U) Systematic randomiszation of the test personnel to be used in the
volunteer circle was attempted, but their other military obligations pre-
vented this system from working. As a consequence, the Test Officer ran-
domly ochanged the relative positions of ths men from trial to trial.

(U) A typical volunteer circle is shown in Figure 3 and & represeria-
tive guinea pig-baited trap circle being set up is shown in Figure 4.

TRIAL ASSESSMENT

(G) The volunteers kept & written record of all tites received during
each trial cn a record form furnished them. The number of bites received
were reoorded for each of the follewing time periods: 0-1, 1-3, 3-5, 5-7,
7-10, 10-15, and 15-30 minutes. A medioal entomologist frequently checked
the reported bites against overt physiocal evidences of bites at the end
of the trial.

(U) At the oconclusion of each trap trial, the guinea pigs wers re-
moved to & holding box, and the traps were brought to a central position
for assessment. The number of entrapped mosquitoes were counted by look-
ing through the trap toward a clear area of sky /ses Fig. 5). Mosquitoss
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Fig. 3.- A typloal volunteer circle, BW 439.

(UNCLASSIFIED)

Fig. 4.- A typical guinea pig-baited trep circle being
set up, BW 459,
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rent use of the ochloroform and the plastio oovers aveilable for luoh an

event. Wherever the oount was 10 or more, it was verified dy one or more

of the other test partiocipants. Any off oolor or native mosquitoes wvere

referred to the medioal entomologist for identifiocation. The dark A.

aﬁ‘zg§% were quite aistinot ivom vhe {féw, light oolored natives enocountered.
e asgessment was completes, one of the funnel e¢nds was removed from

essch positive trap and %he ocoupants were releascd, or killed if poseible.

(UNOLASSIFIED)

Fig. 5.- Determining the number of entrapred mosqui-
toes in a trap, BW 459.

ECOLOGY AND EPIDEMIOLOGY BRANCH PARTICIPATION

(U) The Boology and Bpidemiology Branch, BW Operations Division, DPG,
furnished one medical entomologist who participated as an observer in
every trial, This man helped assess the number of bites on the volunteer

srsonnel and asaisted in trap assessment and native mosquito identifi-
cation. In addition, his judgment was followed in determining the travel
distance required before setting up new trial sites in the sume general
area of a previous trial.
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(U) Motevrologioal coverage was furnished by a single moblle meteoro-
logioal station installed in & J2ep-pulled treiler. After arriving at
the seleoted site pouition, the men would set up an aiming oirole and
mount the anemometer end wind speed heads. These wers oconneoted to
Esterline-Angvs ohart roll recorders mounted in the trailer. At a dis-
tance of epproximstely 100 feet, & stuc.l post was driven into the ground
and a bLattery aspirated psyshrometer was mounived ihereon, Wind apeed and
direction data vere recorded ocontinuously, and temperature and relative
humidity readings were taken every 10 minutes throughout each trial. 1In
addition, sinos the Dsg Arsa pyroheliometer was inoperative throughout
the test period, inocomirg solar radiation value readings were taken every
10 minutes in the field with a Gensral Eleotrio rediation meter (Model
8DW40Y18). Light velue readings were obtained with a standard photographic
1ight meter. A typiocal meteorological station is shown in Figure 6.

(UNCLASSIFIRD)

Fig. 6.- A typical meteorological staticn
used in BW 45y,
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(U) The upwind looation of the single meteorologiocal stetion re-
sulted in the recordirg of average velues appliocable to the three test
sites, but speoific values applicable only to the meteorologioal loocation,
Therefore, rether than publish the specifio meteorologioal data, as is
the usual prosedure in DP( teohnicel reports, & summary of the average
oonditions existing during sach trial is presentsd as Table 2. Complete
meteorologioal data are on file at B¥ Brenoh, Test Design and Analysis
Offioce, DPG. The S-minute minimum and meximum wind speeds and wind di-
rections were further avereged (average range) to smooth out the extremes
and to give a hetter pioture of tis over-all meteorologioul conditions
extant during the trials.

SAMPLING RESULTS

(U) A summary of the biting and trap oapture data from these trials
is | esented in Table 3. Complete triel data are on file at the BW Brench,
Test Design and Analysis Office, DPG. Relative to the biting data, several
reasons ocontributed to equating a probe with a bite in these irials. One
reason was the diffioculty for inexperienced troops to distinguish butween
the two, and another was the faot that in disease transmission studies
one probe was equivalent to one bite (Dr. Dale Jenkins, Biolabs, Fort
Detriok, Maryland, in jonversation).

SWAT TRIALS

(C) As the test progressed, it be.ame apparent that seoond or third
biting by the vestors would preclude any direot oomparison betwsen human
biting rates and trap ocaptures, since a trap oapture effeotively removed
the mosquito from the test whersas a veoctor having bitten once could re-
turn or go elsewhere for additional bites. Henoce, two "swat" trials,
Triesls A-51 and A-52, were conducted. In these trials, the men in the
voluntee~ rings atiempted to swat and kill every mosquito that aotually
probed or bit them, and their reported swatting effectiveness reanged from
about 30 to 100 per cent. The attempt failed because it developed that
the men could not effeact m 100 per cent kill of the Liting veoilors. The
approximate efficienoy of killing appeared to be in the neighborhood of
60 per ocent.

(C) "he total number »f reported vector kills in Trial A-51 exceeded
the number releassed; this can only be explained by the men believing they
were killing more than thsy sotually were by a faotor of at least 40 per
cent. This appears to bs most probable at Positions b, 6, 7, and 8 in
Trial A-51 where 91, 60, 22, and 19 bitos (and kills), respectively,
were recorded in the 30-miaute period. Although these trials failed in
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effiolency would be greatly inoreased if this vector was used ageinst un-
suspeoting troops.

PEROENTAGE OF MEN BITTEN

(8) In every trisl whore 1000 veotors were reloased, all t~- men
were bitten. In the regular trials wherein 100 veotors were reiscased, s
varying number of the men were bitten. The percentage of men bitten in-
oreased with an inorease in the total number of bites, but the trisl with
the highest number of bites (Swat Trial A-3), 206 reported biies) saw
only 80 per oent of the men bitten. Higher wind speeds tended to redvae
the perventage but a 13 mph wind was assooiated with an 80 per ofnt biting
soourrence in Trial A-16. Apparently, the interection of wind speed, wind
direotion (variable or steady), snd temper: ture is contributory to the
percentage 'tten. The median perocentage of men bitten in all non-sero
bite trials .as about 70 per oent. In actusl operetions, however, this
percentage would be greater because those mosquitoes blown from the ring
would still be effective at other sites downwind. The peroentage of treps
recording captures in a trial oclosuly parelleled the percentage of humans
reporting blter

MISCBLLANBOUS NOTKS

() In Trial A-42, in whinh all 10 test subjects and 20 traps were
placed on a single 20-foc% radivs oirocle, the man provsd to be muoh more
attractive than the traps, with 27 bites and only 1 tirap capture being
rerorted.

(U) In 3 final briefing with the troops at the end of the test
series, several interesting observations were reported. Although these
are striotly qualitative in nature, they ares inoluded here buth for the
sake of completeness and for their intrinsioc interest.

(U) It was brought out that a differential swelling reaction was
ancountarad hy at least one-third c¢” the test personnel. Onre day they
would suffer a pronounced swelling under every bite and on other days
they would experience no reaction whatscever. No overt correlation of

this inflammatory reaction was noted with any obvious parameter.

(U) On hot, sunny days, it was observod that mast of the vestors
movad onto the shady side of the person to hover, land, or bite. On
windy days, ther woved tv the lee aside and on cooler days, they were
observed to move up inside wf the sleeves befors biting.
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TABIE 2: Summary of Meteorological Data, BW 459 (Concluded)

B AU

T N T R SRR A . PR R S

!

134038

WIND DIRECTION WIND SPEED TEMPER- | RELATIVE

NUMEER T Fa TR R ST0RE | HOMIDTIT | /

nge vera nge nge vera Rangze ° 1 -oal

Ave min | oax m.’:.rfsa me Avg min %x min max_L (°F) (1) c;'g/mia)
A-27 |156 |079 225 122 193 8.2 [0.8{ 15.0 | 3.6 13.3 68.1 41,5 1.1 1
A-28 |148 | 106 ;172 127 165 7.614.0{ 11.8 | 4.2 10.8 61.5 59.0 c.5 1
A-25 | 169 | 150|183 | 155 134 7.514.0f 11.0 | 4.6 19,9 64.2 57.0 1.1 1
A-30 | 278 | 243 | 332 | 259 304 6.4(1.8] 8.6 | 3.4 8.9 58.1 48.0 1.2 1
A-3) {341 | 280 {059 | 206 017 5.812.5| 7.6 | 3.2 8.4 60.6 45.0 1.3 i
A-32 1332 (28711014 ] 301 366 5.2|12.3] 8.6 | 3.4 7.6 61.1 45.5 C.7 1
A-33 1056 | 3C6|156 | 062 126 | 3.2|6.5; 7.3 | 0.9 5.8 57.7 49.0 1.2 1
A-34 | 284 11801035 194 357 5.0{0,5| 10,6 { 1.0 8.3 64.1 37.0 1.6 1
A-35 | 235 | 180 {060 ; 193 326 3.0:0.,8| B.€ ! 0.6 6.4 64.9 36.5 1.0 1
A-36 | 232 {197 | 285 203 266 6.80.5113.0 1 2.1 10.1 56.5 57.0 9.5 1
A-37 | 3%5 {206 | 0232} 276 020 9.6 0.5 20.4 | 3.3 17.2 60.3 48.5 C.4 1
A-38 | 053 | 3486 | .C4 | 013 0g4 6.6 13,01 13.1 | 4.0 10.2 64.1 9.9 1.9 1
A-3c [ 229|178 (250 191 261 5.211.0] 9.5 | 2.0 8.4 58.5 55.0 1.2 1
h-40 | 832 | 176 | 342 | 196 271 4.6 {0.56! 8.5 | L.4 7.3 59.7 50.0 1.2 "1
“A-41 | 351|186 1145 | 204 045 3.210.,6; 3.6 ; 1.1 6.8 63,9 37.0 1.2 1l
A-42 1242|174 {306 201 : 275 3.910.5| 10.2 | 0.75 8.0 69.5 30.0 1.1 1
A-43 (285 (213 |009 | 232 5 335 5,110.5; 11.6 | 1.8 9.7 54.3 42,5 1.0 1
A-44 | 343 | 281 [ 013 318 004 9,414.3!15.0 | 5.0 14.4 54.3 42.5 1.1 1l
A-45 [320 237|017 264 | 0CS5 5.0%% - - - - . - = - - ---| 53.9 39.0 1.0 1
A-46 | 022 1213|129 | 312 071 4.0%% - - - - - - - 53.1 38.6 0.7 1
A-47 | 003 | 254 | 135 =292 076 3.,116.5| 9.4 | 0.8 7 56.9 30.0 0.4 1
2-48 | 345 | 288 | 068 | 302 031 7.0]1.0] 13.9 | 2.8 10 57.2 28.5 1.1 1
A-49 1 3583 1304 | 0233 | 325 015 11.2!6.6} 16.6 | 6.8 15 57.8 29.5 , 1.0 1
A-50 | 316 | 275|358 288 347 9.5 !5;5 5.6 | 7.2 11 57.3 34.0 ! 1.2 1
A-51 183 {150 ]|2€8| 143 220 3.410.5 7.6 |1 0,6 6 65.2 27.0 1.1 1
A-58 [ 309 {243 1353 | 281 333 10.2 { 8,7215.0 | 6.1 14 69.0 37.0 0.3 1

**Field instrusent inoperative; general daie teker frum iog Ares information.
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TABLE 3: Summary of Recorded Bite and Trap Capturs Data, BW 459 (CONFIDENTIAL)

SECRET

] N “BAXTEL NONBAITED | BiTES ON
TRIAL DATER | FUNCTION TRAP CAPTURBS TRAP CAPTURES HUMAN V. )LUNTEHERS
NuumgR | (3€P TINR | Number Number Number

1959) | (MST) Total | of Pogi- | Total | of Posi- Total | of Men
. | tive Traps tive Traps Bitten
A- 1 1 10560 . 30 10 6 ND* 138 10
A- 2 1 1445 37 8 13 6 74 8
A- 3 2 0945 20 8 o3 10 36 7
A- 4 2 1445 83 8 4 3 ND ND
A- 5 3 1405 50 10 120 10 120 10
A- 6 3 1605 40 9 72 i 1356 10
A- 7 8 1030 a7 9 26 6 50 8
A- 8 8 1302 24 7 6 & 7 4
A- 9 8 1445 4 3 6 2 9 2
A-10 9 0934 20 7 10 8 59 5
A-]11 9 1100 19 7 25 6 99 ]
A-12 9 1340 13 6 149 € 47 10
A-13 10 1022 24 Q9 2 2 104 8
h-14 10 1312 13 8 4 3 138 9
A-16 10 1837 4 2 2 2 53 10
A-16 11 0930 28 7 10 3 70 8
A-17 2 1222 23 6 29 7 76 10
A-18 | 11 1335 34 5 44 8 44 4]
A-19 14 0908 0 0 0 o} 0 0
A-20 15 1500 7 6 24 9 23 4
A-21 16 1005 8 3 7 7 14 3
A-22 16 1250 £ 10 16 5 90 9
A--23 16 1400 10 6 18 8 23 4]
A-24 | 17 0922 | 7 5 9 ¢ 0 0
A-25 17 1035 4 3 4 4 12 3
A-26 | 17 1309 15 7 3 3 28 7
*No data Continued
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TABLE 3: Summary of Recorded Bite and Trap Capture Data, BW 459 (Conocluded)
BAITED "WONBA TTRD [ BITAS ON
TRIAL DATER | FUNCTION TRAP CAPTURES TRAP CAPTURES HOMAN VOLUNTR
NUMBER (Sep TIMB Number Number ' Numb
1959) | (MST) Total | of Posi- | Total | of Posi- Total | of M
tive Traps tive Traps Bitt
A-37 17 1408 9 4 14 7 15 6
A-28 18 0903 0 0) 3 3 2 2
A-29 18 1006 6 6 0 N 8 3
A-30 81 1106 3 ] 3 3 1 1
A-31 21 1343 () 0 4 2 36 8
A-32 21 1542 0 0 1l 1 0 0
A-33 22 1038 21 Y 3 2 103 9
A-34 22 1329 38 10 10 7 56 8
A-35 22 1425 25 6 0 0 86 1
A-36 23 1120 3 1 5 3 13 5
A-37 23 1325 6 4 0] 0 40 &
A-38 23 1420 7 4 3 2 32 §
A-39 24 0945 5 4 0 Q0 0 C
A-40 24 1043 8 7 (o] 0 52 £
A-42 24 1312 16 6 9 3 47 £
A-42 24 1511 0 0 b 1 27 £
A-43 2R 1330 5 2 1 1 25 9
L-44 28 14435 1 i 5 3 2 &
A-45 | 29 1340 8 3 2 1 14 ¢
A-46 bl 1500 15 7 3 2 45 H
A-47 30 14560 19 7 3 2 21 §
(Oct
1953)
A 48 1 1343 1 1 C 0 1l :
A-49 1 1500 4] 0 3 1 ND NI
A-50 2 Traps:
1235
Humans : .
1310 0 0 0 0 4] (
A-51 9 1105 15 6 10 4 2086 |
A-52 9 1320 15 7 5 3 31 i
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leaged veotors would fly towards them and then pass by and fly to ansther
person without stopping.

(U) The volunteurs that had functioned the iest fixtures observsd
that the vectors were attracted by ucvement--the movement involwed in
relsasing the vectors resulted in many mosquitoes moving to that man.

Othsr perscnnel observed that the veotors appeared to be attracted by
sound--the more garrulous men getting more bites.

(U) It was observed that many of the mosquitoes could not be felt
while they were probing or taking blood meals. It is not known what
percentage whe reported bites represent of the total number, but it is
likely that it is less. For a single example, early in the trial series,
ons men reported 15 bites at the test site. Latar that night he counted
the swellings and found 31. Other similar disparities betwosen reported
snd actual bites undoubtedly ocourred. However, the reported over-kiil
of Swat Trial A-51 leaves this pcint somewhat in doubt.

(U) Several of the men noticed that some of the veotors would become
80 engorged with blood that they apparently could not fly, but instead
dropreu %0 the ground and orawled away.

(U) One further incident appears noteworthy. BEach man in the volin-
teer cirole was provided with a clipboard, and all of the clipboards wera
transported to the field in a wooden box, This box, with opon sla.ted
side=, was used at times in the first few trials by different men to sit
on (ses Figure 3), but they never did it twice. It appeared as if the
mosquitees, in numbers, went inside the box, venturing forth to bite the
sitter, and then returning to the box.

PERSISTENCY AND SPREAD

(C) When this test was designed, it was felt that moving the test
sites at least 1 mile upwind would alleviate any effeots of vectors per-
sisting to affect a second trial in the same general arst . Apparently,
this was trues, since nc test vectors were reported prior to relsase in
any trial. One otherwise observed persistency of a single A. aegyptl
was noted in the Clay Flats area on 8 September 195S. The last previoua
trial conducted in this general area had been on 4 September; therefore,
this one vector had persisted for 4 days.

(C) In several of the first few trials the vehicles used to transpori
the volunteers were left approximately 150 to 200 yards away from the test
circle. Ii was soon found, however, that this distance was too short,
and that some of the mosquitoes had immediately moved to the trucks. 1In
the ensuing trials, all vehicles were driven %o the meteorological station.
It was noticed, moraover, that during the time that the men or traps were
being picked up after a trial several mosquitoes often entered the trucks;
attempts were made to destroy all of these veotors before moving to a
new test site.
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INTRODUCTION

(U) Outlines of the methods used and the resulis of the statistiocal
analyses performed on the BW 459 data are given below; more detailed pre-
sentation of several major aspeots of this analysis oan be found in the
Appendix. In the largs, these analyses were performed by Messrs. R. F.
White and S. J. Amster of the General Analysis Corporation. Generel
Analysis Cor'oration is under contrect with Dugway Proving Ground to
assist in thu statistical design and evalustion of CBR field tests and
laboratory rasearch.

ACCUMULATION OF BITES IN TIME (MODIFIED RAO METHOD)

(U) Pcr each trial, the biting data at the human cirole oconsisted
of the acoumulated number of probes and bites received by individuals up
to 1, 3, 5, 7, 10, 15, and 30 minutes following the release of the mos-
quitoes.

(U) If the data from a trial are plotted &s accumulated bites versus
time, a nondecreasing funotion is observed. An analysis of these data
depends initially on some description of this function. There are severa

ways of describing it; however, the one chosen was the following modifi-
cation of a method given by Rao (8):

m
m j Ax)J
J=1
by = avera,s rate of increase of the funotion

in the i-th trial;

(Ay)i = total number of mosquito bites obtained
e 1-th trial during the q th time interval

i=1, 2, ...n (39 trials in this oase);

j=1, 2, ...n (7 intervals in all trials);

n
(Ax)J = %Z (Ay)ij = the average number of
1=l

mosquito bites obtained in all trials during the j-th time interval.



ological conditions present during the trial on the rete of inorease of
total bites in time and is greater or less than unity woocordingly as a
trial had a greater or lesser inoresase then “average". Therefors, in

order to ascortain the extent of the effeot of eash measured meteorologiocal
variable, the trials were compared on the baiis of whese values (by's) by
asans of an analysis of veriance.

(U) To accomplish this, *he 39 trials (A-T7 aud A-10 through A-47T)
were first classified on a "high" or "low" basis for the four meteorologicel
oriteria: wind speed, temperature, relative humidity., and solar rediation.
For easch of these oriteria, the 39 trials were ordered from low to high.
The 20-th value in such an ordering is the median and the trials whioch
wers below the mediar were called the "low" trials (for that meteorological
ocriterion) and those above were called the "high" trials. For wind speed,
temperature, and relative humidity, the median (20th) trial was arbitrarily
placed in tne high group, but for solar radiation the 17th, 18th, 19th, and
20th trialas were "tied" with solar radiation equal to 1.05 gram-calories/
ocm?/minute so that it was necessary to place the median (20th) triel in
the low group. The results of these classifications are given in Table 4.

TABLE 4: Summary of General Group Classifiocation Data for 39 Human Cirole
Trials (UNCLASSIFIED)

MEDIAN LOW_GROUP HIGH GROUP
CRITBRION OF ALL Number . | Number
TRIALS Mean | Range*® of Trials Mean | Range of Te
Wind speed (mph) 5.1 3.18 3.4 19 7.38 8.4 20
Temperature (°F) | 64.1 58.1 | 10.8 19 73.0 | 2.2.8 20
Relative
humidity (4) | 42.5 30.0 | 25.3 19 53.4 | 27.0 20
Solar radiation 1.05 0.73 1.00 20 1.19 0.30 19
(gm-oal/omz/min)L
#The range in this analysis is the diffarence between the highest and the

this an
lcwest value in the grour.

(U) Although it would be possible, albeit tedious, to perform an
analysis of variance of these 39 trials based on a four-way classifi-
oation oreated by these four partitions, not all of the questions answer-
ed by such an analysis would be of major interest. Therefore, several
analyses of variance were performed, based on the following three-way
clagsifications:

SECRET
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g 8. By wind speed, temperature, and solar rediation; and
3. By wind speed, relative humidity, and solar radiation.

Sinoce it was olear from a visual examination of the data that wind speed
had a major effeot on biting activiiy, wind speed was inoluded in all
analyses.

(U) A three-way table of means (of by values) was computed for
each of the three analyses. These are given in Tables 5, 6, and 7.

TABLE 5: Three-way Table of Means for Wind Speed, Temperature, and

Relative Humidity Analyses (CONFIDENTIAL)
| — TN WOND SPE'D FIIGH WiND SPEED. ~
’ Low Relative |High Relative Low Relative | High Relative
TEGO Humidity Bumidity Humidity Humidity
CA ) RY number | number number number
3 mean of mean of mean of mean | of
1 " trials trials triels trials
Low Tem-
perature | 0.7562 4 1.2770 ) - 0 0.3654 10
High Tem-
peraturse | 1.8848 9 0.5190 1l 1.1780 6 0.3443 4

*Missing combination (high wind speed, low temperature, and low
relative humidity).

TABLE 6: Three-way Table of Means for Wind Speed, Temperature, and Solar

3 Radiation Analyses (CONFIDENTIAL)
“ LON WIND SPEED WIGH WIND SPRED
Low Solar High Solar Low Solar High Solar
Radiation Radiation Radiation Radiation
CATBGORY number number number number
mean of mean of mean of mean of
i trials trials trials trials
Low Tem-
_ perature 0.4488 5 1.7915 4 0.4792 4] 0.2516 5
: High Tem-
’ perature | 1.3407 4 2.0200 6 1.0033 6 0.6062 4
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Solar Radiation Analyses (CONFIDENTIAL)

LOW WIND SPRED HIGH WIND SPEED
Low Solar High Solar lLow Solar High Solar
CATRGORY | Radiation Radiation Radiation Radiation
number | number nuaber aumber
mean of mean of mean of wmean of
trials trials trisls trials
Low
Relative
Humidity ! 1.1268 6 1.8897 7 1.3655 4 0.8030 2
High
Relative
Humidity| 0.2820 3 2,0193 3 0.4220 7 0.2967 7
l B

(U) Analysis of sariance of three-way olassifications witl. unequal
numbairs in the cells is not a simple matter. It does not arise frequently
in experimental data where the control of the factors enables the experi-
menter to keep the ocell numbers equal, but is quite likely tc arise ir
observational data where the factors, such as msteorologicsal conditions,
are relatively uncontrolled. The least oomplex and perhaps most common
case is the one here, where cach of the three factors is at two levels.
Furthermore there were no trials at high wind speed, low temperature, and
low relative humidity as can be seen by noting the missing ocell in the
first analysis (Table 5). This is not serious, although it means that
the three-factor interaction of wind speed, temperature, and relatlve
humidity cannot be estimated. A full exposition of the analyses parformed
on these data is given in the Appondix and the results of these analyses
are presented in Tables 8, 9, and 0.

(C) If the three analyses &re considered together it is clear that
high wind speed was associated with significantly lower biting activity.
The effeot of temperature is somewhati obscured by the temperéture-rela-
tive humidity (T x H) interaction (Table 8) which is signifiocantly
negative. This may be & result of the fact that H (relative humidity)
is not an independent variable but is intrinsiocally related to T (tem-
peraturs). High tempserature was associated with higher biting activity
than was low tempsrature (Tables 8 and 9), especially when solar radia-
tion was relatively constant and humidity was variabile (Table 9). But
the significently negative T x H interaction in the first analysis
(Table 8) indicates that high temperature was associaited with & smaller
inorease in biting activity at high humidity than at low. Data in the
first of the three tables of means (Tables 5, 6, and 7), show that high
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DRGRERES APPROXIMATR T STANDARD
SOURCE or MEAN 1 p_vALuR Tpnomnm'! gﬁrif&”,r EAROR OF
FREEDOM | SQUARE (4) RPTECT
Wind Speed, W 1 4.8340| 5.569 'q) -0.7401 | 0.2528
Temperature, I 1 0.9178 1 1.8564 {20 0.3768 0.2765
Relative
Humidity, H 1 0.7171 | 1.573 NSe® -0.3752 | 0.8992
WxT i 0.3503 | €1 N8 positive
WxH 1 0.1853 | <1 N3 positive
TxH 1 3.2801 | 4.818 <% negative
Error 32 0.4941

i
*Not signifiocant.

TABLE 9: Summary of the Results of the Analysis by Wind Speed, Temperature,
and Solar Radiation (CONFIDENTIAL)
DEGREBS APPROXIMATE STANDARD |
SOURCE oF smomm‘ F-VALUS | PROBABILITY | oo myrpoy | ERROR CF
FREEDOM (1) IFFRCT
Wind speed, W 1 5.9816 | 13,115 {1 -0.74237 0.2189
Tempoerature, T 1 2.3643 | 5.168 ' C.4361 0.2183
Solar 0.3189
Radiation, V 1 1,0041 | 2.301 {20 0.5248
WxT 1 0.0391 | <1 NS negative
WxV 1 4.1463 | 9.091 {1 negative
PxV 1 0.3980 |¢1 NS negative
W .TzxV 1 0.1449 |1 NS positive
Brror 31 0.4561
*Not signifinant
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DEGRERS X APPROLIMATRE | STANDARD
SOURGHE v or s::::n ¥-VALUE | PROBABILITY gﬁT:;QEST ERROR OF
FRERCOM (1) EYTROT
Wind Speed, W 1 2.4303 | 5.801 {5 -0.5448 0.2362
Relctive
Humidity, H 1 2.5055 | 6.800 {5 -0.5616 0.83%¢
Solar
Radiation, V 1 1. 8764 { 3.774 {19 9.4061 0.208%
WxH 1 0.8288 [ Q Mse negative
WxV 1 £.1080 | 12.3€4 {1 negative
HzV 1l 1.0133 1 2.439 <10 praitive
WxHxV 1 0.2435 | Q1 NS l negative
Brror 31 0.4112
]

*Not signifivant

temperature ac‘ually was assoclated with a decreass in biting aotivity
st high humidity.3 It appears that biting activity is highevst on warm,
dry days; however, since tuat conditions never inoluded sclnoldent nigh
temperatures snd high humidity, this last finding should not be construed
to msan that bitiang rtates would be less on warm, moist days than on warm,
dry days. Althcugh investigators have consisteontly listed relative hu-
widity as an important factor in the survival of A. aogypti, little men-
tion has heen made of its effect on veotor activity for the first day
following relwease.

(0; Aside from the deorease in biting activity assooiated with high
wind spewd, the most statistically sigrifiocant resull was the negative
interaction of wind speed and solar radiation (W x V in the seoond and
third analyses, Tables 9 and 10). Sinoce wind speed is certainly negative

3This point perhaps needs further slarification. Whereas absolute hu-
midity is an independent meteoroivgical variable, relative humidity is
dependant %o a large extent upor temperuturs. Since Dugway Proving Ground
lies in a continentai, high latitude desert, the comblnation of high tenm-
perature and high humidity is rere and was not enocountered in this {est.
As & result, the groupiang of "high" temperature trials (Table 4) in order
of inoreasing tomperature is as3ociated, in general, with desreasing "high"
relative humidities. Thus, the statement made above that "high tempera-
turs actually was assoolated with & deorease in biting activity at high
humidity (over that encountered at lovw humidity)" really means that lower
biting aciivity was recorded at high humidity bsceuse the temperature was
lower and not because the humidity was higher.
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at high —~athe: that a* low solar rrdiation. Thus the idea of high solar
radiation acting as a ccunteractant to & windohill faotor (9), suoh that
high solar radiation would tend to nullify the cooling effect of the wind,
does not mppear tenable. Without further interpretation, all that can be
said here is that biting aotivity is highest on days of ‘'ow wind speed
and high solar radiation.

ACCUNULATION OF RTTES IN TIMD (WHI'R'S MSTHOD4)

(U) Rao's snalysie does not give & somplets description o€ tb
funotional re’ationship between time &nd totel bites. Theresfors, Lhe

following modol was derived:0
2y = 03y EL + 8in{( g #’31103 tiJ)] , - _15_‘_{*1 1-'3 1log ty3< + _i_'g_

or

vij =y +Bylog gy

wvhere,
X33 = the total acoumulated number of bites obtainod in the i-th

trial by the j-th time, where 1 = 1, 2, ...nand J - 1, 3, ...m;

ny = the nunber of mosquitoes released in the i-th trial;

Yy = the j-th time in the i-th trial;

0(1-,3 1+¥ i = parameters to be estimated; and

8!1
ny B’i -

(U) The human oirole data from 28 trisls (A-10 through 18, 20 through
2%, 25 through 27, 29, 31, 34 through 37, 40 through 41, 43, and 45 through
47) were fitted to this model and valuss ofo<1,;3 1, 8nd ¥ 4 wore deter-
wined by the method of minimum ohi-square.

yij = arsin 1.

4For a complete description of this model, see the Appendix.

5This model, as used, is » methsd of estimating the initial prizary
effeots following the rolease of starved veotors in the near vicinity of
human subjeots. As siatel earlier, the full primery effeots must take
into consideration t%3 a.itire life span of the released vector and,
therefore, ara beyond the scope of this modal.
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oriteria:

wind spsed, tempereture, relative humicity, and solar radiation.

The 28 trisls were ordered from "low" to "high" for the first throe of

thess oriteria; the 14 lowsr trials wero oalled the low triels and tha 14
highar trials were ocalled the high trials.
trials had cqual solar readiaticn ro the lower 15 tricls were called low

sclar rediation and the upper 13, high.

catjons are given in Table 11.

The resvlts of

TABLE 11: Summary c¢f General Group Classification
Data for 28 Trlals, BW 459 (CONFIDENTIAL)
I LOW GROUP HIGH GROUP
CRITBRION Mean Range® | Mean Renge*
Wind Speed (mph) 2.93| 3.1 5.96 | 6.4
Temperaiure (°F) 8.9 | 11.1 4.3 | 22.1
Relative Humidity (1) | 2.2 | 22.3 52.3 | 30.5
Solar Radiation
(gm-581/0m@/min) | 0.72] 0.95 1.21} 0.30

{C) Two analyses of variance, similar t~ those disoussed in *he

*The range in this analysis is the difference be-
treen the higiest and the lowest value in the group.

The 12th, 13th, l4th, and 15th

*hess oclasnifi-

anslysis of ihe b; values (mocified Rao method) were performed on the
Tha two analyses were by wind speed, temparature, and
relative hunidity; and by wind speed, tempernture, and solar radiation.

i values.

The tavbles of means for the ¥ ,'s are presentsd in Tables 12 and 13.

TADIE i2: Table of Means for Wind Speed, Temperature, and Relative Humidity,
BW 459 (CONFIDENTIAL)
LOW WIND SPEED HIGH WIND SPERD
Low EKalativo | High Relative low Relative | High Relative
Humidity Humidity Humidity Humidity
CATBGORY number number number number
mean of mear of mean of mean of
trials triels trials trials
Low |
Tomperature | 0.4138 4 1.3539 3 -0 0 0.3253 5
High
Teoperaturs | 1.009C 8 0.2427 1 0.7468 4 0.2240 3
]

*Missing combinaiisn (high wind speed, low temperature, and low relative

humidity).
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TABIE 13: Table ¢f Means for Wind Spoed, Tempereiure, and Solar Radliation,
BW 459 (CONTIDENTIAL)
! TOW WIND SPHRED HIOH WIND & PEBD
Low"Solar High Solar’ Low Solar’ High Solar’
" Rediation Value , Tadiation Value | Radiation.Value | Radiation Val
CATIGORY nJamber number nunber numb
mean of mean of mean of mean of
trials triels trials tria
Low
Temparasures | 0.3281 4 1.4731 3 0.3245 3 6.326¢6 2
High
Tempsratuve | 0.6397 4 1.1512 5 0.7575% 4 0.2098 3
| - 1

(U) The readsr should interpret thess mean values as being estimates
of totsl Llites per musquito if the time of exposurs were extsnded long

snough. The results of the analyses are given in Tables 14 a&nd 15.
TABLY 34: Summary of Results of Analysis by Wind Speed, Tempera-
ture, and Relutive Humidity, BW «592 (SONFIDENTIAL)
[ T DEGRERS AFPROXIMATE! R
' A ‘T Yy
| SOURCE oF sggﬁﬁn F-VALUE | PROBABILITY | oot 0ot
I | PREEDOM ) |
Wind Spoeed, W i 1.3832 | 3.068 <10 negative
Tewporuture, T 1 0,0592 | <1 NS* positive
Ralative '

Fumidity, H 1 ¢.0004 |1 NS positive
FxT i 1 0.5820 1.8% LR positive
Wxd 1 0.0547 |2 L N3 positive
T x H 1 j.7146 | 5.857 <10 negative
Brror 21 0.4333 J

*Not significaut.
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TABLE 185: Suvmsry of Results of Ansalysis by Wind Speed, Tempsrs-
ture, and Soler Radiation (CONFPIDENTIAL}

DRGRERES AFPROXIMATR
SOURCE OF | ANy | F-VALUR | PROBABILITY | g 2iion,
FREEDOM | ~ (1) -
Wind Speed, W 1 1.2485, 3.019 <10 nsgative
Tewperatura, T 1 0.05689 | <1 NS* positive
Soiar
Radiation, V 1 0.68311 1.650 NS positive
WxT 1 0.0218 |41 NS pasitive
AxV i 2,0060 4,844 <5 negative
TxV 1 0.5989 | 1.447 WS negative
FzxTzV 1 0.0029 | {1 NS positive
Brror an 0.413% ]

*Nct signilicant.

(C) As in the analysis of the by values, it is clear %that higher
wind speed is aszouiated with & lower biting activity, end that higher
temperaturs is associated with a greater increase in biting activity
wken the relative humidity is low» than when the humidity is high (see
the negative T x H effect in Table 14 and the precedsng discussion on
page 32 ). Again, the W x V interaction (Table 15) is significantly
negative, indicating that ihe effeuts of wind speed aad solar radiation
are o%pcsed in the sense that highor wind spead is associated with a
greater Jlecrease in biting aoctivily when solar radiation is high than
it is when solar radiation is low. Tnis apparent paradox was unex-
pected and, as of this time, remains unexplained.

(U) The same two analyses of varianscs were performed on the values
of log ty** (the time at which the biting process would end), but the
results wore iuconolusive. This is further complicated by the fact that
a large t,** mAy be interpreted as represseatiag a long biting pesriod with
modsrate or low biting activity. A study of the ti** values would have
intrinsio fundamental interest, but the inherent variability of these
quantities is such us to re¢uire nore data then are presently available
for meaningful oonclusions to be reached. A possibility for future in-
vestigation is tu exawine the quantity ¥ i/t4**.

(U) No analysis oi the values of log ti* (the time at which the
biting proocess would bugin) was pertormed.
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have been obtained had the saupling period bsen exiended {» completion
(in the initial priwery bitingz perioc), it wa: found that tho total
rumber of bitea observed in the 30-minute sampling period averaged 81
per oent with a range extending from 44 to 97 per sent. (One triel,
4-32, whioh obviously did not f£it, was oxolucsd from this as:act.)
Thersfore, since 81 per ce t of ithe expected bitus were rscei8d in the
30-minute sampling interval, it appears that test pericds of tils leagth
should provide adequaie lata in fulure field tesiing. This is importiant
since partiocipant interest cen be mainiained at & ratlisr high rete for
30 minutes (as observed on these trials) while thoir interest and acouracy
would tend %o deoline in 1,nger periods,

BAITED VERSUS NONBAITE TRAP:

(U) The 4traps in the trap oircles were quite shiny and therefore
bypassed the known atiraction of A. aegypti to dark objects. How ver,
the traps did afford seversl other attraction factors. There included:

1. Bulk. Tbhe traps constitutad relatively large bodies on the
flat desert floor, especially in the sparssly vesvtated areas pilocked for
these trials.

2, Shelter. Tho traps afforded prot:ation both from direct
sunlight and from wind. This faotor can be further separated into shade
and windbreak.

3. Bait. GCuines pigs wers supported in the center of each
baited trap. They furnished moisture and carbon dicxide gradlents,
olfactory stimuli, and visual stimuli (they ocould be seen and they
moved somewhat, although their range of movement was limited).

(U) A total of 35 trials (A-7 through A-13, A-15 through 4-31,
A-33 through A-41, and A-51 through A-52) were used in this analysis.
Each trial consisted of cbservations of two rings---one with baited
traps and the other with unbaited traps. One hundred mosquitoes wers
roleasad from the center of & given ring ocf 10 traps and after 30 min-
utes the number of entrapped mosquitoes were counted. If ry is the
ol:nerved total number of irapped mosquitces in the jth trial ind nj
is the number released, then pj, the proportion entrapped in the ith
trial, is:

Py = i
Rj
This py was then transformed to
74 = 2 arosin 7/ py) '

which has constant variance. However, there would be bias in this y;
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velus; vnererors, vo oorrect for thie bias, p; was firaxt modified to

ST+t dry +1

P =
i ni...} 4!114'2 .

The resulting yj; values were then subjected to an senalysis of variance.

(C) The 35 trials (each consisting of a pair of trap rings) wvere
classified on the basi: of two weteorologiocsl oriteria: wind speed and
solar redlation. These were svlected sirje the analysis of the biting
rate on humans had indicated that these two oriteria would probably
affect trapping recoveries the most. The 35 trials were renked from
"low" to "high," and the trials below t1e median wers called lcv and
those above were called high, for the given criterion. For wind speed,
the median *rial was arbitrarily placed in - e low group, but for solar
radiation a "tie" nade it necessary to place the median trial in the
high group. The results of these classifications are given in Tadle 16.

TABLE 16: Classification Criteria for Baited- Versus Nor-
baited-Trap Data (UNCLASSIFIED)

MEDIAN OF LOW GROUP HIGH GROUP
CRITERION ALL TRIALS | Mean | Range® | Mean | Range* |
Wind Speed (mph) 6.1 3.47 | 4.1 8.32 | 7.4
Solar Radiation
(gm-0a1/om®/min) 1.1 0.67( 0.8 | 1.19 | 0.30

*Renge as used in this analysis is the difference be-
tween the highest and the lowest value in the group.

(U) For each trial both the sum of and the difference between the
two y4-values (baited-nonbaited) were computed. The means of these
values, classified by meteorological conditions, are presented in Table 17.

TABLE 17: Means of Sums and of Differences in Baited- Versus Nonbaited-Trap
Data (UNCLASSIFIED)

MEANS OF DIFFERENCES
(BAITED - NONBAITED)

MEANS OF SUMS
_(BAITED + NONBAITED)

RaooamToy | 0% Wind Spesd | High Wind Speed | Low Wind Speed | High Wind Speed
CATEGORY rumber number number numbsr
’ mean of mean of mean of mean of

trials trials trials trials
Low 1.2996 7 1.2038 8 0.1269 1 0.0797 8
High 1.2894 1l 1.1796 9 0.2192 11 0.1273 9
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differsnces were positive, indiocating that baited treaps captured more
mosquitoes than did nonbalited. The difference is more pronounced at
high solar radiation than at low and is leas pronounced at high wind
gspeeds than at lov. Detailled analyses of these and other faotors were
then performed to sxamine their significanve,

(U) First, a straightforward analysis of variance of the 70 ¥y

vaives was performed. The results are given in Table 18.

TABIE 18: Standard Analysis of Variance of Baited- Versus Nonbaited-Trap
DPata (UNCLASSIFIED)

DEGRRES | APPROXIMATE
SOURCE oF sgﬁﬁm 333&33 -VALUE | PROBABILITY
FREEDOM (4) .
Meteorological groups, M 3 0.0153 | 0.0461 { <1 NS*
Trials within meteorolo-
glcal groups, T 31 0.1838 | 5.7005 3.00 5
Baited versus nonbaitad .
traps, B 1l 0.3620 | 0.3620 £5.92 5
Bx M 3 0.0173 | 0.0519 | <1 NS
BxT S1 0.0612 | 1.8984
Total 69 8.0589

*Not signifisant.

(U) The error term for M is T. The error term for the other souroce:
is B x T. It is interesting to note the significant F-value for T (3.00
this indicates that day-to-day variability within meteorologlcal groups
is significantly greater than the ring-to-ring variability within days.
Therefore it is important not to pool T and B x T into a single error
term, but rather to use T as the error term for componentis of M and to
uss B x T az ths srror term for both B and the componants of B x M. The
F-value for B (5.92) indicates that the previously stated higher trappin;
rate for baited traps is significant.

(U) The analysis of variance shown in Table 18 was extended, by
subdivisions of M and B x M components, to provide further information.
Components of M give estimates of the association of wind speed and
solar radistion with trapping rates for baited and nonbaited traps to-
gother. Components of B x M give estimates of the assoclation of the
inocrease of trapping rate of baited over nonbaited traps with these two
mouteorological conditions. The results of this extended analysis are
given in Table 19.
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Baited- Versus Nonbaited-Trap
Data (UNCLASSIFIED)

DEGRERS
SCURCE OF sgxﬁgm P-VALUE
FREEDOM
Wind Speed, W 1 G.Uedo | W1
Sclar Radiaticn, V 1 0.0013 | €1
NxV 1 0.0002 €1
Brror (a) 31 0.1838
Baited versus non-
baited traps, B 1 0.3620 | 5.92
rxw 1 0.0218 { <1
bxV 1 0.0208 |1
BxWxV 1 0.0021 (<1
Error (b) 31 0.0612

(C) Brror (a) is the appropriate error term for W, V, and W x V;
error (b) is the appropriate error verm for B, Bx W, B x V, and
Bx WxV. It is interesting to note that W and W x V are not signifi-
cant, contrary to the findings on biting activity with human volunteers.
Thus wind speed and its interaction with solar radiation are apparently
not associated with trapping rates, although they are assoclat.d with
biting mstivity. Agsin, although B is siganificant (trapping rates are
higher with baitod than with nonbaited traps), there is no evidence of
interaction of B with wind speed and solar radiation.

(U) The baited traps vaptured significantly nore mosquitoes than
did the nonbai‘ed. Morsover, it seewms logical tc ascribe the basic
value ol any trap ito bulk and shelter, end the differe.ce botwaen non-
baited and baiied to the specific attraction of the bait. Thus, the
addition of bait doss not seem to be of paremount importanos, particu-
larly sinoe *he effeotl of baiting was not found to be affectied by ¥Find
speed and ¢»slar radiaticn. These results substantiate and enlarge the
obssrvation that A. aegyptl will first seek out bLuildings, vehicles,
and other bulky objects on their visual horizun.

EFFECT OF WIND DIRECTION

(C) Siice higher wind speeds were censist.ntly associated with
lowere. biting activity, the effeot of wind direction with regard to
specific ring loocations was investigated. In Trials A-1 through A-31,
the number one positions were the northernmost positions; from Trisl
A-32 on (to facilitate analysis) the number one pesiticnsy were located
at the farthest point upwind. It must be kopt in mind that the wind
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for the general ares and could have been different a% the three oirolou.
Furthermore, the wind dircotion at the beginning of testing was not ne-
ocassarily the same either during the intervening period or at the end
of the *est. However, these data should average out well enough to
show the sffeot of wind direction on biting and trap ocaptures. It
should be further borne in mind that higher wind spesds would tend to
be more oonstant in direction than the loocal vagaries of low velooity
winds.

(U) The counts for the three up ind ring positions were segregated
from the counts for the three downwind pooitions for each trial. That
is, each ring of traps yielded two values: the number of mosquitoes
entrapped upwind and the number entrapped downwind (each value based
on 3 traps for 30 minutes). Each ring of humans a’so yielded two values:
the number of bites upwind and the number of bites downwind (each value
based on 3 human subjects in 30 minutes). The lateral ring positions
were not considered.

Bites on Human Subjects

(U) In this analysis, the difference (downwind - upwind bites) was
divided by the sum (downwind + upwind bites). This was done for 35
trials (the same trials used in the modified Rao method less four--
Trials A-19, 24, 32, and 39; in these latter four trials, the sum,
downvind + upwind bites was zero and the ratio could not be computed.).
The table of means of these ratios is presented &s Table 20.

TABLE 20: Table of Means of Ratios of Differences/Sums ot
Upwind Versus Downwind Biting Activity

(CONFIDENTIAL)
LOW ''IND SPRED HIGH WIND SPEED |
o Mosn | o' Triats | %% | of Trials
Low Solar Radiation 0.3673 8 0.4498 9
High Solar Radiation | 0.4096 10 0.5058 8

(C) Since these means are positive, they indicete an ap arsnt pro-
pensity of mosquitoes for downwind locations. Whether or not this pro-
pensity was significant or whether it was affected by wind spoed and
solar radiation was then considured by subjecting the date to an analy-
sis of variance. The results are given in Table 21.
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TABLE 31: Analysis of Variance of Ratlos of UlITerenvevs;vuws
of Downwind Versus Upwind Biting Aotivity

(CONFIDENTIAL)
DEGREES \EAN APPROZIMATE
SOURCE OF SQUARE F-VALUB | PROBABILITY | EFFECT
FREEDOM | 5¢ (1)

Direction, D 1 4.505¢ | 12.495 {1 positive
DxW 1 0.0696 [<1 NS ®e positive
DxV 1 0.0208 | L1 NS positive

DxwW=xV 1 0.0004 | (1 NS positive
Brror 31 0.3608

e TR TR AT

*Not significant.

(C) The F-value of 12.495 is signifiocant at the 0.01 level of proba-
bility and indicates that there were significantly more bltes at the
dawnwind then at the upwind locations and that this was not affeoted by
oithar wind apeed, solar radiation, or their interaction.

Captures in Baited Traps

(U) To investigate the assooiation of wind direotion with trap
captures, the baited trap captures from 35 trials, Trials A-7 through
A-13, A-15 through A-31, A-33 through A-41, A-51, and A-52 (the same
trials as ln the section entitled BAITED VERSUS NONBAITED TRAPS) were
considered. For sach ring of baited traps, the three 30-minute upwind
trap oaptures were totaled, as were the three downwind trap ocaptures.
A square root transformation was ther made of each sum, and for each
trial the difference, d, was computed, viz.:

d =7 Downwind total —ﬁpwind total
{U) These differenccs were analyzed in the same way as were the
analogous quantities for the human-baited rings. It is not mscessary to
give the results in great detail, except to say that wind direction, D,
was highly significant (at the 0.0l probability level) but D x W, D x V,
and D x W x V were not; this indicates that mosquitoes prefer downwind
baited trap targets (as in the case for human targets) and that this
propensity is unaffectad by either wind speed, solar radiation, or their
interaction.

(v) It may be well vo point out that the variables conocerned here
deal with the relative attractiveness of visual versus olfactory facotors.
All of the men and traps offered visual atiraction (bulk, contrest,
shadow), but to the mosquitoes released in the center of the ring, only
the upwind pusitions offered olfactory stimuli. Therefore, 1t appears
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perticular speed of the transporting wind is not importent.
REGRESSION ANALYSIS OF TOTAL BITES

Regression on Meteorological Cunditions

(C) The recorded biting data frcm 39 trials, Trials A-7 and A-10
through A-47, wore analyzed by a multiple regression analysis., The
model

Yy =8 + bH + oT + dW + eV

was fitted where:
= total number of bites,

y

H = relative humidity (1),
T = temperature (°F),

W = wind speed (mph),

V = solar radiation (gram-calories per ome
per minute), and

a, b, 0, d, and o are partial regression ocoeffi-
conts determined by the method of least squares. The results were:

a = -44.12,
b = -0.389, b/sp = -0.08,

c = +1.612, o/sg = +2.25,

d = -5,387, d/sq = -2.77, and

e = +22,98, o/8g = +1.3% .

The right-hand column immediately above gives the results of dividing t!
coefficients by their standard errors and it indicates that temperature,
wind speed, and solar radiation are betiter "predictors" of total bites
than is relative humidity. Because of this, attention was then concen-
trated on these three remaining metesorological variables.

(U) In the following seotion, the regression on the number of cap-

tures in baited traps is considered. Only 32 trials, Trials A-T7, A-10
through A-31, and A-33 through A-41, were judged to have sultable
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on the seme day. Therefore, in the romainder of the present seotion,
attention is ocnfir d to these trials.
(C) O~ these 32 trials, the ragression,
y =a + bW +

where y is the total number .f mosqui’oes capiured ir baited traps, was
fittecd and aave:

a = "46-57'
b - 7‘5-93,
o = +1.90, and

+32717.56 (29 degrees o. fracaom).

The quantity 52P is the su.: of squaros of deviat'ons divided by the
degrees of freedom.

(C) Agaln, on vhese 32 trials, the regression
y=48a i bd + oV '
wherein wind aspeed and solar radiation were oonsidered, geve:
a= +47.132,
b = -5.474,
c = +27.639, and

32e = +1023.63 (29 degreex of freedom).

Cowmparison of these iwo 8% guantitiss {1023.63 and 3277.5§) shows that

wind speed and solar rediation (W x V) is a better prodicior than is
wind speed and tamperaturs (W x T).

Regressions Including Baited Trap Capture Totals

(C) Using the 32 trials listed above, the rogreasiox
y =a + bT + oB

vas fitted, where y ia the total number of bites and B is ths total
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This gave:

a = -37.,391,

o
]

+0.873,
o = +1.71€, and

+841.34 (29 degrees of fresadcw).

]

The regression

a + bW + 0B,

~«
[ ]

wherein win. speed and taited trap captures were considsred, gavs:

a = #45.99,

b = -5.441,

o = +1.855, and

326 = +640.11 (29 degrees of freedom).
(C) The comparison of these s2, quantities (640.11 and 841.34)

shows that torpsrature, when baitad-trap captures were wonsidnrad,
was not as good a predictor us wind speed. In fact, the regression

v - a + bW + oV + dB,

wherein wind speed, solar 1adiation, and ovaitsd trap oaptures were oon-
sidered, gave:

a = 42,282,
b = -5.232,
o = 6.174,

d = 1.829, and

824 = 659.18 (28 degrees of fresdum).
The comparison of these 82, quantities (659.18 and 640.11) shows that
solar radiaticr, even when wind speed ani balited-trep captures are ocon-

cidered, had no utility as a predictor of tclal bites.
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wharein tne number of Lites and bs ted trap capturas aicne were oon-
nidered, gave:

& = 16.598,
b= 2.089, and

uy = 869.81 (30 dogrees of freudom).
{C) Any linsar regrossion analysis must be interpreted with caution.
Boocause "true” relationsnips are seldom linear, pradioctions based on
such regressions are likely to be imprecise or evan inaoccurate. Howvever,
throughout these analyses, it was seon that the coeffiolents of W (wind
speed) were ocondlstently in the range of from -5 to -7. This suggests
that an inorease of 1 mile psar hour in wind speed (in % ‘ange of speeds
considered in these trilals) is assoociated with an appro.:{ e deorease
of 8ix bites in a 10-man ring of 30-foot diameter and wi. an exposure
time of 30 minutes.

(C) Biting aotivity seems to be fairly well correlated with wind
speed and solar radiation, deoreasing with an inorease in the formor and
inoreasirg with an inorease in the latter. Moreover, biting activity
is positively norrelated with baited-trap totals, espscially when wind
apeed is taken into sccount. Finally, under the oconditions of these
trials and in the time period involved, a single mosquito in a baited
trap appears to be equivalent to about two bites on & human subjeot
(in the soense that the ccefficients of B in the above aralyses ranged
ebout the value 2.0). The trap capturs and bites-received data wsre
then exurinaed to ascertain whether traps could be used to replace humans
in future field trials. For consistency, the same 35 trials used in
the previous trap analyses ware studied. The appertaining data, sum-
marized from Table 3, are presented in Teple 22,

(C) Tnis table shows that the average number of bites received was
ovur three times the average baited trap ocaptures and over four times
the average nonbaited trep captures. However, the variation betwsen
i1 divicual triesl- is excessive, and the lack of any ccusistent relatioen-
sl:.in is quite uvident. It is clear that the number of bites received
in &ny one trial could hardly be predicted from the trap recovery data,
and tiic present traps uan not be used to replace humans ia tho field
assessment of A. segypti behavior.
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CRIAL BATTED | NONBATTGD | NOMBRE | TRIAL BATTED | NONBAITED | NUM:
NUVBER TRAP TRAP GF BITES ! NUMBER TR.LP TRAP CF B
CAPTURES | CAPTURES | RECEIVED | CAPTURES | CAPTURES | RECE!

A- 7 27 26 50 A-2¢ 0 3 :
A- & 24 6 7 | A-29 6 0 ¢
A- 9 4 6 9 b a.30 2 3 :
A-1C |, 0 1¢ 59 A-31 0 4 3¢
A-11 19 o a9 A-33 21 2 10:
a-12 128 19 17 A-34 38 1¢ &¢
A-13 24 2 164 A-35 1 @5 C 8
A-15 4 2 53 A-36 3 £ 1
5-16 20 10 70 A-37 6 0 A
A-17 23 49 76 A-33 7 3 3
A-18 34 44 44 A-39 5 o <
A-19 G N 0 A-40 8 0 5
A-20 " 24 23 A-41 16 9 4
A-A1 5 7 14 1 A-51 16 10 20
A-22 z2 1€ 90 ; A-58 _15 _95 3
A-23 10 18 23 N Total | 470 332 15
A-24 7 g 0 i
A-25 4 4 12 ’ Avsrage
A-26 15 7 8 ¢ per (
A-27 9 14 j 15 H trial | 15.4 9.4 4

YSurmarized from Table 3.
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\LU) DW 499 was conaucied Lo deverm.ind whelilisr or not Aedes &ogyptii,
e domestio, housse-loving, tropiocal mosquito, could be field tested undoer
the climatic oconditions of & hot, dry desert environment. Hesults show
that the i1nitial biting instinots of this mosquito are net impaired or
anpreciably modificd by release into a dry oclimate. It is further evi-
dont that this vector can be used for initial primary effects egainst
troops in the open in deseri arsas. The vorollary effect of ths desert
environment upon mosquito lon:;;evity was .ot inveostigated in this phase,
and it is suspected that longevity wovld be greatly shortensd. Howsvur,
for primary target effwcts, this is not of great significance and may
even be an advantage in certain situations.

(C) The lower tomperature limit for vector activity in the non-
cold resistant strain of A. aegypti has been reported to be 59°F (1).
Howover, bites were recorded in 11 of the 14 trisls conducted at temper-
atures balow 59°F; therefore, it would appear that this lower limit
is set too high. These trials are tabulatel in Table 23.

TABLE 23: Summary of Biting Data for Trials Conducted at
Temperaturas Less than 59°F, BW 459

(CONFIDENTIAL)
ANBTENT | AVERAGE = T NUMBER OF
TRIAL |TEMPER- | wWinNp | TOTAL NUMBER | \ipians RE-
NUMBER | ATURE SPEZD 03F53£§§§ PORTING BITES
(°r) (mph) ’ (x/10)

a-21 | 56.7 4.7 14 3
A-24 | 55.8 2.4 o 0
4-25 | 58.5 6.1 12 3
A-30 | 58.1 6.4 1 1
A-33 | 57.7 3.3 103 9
A-36 | 56.5 6.8 13 5
A-35 | 58.5 5.2 0 0
A-22 | 854.7 5.1 25 7
A-44 | 54.3 9.4 2 2
A-45 | 53.9 loa. 5.0* 14 5
A-46 | 53.1 |om. 4.0% 15 8
A-47 | 56.9 3.1 21 5
A-48 | 57.2 7.0 1 1

A- 9 | 57.8 11.2 Npe+ | uD
A-50 | 57.3 9.5 o 0

*Approximate dats--field equipment malfunction; data
from Dog Arsa station.
*+No data--predature munition function.
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is operative at these low tsw;>—~-tures that is not evident in the
weteorological reiameters heing measured (cf. Trials A-21, A-24, anc
A-25). Ground temperature and ultra-violet radiation data will be in-
vestigated in BELIWETHER-II.

(C) A. aegypti has been oconsistently cited in the literature as a
cregascular biter (viz. dawn and dusk biter) in nature; however, the
trials of BW 459 were, as a rule, conducted during the geueral midday
period. This fact did not seem to impair their biting propensitiy but,
in view of the probable desirability of nighttime delivery, further
fiald t.-ials mu % be conducted to ascertain whether or not the biting
rate is increased by early morning or late evening release. In the
oresent test, one trial, A-15, was conducted just at sunset on the same

Cany that Trials A-13 and A-14 were accomplished. Only 53 bites wers re-

to¢cad in the sunset trisl against 104 and 138, respectively, in the
-y mromading trials.,

(S) Preliminary indoor liting rates have been determined hy the
U. S. Army Chemical Corps Biological Laboratories (4). They found an
over-all mean of 2.40 bites per vector in trials involving 100- to
400-square foot rooms, 15-minute exposure duration, and varying ratios
of vector/host density. These indoor rates weres nci approached in the
BW 459 outdoor studies. The higher indoor biting rates can bse ascribed,
in part at least, tv the confinement of the vectors and to the complete
absence of wind. In the 39 trials used in the analyses of varlance, @&
total of 1555 bites were reported for an averago outdoor biting rate of
0.40 »ites per vector in the 30-minute time period with a 10/1 vector
host ratio.

CONCLUSIONS

($) Using uninfected, virgin female Aedes asgypti mosquitoes in
hase A of BW 459, the results obtained within the ranges of conditions
encompassed in these tria’s indicate that:

1. It is feas. ble to test 4this mosquito under hLot, dry, dazert
conditions, at leart for the initial primary time period, and to assess
the effects of various meteorclogical variables upor biting activity.

2. Although many of ithese trials produced erratic and unpre-
dictable results, it would appear from the analysis of these data that
sach of the meteorological variables studied--wind speed, btomperature,
rolative humidity, and solar radiation--exert a significant jnfluencs
on the biting activity of tre A. aegypti mosquito, and all would have tu
be considered a&s important parameters in any model designed to predict
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other; wind speed alone had a direct effect upon biting activity. More-
over, within the renges of conditions encompassed in these trials, it
appears that wind speed was the most important factor affecting biting

activity.

3. An inorease of 1 mile per hour in the ambient wind speed
was asscciated with & deorease of approximately six bites in a 15-foot
radius oircle with 10 voluntesrs over a 30-minute time interval.

4. The data suggest that the previously determined lower tem-
perature limit of 59°F for vector biting activity of th non-cold re-
sistant strain is placed too high; however, at these lower temperatures
sowme other fector(s), at present uwiknown, produce erratic resulis.

5. A 30-minute sampling period is sufficient t¢ =ncompass an
average of 80 per cent of the expectsd initial primary biting activity.

6. Guinea pig-baited traps captured one and one-half times as
many mosgqulitoes as did nonbaited traps.

7. Whereas, on the over-all average, & single mosquito in a
baited trap was equivalent tc two bhites on a human, excessive intertrial
variation precludes replacing human samplers with traps to determine

biting rate activity.

8., With a vector-host ratio of 10:1, in only a very few triais
did 100 per ocant of the voluntec—= report bites. The msan percentage of
tost subjeots bitten lay betwesen 60 and 70 psr oeni.

9. The over-all average outdoor biting rats for thls vector was
40 bites per 100 mosquitces in the time pericd studied.

10. No evidence of crepuscular-period biting oreference was
obtained in these trials.
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Bntomologionl Warfere (S). Short Title: XYA-8121. Blologioal
Warfare lLaboratories, Fort Detriock, P?"'e"iok Maryland. July 1958.
Seoret.

The Feasibility of Veator-A nt BW Systems--Special Assignment West
Wind. USAF Contract AF 18 (600) - 125 (c). University of Pennsyl-
vania, Fhiladelphia, Pennsylvania. April 1958. Confidential.

EWAIR 6-A. Operation BIG ITCH (U). Biological Warfare Assessment
Iaboretories, Dugway Proving Ground, Dugway, Utah. November 1954.
Secret.

Special Report 270. Operation DROP KICK (U). Allied Sciences Di-
vision, Fort Detrick, Frederick, Maryland; Technical Development
laboratories, Savennah, Georgia; and Munition Development Divislon,
Fort Detrick, Frederick, Maryland. 1956. Seoret.

Special Report 253. Operatiun BIG BUZZ (U). Tecohnical Development
laboratories, Savannah, Georgia; and Allied Sciences Division, Fort
Detrick, Fredorick, Maryland. 1065. Secret.

Technical Memorandum Number 9-18. Entomological Field Test, Operati
QUICKHENRY, BW 445 Series ZUS. Entomology Division, U. S. Army
Chemical Corps Hiological lLaboratories, Fort Detrlick, Frederick,
Maryland. June 1960. Secret.

Quartsriy Report, ﬂntomology Branch ( 2 Allied Sciences Division,
Fort Detrick, . Froderick, Maryiand. July to September 1956. Secret.

C. R. Rao. Some otatistical Methods for the Comparison of Growth
Curves. Biometrics 14:1-17. 1958. Unclassified.

Walter K. Morris. The Significance of Windchill as a Criterion of
Arotic Aimospheric Cooling. Southwest Research Institute, San
Antonic, Texzs. December 1958. Unslassified
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THREB-FACTCR ANALYSIS OF VARIANCE WITH UNEQUAL OBSERVATIONS PER CELL

{C) The mothod for the 3-factor analysis of variance with unequal

observitions per oell is given below.

Tables 5, 6, and 7 in the text,

whore the unequal observations per cell ococurred, are repeated here,
for oonvenience, as Tables 1, 2, and 3.

TABIE 1: Three-way Table of Means fo:r Wind Speed, Temperuture, and
Relative Humidity Analyses (CONFIDENTIAL)
LOW WIND SPRED HIGE WIND SPRBD 1
Low Relative | High Relative Low Relative | High Reletiws
CATEGORY Humidity Humidity Humidity Humidity
number nuwmber number number
mean of mean of mean of mean of
trials trials trials trials
Low Tem-
peraturs { 0.7562 4 1.2770 5 -4 0 0.3654 10
High Tem-
perature | 1.8848 9 0.5190 1 1.1780 6 0.3443 4

*Missing combination (high wind speed, low tempsreture, and low
relative humidity).

TABLE 2:

Three-way Table of Mwvans for Wind Speed, Tempersture, and Solar

Radiation Analyses (CONFIDENTIAL)
1OW WIND SFXED HIGH WIND SPHEED
Low 3olar | High Solar Low Solar High Solar
CATEGORY |— Radiation Radiation Radiation Radiation
number number number nunber
mean of mearn of mean of moan of
trimls trials irisls virlal o
Low Tem-
porature 0.4488 5 1.7915 4 0.4792 5 0.2516 b}
High Tem-
perature 1.3407 4 2.0200 6 1.0033 6 0.6062 4
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B LOW WIND SPHED HIGH WIND SPEED
wow Solar High Solar Tlow Solar High Soler
Radimt{ion F yilation Radiation Racdiation
GATEGORY, number number number number
mean of mean of wean of mean of
trials trials trials trials
low
Ralative
Humidity | 1.1268 6 1.8897 7 1.3655 4 0.8030 2
High
Relative
Humidity { 0.2820 3 2.0193 k, 0.4220 7 0.2967 7

(U) Table 2 will be analysed first. A simple analysis of variance
of the 39 trials is performed, and the results are shown in Table 4.

TABLE 4: Analysis of Variance of Data in
Table 2 (UNCLASSIFIED)

D S
FREEDOM
Among cells 7 15.508737
Within cells 31 14.138573 | 0.456083
Total 38 29.647310

(C) The 7 degrees of freedom ameng cells is then subdivided inte
three wain effects, thres 2-factor interactions, and one 3-factor
juteranction. This subdiwvision ocarnot be orthogonal, bscauvss of the

inequaliity of cell numbers. It is dore as follows:

{1) Main effects. Fach of the three main effects is esser-
tially eu estimate of the expecisd value of the difference between trial
at the upper lsvel of the corrssponding meteorclogiocal condition and
+rials at the lower levsl.
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1 1 1 1 1 1 1

5 * 3 5 v 1 ¢ v 1 i v B
. 0.0304 _ 1.5399 _ 0.3374 _ 1.4138 _ _7 545527 4

0.400  0.480 ~ 0.417 _ 0.417 » &0

1 1 A 1 _ . 9.518386
0.470 ' 0.450 T T.417 ' 0,417

Then the estimate of the effeot of wind spesd is

-7.545521
9.518386

= .0,792731 ’
the mean square for wind speed, with 1 degroe of freedom, is
(0.792731) (7.545021) - 5.9816 . And

the standard error of the estimate of the main effect

(-0.792731) 1is

V0456003 _ 1.67834 _ .2189

VT 518385  35.0852

where 0.456083 is the #ithin-oell mean square from the

above preliminary analysis of va:-iance.

(b) Temperaturs

J

1.3407_- 0.4488 , 2.0200 - 1,7915 . 1.00:33 - 0.47" , 0.6062 - 0.2516

1 v 1 1, 1 I 1 1 1
5 & 4 6 b 4 3
0.8919 0.22885 0.5841 0.3546

" 0.450 ' 0417 ' G.367 ' O.aso - 4-T460%T , and

1,1 i 1

0.450 © 0.417 ' 0.3¢7 T 0.450

= 9.567322

Then the estimats of the effect of temperature is

4.746027

9.567335 0.496066 .
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the standard error of the estimate of the main ¢ffect is

0.67534

9.567330 - 0-2113

where 0,67535 =7/0.456083 has been compuiad as &bove.

(c) Solar Radiation

1.7916 - 0.4488 , 2.0200 - 1.3407 . 0.2516 - 0.4792 | 0.6062 - 1.0033

i, 1 i, 1 1 1 1 1
4 5 6 1 5 * 5 s ¢ 3

1.3427  0.6733  0.2276 0.3971
- - - — i &
0450 ' 5.417  0.400 _ D.417 - 3-091617 , and

1 1 1 1
0,450 & 0.417 ' 0.400 @ 0.41

Then the estimate of solar radiation effect is

3.091517

the mean square for solar radlaticn offeot is
(1.324794)(3.091517) = 1.0041 , and

the standard error of the estimate is

(2) Two-faotor interactions. 1f two factors, A and B, are
conridered. and

HH denotes trials at upper level of A, upper 1l vel of
HL dentoes triasis at upper level of A, lowur le rel of
1LH denotes triels at lower level of A, upper lev>l of
LL denotes trials at lower lavel of A, lower leveli of

and

w o

then the corresponding 2-factor interaction estimates are as
follows:
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= % | effeot of B at upper level of A - effect of B at lower

level of A ]. Thes? estimates and their standard errors will
not be ocomputed, as was done for iLhe main sffeotis, bsoause i1
shall suffice to merely note their signs, wheihor positive or

negative, and to compute the wmean squares for purposes of test-
ing signifiocance.

(a) Wind speed x temparature
J 2!

1.0033 - 0.4798 - 1.3407 + 0.4488 + 0.6062 - 0.2016 - 2.02

00 + 1.,7915
T 1 1 _ 1 T.1.1 1
§'5*te*% 17851
-0,3678 0.1261
58167 * 0 8667 = ~0-3049 (negative) , and
1 1 . 23782

0.8167 ' 0.8667
The mean squaere is
(-0.3049)2/2.3782 = 0.0391,

(b) Wind speed x solar radiation

0.2516 - 0.47928 - 1.7915 + 0.4488 + 0.6062 - 1.0033 - 2.0200 + 1.3407

I, 1,11 1 .1 1 %

5§75 35 ttsts?

~ -1.0708 1.0764 | _3
0.8500 ~ 0.8334 .1390 (negative) , and

1

1
= 2.3764 .
0.8500 ' 0.8334

o e o e e oo

The msan square is

(-3.1390)2/2.3764 = 4.1463.

(¢) Tempersture x solar radiation

-
[

..1200 - 1.3407 - 1.7915 + 0.448 + 0.6032 - 1.0033 - 0.2516 + 0,47392

T .1 .1 1 T 1 1 1
(R S S 1755 '3

. -0.6638 0.1695
0.867 ~ 0.817

=-0.9727 {negative) , and
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The mean aquare 1a
(-.9727)2/2.3774 = 0.3980

(3) Three-factor interaction. A 3-factor interaction is
diffioult to interpret because it is the re. 1t of & change in the
interaotion of factors A and B from one level of factor ¢ to another.
That is, it estimates

4 (HHB - HHL - HIH + HLL - LHH + LIL + LLH - LLL)
= 4 B (HHH - HLH - LHH + LLH) - #(HHL - HLL - LHL + LLL)ji
= }(ia x B interaction at upper level of C)

-{A x B interaction a* lower level of C)i] .

Wind speed x tempsrsiure x solar radiatior

0.6962 - 1.0033 - 0.3516 + 0.4792 -

2.0200 4+ 1.3407 + 1.79156 - 0.4488
st Tetsts Tt I TS
0.4939
= T.6634 = 0.2934 (positive) .

The mean square is
0.459)2/1.6834 = 0.1449 .
This com~li~.es the computations of the analysis of Table 2.

(U The analysis of Table 2 is similar, substituting relative
humidity for temperature. This is the commonest typs of analysis of
: aanh faotor ia at two Ieavals and all aight

RS s R 2= R A A= 2 2 S N = ~20 L2

cells are present.

(U) The first of the three tables (Table 1) is special because,
besides having unequal observations per cell, one of the cells is wuissing.
This snalysis will be desoribed in some detail.

{U) First, a simple analysis of variance is performed (Table 5),
dividing the 38 degrses of freedom into those "among cell." (6 degrees
of freedom) and those within cells (22 degrees of freedom). Note that
the total sum of squarses is the same for all three analyses.
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Temperature, and Relative Humidity
(* NCLASSIFIED)

DEGRERS
SOURCE oF SuM OF MEAN
FREEpOM | SQUARES SQUARE
Among cells 6 13.8372256
Within cells 32 15.810085 | 0.494065
Total 38 29.647310

(C) The next step is tc subdivide (non-orthogonally) the 6 degrees
of freedom among cells into three main effeo%s and three 2-factor inter-
actions. The fact that a cell is missing means that the 3-factor inter-
aotion cannot be assessed, as has been stated. The meaning of main
offects and 2-factor interactlons is the same &as previously discussed.

(1) Msin effects

(a) Wind speed

0.3654 - 1.2770 N 0.3443 - 0.5190 + 1.1780 - 1.8848

1 1 1 1
T *3 it 1

1
271 +3

ol

_0.9116 _ 0.1747 _ 0.7068
0.3C0 ~ 1.250 ~ 0.278

= -5.7209 , and

1 1 1 27,7304 .
0.300 * 1.250 * 0.276

The estimate of effeot of wind speed is

- === . .0.7401 ,

.7304
the standard sesrror of effect ia

TV J.494065

= 0.2528 , and
V 7.7304

the mean square is

(0.7401)(5.7209) = 4.2340 .
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1.8848 - 0.7562 4+ 9.98190 -

1 1 1
= 4 = =
9 4 l—+

. 1.1286 _ 0.7580 _ ¢.0211

0.361 1.200 ~ 0.350

1.2770 + 0.3443 - 0.3654

1 1 1
5 1t
= 2.4343 .

The estimate of effect of temperature is

2.4343
6.4605

= 0.37€8

the standard error of effect is

¥ 0.494065 ) 5065

/64605
the meen sguare is
(0.37¢8)(2.4343)
(c) Relative humidity

1.2770 - 0.7562 + 0.5190 -

, and

= 0.9172 .

1.8848 + 0.3443 - 1.1780

1T 1
5t 3

F o

0.5208 1.3658 0.8337

© 0.450 ~ 1.111 ~ 0.a17

1 1

1

-

9

1

+

0.450 @ T.i11 ' 0.41%

1,2
1'%
-2.071"  , and

= 5.5204 .

The estimate of effect of relative humidity is

-2.0713 _
5.5204 -

-0.3752 ,

+hs standard error of effoct is

Y/ 0.494065 < 0.2992

e pa———

v'5.5204

the mean square is

, and

(0.3752)(2.0713) = 0.7772 .

SECRET



(a) Wind speod » tempyrature

0.3443 - 0.3654 - 0.5190 + 1.2770 = 0.7369 (positivn) ,

F

1 1
+I+-§- 1.550 . and

5l
ol

the moen esquare 1is

0.7369)2

1.550 = 0.3503 .

The act that no ostimate of tais interaction is available
from low relative humidity trials should be notoad.

(b) Wind speed x relative humidity

0.3443 - 1.1780 - 0.5190 + 1.8848 = 0.5321 (positive) '

1

+ = + 5" 1.5208 , anu

+
olk
(o [

iy

the mean square is
(0,5321)2/1.526 = 0.1853

(c) Tomperature x relative humidity

0.5190 - 1.8848 - 1.2770 + 0.7562 = -1.8866 (negativa)

1 1 1 1
I + 3 + 3 + 1° 1.561 , and

o 929n1
~Uva .

The results of ihe three analysss aic cumzorized in Tables 6, 7, and 8.
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DBEGREES APPROXIMATE STANDARD
SOURCE OF sggﬁgm F-VALUS | PRORARTLITY g;T;:;ggT ERROR OF
__| FRRRPCY | (1) EFFECT
* nd speed, W 1 4.2340 | 8.569 ¢5 -0.7401 | 0.252e
| ‘rature, 1 1 0.9172 | 1.85% (20 0..768 0.2765
|
1 ©ity, H 1 0.7772 | 1.5173 Ng @ -0,3752 0.2992
. T 1 0.3503 | (1 NS positive
. x H 1 0.1853 { <1 NS positivo
I xH 1 6.2801 | 4.81% <= negative
Brror 32 0.45941 -
|

*Not significant.

TABLE 7: Summary of the Results of the Analysis by Wind Speed, Temparature,
and Solar Radiation (CONFIDENTIAL)

DEGREES APPROXIMATE ] STANDARD
SOURCE oF MEAN | p_yvALUE | PROBABILITY gﬁTé;gggT ERROR OF
FREEDOM | SQUARE (4) EFFECT
Wind speed, W 1 5.9816 | 13.115 <1 -0.7927 0.2189
Temperature, T 1 2.3543 | 5.162 5 0.4961 0.2183
Solar .
radiation, V 1 1.0041 | 2.201 (20 0.3248 0.2189
WxT 1 0.G331 | <1 NS nagatyve
WxV 1 4.1463 | 9.091 (1 negative
TxV 1 0.3980 | <1 NS negative
NxTxV 1 0.1449 | ¢ NS positive
Error 31 0.4561 -

*Not signifiocant.
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Humidity, and Solar Radiation

(CUNFLDENTIAL)

DEGREES AFPROSTVATE STANUARD !
SOURCE OF MSAN | w_vaLui | FROBABLLITY | ESTIMATE | mppor oF
FREEDOM | SQUARE (1) OF BFFECT | ppFmCT
Wind speed, W 1 2.4202 | 5.801 <5 -0.5448 | 0.2262
Relative
humidity, H 1 2.6865 | 6.200 (s -0.5616 0.2256
Solar
radiation,V 1 1.5764 | 3.779 (10 0.40061 0.2089
W xH 1 0.2288 | (1 NS* negative
WxV 1 5.1580 | 12,364 <1 negat.ve
HxV 1 1.0133 | 2.429 10 positive
WxHzxV 1 0.1436 | <1 | NS negative
Brror 31 0.4172 -

*Not signifiocant.

ACCUMULATION OF BITES VERSUS TIME (WHITE'S METHOD)

(C) Suppose, in the i-th trial, n, xosquitoes are released and
eeeXy  Sccumulated total mosquito bites are observed by the
¢0 tes% subJeo%s in the human cirole at times t4;7 14, ...t o* Under
the assumptions that the successive differences of tﬁese a (d = X1,
dip = Xijo = Xy1ee o o d1m = - ) are statistically indeponge
and Poissou distributed, the probabiT{}y frequency nt diJ is

exani (OiJ --0-11 l)l

The expsctation of xig is n4 Oignand
ves some knowledge

[ny oy, - ey, 1)]

where 94§ is a function of tyj.
the idt of xy3 1s ny® 4; the plot of x4 versus tyj g
of tne relationship between € and t.

(U) After detailed consideration of the data it was found that the
model

'ei.j ~ % ,_1 +Msin (D(i +/85",og tid) ]

where o 4, ,51, ede/i are parameters to be estimated, would reasonably fit.
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Xy = f‘.lg_..i. [1 + sin (0(1 +[91103 tij)]
or,
yiq = oy + Bylog teg -
whero

Bxid
¥1y = arosin ( YL -1) .
A A
ﬂ { ma; be vuch thato{ { + é\ilog tyy 18
less than _ T or grester than . Therefcre, the model was 'nodﬂlied 80

FaS
(U) Estimates ofo¢4 and

3
< A
that, upixt fronm errcr, whenoQ { + p ylog t3y wae less than ‘17', then
2
x4 ; was defined as aero, and when;(i +/a jlog ty; was groatar than TI, then

2
xyj was defined as equal to ny ¥y.

(C) For positive values of ,81. xyj attains its maximum valus,
s
N1 ¥4, vhon Xy + Bylog ty = + 1.
L8 2
Hence, in the i-th trial, Xj is the maximum number of bites per wosquito
(1f the trial were extended long enough) and ti.j"' where

hig
+ '2' -0(1
108 tij" - _ﬁi_—

is the time it would taks to achieve this number of bites. Also, X4 4 has
its minimum value, O, when

A A “
i +,Bilog tyy = 3 .

Hence , tij'- whore

-§_¢i
log tyi* =
SR ;P

is the time taken after release for the biting proocess to begin.
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log t* log v**

Fig. l.- Plot of yyj versus log t4j.

(C) A poini to observe in the above model is that if 3'1 is guossed
and if the proportion (p) of total bites observed in the i-th trial by

the j-th time interval (Pij - El%r_ \ is transformed so that yyij = arsin
ioi

(3PLJ - 1), then a plot of yii versus log tij should bo approximately
linear. If this plot is not linear but essentially concave upward, the

value of Xi should be inoreased. Similarly, if the plot is oconocave
downward , X 4 should be deoreased. By these means, a good initial guess
of“Xj.muy be obtained. ‘hereafter, the process of estimation essentlally

consists of the iterative fitting of straight lines by the method of
minimum chi-square and obtaining the residual chi-square values. These

values are then plotted against guesses of 8'1 until the minimizing [
is found.
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MEMORANDUM FOR Defense Technical Information Center, ATTN: DTIC-BCP, 8725
John J. Kingman Road, Suite 944, Ft. Belvoir, VA 22060-6218

SUBJECT: Removal of Distribution Markings

1. We recently had a request for a document entitled, "Outdoor Mosquito Biting Activity
Studies, " ACCN A® 596046, under the Freedom of Information Act (FOIA). While the
document was unclassified, it still contained "limited distribution" markings.

2. The document has been reviewed by our Intelligence Office and a determination made that
it can now be released to the general public.

3. Please remove the limited distribution markings from this document. The first two pages
are enclosed for your information. ’

4. Please contact Ms. Teresa Shinton, FOIA Manager, or the undersigned if there are
questions. Our telephone number is (435) 831-3716.
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