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INTRODUCTION

That insects have the ability to develop an abnormal tolerance,
or resistance, to insecticides has been lmown for many years. In 1914,
resistance by scale insects to lime-sulfur sprays was reported by Mee
lander (10), Polsons even as toxic as hydrogen oyanide gas, were found
to have lost their offectiveness against certain inseets, Since that
time, many species of insects have been reported as having en unusual
tolerance to a variety of insecticides,

More recently and more significant to entomologists and geneti-
cists was the resistance shown by ho\u_oruu, lMusca domestiea L., to
DDT, 7The widespread use of this inseoticide immediately following the
second world war, and the subsequent wide-spread resistance to ith
effect by several species of insects ha‘ stimulated much rescarch ine
volving the chemical and gemetic roles in resistance.

Shortly following the initieal use of DDT, resistance by a house~-
fly strain was reported, Missiroli (11), im 1947, reported on resist-
ance of a strain of housefly found neer Home and Naples, Italy. Also,
in 1947, Wiesmamn (15) reported on resistance by houseflies from Sweden,
In 1948, reports were received at various localities in the United States
of poor control of houseflies by DDT, Since that time, nearly all lo-
calities of the United States have reported resistance by houseflies,
as woll as several other insects to DDT,

In 1960 and 1961, attention was a:lhd to the poor control of
houseflies achieved by DDT at Rrookings, South Dakota. At that time,
Rogoff (14) made tests to determine the lovel of resistance of flies



in that community, The results indicated a very high lavel of resistance.

In 1964, further testing for resistance was done, Having a knowe
ledge of the lsvel of resistance in the city of BErookings, particularly
of the fly populations at South Daimta State College, located at Brooke
ings, several quoations arcse,

Are fly populaticng in arcas rural tc Prookings also resiste-
ant %o DDT?

If so, what is the level of resistance as compared to the
Brookings strain?

If not, whare and how quiokly does the resistence deoline?

Are thers small areas of high resistance in a large area

of general normal susceptibility, or are there small areas

of susceptibility in large areas of general high resiste-

ance? If neither condition is the ocase, then are there

enclaves of resistant and susceptible populations in an

area of resistance or a level somewhere intermediste to

high resistance and susceptibility?

In an attempt to answer these questions, the author, in the
early summer of 1954, undertook this project dealing with the geogrephe
ioal distribution of insecticide resistance by khouseflies, It was care
ried on in conjunetion with Experiment Stetion Project #186, which
allowed funds for fly control research.

A review of the literature has failed to uncover any other work
of this same nature, Decker and Bruce (6), in 1952, reported on survey
work done for several yesrs preceedinrg this date. Their work, howover,
consiated of a random selection of collection points throughout the
state, Any publications of work conosrned with resistance over smalle
er localised areas have not been looated, nor have been called to the

author's attention.



PROCEDURE

The area investigated surrounded Brookings and extended as far as
time would permit. Points of collection were selected at approximately
five mile intervals, from the city in all directions. There was no
prejudice in the selection of these points--whether it was a farm, hatch-
ery, or whatever type of establishment. The collections of flies at
each point were made wherever they were fairly abundant, so that there
was no particular difficulty in obtaining sufficient numbers of flies.
Also, there was no attempt at segregation of flies as to age, habitat,
or sex. .

At each point of collection, an attempt to get as much of the
history of spraying as possible, was made. Most of the time, the his~
tory was confused and incomplete, and was given no further considera-
tion.

The actual eollection of flies was made with a sweep net of
light weight so that little damage would be done to the flies. Flies
eollected were then placed in half-gallon cardboard cartons for trans-
fer back to the laboratory at the college. The flies were, whenever
possible, kept cool, sc that their activity was reduced, thereby tending
to reduce any damsge caused by the flies injuring themselves by batting
themselves against the sides of the container,

In the laboratory, the flies collected were examined for damage
and for identification. The flies were anesthetized with carbon dioxide
which was kept available in a liquid carbon dioxide cylinder. As soon
as they were anesthetized, they were picked individually from the con-



tainer and were identified for species and for physical damage with aid
of a stereomicroscope. Each fly that passed for "physical fitness" and
wag ildentified as M. domestica was then placed into another container
and allowed to recover from anesthesia. This procedure was repeated,
until enough flies were obtained to set up the experiment. Many times

a repeat of anesthesia was required of the flies in a single container,
since dilution of CO, occured whenever the 1id of the container wes
lifted to remove a fly and the flies would recover fairly rapidly. How-
ever, repeated anesthesia did not seem to injure, or in any vay reduce
the viability of the fly. Only M. domestics in apparently good condition
were used.

When enough flies had been sorted out to complete a setup, all
for that series of the experiment were pooled in a single container and
held in the refrigerator until other procedures were completed. Pre-
liminary tests indicated that flies could be held in a refrigerator for
a substantial length of time without apparently altering their viability.

The insecticides used in the experiments were DDT, lindane, and
Diaszinon. DDT and lindane are related compounds, both being chlorinated
hydrocarbons, with scmewhat similar modes of action and effects. Lin-
dane was included because of this relationship, and also because a re-
sistance may be developed to it as resistance to DDT is developed.
Diasinon, being unrelated--an organic phosphate, not having been released
for commercial use at that time, and highly toxic--served as an extreme
check, Flies subjected to this insecticide were all killed fairly
quickly.



Chemically, the insecticides were as follows:

DDPe - « ==1,1,letrichloro«2,2<bis (pechloro=

* phenyl ethane). fm par ticular

sample used was a Merck product with
a melting point of 107" €, Purified
DD? has a melting point of 109° C.). -

lindane~ - an isomer of 1,2,3,4,5,6-lexachloro~
oyclohexane. (A 99% pure gamma iso-
mere The perticular sample was an
AABE reference standard).

Diasinon - 0,0=diothyl=-0« [2-isopropyl-denethyle-
pyrimidyl (6)] thiophosphate, (The
particular sample used was of a teche
aical grade, 95% pure, brown liguid).

Test solutions were made up at the following concentrations:

DDT= « = = 5,08 (woightevolume)

lindane- « 0,1% (weightevolume)

Diasinon = 0,1% (weight-volume)

The surface to which the test flies in each replicate were ex-
posed was an 11 om, filter paper saturafied with 1 ce. of test solution.
The filter paper was then allowed to dry, When dry, the filter paper
was placed over the bobttom portiom of a Petri dish, approximately 9% om.
in diameter, and the top portion placed over the bottom portiom, thereby
folding down the periphery of the filter paper and securing it firmly ia
place. In this way, whem the umit was turned over, a bottom surface of
trested filter peper was provided, Also marked on the filter paper was
the identification of the test solution,

The effective surface residue for each insecticide was ealculated
to be as follows:

DDT= = = « 500 mg./sqe e

Lindane~ = 10 mg,/sqe fte-
Diasinon = 10 mg./sqe f't.



In contrast, the recommended surface residues, at that time were (4):

DOT = = - = 200 mg./sq. ft. (approx.)
m--ﬂ-ﬁo .Iq.ﬁ.
m -100“. .ﬂ.

To provide scme moisture, as well as a nutrient source, a small
wedge of apple was placed into each dish.

When the actual setup was begun, the container of flies was again
anesthetized. With the test dishes open and ready for receipt of the |
flies, approximately ten flies (uniform numbers were difficult to main-
tain during this hasty operation) were gently dumped into the dishes
and the covers placed on with the treated filter paper between the two
portions of the dish. The time at which the flies were first exposed
to the treated surface was noted. The dishes were then turned over so
that the filter paper covered the bottom surface. They wers then left
undisturbed. The flies soon recovered from anesthesia, with muech activ-
ity of feeding and bussing around, so that they often made contact with
the treated surface.

At regular intervals, first of ten minutes, counts were made of
the numbers of flies knocked down. After the first half hour had elapsed,
counts vere made at fifteen minute intervals. After four or five hours,
the intervals between counts was extended to several houra. Counts were
continued until every fly in every dish was dead and every count recorded.

The physical setup, as described above, is similar to that used
by March and Metcalf (9) and others, and is 1llustrated by Figure 1 (p. 7).

The first several tests set up were used to test technique and es-
tablish procedure. In these tests, concentrations of solutions were de-



Figure 1l Fhotograph of a typiocal setup, showing ous series of tests,
stm)'tly after completion of the procedures Fhoto by Rogoff
{
\14 -



cided upon. The concentration of lindane was the same as that used by
March and Metcalf (9) and Rogoff (14). The concentration for DDT wvas
arbitrarily selected as 5%.

For each chemical tested, there were four replicate units, ex-
cept in one or two cases where the number of flies would not permit.

For each experiment, there were also four replicated dishes for untreat-
ed checks. The checks were handled in the same manner as were the test
dishes, except that the filter papers were saturated with 1 cc. of ace-
tone only.

A total of forty-nine tests were run, the first seven of which
were devoted to establishment of procedure, and covering several points
of collection in Brookings, including the city dump, riding stable, sales
p‘vﬂim,nndthrupointamthomd&mthnakou State College.
Collections were made, usually at ahont: five mile intervals, but sometimes
the distance was varied for convenience or for lack of some type of es-
tablishment at those distances. Toward the end of the experiment the
distances were increased in one direction in order to cover a larger
area before the season change terminated the work.

Figure 2 shows the general section of the United States in which
this investigation was undertaken. The shaded area indicates more
specifically the parts of South Dakota and Minnesota involved. Plate T
shows in detail the area investigated.



CANADA
USA
NORTH DAKOTA
MINNESOTA
MONT.
&
\ o
Mo
Q\
SOUTH DAKOTA
R > o
W 2252 s % e
Sl 2220 AT 3% R
Q-e A o ¢ )
NG A A
< /4////// S v A
Giw s s d L Vees
AR oo
10WA
NEBRASKA
&
0\
-
e ©
» &
0"’
3
20
v‘ Y

Figure 2, Cenmeral area of imvestigation, Chaded area is shown in de-
tatl on Plave T,

Plate I (overleaf), The solid black dots are the approximate points of
collection, The distance of northern most point is 4640
miles; of castern wost point, 43,0 miles; of southern most
point, 41,0 miless and of the western most point of colles-
tion, 115,0 miles from EFrookings,
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RESULTS

An analysis of the data indicated that a high level of resistance
te DDT by houseflies was very gemerally distributed in the area studied,
There were no points of collection which presented what could be con-
sidered a susceptible strain of flies. In many cases, there was no
significant difference between mortality rates in the DDT tests and in
the control tests. There were several instances in which the flies
subjected to DDT treatment would outlive flies in the control dishes,.
These relationships are indicated on Tables 1, 2, 3, 4 and 5 (pp. 13-17),
in which the values for all determinations are entered as the time re=-
quired for a gy (kmock down of 50% of individuals involved). KDgg
values were used because the length of time required for a KDyg5q was so
long that natural mortality became a significant factor.

Peaks and dips appearing on a graph plotting mortality rate vere
sus poin{; of collsction have not been demcnstrated statistically to be
actual levels of resistance. They cannot, therefore, be considered ene
claves of high resistance or low resistence populations. Such pesks and
dips, without an apparent patiern of response or reason are well illus~
trated in Figure 6 (p. 22). The points plotted are KDgg values which
have been corrected for natural mortality as determined from mortality
among control flies. The method of correction employed is givem by

Abbott's formulal (1).

TAbbott's formulas _x_il x 100 = % kill'by treatment, (X is the per-

cent survival in the control, and Y is the percent survival in the treat-
ment sample).



11

Any change in resistance through distance traversed in the experi-
ment could not be demonstrated to a reliable degree. However, there is
some evidence that a slight over-all change takes place from an eastern
most point of collection to a western most point. This change of resis-
tance has little significance and has no practical value concerning the
use of DDT for the control of houseflies. Figures 3 and 4 (pp. 19 and 21)
show the slight changss in resistance by use of regression lines. The
use of regressions will be discussed in the following section.

There was little indication that curves plotted for lindane and
Diaginon were related to those for DDT. The curve for Diazinon was low
and fairly uniform while that for lindane was higher and less uniform.
However, the anticipated inerease in level of resistance of lindane in
proportion to that of DDT was not Mio_u}od. The variability of lindane
resistance was present but did not correspond to the fluctuations of DDT
resistance as plotted. See Figures 3 and 4 for the curves representing
the levels of resistance for lindane and Diazinon.

A resistance to the effects of lindane was apparent, however. A
level of resistance of from two to three times the length of time for a
KDy, as compered to a similar iy, for susceptible laboratory strains
of flies, was apparent. The susceptible laboratory strain to uhieh the
South Dekota strain was compared was that used at Riverside, California
(9). Being subjected to 10 mg./sq. ft. concentration of lindane, these
results were given (See Table 8, p. 23):

KD - - = = = 13 minutes
KDigo~ = = = = 20 minutes

The author's results for a KDsp at the same concentration of insecticide



ranged from sixteen minutes to forty-two and ome~half minutes, with an
average of thirty minutes. The KDygg ranged from ome to three hours
with & few single flies surviving up to ten and twenty hours, with the
majority being knocked down between one and three-quarters to two and
one-quarter hours.

Diasinon was highly toxic throughout the experiment, only slight
variations being noted,

To evaluate the data, mothods of statistical snalysis were in-
volved, In all cases, where an analysis was made, statistioal signifi-
ocance was dotermined by use of the 't' test or 'F' test, Caloulated
significance was them compared to theoretical 't' or 'F! values, at the
5% level of probability,

In an analysis of the entire group at auy particular peint of
collection, the significance of troutmn‘l; differences indiocated high
reliability, But in an analysis involving DDT treatment versus control,
the siganificance indicated low reliability, except for points in the
westerly direction,

In this case the significance increased as the distance in that
direction increased, To test this evidonce for a change, a regression
was run on the points of collection using an over-all EDgo of the four
replicate DDT tests at each point. The results will be discussed in the

following section,
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Table 1. location, date and results of tests in city of Brookings.

“Test Vo, Location Date (hd) e
1 Beef Barn 6/28 /54 - = = = = = not determined at this date = = = = = « = =
2 Beef Barn 6/29 /54 28,00 41,75 0.76 0.52
H Central Farm 7/1/64 24,06 31,00 0.71 0.43
4 Dairy Barm 7/2 /64 92,75 48.94 0.46 0,23
5 Sales Pavilion 7/7/64 33.50 24,22 0452 0426
6 Riding Stables 7/13/64 30,00 29,12 0435 0417
' Average HDgg 41,66 34,98 0.56 0482

xQ%QQ;\



Table 2, Location, date and results of tests covering area north of Brookings.

Stbe %5 in hours

Test No. Toocation Cheek BT Lindane Diazinon
(in mi.) Date (corrected)

9 Be5 7/16 /54 36 466 30415 0440 0426
1 11,0 7/29 /64 48,75 24,96 0.48 0443
19 16,0 8/10/54 33480 22,17 0445 0.29
20 20,0 8/10/54 33.88 44,83 0447 0426
27 24,0 3/18/64 41.97 34,64 0.61 0442
28 3040 8/18 /64 21.19 21,12 0.9 0.46
57" 40,2 8/217 /o4 115,25 29,25 0l 0438
38 46,0 8/27/64 35409 33426 0427 0429

Average iDgg 45,31 29,98 0445 0435



Table 3.

Location, date and results of tests covering area east of Brookings.

"fostfo.ah Tocation Theck DT J Lindane Dlazinon
(in mi.) Date (correected)

7 1,0 7/14/54 29,50 38,76 0487 0,28
@ 540 7/15 /54 37425 30425 0439 0425
13 10,5 7/28 /64 47.32 22,61 0434 0.29
16 16,0 8/3 /54 35.26 20,36 0448 0.42
24 20,0 8/13 /54 34,16 21,08 0447 0.40
25 25,0 8/13 /54 32.53 24,02 0468 0.47
34 34,5 8/26 /54 56,00 22,36 088 0438
35 38,0 8/26 /564 44,00 31.18 0462 0.34
36 43,0 8/26 /64 19,50 19,66 0.49 0437

 Average KDgq 25,57 0450 0.36

36,06



Table 4. location, date and results of tests covering area south of Brookings.

i IS e sm——
Test Vo, Tocation Check DDT Lirdane Diazinon
(in mi,) Date (corrected)

11 G 7/26/54 27.00 26,50 0,48 0.33
12 11,0 7/27 /64 32,76 22,92 0.47 0edl
17 13,5 8/4/64 30,425 21,92 0.38 0,16
18 21.2 8/4 /54 47.16 32,76 0,48 0.42
22 16,0 8/12 /54 25,80 26,07 0458 0.46
23 20,5 8/12 /64 29,40 31.20 0458 0,442
20 26,0 8/19 /54 28,25 21,47 0459 0443
30 30.0 8/19 /64 28,91 20,08 0.40 0431
39 36,0 8/31/564 40,93 25440 Ce39 0.43
40 41,0 8/31/64 32,79 21,36 0,51 04l

Average KDgy 32,32 24,87 0449 0.38



Table 5. location, date and results of tests covering area west of Brookings.
ite in hours
Test o, Tocation Theck DDT Lindane Diasinon
(in mi,) Date (corrected)

10 7.0 7/21/54 33.64 25417 0454 0.42
15 10,0 8/3 /54 26,38 20,46 0.54 0.26
26 1540 8/16/54 47,28 32,35 0469 0,66
21 19,6 8/11/64 26,76 21,92 0,60 0440
81 27.0 8/24 /64 47.67 17,83 0469 0.40
32 31,0 8/24 /64 42,00 1650 0447 0440
33 366 8/24 /64 22,00 24,12 Oodd 0446
41 3940 9/10/64 L. 26442 0464 0.68
42 45,0 9/10/64 127,75 23,39 0468 0460
43 51,0 9/10/64 198,83 70400 0462 0460
44 60,0 9/23 /64 29,37 23.61 0,40 0.28
46 72,0 5 /23 /64 51,00 46.63 0441 0.28
46 8040 9/23 /64 132.76 26441 0.4l 0.41
a7 91,0 10/19 /54 40,65 8.06 0.47 0440
48 103.0 10/19 /54 36.25 32.25 0.56 0.44
49 115.0 10/19 /64 35.48 8425 0.48 0,46

Average KDgg 59,86 36446 0453 0.45

A



Tadle 6, Pooled data of tables 2 and 4, plotted on Figure 31.

Tiean location ﬁni:hd

Test lNos, from Brookings cally Lindane Diazinon 05 4 Check
(in miles) in miles) (corrected)
39, 40 38,5 S. 1.0 0445 0442 23,38 36,86
29, 50 27.5 S. 12,0 0,60 037 20,77 28,58
18, 22, 23 18,9 5. 20.8 0456 0443 29,67 36,11
1, 12, 17 10.2 S. 29,2 0445 0430 23,78 30,00
2,5,4,6 0.0 89,5 0456 0432 34.98 41,68
honng-s
9, 14, 19 10.5 ¥, 50,0 0.44 04852 25,75 35,70
20, 27, 28 24,6 ¥, 64.1 ‘ 0452 0438 53,36 32434
37, 38 43,1 ¥, 82.6 0u34 0.54 51,26 75417

TTn Figure 5, on following page, sites of test numbers 39 and 40 (Table 4) are treated as the first

point at mile one; sites of test numbers 37 and 38 (Table 2) are treated as the last point at mile 82.8.
Other points, as plotted in Figure 5, are represented by average values of grouped locations, as indi- -
cated above.
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Table 7. Pooled date of tebles 5 and 5, plotted on Figure 41,

Test Nos. from Brookings aphically Lindane Diazinon DDT Check
(1n miles) f’ miles) (corrected)

34, 35, 36 38.5 E. 1.0 0.56 0436 24,36 33.16
16, 24, 25 20,0 E. 19.5 0.51 0443 21.80 33,98
7, 8, 13 546 E. 54,0 0445 0.27 30.53 38.02
2.8, 4, 8,8 040 9.5 0.56 0,32 34,98 41,66
(Brockings)

10, 15, 26 10.6 W, 5042 059 0445 25.96 36,76
21, 31, 32 25,8 W, 65,3 - 0,52 0440 18.75 58.81
33, 41, 42 40,2 W, 79.7 0,59 0,58 24,64 74.87
43, 44, 45 61.0 W, 100,56 0.48 0.39 46,74 93,06
46, 47 85.5 W, 125 ,0 0444 0441 17.25 88.70
48, 49 109.0 W, 148.5 0.52 0.45 20,25 36 .84

1In Pigure 4, on following pago, sites of test numbers 34, 36 and 36 (Table 3) are treated as first
point at mile ome; sites of test numbers 48 and 49 (Table 5) are treated as the last point at mile
148.6. Other points as plotted in Figure 4 are represented by average values of grouped locatioms,
as indicated above,

o2
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Table 8, liean lewlll of resistance of South Dakota strains as compared to published data of a labora-
tory strain at Riverside, Califormia (9). Yalues of KDgy in minutes.

L e T o, T T

—

Gt Dokt Bl verside data
Treatment Tone., Wso Tons, Dgo
Cheek - 2690 - o -
DDT (uncorrscted) 500 mg./sqe fte 1568 100 ug./sq. . 91
DDT (eorrected) 500 mg./sqe fte 1665 100 mg./sq. ft. 21
Lindane | 10 mg./sq. fte 30 10 mg./sqe fte 13
Diazinon 10 mge/sq. fte 25 - - -

&
“ean levels calculated from values recorded om Tables 1-5.



DISCUSSION

The amount of information revealed by the deta was limited by the
number of variable factors involved, Since the author was interested in
the populations of houseflies as they appear im any locality, it was con-
sidered not necessary to rear the populations in the laboratory., There=
fore, the conditions under which the tests were run varied from day to
day end even within any one day,

Scme of the variable factors involved include temperature and
humidity to which the flies were subjected during their tramsportation
to the laboratory and during testing. Through lack of facilities there
~ was no attenpt to maintain these factors constant. It was not considered
necessary at the time to provide such facilitiess The results may have
been more easily analysed had all the flies been placed into & container,
a8 soon a8 collected and held until set up for testing, at temperatures
and Intl.ﬁtt!.u optimm for fly surviwval,

Other variables related %o the previously mentioned factors, are
distences that the flies were transported and length of time held in the
containers, The length of time that flies were held in the containers
varied as the distance from points of collection to Brookings nri.otll,
and as the length of time required for work preparatory to the setup
varied. All the flies tested were placed into & refrigerator during
testing preparations, but for varying lemgths of time, Here, too,
attempts to hold these factors constant may have affected the nature of
the data, 'l

Two other factors which may have had unknowm effects on the data



wore the amounts of carbon dioxide used in snesthesia and the number of
times anesthesia was required for any one container of flies,

Generally, it is believed that any one variable would not seriously
affect the data but a combination of all variable factors was responsible
for the large variation in the data, The temperatures and humidities in the
containers were generally the same as the atmospheric conditions which the .
flies were experiencing previous %o collsotion, However, when collected,
they may have been removed from some essentials to their welfare. It had
been previously shown that holding the flies im the refrigerator for varying
lengths of time did not seriously affect their viability, Nor did succes~
sive anesthesia by carbon dioxide seem to seriously affect their viability.

The degree to which any one variable affected the tests is un-
Imown, To describe the variables in terms of correctional values is
essentially impossible,

The use of acetone as & solvent may be questioned, Acetone is
toxio to flies, However, the flies were mever subjected to an acetone
treatment, Acetons evaporates very rapidly and leaves little, if any,
residue, In all tests, the filter papers saturated with acetone solu~
tions were given sufficient time to allow complete evaporation of acetone,

The methods of statistical analysis used in amalysing the data
involved the standard snalysis of variance and regression procedures as
given by Goulden (7).

In the analysis of variance, however, the values for 50X mortality
for each replicate in each test thus analysed, were transformed to their
logarithmic functions, In this mamner, each value retained it's individe

ual variability but was lessened in magaitude. Also, to each value was



added one, so that in cases where values of less than one hour were en-
countered negative log functions would not be involved.

The results showed high reliability for differences between tests
but low reliability between replicate differences., The error terms were
consistently very low--indicating small testereplicate interaction.

In separating the treatment degrees of freedom into 1t's individ-
ual compoments, the comparisons which could be made were DDT test versus
control, DDT and control versus lindane and Diazinon, and lindane versus
Diaginon., The comparison of main interest was DDT versus control, How-
ever, when making this comparison, the analysis was set up using en error
term derived only from the DDT-control interaction as if this were the
complete test,

The results of this comparison gave the following indications:
there was mno significent differemce between DDT test and control inm
flies taken from points north of BErookings. The same is true for flies
taken from points of collection east and also south of Brookings, Howe
ever, a significant differ:nce appeared between DDT tests and control
tests of flies taken from points of collection west of Brookings, start-
ing at about the twenty-five mile point and continuing through to the
most westerly point, Also, this differemce becams inoreasingly signife
fcant as the distance inoreased.

The appearsnce of the data indloated lowered resistance the fare
ther west collootions were made., To determine if this were true, if
there was a substantial decrease in resigtance as indicated, a regression
procedure was used, This involved starting at the easterm most point of

collection and included each point of eecllection from there to the western
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most point of collection. Actual cumulative mileage intervals were used
for ordinate values and the KDgo for DDT (corrected for matural mortality
by Abbott's formula) was used for the abeissa value. Results of this
method gave a positive regression coefficient, contrary to expectations
based on the nature of the data, The coefficient was very low, however,
being 0,000915, which when plotted was negligible in effect (Figure 5,

p. 22),

Realizing that the high variability in KDgps, as plotted on a
graph and appearing in high peaks and low dips, may have given an erro-
neous coefficient of regression, another method was used. By this method,
values of distance and msos for two or three points were pooled, averaged
and treated as a single point of collection. The regression coefficient
in this ocase was negative in character and was of considerably higher
value. In this case, it was -0.0186, which when plotted indicated a
trend, favoring assumptions made from superficial examination of the data.
(Pigure 4, p. 21).

It is understood, however, that pooling and averaging values of
several points may not give correet values, and may have introduced some
errors, resulting in a coefficient of regression which is not altogether
trus. |

A statistical significance for the regression coefficient was
calculated by use of the 't! test. The calculated significance was very
low as compared to theoretical 't' values at the 5% level of probability.
However, the author feels that the slope of the line gives a fair indica-
tion of the actual trend in resistance, in support of previous observa-

tions.



It had been of interest to locats enclaves of susceptibility or
resistance, or both, if they existed, Although, some high peaks snd low
dips, representing high and low Dgos, at particular sites, appear on a
plotted graph, to consider them as enclaves is out of the question,
Again, the reason is because of the high variability in treated flies
and the checks,

If there were onclaves of different levels of resistence, it
would be expeoted they would appear in a large emough area to be repre-
sented at perhaps three points of collection, at least, The distance
that flies may be expected to travel, either on their own or by means
of wehicles, would probably include this many points or more, However,
there were no cases which indicated an area which might represent such
enclaves,

In plotting the KDgg values for lindane and Diazinon md their
regressions, there appeared to be no direct relationship to those
plotted for DDT, Whereas, the regression coefficient for Diazinon was
very near sero, with a near zero correlation, those for lindane were
subjeot to more wide variations. The regression for lindane did not
ooinoide in proportion to that for DDT, This is contrary to expeoctations
since resistance to lindane appears to increase as the resistance to DDT
increases, at least to & certain point. In other words, the sign of the
regression coefficient would be expected to be the same for DDT and line
dene. The reason for this discrepancy is obscure, Perhaps this is fur-
ther evidenoce that the levels of DDT restistance as plotted for partiocular
points do not represent statistically valid levels of resistance.

That no areas of DDT susceptible hwueeflies were discovered in the



area covered by these data conforms with present knowledge of the gemetics
of resistance, Considering the widespread use of DDT for several years,
from about 1947 until 1952, flies in all commnities were probably sube
Jected to this insecticide., Whether the fly populations were subjected
to high selective pressure through intensive spray programs or by sparse
end irregular programs, the same results have been effected, That is,
apparently all fly populations have been subjected to e stimulus resulte
ing in a DDT resistant menifestation,

The apparent universal resistance to DDT has probably resulted
through several means, The first, and initiel, being subjection to the
insecticide, mmd subsequent development of resistance., The second being
a subjection of susceptible flies to resistance through introduction of
resistant strains into susceptible arees, The latter method, perhsps
being much more important than what is generally attributed to it. One
must consider that houseflies may travel, on their owm, for a distance of
at least thirteen miles (2), However, in a wind their distance of travel
and dispersion is indefinite, Also, & lerge number of flies are carried
in vehicles and on farm equipment, which alsc increases their dispersion
to unknown distances.

A third means involves the basic nature of resistance. That re-
sistance to DDT is genetical in pature has been demonsirated quite
thoroughly, Because of the fact that resistance is due to genetical
meke~up, this quality is heritable from parents to offspring.

The nature of the genetic role iy resistence indicates a highly
integrated gene pool. With the high rate of reproduction, and inbreeding

of fly populations, the gene pool is quickly integrated snd high resistant
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strains are rapidly produced, Through laboratory rearing, subjection of
parental stock to selective pressures, and inbreeding of offspring,
strains of flies with a tolerance for several hundred times the normal
dosage for control of susceptible populations have resulted in tem to
fifteen genorations (13), That the resistant character of flies is not
necessarily disadvar. cageous to their survival in normal environment is
indicated by the length of time which that character is retained even
after further subjection to the inseotlicide has been discontinued., Some
reports show that only after many generations does the level of resistance
decline significantly, Pimentel, Schwardt, and Dewey (15) reported com=
plete reversion to a non-resistant condition after twenty generations of
inbreeding without further exposure to DDT, However, Crow (5) found
that his etrain had not reverted, appreciably, to a susceptible condition
after three years of inbreeding, without further exposure to DDT,

To consider the genetios of resistance further may be of h}or-
tance, In laboratery procedures of rearing, testing and analysing (5,
8, 13) 1t was found that two different lines may respond differently to
selection, Lines subjected to low levels of selective pressure responded
more rapidly and comsistently than lines subjected te higher levels, In
any case, about a dosen gemerations (perhaps the number of generations
produced in a year and ome-half in the climate of the area in guestion)
were required before resistance could be clearly demonstrated,

Tn crosses made between a resistant line and it's susceptible
parental stook, and between two m!nhﬁnﬁ lines, Pimentel (15) found
that resistance was not sex-linked, Nor 'ﬂﬂ.l it appear that there is

simple dominance of either of the characters in question, since the Fy
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generation of crosses between resistant and susceptible stock always dis-
played a level of resistance intermediate between the two.

Furthermore, crosses between two nearly equally resistant lines,
the F; are always of about the same resistance. But when the F; are
inbred, the F, show a sharp decline in resistance, which is again re-
covered in the F3. An explanation of this unusual situation in the Fp,
is that the two parental lines, whose resistant factors were brought
together in the F,, did not carry the same factors for resistance. Ap-
parently, in the F,, a segregation of the dissimilar factors occurred.
This lends more weight to the indication of a highly integrated gene
pool (5, 8).

It wvas also found that there are some susceptible strains which
cannot develop resistance (12). They are genetically pure. In view of
this, one would not expect to find any such susceptible strains sinece
they would have been killed during the period of time that DDT was used
to such a large extent.

Considering this knowledge of the genetics of resistance, the
information taken from the data is not at all surprising. It is, in
fact, quite in accordance with what one would expect. If a resistant
population can be produced as quickly by exposure to low selective pres-
sures as to high pressures, then at establishments where spray programs
are erratic and not at all conducive to high selective pressures, one
may well expect populations as resistant as in places where a well
planned control program is carried on. . One might expect also, that ex-
posure to DDT only occasionally might maintain the level of resistance
for long periods of time since a population will retain it's resistance



for more than 2 dosen generations without significant deecline.

If this characteristic is not sex<linked, nor of simple dominance,
then one would not expect to find a build-up of susceptible populations
{mmediately after the removal of the selective agent, Instead, it would
remain fairly uniform in level of resistance as well as in geographical
distribution.

To more conclusively establish as facts the observations taken
from the data, much more work would be required., More points of collec=
tion would be necessary, especially at greater distances in any direction,
Points of ecollection, should also be established at intervals between the
main directions of collection, i.e. to the northesast, south-east, southe
west, and north-west,

With this plan of approach, and with necessary precautions to re-
duce, as much as possible, the variable factors encountered, data with

{noreased reliability could be obtained.



In the summer of 1964, forty-nine tests were run involving flies
collected at that many points., The points of collection covered an ares
extending from forty-six miles north of Hrookings, South Dakota, to fortye
one miles south, and from forty-three miles east to ome hundred fifteen
miles west of HErookings., These tests were conducted in an attempt to
learn more of the geographical distribution of housefly resistance, Ine
cluded in the tests were three insecticides; DUT, lindane, and Diaginom,
and control groups.

The unit of measure used to determine levels of resistance was the
length of time required to reach a KDgg of the flies being tested,

The analysis of the data indicated a general, high level resiste
ance by houseflies to DDT, A resistance to lindane appeared to be pere
haps two to three times the level reported for a susceptible laboratory
strain. No resistance to Diazinon was detected,

The data indicated a very slight decrease in resistance as the
distance in the westerly direction increased. The reliability of this
lowered resistance, however, could not be satisfectorily demonstrated.

No enclaves of highly resistant or DDT susceptible fly populations
wore detected, '

A study of the genetic nature of resistance supplements and sub-
stantiates the information taken from the data,

There were many variable factors whiech could have affected the
data, leaving the results highly variablée and difficult to interpret.

To more satisfactorily reach a conclusion, many more tests involving
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a larger area would be required. Elimination or reduction of the vare
iable factors would allow for more uniform data making possidle & more

satisfactory analysis,
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