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ABSTRACT

Field investigative studies, spanning a 3 year period, were conducted to
minimize the nuisance caused by biting black flies at Fort Drum, New York.
Chemical control utilizing aerial spray was attempted over both small and
large areas using six differ~.jnt pesticide formulations. Control was not
successful because of the difficulty in timing spray flights when black flies
were most active and the ability of black flies to rapidly re—enter sprayed
areas. Chemical control by ground application of six different pesticide
formulations was equally unsatisfactory primarily due to poor penetration
into the target area. Parameters influencing black fly flight activity
were defined and used in conducting various phases of the study. Survey
techniques evaluated included sweep count, landing rate count, estimation
rate , and modified light traps using carbon dioxide as an attractant.
Of these, modified light traps using a flow rate of 500 milliliters• carbon dioxide per minute offered the most effective survey tool for
monitoring adult black fly populations. As a means of providing personal
protection, mesh jackets impregnated with deet and twelve experimental
repellents were extensively tested. Because of current restrictions
on the selection of pesticides and methods which can be used against
black flies and the unsatisfactory results of pesticide application
techniques reported herein, personal protection afforded by repellent
jackets appears most promising . Recommendations include the introduction
of an Insect repellent jacket into the defense supply system. Six articles
related to this subject have been published under this contract and one
additional publication is expected.
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1. REFERENCES.

a. AR 40—5, Health and Environment, 25 September 1974. •

b. Letter, AMDA, First United States Army Medical Laboratory, 4 December
1972, subject: Request for Medical Research Support.

2. PURPOSE. To develop control and/or preventive measures to minimize the
nuisance caused by biting black flies at Fort Drum, New York.

3. GENERAL.

a. Background. Black flies present a severe nuisance to military
personnel engaged in training activities at several military installations
located within this Division ’s geographical area of responsibility. Specifi-
cally, black flies have seriously interfered with annual field training
activities of some 90,000 Army Reserve and National Guard units which train
at Ft Drum, NY, during the spring and early summer months each year. The
persistent problem affects not only the morale of the soldier but also reduces
the effectiveness of the unit training exercises. In addition to providing
information to alleviate this problem in training areas, any information
developed concerning black flies would have military significance in other
areas of the world. Certain species of Simuliidae transmi t onchocerciasis
in Africa and several Central American countries , some species cause severe
allergic reactions in man in South America , and many others present a severe
nuisance to man in portions of the temperate region .

b. Support. Funds to support this field investigative project were
requested from the US Army Medical Research and Development Command (USAMRDC )
on 4 December 1972. The project was approved and funded on 14 March 1973

• and continued until 30 June 1976. The amounts provided by the USAMRDC were
$10 ,163 in 1973 , $10,388 in 1974 and $7,370 in 1975 for a total of $27,921
over the 3 year period .

Use of trademarked names does not imply
endorsement by the US Army , but is used
only to assist in indentification of a
specific product.
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4. FINDINGS AND DISCUSSION. The overall approach taken to investigate the
problem is shown in Figure 1. During the first year of the study, ground
and aerial chemical control measures, repellent jackets and various sampling
methods were evaluated. During the second year, studies were focused on the
effectiveness of aerial spray over a larger area, on evaluation of modified
light traps as a survey tool and on the effectiveness of repellent jackets
under field conditions. During the last year of the study attention was
given to evaluating various repellents for personal protection, to laboratory
studies in support of biological control possibilities and to refinement of
a modified light trap survey technique. Description and results of the
various aspects of the study follow.

a. Aerial Dispersal.

(1) 1973.

(a) To determine the effectiveness of black f ly  contro l by aerial
spraying of

2
various nonpersistent insecticides over comparatively small

areas (5 ml plots) ,  four spray missions were flown by the United States
Air Forces Special Aerial Spray Flight Unit , Lockbourne Air Force Base ,
Ohio, during the period 24 May — 14 June 1973. The insecticides tested were
malathion and naled. Butoxy polypropylane glycol, a fly repellent, was
added to naled for one treatment. Malathion was applies at two different
rates. Four test plots and one control site, each S ml in area, were
selected for the evaluation.

(b) The results of these studies are described in de~ail in Appendix A.• The use of aerial spray for black fly control in the 5 mi plots was judged
unsatisfactory. Poor control was attributed to many factors including poor
meterologica]. conditions for application and the rapid reinfiltration of
flies from untreated areas. The investigators found that temperature,
wind speed, and light intensity had the greater effects on control efforts
because of their direct correlation with black fly activity. They concluded
in addition to spraying at ideal weather conditions, larger areas should
be sprayed to prevent rapid re—entry and infiltration into the target area
and that other formulations should be tested with the aerial spray technique.

(2) 1974.

(a) A technical objective during 1974 was to continue to evaluate the
efficiency of aerial spraying as a means of area control for black flies
using various solvents such as heavy aromatic naptha (HAN) and other
additives with naled. On 4 June 1974, 10,240 acres were t reated with
naled at a rate of 1 oz per acre. On 21 June 1974, 17 ,280 acres were
treated using 9 oz of HAN plus 1 oz of naled per acre.

2
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(b) Results of these studies are shown in Appendix B. Caqed specimens
were killed within 20 minutes after being sprayed with naled plus ITAN, hut
not with naled alone . The investigators felt that 7—10 days control could
be achieved using this formulation ; however , the adul t population was on a
natural decline at the time of the second spray and it was not psssible to
accurately determine the effectiveness of t!~e aerial spray.

‘1

b. Ground Dispersal.

(1) Ground dispersal of insecticides was evaluated only during 1973 .
Seven test sites to include one control area was used ; each was approximate ly
1 mile long and 300 ft wide. The following insecticide formulations were
utilized: 33.8 percent malathion plus 14.5 percent Lethan~~ ; Pyrocide 7067
(5 percent pyrethrins plus 25 percent piperony l hutoxide); Pyrocide X274~
(5 percent pyrethrins, 25 percent piperonyl butoxide plus 5 percent repel lent
II) ; 85 percent naled; 9.3 percent naled; and 6.5 perc’-nt propoxur. ?~n
experimental rotary tube sprayer prov iding an ultra low volume (DLV ) aerosol
was used for dispensing the chemical compounds.

(2) Results of the ground ULV spraying are described in Appendix C.
On caged black flies, naled was the most effective compound tested producing
100 percent mortality within 3 m m  at a distance of 225 ft downwind . At
that distance all other compounds except malathion plus Lethane caused
some mortality. However, the natural populations at all sites were not
reduced for periods longer than approximately 5 minutes. The investigators
felt that the sprayer did not provide sufficient penetration of the aerosol
particles into the vegetation. Also, the small areas treated allowed for
rapid re—entry of the black flies from untreated areas.

(3) In a separate test, the e f f ectiveness of the insecticide resme thrin
was evaluated against caged black flies. Complete mortality was obtained in
approximately 5 minutes. These data are presented in Appendix n. •

c. Survey Techn iques. I
( 1) 1973.

(a) One of the original technical objectives was to develop and app ly
• sampling methods to assess the magnitude of the problem and later the

effectiveness of control measures. An informal evaluation was made of
the sweep count , the landing rate count , and the estimation rate. Landing
rates were determined by counting the number of f l ies  landing on the upper

®Lethane is a registered trad emark of the Rohm and Haas ro , Philadelphia , PA.
~ Pyrocide is a registered trademark of McLaughlin ( ormley Kinq Co , Mi nneapolis ,
MN. 
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torso in a given perio (1 of time . The sweep counts were made in two ways :
continuously for a period of time (1 mm ), and by makinq a given nuii~ber of
sweeps about the head and body , general ly 10 or some mul t iple of 10 . The
estimation method was evaluated by estimating the number, of f l i es  around
the head after standing still or walking around slowly for a certain length
of time. The investigators felt that none of these methods were satisfactory.
Considerable bias in the population estimates by d i f f e r e n t  observers was
unavoidable. Plans were made to try modif ied mosquito l iqht traps for
the next year ’s study.

(b) Observations iiidicated that the more important parameters affecting
adult flight activity were temperature, light intensity and rainfall . The
effect of these are described in Appendix E. Black fly species occuring in
the Ft Drum area include Prob~rnu 11am hirtipes complex especially P. “i~x tu m ,
Simulium Uen8ustwn, and C’nephia mutczta. A brief description of these species
can be found in Appendix E.

(2) 1974.

(a) Studies were continued to investigate various adult survey techniques
which were needed to better evaluate the effectiveness of aerial and/or
ground applications of nonpersistent insecticides. Two mosquito light
traps , 6V battery operated Center for Disease Control (CDC ) type, were
modified to use carbon dioxide (C0

2
) as the attractant. These were tested

for a 32—day period from 24 May to 5 July 1974 and subjectively compared
to the previous year ’s methods for evaluating adult population levels.

(b) The results of this stt~dy are shown in Appendix P. The investigators H
felt that indices obtained from the two modified CDC traps with CO

2 
as an

attractant indicated that the number trapped was more relative to actual
population levels and that this technique offered the best way to monitor
the effectiveness of control attempts. Observations indi cated a CO flow
rate of 2 liters per mis to be sufficient for trapping adequate num~ers
of black flies for tabulating indices.

(3) 1975.

(a) An attempt was made during 1975 to refine the CDC modified liqht
trapping techn ique for adult black f l y surveillance. Specifically, a test
was designed to determine the flow rate of CO

2 required to effectivelyatt ract black flies and to detrrmine the effect of trap location within
a small geographic area .

(b) Results are shown in Appendix C,. Of the 7 selected flow rates
evaluated , the optimum flow rate for trapping black flies in flew York was
500 ml of CO, per minute.  Trap locations in the selected test sites appeared
to have little effect on the n umber of specimens collected . The operat ing
performance of supplying CO2 f rom a sing le source to multiple (‘DC traps was
advantageous.

4
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d. Repellent Jackets.

(1) 1973. Observations on the effectiveness of 35 deet impregnated
nylon—cot ton one—fourth inch mesh over jackets against black f l i es were
informally conducted during 1973 . Field soldiers were asked to wear the
jackets and report on their effectiveness, acceptability , comfort, convenience,
and irritability. Reports were very encouraging and information gained was
used to plan a more comprehensive test for the following year.

(2) 1974.

(a) A determination of the ef fectiveness and longevity of repellent
impregnated jackets as a means of individual protection for the troops at
Ft Drum , NY , was made during the period 10 May to 1 July 1974. One hun dred
and twenty mesh jackets were worn by personnel undergoing combat training
field exercises. Based upon questionnaires from soldiers who wore the
jackets, an evaluation was made as to effectiveness in preventing black
fly bites ; skin irritability; and , acceptability with respect to comfort
and convenience.

(b )  Results of this repellent jacket study ar e described in Appendix H.
While complete protection of persons from black f ly  bites while training
under simulated combat conditions is not possible, the deet impregnated
mesh jackets did offer  significant protection from black flies as measured
by statistical comparisons between the n umber of bites received by individuals
wearing treated and nontreated jackets. The majority of the participants
stated that the jacket produced no skin irritability and was comfortable
and convenient.

(3) 1975.

(a) Work with the mesh jacke t was continued to evaluate experimental
US Department of Agriculture (US DA ) repellents , impregnated in the cotton-
nylon mesh , and to determine their effectiveness in preventing black f l y
bites. Previous studies had shown that deet impregnated jackets were more
effective than topical applications of the same compound . Because deet is
becoming increasingly difficult to obtain , its effectiveness is greatly
reduced after wetting, and it does not have the longevity of several othe r
repellents , it was considered advisable to investigate the possibili ty of
using other repellents with the mesh jacket concept. Eight experimental
repellents were paired with the deet standard and contro l jackets , and
ratios of effec~ iveness were calculated. Jackets were evaluated in two
locations to ascertain the effectiveness against both tropica l and
temperat e species of black flies. During the period 29 January -

11 February 1975 , tests were conducted in the central valley of Costa
Rica and during 17-24 May 1975 at Ft Drum , NY.

5
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(b) The tests are described and evaluated in Appendix I . Of the 12
experimental repellents evaluated , 2-hydrexyethyl cyclohexane carboxvlate
(USDA Ident i f ica t ion No. A13—700R7) appears to he the best compound for use
in impregnating mesh jackets .  It was anoroximately  three  t imes bet ter  than
deet in preventing black f ly  landings on the upper torso . Two other compounds
appeared to be as e f fec t ive  as deet in preventinci total black fly landings
of tropical species. These were tetrahydrc furfuryl octanoate (A1 3_bl 1R ) and
N, N—Dibutyl—o—ethoxybenzamide (A13—1°i)R4).

e. Laboratory Studies.

( 1) A new techx1ical objective was added in 1975 to establish the
capability of handling black flies and mermithid parasites i n  tht laboratory
as a prelude to biological control s tudies .  The po ten t i a l  of us ing  m erm i t h i d
parasites has been recognized by many workers. For background information ,
a survey for natural pathogens and parasites of black flies in the ~ ew York
study site was made dur ing the period 4-18 May 1975 . In col laborat ion wi th
Dr . Will iam R. Nickle , a nematologist at the USDA Aqr i cultu r a l  Research
Center , a low leve l of infection (3—5 percent ) was found . Also wi th  the
assistance of Dr. George Cantwell , an insect pathologist from the same
organization , two species of parasitic microsporidians and one species of
fungi  in fec t ing  the Ft Drum black f ly  larvae were i d e n t i f i e d  (See Appendix 3) .

(2)  Field experiments wi th  mermithid parasites can be r e a l i s ti ca l l y
attempted onl y when procedures have been devised for the mass cult i ’. t  ion
of the infective jeveniles and when an understandinq of mermithid - simuliid
interrelationships and e f fec t s  of modifying environmental  parameters is  more
complete. To mass rear the black f ly  nematode , a technique must be developed
for colonizing large numbers of black f l ies for in v~ i’o development of the
parasites, or develop a cell culture for in Vitro development of the parasite.
Studies were directed in both areas. Attempts to aet the black fly i~

•
”~, 7 i4i’~

V i t t a t~’C’7 to mate and to feed in the laboratory were pa r t i a l ly successfu l
using special handl ing  techniques. The new ly emerqed adults were concentrated

• in small plastic containers, anesthesized wi th  CU, and then placed on a
• guinea pig. In th is  manner , about 50 percent would feed and an est imated

5—10 percent mated , but black f l y  survival  for more than 4—5 days after
emergence could not be maintained .

(3) A device was fabricated to allow development of large numbers of
larvae in a small space. Circular disks of corrugated fiberglass were
rotated within a large bell jar  by a rheostatically control led s t i r r ing
motor (Appendix K).

(4) The most encourag ing resu l ts  in the laboratory has been the
development of a self sustaining cell line (Appendix L). Techniques have
been developed in the collecting, transporting, st.orinq and processing of
eggs to insure aseptic larvae and the production of a continuinq primary

6
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cell culture. This opens many possibilities for other workers to study the
propagation of pathogens and parasites which might lead to a control of this
important insect.

5. CONCLUSION .

• a~ Three years of f ie ld investigative studies on Simuliidae were
focused on minimizing the nuisance caused by the b i t ing black f]i~ s at
Ft Drum , NY. The problem was approached by investigating ground and aerial
chemical control measures against black fly adults , and evaluating deet
and various experimental repellents , using the mesh jacket concept , as a
personal protective measure. Additionall y, survey techniques , distribution
studies, and binomics were studied to assist in control measures. A survey
for natural parasites and pathogens , and laboratory studies of mermithid
nematodes were made to examine the possibility of us~ nq these agents for
biological control of black fl ies.

b. Little success was obtained using ground chemical contro l wi th  an
experimental rotary tube sprayer. The use of  aerial spray was also jud ged
to be infeasible because of the short duration of control produced. Repellent
impregnated jackets appear to be the best technique to reduce the degree of
nuisance from biting black flies at Ft Drum. Studies showed that deet
impregnated jackets were significantly better than topical application of
deet and that they had a high degree of troop acceptability . Various
experimental repellents were evaluated against both tropical and temperate
species of black flies. 2—hydroxyethyl cyclohexane carboxylate (A13—70087)
was judged to be superior to deet and to all other compounds tested. Also

• the effectiveness of this chemical was not reduced by simula ted rainf a l l .

6. RECOMMENDATION . Introduce an insect repellent jacket into the defense
supply system as an Army adopted item of medical equipment. Similar repellent
jackets , using deet are being produced for commercial use by Cole Outdoor
Products of America , 801 P Street , Lincoln , NE 68508 .

• ~~~-

~ERNARD A. SCHIEFE
MA3 , MSC
Ch ief , Radiation and Entomologica l
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FIELD EVALUATION OF IILACKFI.Y CON ,I,’wn and in,, .  the wind. Lini . rrs ’t t ’e r  ringed
TROL —AF.RI Al PLICA rIONS ‘ I ’ll? 4 .

~ 
0. ~ ~?u ..,,.t H ~ ra te s  t s . ,  , -n

R. R. CARE5T IA ,2 
~ L. FRQMMFR .2 ~~. ~~~ . ~~~ 

nuinhr~ ::~ 
no iyor !

~~~~~ JR . AND - A. Los ‘Or , .‘~ 3)? . i iU? U~~ 
,.‘ i c  - Ire? I.., .. 5 t . -  (~v i t

sss .ith ,,.,ers.il .,n,i i: ., - .  ?, r i  ri j  .,s ,li, u,,

To alleviate the irrit:u,on and annoyanc or, • - i I . ICC? - 1 he s~ , t  p t o  ,I,,nc in

by the bla~kflies it Camp Drum , New York , a ‘‘ , ‘~g’ ~~~~~~~~~~~ lug ni- . t i

preliminary ttudp Waa initiated ii , 5ieterni,,’r .O tiSCl

whether relief from annoyance by bi,iekfhrs c ultt 1 he tc  in.,t ..th. ,i so ..
be obtained without using Oer s tc t ’ t ,?  i t , -  - to. t i es  ~ A. •1 1 i n c  I ,07,l, w it li a h,..,ut ( t I ,  SSU tC

The o bject iv ts of this esaluati on were t.. t Ic t ,  r ..f 4 2  ) S UtIt Jr.’. 1 s ot ,  p.. ss, r of tli Is i i? .4? t Or n ?

mine: ( i )  effectiveness of aerial dispers al .1  ~ ~‘ , i.,ti, ii .t,spcr.e .1 loCa l ,li - .,g ’ • 1 I. .z  per

standard insect ic ides as adulticide’!; ( a )  re—e n try so or . I he I )ihri.n, IL ~ .,s loi n s r i  ,h, oug i’

time of b itick ilics after spraying and (j )  whether ~ig lit M~,t ’ fl ,.771C5 wilt, a itoo m j r  r - . t t t ’  u i

or not aerial spr ay ing could pros ide 4 8 — 7 2  hours is ,. 1 h~ Dibr,.,n plus t ,t.’b,trn, tt • • tut u , ,  .o i, ,,

of protection agains t blackflses . w .is iliop. ‘ru t through (or ci,, S n. u - .

MATE~ iAt4 AND MiTticios. The study was c. ,, ., l,.,,tii, pri ss ,, rc ‘f 85 ~~~ 
1 iu~ ç~~~

ducted for 8 weeks during May and June ~ 
o is .it’;’- r o t  r - ugh 1 ri, f~t ,,, • - i i

Camp Drum , w hich is 3 Cl.iss I insta llation .1 the Will ? .1 .t ~ . t t .  ~~~~~~~ ‘‘t ~
t t  p

~ 
I ftc I. . ! I •  .,.

First US Army; locatesl nine roller cast •‘t ‘Wa? ,r - l l? ~ ‘t r’ ti, il tI’ s.i~~r s  t o-. ru .ipjil < .1 ,.s. tb I Ogn?

town, New York. In co cos iii 90 ,01)0 ~~~~~~~~ 
art  as 1. fluid ,,z s l)rt it rn ,,~ • • , i t  it,. it

pi’inC ip~lly from the 15 northeastern s,ates re- Huiil se t .f k)ihr ,i,,. 5 t i is - ‘‘I I a t,,,,,,

CCI’ e their regular a weeks ann ,,al t r a in ing  he r r  - 
Sta bu le ne ‘ .t,td t 2 o s .  pci acre of 

~ •

This training s ite compr is es a total of I 07,000 ? liititi -
acre s and has a ,‘,axlmum elesatio n o( ap pro o l -  Sarnp l ,ng Stations ,vrre rota t ,t,s he ,l .,n,l c,,unrs

mately Si,o feet . The prevailing ‘vinds wer e ‘~~ h lac k fhr s  ..long with ,thscrs .i?t .,fl ’ of behavior

s,,uthwect to northeast and (he loran ~~~~~~~~~ 
U n,lcr 5 anous pa?an?. ’tet 5 t I  timr - t r f l ? J ?era tu r e.

re lative liurntdiiy m d  wlndspee,l during t h e  tig ht .,n,l w,n,l srlo. ,tv were acci ,nt1,l,sh,il on a

eva luation so crc 6m .~~~ 
F, ~7°-

~, 
and 8.8 mph, rr tI.i iiy basis .

spect ively. Old New York State R ote #26 \Vrarhrr ~..tt. ! t ’ o ’ r . such .ic wind s n i t v , ? s . di-

was selecte d as the locale for the test site , and rrction . spre,t an,l int i l ( ’ r r 3tU l r  r s i s t ,n g  at thr

a tot al of an square miles was sprated w ith training s ite S v t t )  ,i,Ir,m,nr,t ir\ lhr weathn,

different dosages , insectic ides and flow rates . s t , I t i , , f l  1 Camp Drum. In ail . t , i i , ,n , l v at wea thet

To ascertain w hat effect aerial spraying .1 ~~~ ,i ., ’ , , ,ns it the tesi s u ns Wr re  its , , made hr

va rii ,Us non -persistent i n%eCtl C l i lCS over ~~- squ ire - I re. dur in g  .i nil iii, r ciiii ‘I ‘‘‘‘ I t?

m ile plols would have against hlackfltcs 4 5~’1 ay I he sI ’ r? .ip l’ h?o . i t ?. , i? ‘5 ‘s assrss r,I I,, the

.~nssiiins were flown by the USAF Spit al A - n il ~~~~~~~ i ~~~~~~~ i t t’ ’  I,’ .1 t q  nets t nresl,

Spray Flight Unit , I - , ~klxiurne Al -B . Oh?,,. Ft ii r “c # ~. .iiut ho i.,k,ng in r u b  ,it.t p m - .in,l

tCs t plots . t,li.i s one control site , eac h ~-sq uJrc- J~ t0 ht :i~ Lilt t ’ t ’ u n l s  ‘i ti m t Oll.?t .i,Iutt

• miles , weie se letleit for this ev.ituat ion . The .ir Io n. L t I c ?,  rn?,?,, thi • ii , t  tO ti,r .,. f . . - , .  Is -u

cra ft used to app ly the insecticIde solutsinv ~~~~ 
i lie t t t t t I  • . j ~iI l u .  ,t J r . ’s? 2 t, ,,,,s ,, o,,

a USAF UC-t z;K , equipped with a F.iirctol ,l ‘-“Ii ,1,~~~1 T t , m n ItO it ,, ‘tse lots sA r i  ri m —c

InWrnal Pressure- Spray 5) stem (II’SS), s,oh con lit I l ls  l It , 5 ,  I t ,-,r hi-ai ls w ith a tta,,,i - i ru ha nil n,?

ventional booms and Teejeti L flat - f i n no ’uirs C t’  ( 4 I S or. ‘n t i s  and rook the highest . ,,uj n? I

ranting from 8oo ; to 8,,u,6 that we? r vet 45 ° t S  liufluit e it iter s . ’ J  s ,iniii t lse actual t, ratt ’srnt

— 

,vii~rrtil - A f t e r  c i .  h s ,s r r I ’ . f l ies were killed
lr~ otush it ig in it,, Oets it, l r rs ,t? rr,aplure

I The ti(,Inirunc or asse rtions ci,nia,nr,l It, rr.n l,,,iit--,Ii.itnli .if tr r rhr s;’, .,s , rr - rn t r s - lone 55.”

are the privaie s tews  ‘f the authors an,l .t ri it lcd h5 O h ,  flt? lIg the r ,, , t t  1 ‘ ‘‘f IllintlIrs clap, -

not to be • ,,,,st,,in,l as ,,fFc ial urn us teA r . ing the ing ii f,,T, ti,. thi ns wcrr co rn I’. ret,,,,, ri ihr

views of the Dept. of the Alloy I the 1)01’ , , , , r s l r g . i l . ’ ,  \ f i , - ,  ii-,. , , ) t , i , t f l
~ 

i t ,  r n - c h I t s  lime ,

Rese arc h sponvoreil by the L~S Arn ,v Mr,l,c.il ilic , t o ts l ,~ , , t - u ,  t i , , ,  t , , , t ,ius i , , I  H , . . . , t ’ t t t r -  c In ~~~ 
I - ,

Research and Ijevnlopnienr ( .,n?,n,in,l - “A ’ASI I irl,lnner ’l’’t ’ 1 , - I  i l ’ s ,  at 55 it  un,,te mr .1

DC, ~Oj t  4, under Ctintract /(.rant N.. PA until ,h.,,k. l t t t t  .r,ve,liire w.’s ilesignaie,l is

3AiS6IIiIaR7iPnt 
the ~

. ,oI  , . . t t t t l  - I.. ,lrtr ,,,,tnc the kill of
2 U.S. Army, US Army Medical I ,,l,, l i t . ? y •i ‘~ r 1  i~ cs . a.ttiir 1, ! t, h iss is - crc collrcirii tI

Ft. George (; M~~dr . MD ai’~ ss- 
-

IU . S . Army. US Army Mnihcal li i . i , ’ . , y, ‘ R o lt ,s ,  t..ir J’ r?q.~ roe Cltr.oI i.” ‘ , ( 8 a ~ Ito/

Ft. Sat?? Hiiiiston , Texas 7 8a ~4 .  iii.

T’ .. 1

- -  -•~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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stanulard handsweej i-nets and also in the 1iassen - I r t i t i t  s I •hegrres Ii was n it-ut that blackfl y
• gee cab area ,if the invesugai.’r s’ irucks w it h tin ... to 1 ii i?ti ifl us li?- ll rapiutl V With .i ti , — i , .,s c ii,

aspirator . l’hi-y sorer thin placed in eli- an nets l,C i,i ,ift, it oi, Jo s t t t i  I’. I.t li s u t i i , s e  itOl s O it s ,  I -

and later lm,caieil iiti the ,m 1 ,m -i • road or in mlii fri - il I it it  w ,is o t t  t i  tt l i ,it , t l t i t  i,•,imiitl,i, w.is a
i,f the inveslig.ilors ’ tru ks . In alt lots liii - t r i o k I- u t 1 , 1  -

flies were ert po~i- il thir.iugl..ii,i thr sliray s Is J t t i t  a I mo - • l r . . ; r - -r .lisiriiiui t Il t , , 11,1- ,!t - , :i,,lo ,i .,s
tu,n. . l nt ,t h  i , , t t , I . , t ’al  I,, ‘‘ ‘ ‘ ‘ s o t  s o i t t - I s ; i c t . I. i l - - I

At least a dozen uI-r ed dye earths we re plato1 ing . 1 . 1  i t  s l ’ i . i t , t t A  ‘~ I~’ 
t , - o , s . ‘I i t -  is ..,

hori.’.iiotall y w itlon each - lIe on it u t al itands i t .  t .1 O t t !  it 4 tic I t t  i i? .?I  s . . i r t t -  il~ r • .o i~ h_t i
deto- ruone d roplet slrncit~ - Telhtti-c ,iat ril inter. . . 1  ‘ p.. t Ic ‘- ‘‘ ‘ -c’ to ii tr. .,. iith,- ro h.’,J
scope slides were also pit.ccil tin cob b -nt w ,,tvl ’-u i It ’’ , t i u t t t -  - t t  - - - so- .,’ n,, ,lt ’ 1t t -  t i  ii, tifltJ-
sta kes to collect droplets dispersed fr,nti I lit I. r ,t ,st rh ,,, , ,, I • .t ii ‘ s i  ‘ .‘ ;‘ t ,irt lm ‘ i t t  ‘ f l  i!?c
aeria l applicatii.ns. I)riiplet sites so-n rc on .  - i t - i ,  r t t .ut l t o . i  . .t  undo t i  ~~r . t ’ t t t  coon i,Ihri
puti-d using the te..hntqiir ilescniheil by Yoirn.iio i t . , ,  ili.i? i t t ? ’  to  f i t t ’  t o , , l  roti ids 1innds T h e
(1949). Sampling ,tai sins were sp.icet l .,t t i, .; ‘I - t si, - . Ii,, t .t. it t t itn~ “‘U n,l t i  o t t  - I a? r ‘ci n
mile intervals aIling each l is t  sitr. Ii I ti ‘Jr

RF suv.Ts. Fmi r aerial spray t n is si i , ns 5 5- I n  Ii • .ili t I t . i t  4 i. s melt ii,., ’- len,.’l s 1t t  a~ l ug  W .is

fluiwn iluring (lie period 24 May— 14 Joine l’170- •,i’- ii, t t , t i  - but ti,,- ~~t t ’’  o tt, . ‘tn t  lie s.i,,.il.ii-s
On one occasion three applic- itions wi re apl,hil- il .iss mv t i l l - i l w i t h  l,iacktl o Jc t , s  It , .tr to ill is l lt r

at three different s utr o It die same ii.i~ with th is - t,,i m i t - il ,r t . ~~, t , f  ( ‘ L.V .iJ?p Ito.iit ’ i ?mo  of a ti - it lt  t i c .
weat her and hirulogica l parameters being equal. I I t . .t . ;t s r l t i  • .. i) nr prirtt. l  that so i,,n an ‘ II, - t t ,

The cifect ‘it .iertal spraying as a c,,ntr,,l mca - . t l ’ t . Il. • t t t .  ,,r t t i ,  is f .tun, l , svtt r k shoiil tt t,r ~ 0

sure for adult blackfl ies w,is unoati sfaci ri ry. ‘l iii’ i,- nt i, 1 i, . i .h,t i  l i t ? ‘ iii- iii t i - i t t - s ti tt mc ana.’Unt
kill of trappri l h,ltickflit’s Ion all treat m ents ~ic .,t us, - , noitIc to J I ’ t  it , ,  s..k m i t , ‘.1 t lit ’plci st i r

we ll as the natura l populat it in is scm in Table t - an.l ,lrii1iI,i~ l~
- r c ‘ ‘ - I t  U ?t • I  , - .i. Pcrh.,pr a

The ,lara on kill of trappeih t i lacsfl ies along with r t t .  t i C  ituluii- villuti,in tif mit e nor, tcii1r s usc d
the natural population at all test s i m s , as wr l I as w, ,uiil i t t  s t  1,-en mo ire , lim e ii, e I ..t . t , .t k it, c’,n-
sveat her observation s , deftnimel>- shtowi - il IliaC this tr it l . ltl,, ,. t i  .. , t . ut t , .  i- t o ot ,  I, as mit1,.- t t t u rc ,
pou r control was attri hutnih Co t itans- variable f.ic- h u m i l i ty  , ligh t ,,,i,J so , i t , I s 1 t , t t  I are  ocr ,  ~r i t t ,
t,,rs tuther thin r” - en? ,  v .ind re-tnli lit ation by i i  I hr hi .i,kfl s u t ’ t I at l ,, ’ t . ‘ntriil .t It t  in

blackflies. ..t it,, t i ‘I , the ctitn pt ,U ntis rot, it he applied when -

At w indspeeils above 7 mph It was apparent es-er ciu tis m “I the fbi- s are i n  th e win g. ‘I lie
that the spray app lic atio ns were nit effective and • . , t l i l I imm,no untIe, whioli Itt ’ t o pcriments we,,-
t his was uhirect l y corre l atcil with reiluceil fly act u s- s.t ii i ius med t s - . - t r -  t i?l t  tl,..t t ’ e t i -

ity. Temperature wa s also a fact mir w hich sig ‘lii,- ,,t It ens, - ss-e,irh,-m ,,,n, lii i to, (win, l  .irid
nifkantly influencrd bla~k flc act is- tty as ss’c11 is t n i o i J r i - l , , t u r c  I wit , ii pri s .,tled it (~amp I )r,,m
light intensity - liii , wa s clearly , lm mt mttstr at et l ho ,i,.iiti’ it ,liflisuuli , it h i t  t t t , ; t t , s , t i , I — . to select an
the high rate of kill for lrappcd flies ,o .itt ’ thI iilc.i I I unit Ii. t rr- ,i? tile sit ro so t i .  hi- c,ii,i1’iaunds
malathion 95 ’~ 

treatment. The temperarure at reorr’tt 7 h~- ss-inili iii ,! ?. - r i ) ; i i - , J l u rC,  ii Camp
the t ime of app licat ion was 70° F and at the I) imi,ii a,e .in.il. .g..ti . , t u  iii ‘ ret / r s  a nd it;.,?.,

end of the application it was 6q ’ F. Alt tither I t ? - . mn. tint Is It ‘ c Ii, .,. h - In ihr Carlo mill n -

app lications had te m per am, i rr changes a , , v w tm en t  ing , iti,-~~
- is l itt li - to , t t . ,  - It ’s- .’- - rhe . ‘ t t ; ’ ’  i . ,

‘ T A u t _ F  t (t tn t r . , l  h na i u ra l .,nil It t f ’ ~
.t, I t i lt , : , I. ,, III,, S , ,v,,:-, ,r .ini1

P. ~iet ipet oy~~h l l l.V .’iiial spt~~~ -
~~~~ 

-
4 Pce - ~l’ .,t

Avg , tt ,,Ii,i. t t i  i -  t t i i i .- , t t  ‘~,k. ’ l . f
\ v g  s o , t , , t , ; - , , I  l ) - ~ . it l i i i? , , t t , i t l  t , , ~~- ; ’ -

Insect u ide Site # u-mJ, I ‘i,;.lt I (A t i  acm I ;•i t ‘ i l - i ’ -  110 t t ~ t m t Ii,

Malathion g
~ % 26— 3 6ii° F Ii 17 i A

Malathion ~~~ a6~6 6 ;’ F (r s a
Dibrom t 4  a6 - t  6n° F S t ii

Dtnbrom plus
Sta bile-ne 26- R bt;° F q 5 I 2 I 4 , -

Untreated a6—C 68° F 8 o ii, t i  n
Untreated atm C ~~~ ~

- 
6 o .t it .  o

Untreated aS— C (.‘ t 1- 8 A II
Untreated ,(. ( ‘ 64 ’ t- o i c m 6 o

A ver age count per n,an ,ifiel tak,ng , t i un is it ? nhir,,Itc intetv, i lo tn - I .’ . ’  at i,i.ii ir .,ili?t l?l

~ Average count per man after taking .iiunrs it is nhi l , t ite intervals until dark.

A— ~‘

-
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No, 
~

a S i r  if ul r iii s lets ciul lec tem l so nI t .ieri al .ip l ilisimu i h in of misc , - tucu t l, .. wh,-n app li~~
with hiS .-\ I I c. a ,K a ircr a ft

Vi mlutuue I) is l i i - ls .t l  Micron Average
fl l).,sc’ 1 II, (A m,7 ilmii,i,lr ‘li-i i-I Nttizie l.une thizsiue*er diame ter

Insecticide per acre) ~
x -r ac re) ( i - e l )  (nil .) (size) (I1SI) m a nge (Micron)

Malathio n 
~~~~~~ 

t .  ,
~~ 

6~ m s . .  m a  Mt •i; 42 5 110 33
Malath iuu n s~~° “ 5 4  12 a. t . 44 hInt,6 41m 5—t 23 35
Dibrom—- -t4 i i .  I ’ .  I ,‘‘‘ . ‘  hi liiii?3 57 t9— I 14 45
Dibrnrn phiis

repellent 2 i ‘ /~~~ i ~ . i a So,.(r 85 4 — 2 4 7  4t’

3 passes at oi per ac re .
Stahil ene (S a6 lbs/gal)

tunes are tmsi lovv for mhis1neno ing insnciii idles sin - c I. .r liii ass Ist ance toeing chic initial ftf ias rs of

most iuf the ci -mt’ uimni hs star t I?, crystallize a, t im e ,- sj t r  r t o t  t t  t - ‘Ihie Medical Revea tht and 1 )e-
temperatures below 70’ F. Ab.iut ‘~ am, the s e l .p,s,ent C,imiti.mn.l . OTSC - ‘.Was hm ui.gt i in - D.C.
wind picks up anil stays rather active with gusts is al ot t  gr .iiefull mi ii, tine,1 I,in Ito suptsiirt ii .

greater than i t ’  tnph until s• ‘ntet,me I .t t e in thi’ priis it1? ng the I(rseart hi an,i I )rvel,ipnuent funds
alterniion depenihing u1,,in whet her i t s ,l m ret n t  ‘n intl ~qu uj ii i it t m i , in-c, osa r ’, f t l r I hr coti,lu(t u- i d i r
shifts to direct n inth I ir 0’t ~ In the — t cnmng - • .utim.i t m ‘ie
prior to su’iset , the witicl .1 co il •wn . hut I hr
temperature also ilt.tins making con.litiiins f u r  Js’,- / i i t ’n , ( i  (~iie d
aerial spraying unsat isf.ict utry, 1 lie ins cs(igati iro
feel that typical weath er ciinmhut i,,ns at C.imp I It. ’i ; s - .  n ( A m t~~ ~ 

Stinie rrri,rs inh erent
I )runt are not ishe.d fi.r aerial sprari ng ~nd that in I - I - V - Imiler ,,? t . no . 51. ‘sq - t° 4c- wo i 4(i4 - 4 tm7,
new c ,. tum 1ti i un il s , w lmi t Im are i ITei, t ,se at kuwei 

~ ~ . , ? t s . A - II. 1 t 4). I i,iu - cb i,mn s Itir ilu-ter rmimn-
trunpcraiurc’s , slu,isilu l lie c. ,nsidrrnil f - t I  future ung ;i,srt isii - si/ n , ‘I ae nimsi , ls anil fins- sl~ra~ I’ .
tests . USI)A Ilu r - I- ,.t , t m t . .  I Pl.iimt Quarantine El’-

It appetmrs t h at in area greater than square l~7, 7 i t ’
miles is also ri’quireil to prevent rapid re - mntry
and infilt rat m m ‘if t h e  natural blackfly piil.u I,iiit in
um ut smm le iii tIle llm ’n i ?iit ter not spras nil, Perh aps
something I kr’ 5ii—. 6.t square miles is nc’e,lnil t ii
re,Iu c’ blackfly po~m ul.mtiuins hu e  an area like C. t•rtp

I )rsim, (‘ii nsiilerat ,iin for ss ich ciuntriul 10,-asu ri-s
may not he eciinoniicj ll y feasmhil i’ when u,nr Ic -

ter n tines t h e  Ilnant il ouliliort needed -
All of t h e  afiirc ’nientmonei l variables c’ ‘fleer mu mng

U I.V ilispersal and ailmihi black A5 s ‘ .nrri 1 ner,h
further es-a luaii im n. It symiulil ilu;iear t h ai sub -

• servat ions nuver several se250fls are rcqiam re.I to
eval uate sue I, f i~ rt ,n, as w indspred . light unti’n-
s it y and tl’t t rpc r .mmmi ne.

Satiofau- uory s ont m l  was not achmns ed ss-ith ct . .  I. -
antI t ,um i i, m u  it swath  inte rv als so- tb the Air I. ‘n.e
UC - m a t  K ,iircraft , hut aililuii’ nil ri sea rcl, nt’n.ls
to be mhii ne r u  u le re roi m ne whether mm lh m ,- r ,,tm -

pound,, with iliffrren? f,irtnulat,iino cnuuj lil he
utilize-cl f i r  adsu l t hil.m o K A s c h o i r ,  1 11r?sgramo

AcKmiowt- v uu .,sui ~ ‘ O . i him USAF Special Aeuu.i l
Flig ht Spray ti,r ,i - I .im,-khiiun ne , ()hi ,m l~r v ’  isle-il
the airc raft , .m in an I  gr,iunul crews , m , . im t

~ ’ .i I of

s~’ray n-l.uter i_ il ar,i I i,, o l in  ,irhi’r facilities noru l in
c,inihsa niuig this i-s ,ii,•.iti,in lhe . i , t t i t . t i s  sc,’1,
Ill ack nimsolnihge with . •ippret ,.ii mt mfl thn’ i so-

part plav i - Il in lIme a m id  st ir. , ni l,s,,,n, t,, 1 .1
f .ron,iril I’r.tg t r  anih Mamor ( i -,mrge k,mw• ill
Ackni,wlr,lgn,u’tmt is also ntaul,’ r., hun . 1I,ugii
ainnhack , t) iri-ct.ir , Science Si-i s i t i - LI nis i-r sit

ii( the Su ite uI New Ymirk . Albany. New Yiurk
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Rept No. 61—0614—77 , Dev of ( round and Aerial Adult C’ontrol Measures for
Biting Diptera Without ilsincy Persistent Pesticides, March 1973 — June 1q76

APP1 NI)IX 13

AERIAL CONTROL OY’ ADTIr ,T IIL1kCJ( FLIES - 1974
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Attempts at aerial control of adult black f l ies were unsuccessful  at Camp
Drum, NY , in 1973 (Carestia et al, 1974). The probable reasons for the
failure were improper insecticide aerosol droplet sizes, extreme temperature
fluctuation during aerial operations , and use of inef fec t ive  insecticide
formulations . Since aerial spray operations were not successful , there
remained a necessity to develop an effective insecticide formulation for
routine and emergency control of black flies.

As with last year ’s study the US Air Force Reserve 355th Tactical Air Lift
Group/Spray Branch, using UC123K aircraft , were the designated app~ i cators.
Naled was the insecticide of choice and was applied in two dif f erent
formulations. Technical grade Dibrorn—14”) was applied at 1 oz per acre,
and a one to nine solution of technical grade Dibrom—14 in heavy aromatic
naptha (RAN ) was applied at 10 fluid oz per acre ; ira the latter case the
10 oz per acre dosage rate was obtained by two consecutive app lications
of 5 oz per acre. With each formula tion, 0.103 lb of Dibront-14 was
applied per acre which is in accordance with registered label
instructions.

Mean pre- and post—spray black fly population indices were determined
using a modified miniature CDC trap with CO

2 
as the attractant. Two

traps were operated daily from 0900 to 1800 near the center of each
test plot . Pre—spray indices were determined for a per iod of 7 days pr ior
to actual spraying while post—spray indices were recorded daily until the
adult populations increased in numbers to a point equal to or greater than
the pre—spray index recordings. Immediately prior to the spray missions ,
three net cages (mesh size #30) containing black flies were placed near the
center of each test plot. The purpose of this procedure was to evaluate
the kill rate of black flies with respect to each formulation.

Addi tionally,  dye cards and Teflor~~ coated slides were placed in various
locations, perpendicular to the flight path, to determine the distribution
and size of droplets being dispersed. Finally, tempe rature , wind and time
were recorded immediately before , during and after each spray mission .
The mass median diameter of droplets using Yoemans ’ ( 1949) technique was
not calculated because it was fel t  that the confidence interva l of
the mean was a more statistically valid procedure ira this instance.

On 4 June 1974 from 1950 to 2100, the f i rst aerial spray application
cover ing 10 ,240 acres was conducted. Dibrotn—14 was dispersed at a rate of
1 oz per acre through ten 8008 Teej et f la t—fan  nozz les  .qet at- 450 down
with a boom pressure of 47 psi. The aircraft was operated at a speed of - 4
150 mph , at an al titude of 150 feet for a 500 foot swath interval.

(ii)Iieflon is a registered trademark of E . I . DuPont De—Nemours and Co, m c ,
Wilmington , DE.

“~Dibrom.44 is a registered trademark of the Chevron Chemical Co, Richmond , CA .
~ Fee3et is a registered trademark of the Spraying Systems Co, Beliwood, IL.
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The mean of pre—spray trap indices was i- ecorded at 4,4R5 specimens. liti rin a
actual spray operations, the temperature dropped fron ‘1~ F’ at l°~~0 to
63°F at 2100 with wind conditions remaining near 0 mph . The previously
mentioned three test net cages yielded only 60 percent mortality within
20 minutes after exposure to Dibrom—14. This indicates that the application
rate used was not entirely effective since netted specimens should have a
higher rate of mortality than the naturally occur.rinci p r u p u l a t  i a n . The
rationale for suc -a reasoning is that  netted specimens have a greater
chance of coming in contact with insecticide droplets either by direct
contact , or by indirect contact on the nettinci. Insecticide drop lets
from Teflon coated slides were calculated to have a mass median diameter
of 49.45k with a confidence interval of ( • 6e-~j at .0 level of s ie -mif icance.
However, since the mean droplet size was considerably oreater than
recommended l0—25~ (Mount 1970), it is understandable why caged specimens
were not effective ly ki lled . Dronlets were in all probability not penetrating
the net mesh, and only those black flies that cam e in direct contact with
impinged droplets on the netting itself were affected. Pye card results
showed the droplets to be evenly distributed , thus suggesting un iform
Coverage .

On 5 June , the day following spraying , the trap index was 163 , clearly
showing a significant decrease from pre—sprav indices. However , the
recordings on 6 June revealed an index of 5235 , an increase of 750
specimens over the mean of pre—spray indices. The conclusion based on
this increase was that control effor ts were only effective for 74—30
hours. This decision was not altered even thouqh the 7 and 8 June trap
indices showed a drop to 1600 specimens. It should be noted that daily
trap indices vary from day to day and the increase on the 6 June was
probably a result of new emergence of black flies.

The second aerial spray mission was conducted on 21 Tune from 0715 to
0900 over an area of 17 ,280 acres . The solution of 1 part Dihrom—14 in
9 parts HAN was dispersed through twelve 8010 TeeJet , f l a t — f a n  nozzles set
at 45 down with  a boom pressure of n19 ~~~ at a ra te  of 5 oz per acre;
two passes over the entire area were made resulting in an application
rate of 10 oz per acre . The same f l i g h t  spec i f i ca t i ons  of speed and swath
were used as in the f ir s t  spray app l i ca t ion .

The mean of pre—spray trap indices was 1323 specimens . The temperature
dropped from 73 F at 0730 to 66 F at 0901) and near zero mph wind
conditions prevailed . Unlike the first spray mission , 100 percent
mortality was achieved with netted specimens within 20 minutes after
completion of spray operations. The initial application of 5 oz per
acre of DibroTn—14 in HAN appeared to have no effect on the netted
specimens. The reason for such a phenomenon is still unresolved . The
mass med ian diameter droplet size was calculated at ~f’.71;i with a
confidence interval of 8.43 at 0.05 level of significance . The mean
droplet size of 36.7l~ did not fall within the recommended diameter
range; however , a high mortality of caged specimens was achieved .
Droplet dispersal was determined by dye card ana lysim -. to he even anti
random , thus, indicating potential uniform aerial coverac’te .

13-2
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:ffective control was determined to he ~ipproximtely 11) days in ~enqth.
The period of control may have been l onger; however , the adult ponulation
was already on the decline when aerial spray operations went into effect ,
and it would be d i f f i cu l t  to determine if low trap indices were a result
of aerial spray control or natura l population decl ine .

In conclusion , it is apparent that aerial control of adult black fl ies
can be achieved using a Dibrom—l4 and 11AM mixture as previously specified .
The duration of control is somewhat sub jective , but a 7- to 10-day control
period can be achieved with - some certainty .
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APPENDIX C

FIELD EVALUATION OF BLACK FLY CONTROL — GROUND APPLICM ION~ *

Publ ished in the Proceedings of the Cal i forn ia  Mosquito Control Association ,
Vol 42 (1974) .
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K K (~ t rt -s l t , i~ - K I I r i i i t t r r .. u 
- 

l~ Yt \‘ .i v t . ,  ii - .ic ~it \ \ I - s -

x l  i i u m i m t  I ttj’~ ~ t t t - t 1 uaI~ pm tmt e ~t i% - e iuit ’ ,m’ .tmt e ’ t I -f Itt’ t I t ; t i ~~ tu t u ’  s 1ii,isei is s - - i - I t - s u? t . l i Ix I. rt -
~ I t  the

puist hl~1kf1tes -amid t i t h e r  f mt t i ng  J i p i er -a - a t  ( a iimp I)u t i n , lii ~- t i t ’ , it w l iti l i ai r is pass ed .ii t ti g t i st ’ I m ut lu ~ v em t I m e
New Yo rk h-ave been needed for niariu years . hut the neem l imp t I  ii liquid-filled tuhe In the rota ry-t i the - 1 i t - .mycr . the

~m w  hay hesm mine more urgent w ith lime reumrg anttat ion i i  t uihe of liquid is rotated so th at Its lip tot yes rapidly
thc US. Armn y -and its cnrphasis on better uta t ned and eqi ip- t itt imug lu the air. ihe ef fect is ato irt izat ion in both cases
ped Reserve m u d  National Guar d Forces the annoyance and This prt t tcr p le was fi rst developed by Ra imi l iart (1962) at
mrr ila limit ) caused (mu- blat , kilies is adverse t o  tiri tral e - It at nt tt ~ Fort B~isiitr . \ itgtnia
and ic~rs ,lt miieni . espcciiully during the s prmn g and suimimer The Rotary Tube Spas er has twi t  poly prt p~ ene plastic
tr ifli ng month s. tubes . I/S in OD, mounted on a nietal how l set on edge .

Imi May 1973 , a preliminary stud y was initialed t im eva l- w hich is belt-dri ve n The rotar y- tubes are kucated in the out-
uate ultra low sm ilui nre ( I  LV) ground appltcatr uns of non- let air stre am of a 17 ,000 cC It/m m vanax ial fan , also belt-
persistent trrscct mctd es iitr the ci t ’ t iot iii am lul t hhickfltes . dtiven . The air st ream v er s es to move the atomized liquid :1In the past five years . nttincruru. fiel d studies have shown I n the vici n rt5 i f  the s pr -a~ ‘i A six horsepower gasoline
exce l lent res ults and s u cv cs s with such ipplicaiton Iii, the eng im u e pow ers (roth liii arid mo lar s  tither The speed of
co nt rol of adult mosq u Itoes as well as o t her pes tifer oiis in i u t d t iun of t h e  tubes cati he i--a r ie d between 3 .000 to 6 ,000
sects- Mount et a l. ( 1Q 68 ) show ed that the dispe r sa l srI rpm. An t i i ru intt t ive type tachome t er leg isiems the spe ed.
ultra low vo lumes of undiluted insecticides as niinthertm i t Liquid tim he sprayed is pu m ped to he rot a t i t ug howl by
-jerosols using Malathion applied at 0.68 galkmn per hirur ti le-ant mm( air e lectri c fuel pump The spraye r bttw l has a con-
(gpht was as effectivc against caged adult mosquitoes as di- stri cted rim Cen t r i fu ga l fo r ce prevents ov erf l t t win g arid no
lute d therirra l ae ros uris dispersed at 40 gph. I t iwer coSts and packing glan d or rotary seal is needed where the liqtt ud
less eirvironmrtental cimn(anu ination offered by this type of cOld s the bowl. The liquid leaves the bowl thro u gh tw O op-
app lication (Tay lor and School 197 I) m ake t his tccl nni que positely mounted I S  in OD polypropy lene tubes, each of
numire desira ble and ideal for select ion. [his reasoning such length tha t  the distance f rom the c rItter of the bowl
coup led with the recent trtritmva tio rr s of ct,mmercial IJLV to the ti p of t he w Isp us It  in The Rotary lube ULV
disper sal equipment has created ct i rrx ide r.~ble interest iii t h i s  Sprayet was calibrated it deli ver three- gal lorts per (t ur of
cimncc pt for insect control the fo llt rwit ig tests were tirade tire material tested wm ih an RPM set t in g of S .h(tO .
during t he spring arid si mm i m mu er of 1973 at (‘airip Dritni , t i n  In murder to  d e t crn i t i t ie  the efficacy of t h e  JL’ r i ls uls te s ted .
deicimine: (I) the efficacy t mf ca ti m itt s aerosols as :tdu lt i - prt i it  to each test l i ve  lies were co llected in hind c\v t ’ep
cidc s: (2) the spec ies compumsilion of hlackflies at t axk t m i g nets , and alstu coll ected mu t Im e paxs ettg er cab urea of the cs’al-
man dtirmt ig the study: (3) tIre most favorable t inre of day uator s ’ truck hy the use iii an aspirator - [e n flies each us C rC
for ULV spraying: and (4) the ic-entry time of hl.mck fl mcs placed in clc in . ~‘so 30 ut -s I t  nets . ptu s tt i m nt ie d helrt ird and/or
a fte i spraying, ott top of scge ta i t t  in a pp its t tria l ely i hi cc feet .ibt ye gm oumid

MA It K IA I S A N D  Mt T i t O O S  Seven res t sit es iticl ud at fixed distances dow n w  t ird froti, t he spr -.m se i  To ensure
t hat the net ted flies us - re  tot it ifl imen iced by lie -at or titherung mine c heek .urea were toed, each ap proximn. mte l y a nile adverse factors pimor iv , restin g. t l rey were held for at least , -Ismg m d  300 feet wide . The following lu rsect ic ude for uirula- 30 t it inufes 200 yards upw ind of t Ime sprayer and mibservedlions weee applied. (I) 33 8% Malathion plus 14 5% for mortality. lunntedialely after evposure , 1hz fires were

Le t hane®; (2) Pyrocide® 7067 (55- Pyrethrum plus 25% taken o u t  of the bags ati d place d in clcan white emmarir e l partsPiperony l Su b side); (3) Pyrocide X .2749 (5% Pyrethrum . ( 12 x 24 x 2) arid obse rved for miur la lify l) itrit ig each test ,
25% Piperonyl Sub side plus 5% Repehletrt lIt ; (4) 85%
Dibro in -l4®: ( 5 ) 9  tS Dih r ro n ,.14 and (6) 6 St ~1 Baygon®. p~~c m m~~ t5 of hlackfl ies vs - I re  urt ade at kit - a t t t t i u s  a pprovi

The test area is described as a decidious forest wtth a corn- mately IS O fee l irr t mu the tes t st ir I his was ucvt utu i p lts lim ’d h~sweep ing three trm it es above the i nvest i gators h e a d  every IShination of dense and se m i-dense vegetation consisting seconds , taking the hig hest cmr unt Af ter  each sweep, fliesmostly of single canopy wi th some s m a ll open areas rneasur- we re killed by cnu t shing in the nets to prevent recapture.
tngapp roxi mat el y 100 square yards. A Rotary’Tube Sprayer A fter spraying. re - - i t t r y  Imitu e vs -as note d by counting thedescri bed and designed by Rarnhar l and Sheldon (1973)
was used for dispersing all of the coirrpouurds. The principle number of inintites ci II’xi r lt ~ before the flies were  SCm to

return A f te r  d et crr r r i r t r r ig  re-entry time , a “p ct t reat t nent
t J5.,5. cupinrons or assminim t ns cnnia ined hercmn are the private count ’ wa s csi tt dt rc ted in the m anner desc ribed ,tht,sc At

n y - m m  of the am,lhorm and a,, not to hi nrurriiemJ a. tmt rieia t or as least two rep licates were ims ed fc mr each cm mi rt potmrid tented.
i~flc~iin~ ihc v m ey s of the t ’ e t ’ a r l n rm -nt f ihe Ammy cm, lIre DOt) Ihe passes were m ade at a tat e uuI three gal luuns per hour
Ruse.mr v h ,pon-.mmied by ihe t S Arm y ’, Mm ’dmca t Re,eaueln anmt Dmtc t - wi th  a vehicle s iteed of 5 nrph. The di v-age in lh/ac re wasmupnmein i (‘oinimand . WasIr,n~ton , D. C . _‘Ol t 4 . unmtnr Ci’nuraeil c i i  s la te d tin t Ire h~u~is of a swat h width iii 300 feet ( 182t ;ranr No. DA 1A 06 1111287 tPOt.

2p, S Army. I’S  -5m m>’ Mm’mJ rm-at I at ’ t ~,at t m r y ,  I i  Geirn uw’ ~
_ ac res  per huriur) . Th is method m I  ree ort t rng duusage s pruihably

Meamle . Maryland 21) ?55 does not give a tr i te irreast mne of in sect ic idal  depiusil per acre :
31,1, S Army, I S  A t t n ~ Medical t ai- vr r immi > . l I  Sam tt oim,uon , howev er , it does enable insesti g i tors to com paie one t est

Tesas ?t2 34. to another Diop let si/c was det erinincti by hrmndwavin g
t -1
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tcflo n -ce ratemJ s lides at 26 feel frour the spm my ei mcc uur dm ng Table I - Kill ot nette d ~dtuit ~tnmus 1m imnm m m , t , v t , i v t t u t  Say
to t he meth od of Ye nui mam is (1949 ) A rur i r m i u r r  im u nn ml 20(1 ohm ,u lured wi th UI V notary I mib u’ s; i .i S r
drop lets was sauuip leui f um r cmxl i  conu pmm untul tested. Arty thump
let with a spread facto t greater than 1 ,48 iece mse d tutu u - u n  Dnscf ramg e Nt E) m s ta nuc e (t i )  & Kill (‘

~ 1rect ion factor All tests were co utduc ied in the .mfteu mr t n on u (‘mumn mps uut id gph les s SO t 2 ~ 27~ 300
during the period 1600 1 800 hrs Tenip itnature and ht mu r umd ~~~~~~

___-__ -_ - -_ - — - --—-— -—— — _________

ity were de t eru numi red at the test sub s ’ by Iluet n n n umni m e ters and unatatht v ’n (35 5 ~- I. - -

sl ung psych rtmmeter s W u mtv .lspeeds vss’ie measured wish a (et tian uu ( t 4  S )  3 4 tOO ~ii 0 0
Dwyei® wind meter. dmbi tu rmi  t 4  ( 5 5 2 )  3 2 too tOO tOO 0

lo de be r i r r iit e what runm ne of day would he nu msi ads -an- dubnom t4 t9 - 3- kt 3 3 t t t t t  t t)O tOO 0
tage s mus for spray ing, a seven day field t rrurrmt t nr m g  test was 

p’, ms rs isl e c -s 3 3 (Iii tout in 0
conducte d it one of t Ire sites , Each day was divided imi t r 

~> ~~~~ 2149 3 2 tOO tO f u 70 0
four ti me periods as follows su r n n mse (0500-0800), flu utmfl 

t a u t- ,,  tit s u i~itt t tiii Sit 1)
(113 0-121t .t l , a itern t mot u (1600 1630) -and sunset (1900
2100). 1 er rr 1re t at urc , ht tnnmmdmty , getter -al weather c urr rd if it ut ns
and hlack fl , act iv i ty  were to t ed , Blackfl y ac t i v i t y  was de - t iumuu .t t d n 1,m5~d r u c c  (itt - m r ruu i t , t l i t y  ( 25  nmr rr I 1 her e w a s  lii

ICr nitned by use of the hamndsweep- inei user anu f ar srsui md the s :gi u fl urn t dill ci cI r ce he! vs cell tIne ;uy t et hi mu ru c r v r r u  p tt ut td s
investigui tmur ’s head - Durm iu g each time pci mod , specimmien is wer e I tHe shows the r e s u l t s  ot the c m m rn l msu t t lut l s  t u ’s icd a g , mtn mv t
col lected , nr uu mnte d and later idcntjflcd . na t u ral 1ssuputl ~ t it i n of hl: ickfl ucs 1 tue t u e , ,, :, re r r u p e t a t u l e

RI St u ITS AND DiSULuSSION Results muf the gr e num n id was 75 °, hun r ruduty §5%. wtndsp med my nrl Iu
ULV spraying are showir in Table I Altho u gh kill was Two species muf h luc k f l te s , .cur r i iml r , inm u n ’ n r m u t u t nm %.i~ .r r t t
shown for all cuutrupsmunds escepI 5.l.uI.ui Iiit t t u  phuis I e t l ra m m e miii I’v t t u t u n m i m l u u t m r m  h u , t t f t v - .m cuunip lex us-d c res ;sur ust lnhe lvii t i cks

to distances of 225 leer - the na tu ra l  puuput lat inn s at  all sites sun v i i i  ri thi s ’ es t area and a-c rc t Ire iu tv ts i  p ut s u s h I , au m d
were nut rcdutced f uu n army pcrtcnd hunger lb-air 1 (n nmin ute s . a h t m rud a r u t s 1v ’cucs  ~ m lteu ’ted Figuie I shtow-s mci lv i i  at difle n
All cmntrtpounrds were effective bui tlm er e us-as a d itferent ee to dint t t t i t es 01 (bnc’ day- Aulu lt Ili ghu it n i sv  is  w a s  u n t f l uue ’ r ce tb
tinre required tur obtain l00’~- kill I)ihrumnn,- 4 in both hs the fvullu uu i v , ~ tenru pe n ntu ine , ligh t  : r t e iu - ,,Is - wu uu  s pe~~l
concentrations was tIme most effective fur , quick kill taint arid othem tt ietcnu t l t t guv il f , m c i v u ’ s  T lreme appeaued to he
(3 mm .), w hereat, Malathion/ h Ct Isane took the longest an tipper art s1 lowe n t eu r ip er ,mr tire grat l emi t vs his Ii ut rortgl s in -

r 
- . - - - -
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l,ufrle t 5 _ m ra fnu , rr i  sp n avmm n g w I t  t i l t , ,, Iv us uv t lunnre a e r t ’ - au ,d re qt iv - rd iluc’ lr ,t s t  -v I - - r u t - ‘ 4 ruu,r e ii’ give iii, ) ill

~‘t ls it ( J i lt~ lSr rmni, N ‘a ’ ( th ree n un I. (‘ m t ium rt ’ l  t - , il~ - mu, ,! i t  il adult psr ;uuulut r i ’ t r  us as

- - nor acht i~ vc ’d ( I)  ~l’ s ~,cts .i l it Our u t s i ’ c ru t - udr hev uuntd 72 5
Ke- ~ mu l m m ru’ i cuuuls) riot be a v , ,.t nm : i ;u l t m ,lied , i 21 us ’ u - m u t r c  m i d inrl’iltra-

tt m ,ua>’y lun nnm Su~ I lies i te m vurct t  n i t - n  l r t u r r m  the t ’ u u te v p e t u . r i e r e n  ,,.uI , j - r . ,7 ,  d v m s  1’ re at , a n d

mtumn in .mumnd lb ~o aura “lunutc~ t’ ,c-spr ~ t I’5-. !  v t r a s  I ~4 a s tgn u f uc . un t t  a t nt t umm nt  muf t h e  i v , ,u ie l  ml n m ’ l m .msed slid not
m eac h r bre ta rget  insect , 4 I the rat r i ches  w cur I rio Ia ige t o

maiai huum n 135 N-I t! 1ni’ilei nste vegetation and tt,u Imp l mnge ito tIme I’l.uckflies
tnihanc 114 “1 I ( t rm1 ’  I t S  3 6 ‘~ 

~dditional resear ch should he du ne (In dval ’ate the ~lf’~ct
dubu,om 14 tKS%t 2)0 5 5 1 -om erivtronuimenta l and meterologucal factors much as temper-
dii ’,om 14 9 3%) 021 6 7 7 -anuses, windspeed . etc whic h strongly influ en ce blackfly
pyroeidc (63 1  007 5 5 6 activity - and are directl y correlated with t~ e effectiveness of
pyroeide s 2749 .007 6 ft 6 contro l measures.
bay 5on t6 -S~ I .0 11 3 5 6
_______________________________________________________ lahle 3. Mass tntcdian dianicter tumid uarr gc distribution

S 
—

of ut l tn a low volume ground aenuusol s tested -
fluenced blackfl y activ iiy . Blaclc hlmet became active at tern-
peratutes above 50° . Wi ndspeeds greater than 7 mpbr tie- 

- - - - .

creased blackfl y act i v i t y  to nil, Observations indicate that 
Rsner Asenuen mmmd I)mschaj e

Cuunnutuuund t)m) i,1m( Dma. iii ) ~~lionly a small percentage of the hlackfhies in atty area are ____________________ ___________________

flying at a given !in ’rre , Mu st are resting in dense veg etatluumi mnata !bm mom n t sS .8%t/
or ot her protected sites. When ar ~ individual or a vehicle te ihane (14 5%) 1 - 53 IS 31 3
imnmnved Into an infested area , at firsl there was no gieat sign

ml uf urmm nn 14 tSS%t  lit 55 14 4 3
urf blackfly actI vi ty, however , wit hin 2-3 minuute s the fl ies

mu tu m, t 4 t9  J r ‘i 55 22 211 3
mu 1n,uea, is, sense the host and actively seek hint o ut.

The Rotary-Tube Sprayer ‘ised far these test s prese irted I s v  mmtn 5%) 4 -57  IS 27 3

a varIa ble in (he tesi u!.mt a because erf inconsisterrt perfoirur- t’~ 
ovid, s- 1749 17 6  27 ii 3

ance. The shroud enehursume trapped a considerable amount bay~v,n (6 cI t 5 36 IS 211 3

of malerial wh ich le,mked (into thr ~ engine, creating ir itmab a- —

tion hazards , and allcuwed significant loss of matetmal tin
occur , and the production of larger droplels Mcnu,tt (1970)
c&nncluded that for cff eettve gri.rstnd aeroso l applicat ions , a -‘SC (~ NOW I

, I lit SI I- N 1’S - l I ve  ar t ih iur s su’ tsb r to act n ow-
mass median diam eter droplet nuts’ of 5 to l Op  us optirrrrm le dge with appr ec mat iu mn this’ v u  ‘ t r i m  ihuti umnms of 1)r Hugo
o impinge on targe t Insects. Lunfgten et al, (1971) eon- iarnninack , State Fntuanniologrst . (‘ r r u v e rs t m y  nrf t he State of

ducted tests with soybean oil dispersed by a truck- muu mt nted
Leco Model liD® aeiosol generator and found that aer unso l New York , A lbat ry, Nes’, ‘r’ut rk mm the m i tral plantn mr i g of

droplets of 2-16 p rnrp iimge d on all body sc’ctt u nts of caged t his ex pe n utnuent. tO I)r (‘hy de 5 .  Bamm ih iant , Sr .. IWI. , ~heu-

niosquiuses, while under field applicatimnn conditions , ti rcup- s lee mn Proving G r r ’uinnd , Ahem ileen . ?ulaiy ’land for priuvidm ng
lets of 1-8 ~.i diameter impinged on outdoor nuun.caged the Rotary - - Tube S p r a y e r  bu t  cu undt met these tests , uf the

s pecimens In both cases inm rp ingemnic nt of ul ruup lets greater chermn ical c (nttrp .urries tlrat provided the ritaterial Iii he tested ;
th an 16 p was num b mub t am ned , The results of our test s shunw turd of the Medical Reveaic h arid Development Cuumn r ,rrand
t hat most of the ae ntus ol patt lcIe~ prunduced by the Rertary- 015G. Wa s htrtgton , D, C. for lbs stippunr l in Pt ‘sidIng the
Tribe Sprayer were n u t  that t rruall and plentiful enough (0 funds 10 c iuntdum ct this study.
give a dequate cvuv e r .nge , and y e t  impinged readily cnn the
body surface irf the Ma kflmes Observations urn the arn routnt
of material tialupe d lit tIme sh roud ss ubs tantt utc these findings

• even when st ur r sr t j t’,,ittun n it given to the inability of tire
Sell’ it - t re em Cnt ed

hind-waved slide ccull e stt um n tect inuque to collect droplets
sma ller than 5 p (Rathbiurn 1970), Perhaps the rotary- tube liamn,i uart , Sn, , (‘ S and W W , Shetdutn , 1913 . Openaruon ,t u m d nulun

infa nt -n of m oran y tube s pra y er  I’ S St i r ,  I and Si aefane t ahiti
whips sht’miilul be hunc ated outside the shroud to alleviate this aimmtSt R pi. It pp.
pi.ublem. The sprayer utsed failpd to give effective penetra- Ifamim t,aui, Sr - (‘ S , t5~ ?. uS m , h , , t e tum o r ,  ,mrat ’lt ’ ‘1 mm t,,t’e ‘ ( m u te r

t u rn i t !  ,4 s’ utse vegetatuon and tu r adequiately clear the J o !  Fc mtn I nitm nn utt 36 41 t 4t 2
of grrn, C, S., I) W A,u tho, ut .s,,t (~ I, ‘tt ,,tiu t,t, 1913 S ,vr of

ve hicle. Air a result . Ihere wa r excessive wetting by spray aencim ot t l nsup t ei r i ni u prum g isg mu, m u ui m s, ( t t t t x mm ’ s ,t t  it - 1,-ut,, ,i,et r n -m r) a

mumtrrial urn the side of the schick after each apphieatu uun. si anntng et e rn io n m mniv io se ope I o ft ,t ’ u’  I uil, nniumi it), i(uKS SR

Droplet nanuge s and ross nmeuiiuuim d iaunneter s of the cttm ’ Mtm umm t , (I, A. IS 1(1 Opt,in ,vunnu mtmm ,1uiri mu,, ! t m  a,tuti mt-. ruul
trot a-rib cpa t ’t’ spra) t n  aert t uo t s mt t ru t t y - , It, In, SIt’sq New ,

pimmirnuls tested are shown by Table 3, so io is.
CONCI t ’ S t t n N S  Ground UI,.V .ippl uca tr i r i ms of non~ Rarhtm urn , Jr., C’ B, 1971’- , Slenhods it  a uwsst m ng itnop tei sire sml’ inn -

persistent mr usex trc i de s produced kills of tiapped adumlt black- semui me ittat spmars  aunt futg % SInsq, Nt-tt i 50 SiC 6 13
flies at si rsm anme es up to 225 feet downwind. t)ibretmn at two am ’m o c , r t m anti rtnr .r rays t ’ cm ~ u, Sun l Ot-u, t ,-! t ’ ra u, n O ua ,a-u t mnw~

‘eunna ns , A , It i549 Oim cerutrn m tu,r tid e n r r t , r t v m m f  rau tu , ’te .u:t of

con centrat io n s tes ted us-st the niumist e fTeclim’e connpound. u- r 2 c 7 ,
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FIELD EVALUATION OF RnSME°rllRrN AC,AINST BLACK F’Lfl’~S
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1. Purpose. To conduct nreliminary f i e l d  eva lua tion  of resmethrin
insecticide (effectiveness against adult black flies (S.imuliidae)
dur ing  late June 1c~73 at Fort Drum , New York .

2 . ~-lethod s.

a. Adult black f l i e s  were collectvd in the f i e l d  anti p l ,’i - u I  into
small white nylon insect col lect ing nets  for  test m g  agains t  1. 2%
aerosolized resmethrin; between 10 and ‘30 specimens were used for  each
replicate. During each test, which consisted of three replications ,
nets were held approxirtately 2 feet in front of s~-nray can . Resmethrin
was then released for a period of 3 seconds, which was estimated as
enough time to sufficiently cover and penetrate each net .

b. The effectiveness of resrnethrin was determined by observing black
f ly mortali ty over given time intervals  as presented in Tables 1—3 .

3. Results. The results suqqested that a 1.2% aerosoli~~t - i  re smet ,~,r in  w i l l
knock down black f l ies  within 1 minute  and a t ta in  100% k i l l  acsa ,cnst u ’aned
adult black f l ies  in approximately 5 minutes  under the test cond i~~i~~ns
reported . However , fur ther  f ie ld evaluation to include ground and ae r ia l
ULV insecticide application , are needed to conclusive ly determine if
resmethrin wil l  effect ively and economically control adult b l a c k  f l i e s
in the f ie ld.
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BIONOMICS OF BLACK PLY SPECIES OF FORT DRUM , MY
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1. Species Present.

a. Pro ainiuliwn hirti pe a is a holarctic species common throughout
New York. It overwinters in the larvae stage . The number of P. Ilirtipce
larvae declines rapidly in the spring. They begin b i t ing  about a week
after emergence and the adults live for about 3 weeks. Members of th is
cosnplex may be very abundant and are severe bloodsuckers of man .

b. Pro eimulii,on niixtum, the f i r s t  of the pest species to at tack man
in the spring , is one of three or more very simi lar appearing species in
the “hirti pea ” group. This species is annoying in the north—eastern
United States and eastern Canada. P. rnixtw’t breeds in all kinds of
unpolluted streams, both temporary and permanen t, from t iny trickles to
the largest rivers. It is a unjvoltjnc species that overwinters primarily
in the larval stage; come eggs may hatch late in the winter or even very
early spring.

I
c. C’nephia rn-itata is an early spring species . Larvae of C. c~it a ta

are found in temporary or permanent streams . It overwinters in the
larvae stage and adults of this species are most abundant in May and
June . The adults are usually not anthropophilic. It wi l l  swarm around
and alight on man but rarely feeds on man .

d. Simuliwn venuatum is a holarctic species that , in the Americas ,
is found from Alaska in the west to Greenland in the east and as far
south as Texas , Mississippi and South Carolina. .~~. ~‘i’nu.s tum breeds in
small , medium and large rivers but is especially abundan t in unpolluted
turbulent mountain streams, particularly below pools, ponds, lakes and
beaver dams. The over—wintering eggs do not hatch until spring when the
water temperatures reach 40 - 45° F. This species is multivoltine with
generations being annoying well into the ssmuner and a period of newer
annoyance in September and October.

2. Parameters Influencing Flight Activi1~y.

a. Temperature. A temperature gradient exists which significantly
influences flying activities. Observation during a 7-day continuous
period during May - June 1973 demonstrated that the temperature must
reach approximately 50 before flight activities begin. Temperatures
below this level inhibit f l ight.  In addition, there appears to be a
direct relationship between increased temperature and increased flying
activities. That is, ~is the t emperature increases , so does the f ly ing
population. This continues until the opposite end of the gradient is
reached, at which time the flying population diminishes. This appears
to occur somewhere thove the ~~~~ mark .

F—i
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b. Light Intensity. The light conli t ions  in a par t icu lar  area I

’

significantly influence the flying Population. During the morning
period before sunrise (near dark conditions), there is no activity . At
sunrise, when there is a dram atic increase in l ight, flying activities
begin , if the temperature is 50 or above. During the evening hours before
sunset (near dark conditions) the f l ies  continue their  f l y i ng  a’-’t iv i t ies
until sunset occurs . When the l ight  conditions decrease , Co does t hl ’
f lying population. This occurs independent of temperature. That is ,
although the temperature may be within an optimum ranqe for flight ,
activities rapidly diminish with a decrease in light intensity. After
sunset, in dark conditions , no activity occurs.

c. Rain. Any amount of rain appears to significantly reduce
flying. During periods of very light rain activity continues to occur
at a low level. Any increase above that reduces activity to zero. After
periods of continuous rain, i.e., 2 consecutive days, the flyinq
population appears to be heavier than prior to the rain. (Presumably,
a large percentage of the population becomes hungry after a lenathy
period of inclement weather, and therefore , require a blood meal).
Only a small percentage of black flies in an area , are flying at
a given time. Most are resting in dense vegetation . This is evidenced
by the fact that when moving into an infested area, at first ther’ is no
sign of black fly activity. Soon, however , the flies sense the host an-i
actively seek him out from places of resting.

I:-2 
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APPENPIX F

A MODIFIED CDC TRAP USING CARBO N DIOXIDE FOR TRAPP ING
BLACK FLIES (SIMULIIDAE : DIP TERA) *

‘Published in Mosquito News, Vol 34 , No. 4, December 1974
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- n v , u sing .i ~o lb C net) I m i ter , was pound
I ( i i , ‘er hour.

A sitnil ,t i techniqur in tra ppi ng hlackflirs wa s
,Iim I,,cIe ,l at C.mmp I)rum , New Yor k from ~

Mm ’ , I- Jim ) 1974  I l v .cs -, r , instea d iii the Ncw
J e rs ey ligh t t r2 p ,  a portable 6 volt battery-operated
I m i m i t _ i t t i re 1 l i g h t  tr~ li , with light bu lb r e—
mis eu , mm is uses) A in pound (net) CO. cylinder

w as the source 1 at r ract ant , A Matheson (‘.as

/
/~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

/

A MODIFIED CDC TRAP USING CARBON
DIOXIDE FOR TRAPPING RLACKF I.IF~(SIMULIIDAE: DIPTERA) I

R. L .  FitoMs,ER ,2 R, R. Cu~ rs r is ,2
R. W . VAVRA , JI.’

Snoddy and Hayes (1966). repiirt ml t he tup
ping of i t  spec ies of aml uh t black fli es in Alabama —
over a 6 mont hs period with ~n average i t  ii
specimens being trapped per hour , using a mishi-
fled New Jerse y light t rdp with CO. as th~ at-
tra..tant. The optimum CO. flow rile 1.., tt ’ .sc l-

The opin ism ns or ass ert i ns c, n i,s, neil herein
are the private v u - ms-s i f the i t o h - i s  auu,l ii, l it
to be construed a, Soil i as retir - h o g  the vie ws
of the Dept. of t ie Army or the IX)I) Research I i .  t - ( ;  it - .1 .ut ur v l i g ht Tr.ip Mislihed
sponsored by the US. Army Medical Research f i r  ( o?lr-t t ,ng S imm t l iuuia ,- , i - i lb (net C~linder
and Deve lopmert Command , Was h , ~)C 20254, of (‘0,; i, Rc’g u lari. r Val v e ; ;, Flowm eter ; 4,
under contract /gr a m n .  DA t \ . f t  iui a B ~ i P.1 Tygon Tubing (how ); ~, CI)C Trap; 6 , Acetat ea 

~~ • S. Army. US Ar m ’, Mei l icj) Lah’iritor’,. Ft Funnel; 7, Co llect ing Net . 8 , Batter ies; 
~~
, Hose

George G. Meade . MD ~~~~~ 0ut l~t f ist ( 0,.

Reprinted from MOSQUI1O N I W S , Vol. 34 , No . 4 . December 1974
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Producr, iso mm g lams flow meter enclosed in a ( 1  i(~ i mp. ‘Ihr- Ii,mt im mm i f  the funni-l extr-ndeil
protective plastic tube and attached at both COils iii, iii h ill way ihmiwn into the cl m mi li trap hag.
w is h a i/a •usch diameter Tygon tube, 

~ ft long (Fig.  i - t he iiir1iimse of the funn i-h w. 1s to ri -

regulated she corr ecs amount uI CO.. One i-nd of 55 - u i  ~~~ uI s i i ~ ui u i iiit mlii i iii pm ismil m im v
thc tubing was attached to the (‘0, regu lator vats- c if  l wrvi-r , tumO r imc~uirri -ih, iliC 2 t r ip s  ms- i-re
outlet while the odier end was under ti me cuis i -f m l . mu i i l  ft .iliimvi- griuunm l .up)fl X mfli. miv t 50 ii’
~laic of the Cl )C hap (Fig- i . m) m r t  iii 11mw smsrihrI. i rv s vgs- i toss grim ms-t h m s )  cl

A flow rate of a liters per minute was lou nil i is t ’ ,  ) n i l  of I )mC lmrs.m I hum na .m t m )  m m1mcrat rd f . m  2
be the most desirahl~ rate wit h respect iii the (ri - s l I m  m m  Sims m l ays  fr mm m~ t im i R i m .
quency of replacing emptied CO5 cy linders. ( t~ 1 fir ti m . in crap itmdcx (ii i i) t iaps , os- s- v ihr
cy linders were replaced on an average ii1 t se ry  5 ~~ 

il.iY it’st ireriiud WiS 121)2. ‘i he tinge of sIte-
days. Using Snoddy’s tec hnique of one lb CO. v iii - mm ~ ir .i~ijm i’ u l was frm rvi .i nw of i 2 to a high
per hr., replacement would Kcur apjt r iux h u man ly .1 m 4 S m  iv ith the m e ra il total for both traps
every a c lays, The optimum flow rate was n t  I-icing 1)2 , 4 2 .  Sec Fig. t m hn i fi samimrn u I  spi-cirs
stat istically determined. However , the authors feet l i m s  ti uut Iii’s- n cmmm plctrd.
that the flow of a liters of COs per minute is
sufficient for trapping adequate numbers of black- Rm / eern v Cite dflies for tabulating indices.

F.ach of the a traps was co nstr uct s -i l wh it an Sit ilu l ’, - I I . a t u mi K I.. l i s t s 1966. A c a m  iOu
acetate funnel fused to the plastic smiles of the I - S - m i s  m ru  p fmm r S i ft  ul ri m I. m r t ) iJ mtv t  .i) - J. I- - t m

I- nim mm i. l. ~cj ( u ) : 2 4 2 — 2 4  ~ .

1

BEST A~AIL4 CLE Copy

I—i , i. Adul t hi _ is kfl y i t  m ni h i s i ,  lmn , l i , e~ i i’
,a.neih using 2 ini,lihiril t I S t ’ t r ips ms~~ i ‘ h as
att racla nt .
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COMPARATIVE EFFECTS OF COa FLOW RATES USING
MODIFIED CDC LIGHT TRAPS ON TRAPP 1N(; ADULT

BLACK FLIES (S I MUL III ) AE:  DIPTERA)
R. L. FROMMER , 5 It. A ~ l i l t  I ) - . v’s i, It .  W S hV KA . is

Regional fluv~ son — 5 : 5 Li I - 
S A im s i r :n ~ H ~,onr Agency

Fort Ge ::gr (c Mcad~, Mai n~a ;- , i $ s~ - - S A F

ABSTRACT. Seve n se~’c:rd CO. it n cs ;en.suing - e l , . .  mi nc e .51 ~~~ :l rig n ( ) ~ fro m a
were statm sti c ,iIiv eva lua;ed umnn ~ rii. mj fme l n i )n  :.: s - -- source one a ft. I net )  C s ic.1-r r ii hoses
traps supplied wit h CO. from s , img ie s’ ace , to Tta n ,’ e (,:L) (~ traps s l a m  - ,nsmd et ~d as . va nrage
The ~oo ml per mm (o i l !  lb ~c’ 6:~ flow mit u ’ s  res pect to ease in ce! eon .ng oe ,’ Ifuc fir - -s

wa, found no be the opm im-am inn r 55p 1- rt n - ~~~ l .gn;i cs am’,I co s t  ciun a k ..s
Cu,ep /ii a ,nutata and P r o timua lium ~.m. mi pri I

Carbon dioxide has been used to col- s,iurce to multiple operating modified
kct black flies for many years Numerous [)i ’ tra ps.
experimenters have evaluated I 0. ls uP MATS ‘iL- AND Mt Tsr -os  Inc studs
auractant for black fl ies using y a r t r u s  ss ss c :nd;;ctr- I ua it s m -~~~~ hr to 141)5 -

types of light tra ps; but , t here is little puh. to t  days during late M~~ and ear l,
liaised work analyzing the attractivene ss June ~‘m~ at F - i t  Drum, New York.
of variou s CO~ release rates ustn g — l i- mi Eight ~~odmhrn1 1~ b( traps without light
natist ical design. The optimum CO2 bulbs were fitted .‘ ft mew 2.95 DC mo-
flow ra te for attracting bJ,sck flies has been t InrS for use during the stud y. Four t . ’v
reported at i lb per hr (4 .12 liters per m m ’ ) flashlight a trri- ~ were used per trap as
by Snoddy & Hayes (1966), 1 liters per the power source. New n o r r i s . which . -

miii (.4 857 lb per hr I by Frommer et a1 ;-re r~s r~s~led ir ;icre.ise trap Suction

(1974), and 4o:~ ml per mm (.0q7 1 lb per I- iimsv rate performance , wite (cuand to base
hr) by Fallis CI al. I nih’ I, however , in tw ice  rh. suctson 29.2 - (tn ) compared to
these stud ies, no s t a t - s r i - i l dec igiss or dc the stan dard (Tl)t~ Bar ber-Ctskm an mc.—
terminat ions were repo i t e l  to valid ite the ~ors ( t i cIm ) - Motors (tnodel F — I
findings, we re purc h.sseil t t n , r n n  Edin’ mids Sc r r n tn h

The present stud y ss a ’. conducted to (‘,ata log ~ca ,tso F.dscrop Building, Bar-
ana lyze St a t us t i c . l t l ) ‘ide. ted 5. _ n t flow rtnglon , Ness lc rc es 08007.

rates to deserintne the optimum ( 
~2 flow All tr a ps used were pretes ted (cur eqmi . ’!

rate for tra pping adult black flies. In ad - suction rates ustrig an Anernm ithcrnm
dition the study was designed to evaluate a air r u de r  m it -H f - u . ‘l’he mean flow rat—
method of supply~ng CO2 from a single per t rap wa s ,i~- u l sted at i8~~-~- 2.0 it of

air flow per mm
Instead o( supp lying eac h trap with a .1.

Rese arch sponsored by the S. Army Medical separate ~~
( I~ tank , a single source was

Research and Deseiopmevs t C.u—mmand , Was hing - - _ -
son, D.C. 20354, under contract no. DA ~A-  used for all eight traps. This cons isted of - 

-

o6i ioif l 7 i Po i - The opinions or asse rtions con one ao - lh I oct  1 (‘02 cy linder with regu-
sainted herein are t ate private views of th~ au rhrm t lzinu mr v.i s- c ci inrsec ted by a i 6-inch bore
and are not to y, construed ii official or as eeile t ru bbe r latex r i - j r  r un cng ht inrerco nnec-tetf
rng she - me w s of the Department of toe Arms- _ I -

Menihois ‘ I proprietary products is f i r  the purptssc ~ i~~’ It brass I n n u t  ‘ n c  . is  es . eight 5n
of identif ication only and does nor imply endorse- it ~,- a h- inch bore rubbe r latex ttibe’, led
mnerr t by tho Departriment of the Army separatel y from the connector salves to the

APO SF 30301 ~rh Preventive Medicine Unmt , eight traps I cure’ i ). The tube s were

‘Present address: U.S. Am’ s Meclmcai I a ) m m - m a  
( IIJ)JiCd under t r - cap cover plates.

tory, Pacific, APO iF  9 6 3 4 5  All right tr .ifrs s’ e t c  n~ m, cii s ft .il rmis r

L~~~.L ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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C i IF.5 S ICC
s’,\ ,sl l I

- - Fig. t _  Its i~ i t  i ior  usent ii’ m’ i _ u l u i m n m m g  , m i , ,  I I t 5 _ ii — s I I I  ii l i n t  i n n ,  ,m luli I.) u k  Hues

t he’ ground .o rat idorn it s a m m m c m l i  di. iit iet”t is t l i i t m i t  ( i I - .i~ ,i c m - m I t , ’  I d i n  l i i i

circ iC , c.~ h s s p p r s m s t i u m  u ’ch —5 m ft Irons rh i t o  n ) _  ii . -. u s m 5 1  r I m  5 u t n i m  iii

center so ur r of ( (  ‘I ‘ t i - s r  - ir I cmitm t i p i l. iss , t r u ; .  lot l I n  ‘us ~m 5I  s i n  , t , l  ( ‘ m~
sisted of secon d t ry  ‘ut’gt t . m l u m c  g r m iwth , I!, r Ii’s so ,, 1:1 5 i i : n l s ~ :1 Is~ mis c ’
ty pical of the lo . ,iI (Iiir,l I ) m u t  m u \ l n i I l  I~ Iii 1’ il~ I C  I I I  • I’

‘J’he ftillosv ing si - I c. m u I 5. 1 1, lu - r.its ’ s S I t -  ‘ i l l  m m l  i~ I i  l i t  -. I t’ i~ m r . m I I , t ,  .iriil
— - ‘.‘~‘er e ~s’aluatcsl : S’ ’. l m ~~r , .ini’ 5niii , loin, , ‘ .‘ m m i i  m f m t t t r ( i , t I  .irc iii m ’ l l I  ‘ c f  for )i\ Inn

i5usi ills1 1900 oil ( 1  
~ l~~ 

I l l _ i l  it i n  Ii I’ u n ii tr , i 5 I it ,tt , l  I,’ i,i ‘ ‘ n t , ,  ii 1

psi dct ive ry press u re .\ u.uit i t rol t r .t~ i~ ‘h n I I’, \ -: r u t  i i )  s i r  it is is chu m it
mmiii sO y ( 5 )  fliui’, si t’. is , Im p s - i i t .  I _ l i n n n . i i ~ iii c _ i l ,  i i l _ m t m u i s - l iii i, .iii s Si i l t i f n l t ’  l~ II

etc h t e st ‘I’i.ij ’ IIi,sn r u I ~~-, iii rs’ I m m m c  te l I ’’ st s lut ’  i i’ ‘4 n I  - Ilius t t i  I I i , m h s  in in Ii of
at t he 5. 5 1 smou r i  ‘ ‘ on i s .  kIIt 5, i n r i n l n ’ ’  s _ m i  ,t ulic 5. (1 fins.- i i t t ’ s

.itl )Uc tmcnls s m u g a NI m ihes  t ,.is Prod Ri ‘ii i is  s ’r i n  I S i r  t sr I lil ti ng li st
m i t  i~~O r i- n gi u r s  flow ins- r r at ‘lie in’ 0y_ a tuit.u I of 

~ 
‘ f u R II, ~ li- s sicre ’

gi nni ng and Cil if  rI r i ch  ~L mtl ’ u t - s t  p snm ,i l ~oI~ m l  f p n ,i m il l cg is: tr .i}us I I u l ~ m n  I t s

F~ s. Is (~ ) flosv r i t’  is - -. in: II It t  as i t I s ,n is i i  ii - - - ( in f S C- . (dli - Ill )‘( , h g
signed i’ r. s . f .  n u  ‘ u s tli(’ I I~_ _ )1I lt .i1is E’r.ip I i n n .  in  ii 41 ‘ I 1 n - ii mod the
flow r i t e ’ s  were- .isi , . ‘n m f  ‘ m u , I - n  t ’t i suirc ‘ : ‘,. li/j~~flm I ; i ’ t . f ’. s n

~ 
I n ,, t ts . i k t r ,~ ‘In,

thu each tr .m ,n ivas . is si g m mi 1 I scsi It ‘it c m l  i t i i l t t ~ ~~ ; - 1 n s- ‘i. ~~s - iii
ir. red fu ss raICs f u r  ,u 1tc ’ ri,ol :1 i - l  -~~ t. c l i  c i  ml mc ~

, s - m s  lii t t r m  i n - I  rh~ I’
e htr ur ig the t n- st pC-i intl . F.icli it  m~ - Si m s , t n  t m  of t .r 

~; I t i  1 
~~

n, i , l l n i is i lI5 ’c t cul its
.,l.o (i1tdi u t eu l  iui r t d.i~ ii’ I I I  II~~ t h e  r i s f  ii ‘ s I Ii s ‘ - I ~ ~ ~t :  m m  ‘ - ~r t sg
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An avera ge flow rate ins r e m ’ , of t - - I ’ h im- us i t  mgi -  i n - I n  pci ,ttUt r (luring the stud y
was found to occur within e,n h cm! the is -i’ ‘

~~ 
t I  i 

~~
. , I .itscl the r(’ Ilmt ivit hu-

seven CO., flu,w rates es-alo,~teui S’.uiIi it u m dtt v iS iS i:4 • u n  - Fu t ia t l y .  to nson-
fluctuations were anticipated sit ice ext e rnul  tm rung .i ul ut lt  I i I~ Ifs ‘i I . • m t s . tr.,~t lOt j
temperat ure can af lect both t.ink .iiiml reg t h u s  iii the s r ls ’ , . 1  tc ’ s t  s t t s ’  iphir.ir I ms hair

q uI.stor valve setting The uip it un mi rt f lu iu~tk - If t ui. tIn’ cu i mi u m l ie ’ u  iii SJ Ih i lum en s

rate s.-- ,ms u.h ifficct It to dc t e rt t s tw - s t ’ s . -  jfl : 1111  l i i  is sh ii uss n i t t  I ,iliIc i
uver l.ip ~fl t h e  si~.e of trap s r  lie’s occutreul  Ssi~up ly its g  ( ( l. I t t mu m m .m singls ’ smut , - to

with the s. i r im m is  flow rates~ h m - .s-~ -.- i Ii’ inmiltil i lt ’ t r a 1ts  .is shu ts iii Figure i c a t s  be
th is stud y as little as ~O() ml of (‘5 )~ per .n cout i 1iltshiecl wi th s m i i ’ , td~ r,ibhi’ e ase  atsd
t-nin ( . s a i 4  lb per hr) was found to be .icc ur.,c’i  - s ince ui1 it, ,1 II, : i r s -s Icr’ s Ii
sufficient for trapp ing black flies . A daily brated at time ‘I u-u ses ,iricl not .it the t r.Ips

m ean of i i6.88 s peciniens is is collected ,ii \u lml mt uon1ui lv , this s~ s ue m mf lcrc ‘iigntftc.unr
this flow rate, Flow rates abuts- c sun nil s o n  ings, since nub j it ra ps call i_c’ sup
of CO2 would iva-te CO2 m c i  woc t htl not plied with v . i rv l l l~ 

( 5 )~ flow r.mtm - s  from Ii

ensure increased t rap collecting e’ ’ik mc ti c\ - si ng le ( ( 
2 v l r i m u fs - r . I’~t - :ost  of a sl i lg lu

Flow rates below 5-10 m l  of C0~ (45 i -u ni t  tn lb s- u ipts  ( t~ sl~t iut -~ mo d reg mtl at imr is

ally nu gist equal tr.i p results of ~i;u rti I, P1 t ru mx t fli.i t cl  S u . n -  - sod ths’ on ont mtf

hut on a stati s tic a l .mS - u ’r a g e s% - n n i i lm l  reSult to (~( )~ us es t in m . m mc i l  It ~ I’ . - . u  15cr rs ’ imll . It
fewer specimens trapped (Table t - The is - - m s  OCi es~.i iv ti m rc’itIl the cylinder every

m lb of (X).i per hr that Suiu~ lch y 1uusd l Ion- s ‘ t o n i  si,iS s l t i s  I .i tot.il f loss t ,t u- of 525ui

t966) reou,rtrd as t h e  u ipt i t uus t uut  fu ss- rate iii of ( ~ )~ pe~ tt ut t t  was i t t m l t / r ( f  mhu t t i t sg
would be eciuis-aient tO 4 1 7  nil of ( 5  l~ re stm u ig . A m h m s . i i h s ; i t i t . .g r- u I  t h is  1cm hints 1ue
per m i it , which is right 6t i  ic_c the nptitu m I im iS the rt’ s~ iii rt’ tom’ ill of large ,u t mso u mit s of

delivery mate reported its th is stud y, t i thing uii t t l tu i i le t raps ire ’ ii, 1w mm pe r . mtcd .

‘table i m k,fluI..mt us s ’ t i  mit t i .mp I ( ii, l w  ru le r , ti _u p ,l,~ s a i m,5 ii up - , Ii.

Duos a s s  Mt mliu i lc Rat ige ‘I cr1

Cci , flow roe s
in mI/tom ci 5(5 u r n ’ ,  2 ’ - ’ -  - ‘ I ” ”  i S ’  - I 

Mcans 0 . 5  24 5 1 7 .  ii r C m u  C- u . 4 -  “ i ~
. ‘i m c i

Rel~tionsiiips~~’ d ~ui bid u.I ii, air, ifs a

Trap u l iy c  dti #a #5 #.i #~ ~~~
: ~~~‘. ~~~

i

Mcans o ’ . s . c  iSv ir u t  - s ci : 1~ - is . -  t is i i

Reta timun chmps ” 3 air Ii I- I-’ I-

Trap lrgaui uns # t  i f_u i # 4  s S 1
Mcans ’ - 7t - ,. i ..~ ‘ ii -- ‘  u ron •.~, Si
Rr batim mnihups ’ a a a u a i a a

O% level of ci rumr
Mean nunitber sit asf uIm black f l u ,  u, .,5 1~~.t r- ul - s s i i ~ l u  g~ ,m , ~ t ,  u ’ s ,

“‘ Mr_u ric accu ,mpanieul b5 t ime r u m ,  c n n — u - I’ .  , n ~ u u i — ’-..i i n . . i 

I I. i ’,-s u ,irsd a mu ller s u~ ’ r , , f m .  m i n d s  t r uu r ~ i t s suu tu n i .  i r  i . u s i i n ,, mi,  u5 ,. .d ,n,l ‘I”

il_ is ~ ~ ~4 l Fnsltle i i I. ng lui r o t  u m un : u , r i ’ - ’f - 5.- t u  - f r ’ , nil,r , _  , Im) . r i  , um ~ lw’
thr mtu ghiimui t t ime l u s t  4 mI. u~ s sit Ic .r n t m g .  thus , t , ’ i m m n r ,  n r , f  iii u so n II m u .  i , ..f m  - 1 , ’ iu i ,  ii
r~m htc , i i 5 ~’ ,iuhu lt f i t . m cl ’, f it mi t I S t I S  , im (u l  , im ii i .e .Ini1 . 5 . ,  ui t . i&S

t rihuttng to this l~ib-t u - mi t- \V umsul was

light lunu l v irt .,l, t r (n I i  tss 1nh ) thmu i~gtin~ r
the c tm u ul t - b~s’iss-cscr . cmn, e ii .n iii. floss I ‘‘ ‘ S . .”’ ’ in

r ates ss u-t e rotated mt si ms , i ss . mm i mu .1 that i i - - - , 5u  m - I ~t onn,r ii i - t . ~ . , mu.. ’
s-arm.ihle hid I t t t l i -  mofl lmm ’ti, r (in f i n -  resu lts \ - i - ,t, i - tic , , - ‘ ‘ - m , -- ’’ ’ s ’ ” 5 ”  “ S
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femal es in fan mraps and .•n sul houcut es wi th uhe uiis, suul e I’,r trapping Iul,uc kflue s (Sinsu luudae -

aid of carbon mlioxiule. Can. J, 7.,mo l. 4~ t . ’ t  u— t ) u 5 ’ t c- r ,i) Mosquito News 54 465— 6 9.
lot,, S uu.,mI,l 4 I ansI K. I,. I lase~. i t S  It , ,u u t’ - - I l

Frommer . R. I.., R. R. Carestu snul R. V.’. V is ta , ‘li’ s m il e t ra p f m r  Sumu lu ,ui a i ’ I Dipue ra ) - I. I c’ .’’
~r. 5974 . A mumilu fleul ~DC trap using ,,u u l u u ’ m ,  l’uii ’uiti iul . 3 u 5 : 14 2 — 4 5 .
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Rept No. 61—0614—77 , Dev of (“,roun d a m i d  A e r i a l  A d u l t  I .~o n t ro l  ~~c’,t u u r o t ,  f t - t

~itinq Diptera Without IJsines Persistent Pesticides , March  1973 — Tune 1~4 - .

I~l l ’ I - : r m u 1 ~ II

!- ‘ I l’ :l ,Iu l-:\~A l,I l~~’l’ I( .il4 01’ ml’:l- :’l’ — ls l- :11?- :l,1.I:14’I ’ Nil - ; l l  . lA i V l - ~I’ A .~~j~ r t j t .  IiI,Is, ’ i ‘ l . l l :~ ; ( f : l r t ! J l , l  l l n i u I ) *

i ‘t f u ’ ’ il in the ,Tm’)urnal O f ’ Mi ‘ i li ’.il Pt i f  (m lii n i l ’,’ • Vi ’  1 1. ’ , ~~ . — ‘i ( ] o  7 r , )
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J. Med. Ent. Vol. 12, no. 5: 558 561 30 December 1975

FIFIaD E VA L UA 1’I O N  01” IWE’l’ :l’RF:,t ’ l’Et) \-I ESU JA( ’KF ’I ’
ACAIN S’I BLAC K I ’UF~S S I M t ’ l , l ! I ) A E ’

fly Robert L. Fromm er , Ral ph R. Care stia and Robe r t W. Vas-ra , J r . ”

,1!u,i,,uct ,-\ , . l i . i l i - t i i u l t • - S i • i iuu , s I , p. s. k ’ u uri - ,,u.- ,i s s u i i u  ‘ I , m - m ’summu , m l  u m l , , t u v m ’  u mi . - , m s l , t ’  ii t l mi u u m  ‘. 5 u ’ l i , s I i

flu il 7’-~ “. , l m i - m I , s l m u u m - t .ui’,li u . u ’ , , n u l  ,- , .P , i ’ I: ~s , is  i- s , u l m m , u i , - i l  ‘ ‘  ‘ ‘ lul uu k iii l u i t u ’ ’ .
pi u s . u i u . u l  iuu , t , - u  i i i,- t uuu ’ .s s u i i . ’  um , m l , . - 1uru ’ s’ ’ ’ i u l  mi ss  .1 ‘I i, k Iii l , m i , ’s

Ii, .ul,luuioi, , i t , , -  s. km ’s ss , i ’ . i - , . i l , u ., i,- it u ’ i , s kum i u t r , m . u i - u i . ’ s  - m i , l
i i  II A t  S .- \NI u iii I l l’  ‘ I - S

.ui • ’-~’i,uli~lm m u w ith ru ’s~ci’s t I,, m o m,) . ‘ii 5uii ml ‘ ‘‘ us s u m , - ,, ,  ;ut m . - i

u’ ..,u uut i i ial %s- u’ .sr. liii’ uiu ’ i ’ u— m uuu 1 uui- g us _ uis-sl muu u ’ s l i  
~ 

s, I uui t i -u - s-il ‘I his I) . I n i L - i  I-  k i t  sv , ms m lu ’ v u f ’ ’ n ‘i - il l m~ Iii,’ 1 .  S.
sm g i • , ) u i  liii iriut, - ’ t i m u tu Iruat i i s I , m u  K l ’ s  is r im ,  .5 ’ . t it .  II ‘ ‘5 S t , i ’ n s l i n  ml - - -  ‘

- - ‘ru , m ,. ml ~s I t ’ u f , r  _ i ’ l u- hI  l~ u’ u • . n m m f i  l . _ u f r n , t . i ; , u i s _ ( m u m u ~ iu u mtm q u , i r i - ..u r ms h.’twi’u’ui t im , ’  uuuu tu i f mm- rn , i  I ,O i -s  ru ,  i’ isi’d P .s m u ’  P u .
w u- .s r) iug tru ’ ,stu’s l auiul i u i ’ i . - u r r - s m , - , i  s k i s . (If t hu l i u t u m  m 1 . ,m nis I .i l u i u u u i ’ , N . ( ‘, 1 Lu’ j : u s  km’i us I i u .m l i  ‘ I  ,i n f u  I 1 g mit
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1975 I , . - - - m um-u s ’s tu  : P I,’,’i.iu,’ ,I’ ’ ’,) ,in K ‘ ii ,lii.mii~uri

jacke t :an l)e re rcated. ss’hiuli i,rukm’ ligh t  ss . u~ti mci I h usumuts  vs crc to i l  t u  mId ss ’ hut ’ th em ’ liii ’s Ss-em-r i’m-el ms it ig

conditions is necessary approxiiii.itely every 6 ss- i’t- ks . tfl tlt(’d or not u-tur ,uted iuuu’ s f tjack et ’ .. I liii stati s t i cal
‘l’he primam’s- field evaluatio n of th im’ (ICCI-tu-eain ’d dcsigti helped recl uuu e t rruur res iult imig ti’oiii 

~ 
I i l , l ,m m k

cotton— polvestrr m esh jacket ii ii - pm’~~t t ~c ’ t is s i t  mg m ~ l ist  I I.’ l)Oh)du!at ton dr cb im ue s 55’ lsem hem- !u’ .ms m i ms.u I u s m - It- out i

adult black flies is a -s u ’otsdtn-tcd froism I) )  \l,is - n i  s u t m ’lu ’mui t ’ m i t  s i r - l i nt ’  m ’ r u m , d u i u m i u u s  ‘ it i&l  ‘2 iosssilsle
I JtiI~’ 1974 at (‘amp 1)rsstii , N’. V. ~l’ huis pc rimmd %s’ ,mC cu>I la l to m’ a t iu ns usts i. p rt iii ~~

- u r m l m ’ u p ;mm u ls Si fu u ’ ui .im lsss - t ’ m’ i t I g

one ol’ h ig h aclmuhi 1)1)0-k liv m u l iv it i-  f u r  t h u  t ’ t ’ g it uu u u 1 mmu ’ ’ . 1m ~~m mmm 1 u u ’ s

(~arest i;t Ct al, Iu~ ’4l ‘I lie s.m t tu p lu’ul l lsu l u u t l m t i u u l m  5 5 . 5 5  i i iui tu u(’ I I  lii luu ’

‘I’Iie ,‘u:pehlc ~iil uluesil j , u m kt’i 5 5 ,~s u - u i- I ,umiul r’s- ,u l t u _ m p, ’mI m i mi u u i . u I I v t I is iu’ ~I iuu t t ’ u l , is m , m m P u i — 1 1 ) . m t l l s  is. i u , u i i ’ . i s lu ’ iu ’ mI

t u ttle,’ coitilot ( l r a&umium g C mul i ( hiu iu u rs L b r  the luu ll , ,ss ’ i u . i, u mm ’ m su m t d u i u i i i s  s p u Iu ~u’m t to 111.11 Is, IL, f s t i u

characteeistucs : (I) itS cfrectivct icss .ms a u m it sd is’ i i $ i i .ul  Nt’ss ’ . ur iumst ’t l  t i t ( ’sl t  i, ku ’ ts  is’ . ’ ,ui’ss i S ’ , i’’(tl’d it

protective isseasure against black flies . eva l t im i ,  ii L- - lx ’g i t m tt i m ug ‘if ’ eac h is cel~ .11111 t’u’t t i ! u i i ,i il h u t ’ ( ‘ mm d
according to the nuniber of bites receis-ed on 6 buds- -ii ’ th aI wrn-k I. ur I~ . . 1  s i t  uii I~i~ pmm ] it’\ si ms

areas head including face, neck, a russ , torso a Is i s  u ’ mmmm ple m ute m ml ed I u it the html Ioii’imig m l - ’ i s m  us ’  - ( 1 )  Ii) Ii il p
the waist , torso belo’.v the ivaism amid legs; 2 )  ru ’duuc e n - c r .  ‘u ’ iriutit 1 ,55 . 1  sairt lilt ’ s i/ t ’ tlmmi ’ It) lm’ i i  or
acceptability with respect to comfort and cots— uuiisp i.ics’d tnc’slu j a cke ts :  2~ I i i ‘(liii u ’ error h-nun
venience after continual wear and (3 ,t irritability Is m ss of repellenrs is l i lu n i lm t ’; i f  i u- u’ului -e i t  s. iii
to exposed skin, uuu.’t umoni s m cca ll m u . s t u ’ , r n t ’ t  s mug  5 1 ) t i ’ su u i m i l t i , i i t d s  ,uiiml -

‘rhe 6 body areas where bites were recorded ‘,sri’i’ i,uc t li late  I,i~~ir r t u

further segregated into 3 categories to he statisticall y .‘s~ ~~ eus d of s ’,um it is i_ n k , um pous I Sue u n ’ i t  ii iii utu t’ s ls
analyzed. The categories were as follows: (1) the jackels li’omti t h e  field, au I ’ \’ ul i i ,I i i (uiu qtii ’stio tum la ire
number of bites recorded on all 6 areas of the bad ; ci mmisist ing of ~ I yes—or-i t o It mis n i  ‘u - I 1 imi ’~ il. t i’ .  ~s- , ’.
(2) the number of bites on head (iticluding lace), givc ms to each partieij ) .ituusg sIsic ~m m ’r. Iii each sinit
neck, arms and torso above the waist; and ~~ t hu’ pur ltc ipami t titucis, ’tCdl c iUesi iotuuutt iru’s c’olleetii-e’l’,
number of bites on torso below’ the waist i nc im uduti g Ss’hi il u ’ being mt unts i ior ed. ‘l iums hir~ u’edtm re ss ’as to
legs). lid p u- edu ce ‘ cmi  ur l’rotsi pu)ssil)i(’ p~ 

S lid -i 
~~~ 

I co l—
Satm i pling with hand sweep nets amid tm’ ap pimm g l t lo ir a t i u u ms , L’ .Ius M Illu’sr data , dir a~ m - t’pi mhil ims - amid

using m odified C’DC Iraps wmlhi  (‘( )~ showed t hm;ii i rm i l i l u i l i l ’, sd h u e  t iiri’lt j t t ’krl we re umI su l \ - t t ’ t i  st u d s —
bitin g I )ipt era other than black flies were m mi ii 

~~~~ uus i mug pri- cet i (ages mit ’ \ ‘ c s — m u i  i i i> I slit’ utsswrrrd :
j )resent in sufFicie nt numtsbers to confuse Ihirt ic ipmnts 1uu t ~stiuumis . i ~~~~~~ b,e tss ’reus t h e  u’ilt’ m ’ lis em mes s 0!
in mistaking the source of bites, iht~ 2 trei t tumemll s w u’ m’e imut a lvzecl itsumu g the h umi red

During the 6-week test period. 6 dihlèrent Student ’s ( - les t ,
randomly chosen combat units were issued 21) live 

‘~ ‘ 10’ ,u lcvel m il  ,.ru - or si ms chosen Io’ s’at ise parl iu ’i-
drab mesh jackets to be given at random each week p~nt~ had to recall es ’er i ts  that uscctm rre d duiring a
to participating soldiers. Ten mesh Jackets were 7-day period ist  mr to .unsss -e r im m g q m i e ’ . u u m m u m m m ~mm u ’es
deet-treated and 10 were untreated controls. i’hus, Finally. confiden ce in~ervaIs aI the 5” ,, error level
a total of 120 (60 treated and 60 non-treated) mesh were f itted to t lse 2 t ru’at mslr nts for ( ‘c u t s u p ur i sm i u s  of tIn’
jacke ts were issued over a 6-week interval. Partic- mean number of bites received pt’r m m .

Before ccsn sdt tm - t imsg the ,mliovr field st u ds , a ~‘i’il a~’
TABLE I. Mean nutnbeu’ of black fl y landing count. recor ded preliminary fruit ss’ ,~c condticirrl and SI .u t t s l i i  ,mllv

on part ici pantateati ngthef o llowin gtr eatm ents usi ngOuuican ’s , i t l . u lv7i ’d by 2 muut’nil) l-m’s of t h e  s t u udv  leans ho d~t~r-new multiple range teSt. ’ - 
- 

. - - ‘ 
1tiliUC Ihi e j )0t ( ’tt I i t l I  efls’( Im’ ,’encs’. If  llse I’ l oss utim, ~ 4TRrA’rMPN’rs -

-— - ~~~~. lreat mrtsts ag. iu sms i  hI; u m ’k fly l u h l , ’ s (I ~ ileu’ l-lrealrd
— 

2 
_ - - ‘ _ - _ _ - _-

~~ ‘~ mmse~~ jac ket ; .2 ms o ms— t r rat e d cu i t u t i ’ol t ste sl u 3 u u kel
S%’ ear ing Wearin g Wearimu g . 

- 
.,,

u ntreate d deei’ li quid ds’s’u ~~ st ,i midat’d i i iu, ij i  ms s uu i ’ dccl I , i’ ,, i ’ t l u  u ’ t um i ,iir 5

Wea rus ig mes h treated repellent Os’ It q t i  id repellent It pica his a Pl 1 ied li~ 111 nt I to time
um itre s t ed jau - ku’ m meals ikmn and - - . ,

fat igues (u ’cn mt rm , hl jacket fatigue. sku n f l i t— , mie(’k . i t t u f  pal,iI’,’ , u mt t l  t,s t lc’h tr’s ,uns d -1
Total landings 422 404 129 t ius t r ea te ul  skim s .u t unl I , m I , c ’ t u ’ s  III ,,, Ii liv Lsm sdiuu g s
Mean landings” 84 a 80,8 a I .‘? b 25.8 c w ere recorded tutu h r  tipper i s ’ u s - ’  . u u c , m is- h err the

ianding counts wer e rm’cordeut s imi ly ii the area wi mi ’ uu ’ mites h j.t m ’kel is s s u u  ii - Is i r  .i ‘s imsg le ‘ - I l i u m m m t u ’ u  s ml p~’m
the ja cket. were worn (uppe r i rs ,, - os’~r a ssng le 7 i - tummt i  m l iv per treat umieti b Ni’ is ’ armd m iuuuus u ’ m l i ’  kr- Is  tutidinterval per day for 5 cont iumuouus ‘ las-s . - I
‘Meazs. followed by the samne letter ,s rc suns significaust li l .mmm g m uu s S ue t ,  . u . s c . m s s  0 u  h i t  ( 11mm mug ‘ i i  fu tes I u ( i O—

differs~ni at t h e  5n , level of error. dueled Src iu umm l.m rt l ’ ,  - lie test hit’ IpC(i ium dc lermtsmts ing k
H—2

~~‘~~~~~~~‘‘ -S.-——- - ‘ “  — — — ,,,., ~~~~~ - A...... ~~~~ ... ________ ,,_~ - ~~~~~~~~



---~~~~~~~~~ ~~~~~~~~~~~~
-- - --

~~~~~~
- -- -.

~~~
- - ---- 

~~
‘

~~~

-‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:~~~ _ , - - ‘--- ~~~~~~ - ——S-- - -~ - -- - -- - -~~- ‘

~ihI) I. ~hi’d, l- :uui. V i i .  I .~ tom , ~i

wh ether another contt ud tremitntent would be necdcd “ m’.~ t.E £ (‘~uiIumhs ’nt u ’  mml i ’ ,  v , m I’s for t i m ,  uu , us.  muuuuul us-m s I b~am Ii
i tt the primary study , I I i I i ti’s PC~ urt a um Ii a uu s m li s - uml uahs weau u i ig d,~- u t r i ‘al -i I auu ul

m mo t u . u l,’et—tr ea uerf utuesl u ,ts k ’ - mu in 3 tep uratu ’ m u n .  m _’ s i n s ’ s

RESULTS ANt) 1.)1S(,’t’SSLu)N ( . ‘si m l . ,  ‘,m i s o  mis .m

Since the results of’ t ime prelirniti sry field - .l, u(iy 11,- , - i , .
~~~~,”l

presented in TABLE I revealed that umm i obsem”, ii)l(’ 1 i~s .-iiui ‘ i -  um, s l n  u.  L, -i i. S.

(lifFerences existed between the tmntrealt ’d jau -kel laud S i m m’ s s i s n . n  I ) s s ‘u Ls ’ u - ii ) — el lb -
, 

n - ~

f atigues . we (lid msot add utnot hmer cu ,ntru d l r u ’m I  i s u s ’ m i t  ‘ii”’’ - I ~‘ ‘  %s~i ’ s {  
- 

m n l ,
,’ 

in ~~u u n  s n .  m n ,.s n

to the iw mmn mry stud’, i ut t i c  mte(I tm m iii h i s  h u t  I su~u ~~ ~ ui k u 
h
1

,m
1 

m 
I u 

,
~l u m u m

hr  wHclu only an ;uvm’rmtgr ‘ut 1.2 I.m nditmg s is,u ’ MI is un us . 5  boils n I ‘ Ii ’ - t t .li~ I I  ,~ m” m m , , , ,

recorded, was considered i)~ tCflt i t llY lii,’ mo ist —~~ - - 
si.’ ’ i l m n ,  n i i ~~

efièciive pru)tective device against idmill black th u’ s . I - 
m ’ I , , - n u u l , , l s - , i s  - - m l ,  m u  ii St -u) u ’ ’ I I s I s s ’u I ‘ i

at li juit under light worktng or t us t condmtmmn tu 
i i Hr I I I  u : I  I “

~ ,
‘ 

,
~ 

I ~m mi  
S.

Although the deet liquid repellent w hen app liu~ I ~P”m muss  Is - ‘ s u u  .i s . msm . u ’  k “c.- -.1

topically Lo fatigues and skin diti show some p us t t ’ t t t i .m i  
*e m0.:Tenu

~~
.5 (ii is , ’ ’ - lb t rc,uI , Ii ,’ ln Is is , .ull s i n s  ‘-‘- “- ‘‘ ‘-e - - -‘ 

-

protection (25.8 landings), this was considered to bi’ 
I~5 L u l l  .ut u ’ . I

less effective than the treated mesh jacket. as nutrul
f ’s-nm mean comparisons con-nputed frotti L)unea ~~~~ 

t l mu ’  j i m  ket hut ’ , tu l - m u , ’u k, .m rm u ts ,u umm h I m u :  . u , , I ,m m s m ’ thur

new titultiple range test , is ’, mu s m , t hut ’ s I I f I , ’ i t ’ m o  , s I su ’i’s’ u’ u ’ui ‘It,’ ‘,~ t u , ’ , m l m , , ’ - i ’ b s

TABLE 2—4 present the j riitsary resu lts um b ’ ill,’ 
is-e rr It (ui s u g u l i f l s .u t i t , I Iui ~ i s _ us h m i s m h , m f m ! ~ .u t i t m l o i.

effectiveness, acceptabi lity and irritability of i~ it l m ,tl,It to partu ( m p .tuu i s ss uit h it’ hi i i  t ’u ,l i i i  sIb us k~
treated and non—tr eated jackets. ‘l’lie daily t i m ut e  

muo l si c.’ t t ug I bu u . -u u , im ’ m m\ m’ hsaud , ,u~ 56’ ’ ,, u ‘I ill iii u ’

period that each jacket was wu u’n w as 1 ~‘s h;, wish wi t h  tlsr tu ’e ,uted u miu-shs ,~~k, ’ t s  um , u l u m u m ’ ’ ! mum t h e  head

u)hj .3 i ) ,, of the participants wearing jackets over lheiu’ 
,st ic h tie , k i t’ i,~I lm ui

fati gues and the remaining l . 7 m~ , over their ‘ 1 —sh uts - 
Al t hiuu ugh t hu r i- l u s t  multi or t i l l s u u i u h  h~’ s u g uu u l i s  h i t  

—

or next to the skin. ‘Faking into accou nt bites 
uum thu’se e ou u u p .us usm utis , thu’ Iu’C of ’ t h u  s ‘ ‘ i l I t u l s u i m  , -

recorded on all 6 antis of’ the 1)0(1’,’, th u r tru’sted 
t mmter ’,-,tl ( ‘ , I - ) of I hue tuscan ofh’rs , i t tmu lu i - u f mi - u s l u m I uye

111(9th jacket had sigms i (icaistlv less-er bites t i m- ui l ime 
oh t hur t’(’s u u l h s  mu m ’s .t l t iat i t u g the mm ’ u’ m .ul i  t ’ I I u u t m s s - ilt - s’.

nntu—tre mtcul m esh jacket at the It) ’’ ,, level ru ’ s iu~— ‘‘I the uiues b m I . m ( ’ ku ’ h lm ial m ’ r comusl,a h u- om i u I m i i s m u u ~ i ‘,i,u F

nilicance ( ‘m’AB LE 2). Similar statistical difFeru’ust’i’i 
I m is s , fo r all (i m i i i’, mu ! t h e  l~o~i~’. t h u  t sm( ’ , it i  m u l m u u n ) . , - u

were l’ound when exposed areas of t i m e hod’,- we m’u’ 
mif  h uii ’~ per mu u, m ii is e t r t u s g  I lie tr ei heul  mut , ’ -.hm 1 m m  ku’t ms

t ested , such as the torso below the waist a
’
nd leg 

)~ ffl ~1tI~ .~ 
- I - ‘f 1 21 7 ,3 m 1 bitt ’s , is bil l ,-  thu t t s u m ~—

regions. However, when comnparitsg treated mn~1 treated u n-sIt j.~’kct u i’u - uumd ed a inu’,uu si t  1I . ) I is t i l t

non-dee -treated mnesh jacket wearers i’dative to the ~~
‘ 1. of ~ .fu ) i  ho I (),‘I), mitt’ S P~~ 

m im, Ius , I h i s  t~~’ f t ,  .uht’ s

nt mmnl,er of bites acqu ired in time areas covered ~~ 
l Im it  a huer so um i ss’(’ ,urisug the treated uu ue si i lai -ket (- i nu ld

- m , ’ t’t’mv(’ as It’s’, .ts 3 ,4 1 but t ’ s , while .u pet’suutu ss’mnli t Im e —

TABLE 2. Stati s ti c al anaI~-sis using puiru’d Studu’utt ’s (—le st ~~~, 
n on—treated m u  sit jacket ould receive tip to I t

the mw-an numbs’r of blac kf l y bit es recorded from partici pant s bites under the sante test coiiditmo tuc . \ ~ mutt
wearing dept-lu- rated and no n-deet -trea t ed mars h ja ckeis it , 3 referring to SARI C 3, th e confidence i t mi ’ - rs m l mir the

separatu’ can-gormes.’ numuber i l bites recorded in the tm (‘as o iivu’i-ed liv
AREAS OF BODY ’ RESULTS OF T-ThS’~ t is e jacket clearly ilhtms tr at e th at .u pem’suum i is u- ut itg

(‘ os-erm’d by mesh jacket 4.4~i 6 .31 —1. 343 NM , .u t reated umiesb i ,im ket cosmld m’ecr ive UI) I,) 6 I- l i e s

Not cuisrered liv mesh ja uku’ : . 2,322~~~ 
frss’,-r than om s u’ 

- 
wear ing the t i .  tm - t i t , I  I n ,  I lut ( ’Shi

j . m t - k e i  l - mnal l ~ , it s lest ung mIme m m umt u b u ’m u I  Is i tu ’ s —

All 6 areas of body (total) 5,30 8.38 - - I ~~~~~~ ac qtm ii’eul oil espuuiu d aress s of ’ t i m e I i ,u m ls uuuu(  ( ( — ‘ ‘u u-i l
659 h u~- t he ,m u - k ri , tu p ,m mI i c i p5 t t mt w u- , i t m u i g  Ii Ii u - l i -u I i o u - s i t

‘P~ir”d Student ’s ( - l is t  m n ‘mu fu u u us .’gou ’, tomisted is) l ,u m ’k u’t (‘,)uul (I hi.ms u imp l is :i I , i t i - s f u’ i s , ’u  t h u  u tu  m i i i , .
testumig t h e  s’arsa bshuty existing within mimi1 hetsu s c um 60 dee m- -
treate(l anul 60 st uiuo-cj eet-t r,’atcd mes u m repellent ja ukets iii- , r 

ss u lu m t i ~, .i i u i u t i  I i’  ,ile ut u u ue sti t ’  Ku t I b uss  i- lo t , -

a 6—w tu ’k period, ( tu Ihm ’ mt  . ~
- u t u l f m m - , m u u - s h i s , ,  t }Ie ( m i - , m b u ’ ,l iii , -h J ms ku- i

- 
‘‘Areas otbody ire dr’tIuu,’d ,js fi,llu,-su’s: rou- ,’red tm s- s i mm-si, h) ssu ’uit ’ s . m 5~ ).ii i.,l elli’o I mm re~sehht m ig b u n  K ( hum’ s Ii ‘ ‘ t i m

j ac ks- i head (sn e luidung ).s~ , - - , ne~ k , arnis , tor I,, aluos-p ui, ’ m moms — p ruilcn - h rni iii .1’ . III tIme I uu idv
w ,u m sm ; inn covered by mes h jacket torsr i below ss -amn mum I

legs; m u s h  all 6 areas of body abos’s- mm ~-I belu w t h u s - ss .m ns u 
. s u l u u uu t gni m lii Iu rm t i ill, , hu \ - i’t u u - ss is i i  u m u u t  s t i l t s .

‘‘‘ I)j lTerpssm-enq si gusi fl u-arit at TO ” ,, Iu’s ,’I oIs’u’rm ,r ‘.‘ - l m , I ’ - s I  t i  mlii lIu ’tu ’t t t m u i u u - , I , ice feel l l u ,mI umiudr i u ‘ ‘ u u s f u . u i  5 ‘ s u m
lest ) , d m t j oist . chit’ , - I t s - i’ prote’h ioms rusI m hi hue t m  It irs eu I f~

H - i
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1975 Fromnsrr eu al,: I)eet-treatos t jack e m evaluai.omsm 561

TABLE 4. Analysis of the acceptability and irritability oh’deet- exchange of assigned jackets was non-existent,
treated and non.deet-treated mesh jacket as determined tr u ism As shown in ‘SABLE 4 , the only training activity

questionnaires given to 120 ParticiPants.’ b r is-hiclu thu jacket si ts considered unacceptable
R, s m’ uususo s by partic ipants was crawling through lurush (78.1%

~~~‘5 

~“‘ said inconvenient) - 
- lids is tmndcrstandablc since

Acceptability the jacket has only I securing point , around the
I. Comfort” , , 

68.3 ’;, 31,7” ,, h ood ( i to . I). I”or b’uturc wear, excessive wearing,2. Convenient in wa l kmumg t lsrssu g lm 
‘ ‘ ‘ -brush” 60-7% 3’)- ’i” ,, tearing and sn u gging cam i be reduced if the jacket

3. Convenient in crawling through is drawn iii -lose u to the body, especiall y around the
brush ” 

- ~~~ ~~,h
, waist chest mind si- rusts , All otimer auras exaut iuied4. Convenient in us.’ of weapon 60.9 ,, 3,1.1 ,, . - -5. Interfering while driving tank or ~)ei’lam fl it ig to c ., usi fc ur t  amid conveuitrnce ~questtons

Armored Personnel Carrier 
- ,,, , ,,, I 9 iii ‘l ’ABi F 4) showed - s range of 60 7% to 83,2°.~,or jeep” 26.3 ,, 73. ,

6. Interfering while driving 1/ 2 tt~ e~i an t e.
to 2-11 2 ton truck’’ I 7- °,~” , t )2 ,T ”~ (‘otuip lete 1urmu te c ’ tiu ) mm of persons Iromut I ii,im- k fly

7. Interfering with hselmet ’’ 2 1 3 % ~~~ ‘~~ “.‘ bites ss’Imtle traim iitsg u nder siniulated coum ibat cmnidi—
8. Interfering with eyeglasses s e 1 6.8% 83,2’ - ,, , ,.  -

- (ions is mt isl)o)ssihl( ’ . Evets when wearing mime tm -eatcd9. Odor s iff ensuve (deet-t rea led 
‘ . -nseshu jacket) ” 21.7% 78,3° ,, mesh j as ket , .t Iris’ hiles , 3 to 4, ca mu always be

Irritabil~ y anticipated \ s i t h i  su,une statistical cert a im mty ,  1 loss ’-
I. 

0 5)~ 0,’ ever , time du - t ’ i - u uuu pru’ gn abed Ct i i ls u t i -p i5 l ) eimt n ’t ’ ut iesl
2. Irritable to sk mn (no n-deet— j ac ket , 1 wo n t pt’ m~luC’rl y, is-ill gnu u” Imable ,st md

treated mesh jacket) ’” 3.0% 97 2” . ebl’cct ive persoumal pro t e c l i . i : s  (ruin biting adult lulack
‘Responses are presen ted as snean percentages of yea - ill- flies unmder ct,:tilu.tt tt’, iu t : u t s g coulditil mum ’ , .

no answers.

‘‘Pertainj to all participaists w lmether wearing du’et- ,4,Aruout’/enjgrne,mss — S’s i ’  wk li to thi.muul , t)r Ruugcr II. t .us m m f,.ouis ,
treate d or non,.deet-t reated mesh acketx. LCFIR , u’~ iuu r 1mm ass usta umi e in pruusiding tec hmz m iu al ads-ice

~~~~~~~~~ to participants wear ing either uieet- t reaied uir as well Ims t In- colon’ polyestu’r mesh jackets fm,r this sui md ’ ,- , We
non—deet—treat ed mesh jacket s, as indicated, also h ) ua u uk Dr ,Jau uses Ku - . i m , lhioniu-u r ums 1)epartuu m.’ ri t ,  hi S 1) A .

Rc~s-ardm (‘ s - l iter f u m u  Is is helpful suggestions regardusug thur — -

up to 3 weeks before retreating the mesh jacket ut il izationu and prm ’s m’ uu tauuon cml stat istmua l data, 
- -

with deet. LI r FR A T L ’ RE  CITEI
Of the 60 participants, 96.0% stated that thu r - -

, , . C.tts, E. P. 19(8 . fleet tmpregumated net ilint reps-Is hstingdeet-treated mesh jacket was not irritable to the flues J I -( u ”u Fnt, 61 u 1 765—66 ,
skin either as direct skin redness or rash, st ickiness 

~ are.tia , R. R., R . L. Fromm er , R. W. Vevr., Jr. & V. A.
from the deet or itchiness of the head (including Loy. l974a . Field evaluation ut l~ta -kfIy cssu lu ,, I

b face, scalp and eyes) and hands. Partici patsts aerial applo aus s sh m i , ,‘uiun’ . ,”.mto News 34: 330- 32.
- - , I 9746 , 1’ us-Id u’s’~ii miat uus ui muf blackfly roumuroul gru uu u us I ap.wearing the non-deet-treated mesh jackets had pli atinna. Pr om’. ( ‘ a1~f ‘m lsnuq. (‘ant, . l snm .- 42: ‘ ml  u i ,

a sim ila rly favorable response of 97.2% (TABLE 4) ,  Gouck, H. K., D. R. Godwin, C. E. Schrrck & N. Smith.
Areas of the body where some slight skin irritation I 91,7, Fi,’ld u -sm wmt l m s’s’pelleuut treated si tting ag~uuis t

on black salt niarslm numosu1uitoea, J, Em-en, E.ui. 60u 14~u I ~2occurred (4 ,~) were the head (face and neck) and 
Couch, H. K. & M. A. Moss.ea. “i ’( , F~’ld is’StI wil lshands. Thus was anticipated with the treated mesh rm’pelle nts sm prevent unuwquit,u bits’!. ‘mloi qmuto ‘sos -s 29:

jacket since (a) it contains technical deet which 21u3--€4 ,
might produce some irritation and stickiness and Groth. u., R. H. & J F. Adam.. l ’ u7 2, Aim imui m, . sa u , , s us in

moequmto— busrnu’ dmsu’~ su’ lurimuecti ustu ISis/ut, ?mhd, 137: 181 -84(b) the cotton-polyester mesh material is slightly 
Kisan, A. A., H. I. Malbach & D. L. Skidmor,. l’ i7’t A

abrasive. A small percentage ( 3.8%) of parties- study s)f inser t ru’prll u’umts , 2 !‘ti,~, I is l tm ’ uuu tw ’u;s t uure mint
pants wearing non-treated jackets also noted some pruutu’o l isu s i t ituse, ,/. Fi’on, F,ut. 66: 41 7 314. n -
form of skin irritation. This could have been the Smith, C. N., 1. H. Gilbert, H. K. Gouck, M. C. Bowman &

C. H. Schmidt. I’S ) Factors usftm.mt istg i/se ~nsleutu, ’sm fmm’iui uu/result of (a) the cotton —p olyester mesh malenal of snn uqu utiu fepm’//s ’muts . I) S I) A ‘I’s’ u In hull. Ni, 12$5. ‘if,
being sli ghtl y abrasive: (b) participant error in T~.ub , R. & B. L. E*lsberg. 1962. (‘iuu uu ~u.sra t ss. ’  s Ib, isi s
answering questionn aires or (c) possible partici pant of ulmet lm y l t o l ,m.o iss ms l s -  sksui-applmu si, ,, rs- ps ’ llu ’tmm (u t ’ s - I  mu d
exchange of treated and non~treated jackets within 

M.1960 clothmmu m g m usspregtsanm agai ns t ut mo5 quutc mu’s in Ibm,’
nipabu iua lnm’nm.m’igruivu- sma .mnmps its ?,nlalava. Piscmf bum 4meach test unit. However, based on personal contact 314- hR.

with test unit company commanders, participant
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FIELD EVALUATION OF SEVERAL REPELLENTS AGAINST
BLACK FLIES (I)IPTERA , SIM UL f ID A E ) ’

B. A. SCI-UEFEK, K. W , V .~VR A , JR. , R. L. FR OMMFJI ~~~ L. j, (~ykBLRt.; ~
Regional Dsvmsion-’ .North, U S . ‘irmy Environmental lI’,~~meume Agency,

Font Gi’nsigr (. Meade , Maryland 2o7~~

ABSTRACT. fleet (N, N.Dmethuy l.mrna-tiulu’ a conu ;u,u1 .mnd a dent siausmt ~rni in each iers~s of
amide) and twelse promising experimental repel’ tests , Ratios cu eff—ct usenrss wer e ,alculj uem m for
lents intpsegnstcd in mesh polyester-s slum, ,, uackeui rel ,aumsc ~“mpanms.uns. The tue,t ccmpounds icsurd
were tested against black fhie ~ itt tht ce nt ra l v~hIr~ writ  ~ hym.fr u s x - .-nih - I cyc lohexane carboxylate
of Costa Rica and northern New York dur ing (A I 3-7 imcuif ~~) a nd iu’urahv ’ iniutuufu r~

i oucta ruuiare
1975. Ex perimental repehlenns were paired wmu bu (Alt  tu ut i ,,

INTaoDt’cTlonuu- With recognition of the pros-ide all the d~sirc d cha rac te rust ,c~~ n- ’,
spatial repellency of impregnated mesh the optimum urssemt repellent . h)eet is
netting, considerable attention has been besoming mu reasing ly du~~cu lt sO ubt.’mn ,

directed to the use of mesh jac kets as ~ u ’ does nut provide the lunge u- it’s’ of man’
means of providing individual protection other cornpounuls , and its effe ctuve ness .

(ions biting Diptera. In the search b r  grrad y redus:ed after wetting (Gouck et

effect ise repelhents for impregnation of al 1971). It us therefore necessary to
netting, the major ity of research effort has screen addut mo m al com pounds, ut ilizing the
been directed toward mosquitoes both in 1acke u concept , whm~h might prose to be
the laboratory (Gouck ci al, m9 fm7b, as effective as dcci while providing more
Schreck et a!. s9~o) and in the field desi rable characteristics of an optimum
(Gouck ci al. m9 67a, Grothaus et at. 1972 , repellent. The pusrposr of this paper is to
1974). The mesh jack et concept would report on two studies designed to evaluate
assume additional importance if adequate dec t and m a promisin g experitsiental re-
protection against black flies (Simuliidae) pelleustt against huu pm c al and temperate
could be demonstrated. Black flies pre’ s~ cc ies of black flues.
sent a severe nuisance in temperate re Mm rmuoo’ , ,v t s  Msi~~RuAt .s, Polyester-
gions and are involvcd in the biological Cotton , w a ist lrtsgth , long sleeved over-
transmiss ion of pathogenk organmsms ho ja ckets of ,6~s cmi mesh dyed -\ rmv oh s- c
man iii tropical areas , drab, shade 107 were used. Lus h 1acket - -

Jackets tabricated of polyester an d cot - weighed appr mxmt nate l y m ~m u g and was
ton impregnated with ~1eet were showui um pregnatetl w uth 0.25 g 01 repellent per
to be highl y eff ect ive compared to topical gram c uf fabric weig ht by ~1 m ~mng it unto
applications of the sam e compound .igam rust a nicastured si m ;s um im n of the nec hts us a h gra de
several nearct ic species of black fl ies dur. re pellent conspound mn as cton e ca r ru m un
ing the spring of 1074 at Camp l)rum. UI the so lut ion w,m s absorbed. A l te r  treat-
New York (Frommer em al. 197s ) It is ment , the pac ket ’. were i i i  dried and sealeol
recognized. however , t hat deet does ntot in plast m~ bags. tm~’rrgoa tuon was ac
_______ 

co:n plished ,j t hree w~ rks prior to held
testmng. The repellent compounds u sed

The oç,snmon m c’s assertions contained herein are s how-n in l’ahle uare the pnvst e views si t the authors and are not - . 
- 

-
uo be con.tnmed as oflic ial or am rr’Aect ung the j e s t s  ‘c ere condtu~te d mit two locations-
vi ews of the Departm ent 0f the Army , Rc.earch un l ine c entr a l  val ley of (‘osta R ica during
sponsored by the (IS Army Medical Research and f’ei uu o uar y lu7~ . arid in nusr th ern ,\‘esv York
Developme nt Command, WASH DC. , 303 14 , 1 -

under Contract No. DA 3A o 6 I u uuaB~,Po m - 
u r m n g - as -  u is ’5 his (,osta Rica , ap-

‘ m acc t Control and Rt.earcbm , Inc - A,ltim~ e pro x murm.u tely ~s ’ Si tes w e re  examined and
MD , ~,g. the 

~ 
cmt e s Inas ‘ m g the greatest adult black

‘t—l 

•
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Table m , Repellent compounds and lu,c~ iso s n at which tested , 
—_

_______

USDA ENT
Code No. Compound de f s nmumon Coita Ri~ New Yo ck

A13-283o.Gc Om iso pentyl ms late a 
a

AlJ ’3775b I u3’P~op~tiCdm’il . 2- bum> I a- o hs  5 rul i m I x

AJ3-5974q s ’Buty ry l i - u , a ,3 ,4- Tetrahvdr- -qm i un -h une s
AI;.7627G5 u.Bu ty l.4.mct h ’, l.car boity rsl x
A13’ Bzi 8-Gd Tetrah yci ro f u rf ury l octanm’auc x x
A13-m4825-Gc m ,j ’bii (Butoxym e’hs I) ‘z- inui ’ lazi uIsI ipnne
AI3-t8o~9-Gd 3-Chloro-I.propanol cszbanslate a x
A13.19083-Gb o-Ethoxy.N. N-dspropy lbenz.smmdr x
AJ3.19o$4-Gc N, N-Dmbutyl-o-ethoxybenzamide u. X
A13-3o364-a i ’ ( - a.Ethoxybc nzoyl ) p tpe n idmne a x
A13-2o573-Gb a’ ( (p- Meth oxy ben zy l)oxy -N , N-dup eopy lac etammde x
*13-22542 N, N.Diethy l .me ua-tol uam mmle (‘ m n~~) S X
A13.70087bGh 2 Hydro xyethy l c’,’m Io hcxare ~3 rhm -xyl a tc x

fly activity were selected for the tests. stniu mdard (deet), and one control were
The selected sites were located near evaluated ar one time, Each test con-
Aserri (San Jose Province), Carrizal su m ued ot tw o timed observations of black
(Alaj uela Province), Navarro ~,Cartago fly landing counts for the io treatments
Province) and Orosi (Carrago Province), at one Jocarion , A itcr each turned obser.
The sites at Aserri and Carrizal have vation period, subjects c hanged locations
been described in greater detail during to the second Count was made b’s a differ-
earlier black fly bionom ics studies by ent observer, Ten-minute periods were
Vargas and Travis (1973) as their study u sed in Costa Rica and i-minute periods
sites numbers 

~ 
and 31. In New York , were used in New’ York , After the two

the single study site was located on the observation periods , jacket s were changed
military reservation at Fort Drum in Jet, according to prescies teul random assi gn-
ferson County near Watertown , New ment , and th is process continued until all
York. mo treatments had been tested. Ten new

Eight experimental repellents were corn- cotton utility shirtt , laundered several
pared to deem and to an acetone treated times , were matc hed , to each repellent
jacket (control) in both Costa Rica and mesh jacket to avoid masking of repe l-
New York. The fotir best repellents from lents as jackets wcr ~ changed by particu
the Costa Rican study plus four addi. pants, The mesh jas ke ts were worn over
tional promising repellents were evaluated the shirt s and both w e me stored separatel ’,
in New York. The areas at which the in plast ic bags when not in use, Landing
var ious repellent~ were tested are shown cotm nt s were recor ded in .src. ms of the
in Table t . In each study, local code upper ventral hod’, ( m )  jacket only; (2)
numbers were assigned to each of the 9 utiprutected face and hands only : amid (~~)repellent-treated jackets (8 experimental total above wa Ist , ‘l’hese categories at- ‘

repellents plus deet ) and to the control lowed stat ms tm c a t comparisons for both
jackets. These numbers were drawn at spatial am ’sd contact reisell encu, The tests
random to determ ine the sequence of ss’er r rep licated io times in Cos ta Rica
testing tot both partici pants and repel- and 12 times ims New York ,
lent jackets. An additional comparison of the cx-

The procedure for evaluation of the perimental compounds as affected by wet-
jackets invols-ed four people (a pairs) tmng was monducted in New York, Four
seated on stoo ls approx umately one meter replmc atuons of observations on the t in-
apart with each participant obsers- mng his was hed m esh jac ket s wer e made; the
partner. Two unknown repelknts , one .ickets were then expeuse d us - , the equiva-

1 — 2
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lent of 2.54 cm rainfall followed lsy 
~ 

caibdum have been ~mplmcate d in the
replications of observations. This treat- transmission of onv hoce rcias ts in (“ mia me .
mcnt was cont inued for the equivalent of mala (I)almat 1954). The black fly pop

~.o8 cm simulated rainfall. Rainfall wa s ulatmon tested in Costa Rica ss ,is n-much
simulated by ex posing the ja ckets in a smal ler than uI - a t  o hsetsem ~ at Fort Drum,
shower bath. A pproximately 30 seconds New York - The Costa Rica’s s it es wri e
was the t ime required to reach .i -s equmva rather mvp mca ot trops cal c:e~’,st ms where
lent of 2.54 cm rainfall, approximatel y re lativel y sma ” populat ions individual
m m from the shower head. The exact species cars occur @ 5ev  Ion>’ periods of
time was determined for each treattnent time. The total number of black flics
from 3 timed trials by using a standard observed landi g during uh : to tests in
meteorological rain gauge. Costa Rica were i,688. 01 these , 2. 104

For the purpose of calculating ratios fly landings were made on subjects wear-
of effect iveness and subsequent Statistical ing control j acke tu-
analysis of the relative effec t iveness of The predominant tetnpcrate zouse spec ies
the repellent compounds, a s-a loe of one of Simulmmda e against which the j acket s
was added to each observation. This was were tested in New York were members
necessar y to eliminate occasional negative of the Proc:rnu ir um hi rt mp es complex.
landing counts on the repellent jacket and Twelve hundred larvae collected i week
to permit the necessary mathematical ca l- prior ro the study from the single stud y
culations. Ratios of effectiveness of each smte showed 

~~~~~~~ 
P. hur :m pea complex and

repellent to the untreated control and to 46~- -; Cnep hia mutala . However, (. mu

the deet standard were calculated by di. tata rarel y attacks moan. The total ruum-
viding the landing count for the two ber of black flies observed landing durmng
timed observations on the control and the ma tests in New York was to ,756 with
deem standard by the paired repellent in 6.399 landing on subjects wear ing con-
each of the 

~ 
areas of observat ion: land- trol jackets.

ings on jacket only; landings on face and Black flies are eatremel y sensitive to
hands only; and total landings above the environmetstal changes , and the number
waist , of landings s-armed greatl y within a given

An addit ional transformation of the day and from one day to the next. To
New York data was made by converting minimize the effect of environmental fiuc-
to square roots to compensate for an tuations , and to pros-ide a more meaismng.
abnormal distribution. The ratios were tul measure of effectiveness , a random cx -
reconverted after analysis. The ratios 1seru menta t repellent was always paired
were analyzed using standard analys is of with the control or the standard repellent.
var iance of a randomized block design The environmental parameters measured
and Duocan’s Multiple Range Tests were temperature , relative humidity, and
(Duncan 1955). wind. In Costa Rica , t he average temper .

RESULTS AND DIscu ss mo N, The tropical .stuIe during the test permod s was
species of black flies against which the with a relat ise hummud ity of 6s- ,2

~~~. \V mnds
jackets were tested in Costa Rica incliusled were li ght and s-armab le from o— k km/hr
Si,nubu,n megallicun, Bellardi (~6” ), At the New ~ot k test site the average
S. quadrit ’iua:una Loew (

~ 7~ ~
) atiti .

~ t em lue r.ir sure sv.o s a6.i ~C w’uilv a trlat ise
calli ’d uni (E)yar and Shannon) (“;‘~ )- htm mmdi my of Si - 

~, and wind mcli ’ s ut y f rom

The percentages were determined from o—i ( kunihr
collect ing samples of landing blac k flies The mean re lative effecti veness of the -

‘

at each site and are based on a tot.s l of rcp ellemut treated packets to the untreated
577 identifications, Trav is (1974) re control and toi the standard repel lent . deet .
ported S. quadruoaa:uni to be the pre mc shown in Table 2 for the neotrop s m.ml
dominant species in the central valley of spc u irs and is Table for the useaIcsu ~
Costa Rio s . Roth S. niesallicum and .S specue c
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Table 2. Ranked mean ratmo of ef1ectmsene ~s j us, ~sm ,.barrvs ,mon s of mo repellent treatments to
control and dect agauns r (ostsi kucan blac k flies.

Ratio to control Rasmo to dect

Total Face ani Touxi Face and
Repellent Landings acket Hands Landings j acket Hands

SmsB 7.o8 b ~~~ ft m ” a t .i7 a o . 8~ ab 1.40 a
14 835 3 .5 m cd” 3.75 ftc u g o  a o .6~ b i . 69  ~v o. 8 3 ftc
18059 5-77 be 5.67 b 68 a u p  be 0 4 5  Si - .5 ~~ 

ed
59083 3 . m l Cd 4 .,g bc u 4 ; a o - 4 ~~ bc - 4 cd o 57 Cd
*9084 4 . m O  bed 5.49 ft i 42 ~ 0. ’ -5 aft 0 . 7 u ftc 0 . 7 ’ s  bcul
30364 5 . 1 3  bc ~.88 b i . u ~l a lu, f,~ u-  7iS Lx o tr cd
30573 2 .57  cd 

~~~~~~ 
bc i~ ’sg a - ,ç, lx o . ’ s -~ cd 0 .5 ! c ut

20830 3.82 bed 3 5 0  Lx i6 a - ~~ 
1s~ 5 4 6 ci is ‘i bed

325 42 io.7 ,  a 9 .i3 a ~~~~ 
2 I . u o  a”” i .o~ a m . 0 5  b

control i.6cu d”  5 . 2 7  C 
- 

i . 8~ a - ur 0 i2 C 0 .42 
~

• Landings on jacket , 6cc, and hands.
Means with same lette r do not su gn ofuva n ils d,ffc r (‘s° es. .~. t ) m .; s , ,,m uu u M.. s c l -  R..rmgv Test -

‘ Mean ratio between two contr ol jackets.
•~•~ Mean ratio between two deet macken -

In the tropical site , deet ( AI J—22542 ) octanoate show-ed iu. -~s sc  spat ual repc lleni.s
was significantly better than the other 8 thaus deet as indicated by fewer landings
repellents tested in preventing black flies on the unprotected hands and face. This
from landing on the upper ventral aspect compound ss-as also shown to be the most
of the body, as well as on the jacket when effective chemical against black flues in
ranked with the control (Table a). When Maine during the screening of 24 COOl -

ranked with dcet, tetrahydrofurfuryi octa- pounds by IJSI)A investigators in *97 !
noate ( Al3—8 i 18) and N, N-Dibutyl.o - (Gourk , personal communications).
ethoxybcnzamide (AIJ— m9084) appeared In New York, a previously untested re
not significantly different from deet in pellermt against black flies, a hydrox yethyl
preventing total black fl y landings. Also, c yclohexane carboxy late (A13—7008 7) w as
when ranked with deet , tetrahydrofurfur yl much more effect ive than other repellents

Table 3. Ranked mean ratio of eff ect iv enes s for 24 observations of so repellent treatm ent’ to
control and dent against New York black Airs.

Ratio to control Ratio to deet

Total Face and Total Pace snd
Repellent Landings ’ jacket Hands L..mnd ing s jacket Hands

377~ a.~ m cd” 2 .7 4  C .1.36 be 0 5 5  cd 0. 64 cd 0 .57 cd
5974 3.~ 3 C 

~~.54  b 2 .30 be i i6  be i.9~ 
b 0.99 cd

7627 s . 8~ cd 1 .93  cd 1 .3 3  C 0 .3 8 C 0.46 ci 0 4i’ ci
f l u B  a.6i cci a.~ 6 C 2.6 5 be o q B  cci 5 . 0 4  C 1 1 3  ftc

18059 a.o 6 cd z . 68 c m . 6 a  C o . ’ s m  cd 74 cot 0.4 6 cot
590 84 c . 6 ~ cd .1.07 cii 1 5 3  C o~~ o cci 0.64 ed 0.52 cci
203 64 2 .5 1  cd 2 .5 0 C I 

~7 C o.5a cci u _ na c 0.48 cii
32542 6 . 33 ft 4 . 8 5  ft t .~ z ft a i8 b 1 .7 3  ft m g a b
70087 uB.i6 a to .8B a i ; . S m  a ~ .tua a 4.20 * 3 .76 a

control 0.90 d” o.Sj d 0.93 C 0 .44 e 0 . 3 7  ci 0 . 4 2  ci

• Land ings on jacke t , lace , and hands.

~~Means with same let ter do ncu u significanul y differ ‘ s ,  les,.l. Dunc~ n s  MmuI tmj ~~ Range lest i -

•‘  Mean ratio betw een uwo control ja ckets. _ -

~ Mean ratio between Iwo deer ja ckets .

T-~4 m l
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when ranked with the control (Table . both on the u.u~ker .u nd ‘in the face and
Deet was the second best repellent ~rc tv J hands .
in preventing landings on the upper se ts -  l’he sepcllri I I> druxyemh yl vs kutuex-
teal torso. Also, when ranked w ish I~ .ousc - . s r i u (ss ~~lJ*e (.. l ~~- -

~s~S J  ,ul r’a.
~ ~c.

control, i.Butyryl i — i , a, 
~
, 4-Tetrah y d uc be th~ best compound for use in umpleg-

quinoline (Al 3—5974) was as etle,.t ive as n mt sn g usirsb pack ets for prutc~ us s r’ aga snu
deet in preventing landings on the jac kc~ hia~ k fly bites in the tenupe t ue zone.
but permitted significantly more landuii ,,s A lshcug h deet (.A l~ -.~:c4z ~ .,nd two other
on the face and hands than did leer compo unds adequately protected the up-
When compared to dect, only 2 hydro x~ per body againsr bites trom tropmca l species
ethyl cyclohexane carboxy late was cu - u - u’ S black flies, they did not provide ade-
sistently better than deet in preveulting qs: -ut e protection f r om black fir hutes be-
landings on the jacket and exposed fao. e c , i t tsC u f  the different bittui g habits of
and hands. those flies.

Rainfall, as ex pected, had a d~finute ad - ACKt~OWtLL5S ’IESuT. The authors express
verse affect on the repellent 5ackets’ Ct si ncere a p i ’s .s . utuon to l)r . M,mrio ~‘arg.u s
fectiveness. Simulated rainfall of 2 ~s a, z’nJ Mr Ft a u scs ~co Fall.m~, l)epartmnent. of
cm caused an overall 260 ) reduction i t  Mu~ro huologv , Unive rsuty of Costa Rica ,
the jackets ’ effec tiveness compared to the San Jose , for thvur assss ancc us- s lv~ u sing
control. The effectivenes s of deet Ic the various rest su tes in Costa Rica m u d
creased with wetting more thas’ th~ other for identification of tile ( ‘est .m Rican black
repellents combined. Examinat-on of the flies and Mr. J.smes F. Koch, l3iome t rscs
landis-mg ratios for each comparison I)eparnment , .-\RS , t S D ~\ , l3elt sville ,
showed compounds whose eff ecti v eness Mary land, for bus helpful su ggest ions re
did not appear to be reduced by the garding the utilization and resentatuon
total ~.o8 cm simulated rainfall. These of statistical data.
were repellents t.Buryl.4-methylcarbostyri l Thanks are also extended to Dr. Carl
(Al~—7 6a7), 3.Chtoio-i.propanol carbani- Schreck , Insects .-\flrciung ,\ laus Rrse.n .h
lace (Al 3—u 8o~9),  and i Hydrox yethy l Laboratory, L’SD.~ , (;.m inesvu lb- . Florida
c yclohexane carboxy late ( A I3—~oo87). and LCDR Roger um oth aus , I ’hl), U SN
Gouck et al ( s 9 7 m)  reported Compound Medical Field Research Laboratory, Camp
A13--7627 to remain more than 9O~~ effec- Le~eutse , Ns rdi Carolina tot  the supply
tive after exposure to 6.86 cm ramnfal l . of rcpellents and jackets utm lmzed during

This investigation showed that ~ackets the study.
provided better protection mn New ‘~ ork
that’s in Costa Rica. Differences in the Rc/ eren,eu Cu;ed
biting habits of the two groups of black
flies attributed to this difference. TI-sc l)a ,uat . H. 1. ~~~~ Fcuilogy cut sinruliud se.

- - t ss ru s t  cuiiju, - - ‘ m is,’ in (,uareuri.~ .m 1 he Aurser -¶ Costa Rican species prefer to bite the Ms,ll.,noJ Natura lust 52 .  t 73 —i  9t’
lower extremities - m d  gradualI’~ nuovC to Duncan. I). Ii. ‘~ s’s. Mult ip le tinge and mut-
the upper torso only m I they are u,nahle to uup lc F test s . Itu,’ mer t uo S i t  i — 4 2 .
bite iii the lower regions. The reforr . l- ,o-rs u rne r , Ii. I - t .a resmia , P.. R. and \‘ a c u a , Jr. .
addr r mona l protection wotmld has e is ’  be 

~~~ tack ag~unsu hia..kaies 
. o deeyr~aur

j
~

provided to protect the legs . The small MruJ l- ntoutiu ut i ~ i ’ s )  3 5 8 - 5 ( 5  -

numbe r of limes rca, hirsg the S-i , r and Gousk , I-I. K - t ,  - t s s ,uu . I). P.., Sc hrco k . C. l~ and
hands during the Costa Rmc. uo tes t  pre Smuth , N- i ~i - a  I- rid urns w ut h repellent-

~entcd obtaining enough da m a to cle~rl~- treated nrrr,r.g aga uns u hla k salt marsh rn- u’
qi mir s ue s I. I- on. Fni. to( 3). u 4 3 i — i 4 5 2 .

show differe ,ss es in the s~ - i t u.s rej ur t i r sss  -, 
~~~~ k LI K M ( ‘ ‘ r u e . ‘1. r . and lSer,u;.a , M.

of ihose compounds te s me ol . Repellent’ . i q’ I  chr u . k truest spa ce rep el le n ts

ccstr d sin she mu, h larger black h popim ag.s s j - s r  s e l l u uu S -s - e r  ni- squut sue s. I. I c u - r u . I

latmcsn in the \C~s \ ml, St , arcs f - scs I  uck II K ( w m n r) It I es K Scfs te I
amgni trc . it t t  rcsi tm , t iun s in bIas k H~ land ings c F and Wr ,s lhaas . I) I u Q 7 u Resistance
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to agi ng ansi raiui of zeturl lent- iteated netting iOu I I’. ,,- . K. II i s ~ - S 1 .i u,.u ! a,. u,, uu ,.
~ uts .uuused again s t sa lt -iii~rsh nis usquums cs in the heist - s~u Ii,, ret ur ilcu, us , j , I’ ~~~ Emit iur,,l - 63 ( 5 )Mosquito News j i ( u) :95 .. . 99 . s~~” - 37 8 .

(“rothaus, R. H., I-Iirsr . J. M., (,uuu, k, H. K. ansi - , ,  - ,t r a c i s . it , 3 au~ . ss . M. a nd Sw . ,ur7c , - sds ls . , J. C.Wesdhaai, I). F,. i972. lucid mestm wit h me - ,- - . I uJ 7 .( . I4 , - . , , ss nu sss ,( sulj,,- k ilici I l) , i -uc r.s Sinupellent.treaced wide-mesh ns tu m n g aga inst ru se , - 
- -su lu ,uiae u ,r, (.,‘cI .  Rs~ j . I Spes cs Luuusn g andm osquito luopu latuuins. I. Mr,I. F.nts ,mnsut - y l  2 1 -

u4 9— u 52 . sc -s i t S .iui rm~idr ni,,,lsugus., l s ,uuuur u rar (s ir tluc v.esr -
Groihaus . R. H., Gusuc k , II. K., V,’c-uI h.,.us . F) . F ceo lue iusssphir rc . Ru -c - Hiss!. Tr su l i . 2 u u > 1

and Jackson . S. C. 1974. Wid e-mesh netting. 1” ’

an improved method cut pr” tec uus un agaunsr Vargas . M. ,sn,f Travis , B. V 5 Bo o m,,sblood-fretting Duprtcra. At ncr. J. Ten1,. Med. & f the blac k (li, s (Duptera: S,s r, u lus ul.u s -)  in G us-taH~g. 23 ( 3 ) : 533 . - .~ 3~ . 
. Rica. IV . lc,catsis n and drsc rup i t u n  oh uhc sites ‘fSchrcc k . C. F.. Gil bert , 1. H., Wri dha as , F). F. Oull ertr ,un. Rec- Rsrul Tm- ~m ( i )  t 4  ( — 5 7 3
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APPENfl IX ~7

PATHOLOGICAL EXAMINATION OF BLACK FLY LARVAE - -
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1. Aberrant specimens of black f ly  larvae were collected at Fort Drum,

New York State , during the spring of 1975.

2. Abnorma l larvae had greatly swollen abdomens and appearing through
the integument were large white masses which at first appeared to be fat
bodies. Upon microscopic examination of wet mounts, it was determined

that the larvae were infected with parasitic microsporidians of two

specIes. One species The lohania bracteata was seen as a group of eight

mature s~ oroblasts in pansporablas and mature spores . The insect

infected with this parasite was collected at site ~2l on 7 June 1975.
Histological preparation s stained wi th hemotoxy lin and eosin indicate

that practically the entire hemolymph area of the henioceol was filled

with mature spores of this species. Another microsporidian infecting
black flies in this area is Caudoapora sp. The mature spore of this

parasite contains a tai l—like appendage .

3. Two specimens were collected whose body surfaces were covered with
many fine finger—like projections. These individuals were probably dead

or moribund when collected. Examination of the slides revealed that the
tissues were h- stolyzed and with very little cellular detail ren-maininq.
A fun gus, Saproie~uia paraaitiu’n, had penetrated or was growing through
the integument.
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APP flND IX K

BLACK FLY R EARING M~~ HOD
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1. A rearing device was fabricated tr imnrove the efficiency in mass
rearing Sirnulium vi ttatum. The rearius’i chamber consisted of 4 1/2—
gallon cylindrical -jar (NSN 6640—O (J—4’3 )—124fl) with discs, stirring
motor, and aerator (Figure).

2. Ten—inch diameter discs were cut from ‘~orruqated fiberg]ass ~F
1/8—inch thickness. The discs were mounted on a threaded rod and
rotated with a variable speed s t i r rer  (T— Lirm e Corp, Mod el 13 6 — 2 ) .  A i r
was supplied through an air stone to t~ hia uiu e of the j a r  with a Model 175,

3GOOl jewel air pump. A CDC liqht trap collectinq net w~~ secured to
the top of the jar to retain the emerqinq flies .

3. Eggs were placed in the chamber. 1. ft m� hatching, the young larvae
spin a silken thread which allow attachment to the discs. The corrugated
discs provide a large area for attachment and allows large numbers of
black flies to be produced in a small area.

4. Temperature control of the water is desirable., The small size of
the apparatus allows its placement within a 12 ‘t~ temperature control
cabinet. At room temperature, fungus often develops and causes a high
mortality of the developing larvae.

H
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I
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APPENDIX L

PRIMARY CELL CULTURES DERIVED FROM
LARVAE OF SIMULIUM VITTATUM (DIPTERA : STMULIIDAE)

Presented by CPT Jay Abercrombie at the XV International Congress of
Entomology, Washington, D. C., 19-27 Auqust 1976 (To be published)
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1. Swarms of black flies greatly reduce the working eff iciency of
people such as soldiers, farmers , lumbermen , and others who work out-
doors. When this annoyance is coupled with biting, any outdoor activity
is practically impossible.

2 . In an investigation by the US Army on possible control inetho& for
black flies, attempts to culture tissues of black f l ies were made
because such cultures should facil i tate the study and propagation of
black f ly  pathoqens and perhaps lead to their use in controlling this
important insect .

3. Eggs were collected in nature in order to in i t ia te  the cell line.
In the present investigation, Simuliwn (Paiioeia) vittatwn (Zetterstedt)
wag chosen for the following reagons i it exists in large numbero in
virtually monospecific populations at our study site in Tennessee; large
numbers (literally millions) of eggs can be collected in almost any
month of the year s and , the eggs remain viable af ter  cold storage and
are responsive to laboratory methods to elicit  hatching , even af ter a
period of several months .

4 . The field study site is Rolston Army Assnunition Plant in the Appalachian
Mountains of northeastern Tennessee. Coolant water from the explosive
manufacturing process is expelled from the plant in a series of fast
flowing, high—vo lume streams . As the streams tumble down slopes to
rejoin the Holston River , they provide ideal breeding sites for ‘~~‘t u7f W ’7
Vittatwn. The thermal pollution, with t emperatures of 27 to 29° Celsius ,
and other pollutants in the water result in a depauperate stream faunas
Svnuiiwn t~jttt2tWfl is apparently one of the few invertebrates which can
survive here .

5. Eggs are laid on emergent vegetation or on the leaves that t rai l  in
the water from the streambanks. The eggs are rather easily collected in
great numbers by gathering the leaves . They were placed on ice and
transported back to the laboratory where they were stored at 4 Celsius.
The eggs were prepared in order to insure aseptic hatching of larvae by
first washing them in a l il  mixture of sodium hypoch lorite and water
for 90 seconds. This freed the eggs from the leaf surface and also from
each other and probably also dissolved the gelatin capsule from around
the egg . It apparently did not harm the chorion however. If egqs were
left in the sodium hypochlorite t water solution for more than 90 seconds
they adhered to each other during subsequent steps in the s ter i l izat ion
process , and hence increased the danger of contamination. The egos were
next washed vigorously in a water bath for about 10 minutes on a stainless
steel millipore f i l t e r  screen in order to remove mineral deposits. The
eggs were then placed in 70 percent ethanol for 20 minutes and then ,
unde r sterile conditions , were washed with d is t i l led  water and placed in
a small amount of tissue culture medium and maintained at 240 Celsius in
an incubator overnight .
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6. Ratching usually occurred about 24 hrs later. The young larvae were
transferred to a depression slide and each cut into 2 or 3 pieces. From
100 to 200 larvae were thus cut into pieces to ini t iate a primary
culture . The pieces were rinsed 2 or 3 times with culture medium . it
is noteworthy that the usual enzymatic pretreatment with trypsin or
collaqenase apparently is not necessary; in fact , primary cultures
initiated without enzymatic pretreatment did -just as well as those that
underwent this procedure. The pieces were then transferred to 1.25 ml
of complete medium, supplemented with fetal bovine serum , in a alass T—9
9lask. The medium was slightly modified from that designed by Shields
and his co—workers for Drosophi la and consisted of salts, TC yeastolate
in lieu of vitamins, lactalbumin hydrolysate for amino acids , and
glucose; sodium bicarbonate was added to adjust the p1! to 6.9, the same
as their native Tennessee streams. Osmotic pressure was adjusted to 310
miliosmols/liter with sodium chloride. The base for the culture medium
was water collected from the black fly’s breeding stream in Tennessee
arid sterilized. The flasks containing the larval fragments were kept at
240 Celsius. The fragments continued to move and contract for about 3
weeks .

7. Cell migration was evident within 10 to 14 days , but was usually
confined to areas surrounding the larger larva l fragments.  The fragments
and cells readily attached to the glass substrate but not so f i rm ly as
to require t rypsin treatment. The medium initially was renewed after
about 3 weeks and subsequently at about 2-week intervals  depending on
the appearance of the culture. Some cell spheres issued from the cut
ends of the larval fragments, but they were not as prominent as in
Drosophila cell cultures as reported by Schneider. Some bleb format ion
was also noted. Cell growth was not documented u n t i l  2 or 3 months of
culture and was somewhat slow when compared with primary ce ll cultures
derived from other dipteran species (that is, Th-’-~eophi7a, mosquitoes ,
and house flies). At the ~resent time, after about 10 months, cell
replication has increased significant ly and production is crowing at
an increasing rate.

B . Black fly cell in culture show a variety of dif ferent form s and
types, some of which are quite bizarre. Cells in these cultures were
mainly of three different shapes: flat epithelial; ovoid or spherical ;
and , macrophaqe—like with meinbraneous processes. With~~ ime , the more
diverse cells are apparently eliminated, and ovoid or spherica l cells
then predominate.

9. Future work is expected to re f ine  the  hatch ino t - r o s - ess of’ ~ir ep t ir
eggs so that larger numbers of larvae may be used to i n i t i a t e  a c u l t u r e .
This should stimulate more rapid growth and permit ea r l ier  subcultu r inq .
Once this  staqe has been reached , the poss ib i l i t i es  for f u r t h e r  s f u d i e - ~
in cell morphology , developmental biology , genetics , and patholoctv of
Siniuliwn ;‘ittatum are very p romising . The overr iding asp i r a t i on  is to
use the cultured cells for propagation of viruses and ot her pathoqens
associated wi th  black f l i e s .

10. We wish to thank  Dr. Tmoqene Schneider of Wait e r  Reed Army Institute
of Research for exten~~fve  help and encciuracieinent .
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