
co l lec tion  and d isp o sa l  sy s tem . House fly 
breeding remained a problem but o r ig ina ted  
primarily from animal e n c lo su re s ,  pointing  out 
the need  for enforced ord inances  to regula te  
l ives tock  within the c i ty .  T he  d ifference in 
house fly ind ices  between C i t ie s  I and II is  due 
primarily to the house  fly breeding in the open 
dump at City II. The spray ing  program in City 
II is  bel ieved  to have been primarily effective 
in the control of the excrem ent-breeding fly,

Sarcophagula occidua.
4. In addition to c o s t  da ta  the r e su l t s  of the study 

w ill y ie ld  da ta  on the e f fec ts  upon fly d e n s i t ie s  
and human d is e a s e  in: (a) City I with 3 garbage 
co l lec t io n s  per week and an eff ic ien t  sanita ry  
land fill;  (b) City  II with 3 garbage co l lec tions  
per week but with inadequate  d isp o s a l ;  and
(c) City  III with tw ice-w eekly  garbage co l lec 
tion s u b je c t  to some varia tion and inadequate 
garbage d isp o sa l .

CONSIDERATIONS IN SAMPLING FLY POPULATIONS

In recen t years  many programs for 
the control of house-frequenting f l ie s  
have been undertaken. As might be 
expected  in such developmental pro
grams, g rea te r  em phasis  has  been 
p laced  upon the methodology of control opera tions  
than upon the measurem ent of the fly popula tions.  
Various dev ice s  have been used  in eva lua t ing  the 
e f fec t iv e n ess  of the fly control m e asu res ,  such  a s  
ba i ted  fly t raps ,  tanglefoot ta p es  and s h e e ts ,  and 
time counts  over uniform a t t ra c ta n ts .  T he  fly grill 
developed by Scudder* has  been perhaps the most 
widely used  of th e se  d ev ice s  in programs sponsored  
by the Communicable D ise ase  C enter.  However, 
the appl ica tion  of the grill has  varied between 
programs, and th is  lack  of uniformity in the methods 
of taking and in terpre ting  fly population sam ples  
has  p revented  really  accurate  d irec t  comparison 
among programs.

The need  for a s tandard  method of sam pling  fly 
popula tions is  ind ica ted ,  not only to fac i l i ta te  the 
eva lua tion  of fly control opera tions  but to make 
p o ss ib le  the correla tion of the re su l t s  with s ta n d 
ard epidem iological m easurem ents .  A re l iab le  
s a m p l i n g  m e t h o d  should have the following 
ch a rac te r is t ic s :
1. It should be repea tab le ,  and ob jec tive .
2. It should be useful in guiding control opera tions .
3. It should  be economical to apply.
4. It should  supply data  which are s u i ta b le  for

JUDSON U. McGUIRE, JR .,  A ss i s ta n t  Sanitarian (R)  
and

DALE R. LINDSAY, S c ie n t is t

s ta t i s t i c a l  a n a ly se s .
5. It shou ld  be app l icab le  over wide geographic 

a re a s .
6 . It shou ld  be a d a p t a b l e  to a wide range of 

condit ions .
T he  following d isc u ss io n  of the m ethods e s ta b 

l i s h e d  and in u se  by the au thors  and  the ir  co
workers on an experimental study in south Georgia 
i s  p resen ted  for consideration  by other programs.

PREREQ UISITES TO SAMPLING

The following s te p s  were followed in e s ta b l i sh 
ing the sam pling  program on the experimental 
projec t under d isc u ss io n .
1. Maps of the c i t i e s  were obta ined and brought 

up to  d a te .  B e s id e s  large office m aps,  small 
no tebook-s ize  reduc t ions  were made for field 
u se .

2. All b locks  in the c i t ie s  were numbered for easy  
re ference .

3. The c i t ie s  were divided into su b -a reas  of about 
10 b locks ,  or a 10 percen t sample , excep t  tha t 
in the high-income re s id e n t ia l  d i s t r ic t s ,  sub
a reas  of 20 b locks ,  or a 5 percen t sam ple ,  were 
u se d .  Sub-areas  which included in d u s t r ie s  with

♦ S c u d d e r ,  H . I . :  A  N e w  T e c h n i q u e  fo r  s a m p l i n g  t h e  d e n s i t y  of  h o u s e f l y  p o p u l a t i o n s .  P u b .  H e a l t h  R e p .  6 2 : 6 8 1 - 6 8 6  ( 1 9 4 7 ) .
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P l a c i n g  f l y  g r i l l  o v e r  a t t r a c t a n t  t o  s a m p l e  f l y  p o p u l a t i o n ,

high production of organic w a s t e s  n e v e r  
exceeded  10 b locks .

SURVEY PRO CEDURES

A. T he Stationary B lock  Survey. In each sub
a rea ,  the block with the h ighes t  fly po ten t ia l  was 
s e le c te d  a s  a so -ca l led  S T A T I O N A R Y  S U R V E Y  
B L O C K .  The s ta t iona ry  survey block w as  not 
changed  during the survey u n le s s  another block 
in the sub-area  show ed, over a period of three con
s e c u t iv e  w eeks ,  a h igher weekly average  than the 
one s e le c te d .  All the s ta t ionary  survey b locks  thus 
s e le c te d  were in sp ec ted  once a w eek , us ing  the 
g r i l l  m e t h o d .  Although 10 grill coun ts  were 
recorded, the average of the 5 h ig h es t  coun ts  w as  
u se d  a s  the index for each  s ta t ionary  survey  b lock .

The s ta t ionary  survey block method had severa l  
advan tages  and d isa d v an tag es .  The advan tages  
were: (1) the speed  and low c o s t  with which the 
su rv ey s  could be made; (2) continuous d a ta  on the 
same b locks throughout the se aso n  a t  weekly 
in te rva ls ;  and (3) with a low index, the indication 
th a t  a minimum number of f l ie s  w as p re se n t  in the 
whole a re a .  T h e  d isa d v an tag es  were: ( 1 ) the 
dubious economy of re- treatm ent throughout a 
su b -a rea  on the  b a s is  of the da ta  from a s in g le

s ta tionary  survey block; (2) the poss ib i l i ty  of a 
b ia s  hav ing  been introduced into the data  by the 
way in which the b locks  were s e le c te d  and by the 
methods of sp ray ing  u sed .

B. The V isu a l  Survey. In order to prevent unnec
e s s a r y  expend itu res  of time and m ater ia ls  in 
re- treat ing  a sub-area  on the  b a s i s  of the da ta  
from a s ing le  s ta t ionary  survey block, a v isua l  or 
r e c o n n a is s a n c e  survey was u sed  in conjunction 
with the s ta t io n a ry  block su rvey . It w as found 
ad v isab le  to precede the s ta t ionary  block survey 
with  the  v isua l  survey by 2 to 3 days ,  thus us ing  
the  s ta t iona ry  block survey a s  a check on the 
e f f e c t iv e n e s s  of the control m easures  a s  indicated 
by the v isu a l  survey. Without using the grill,  but 
based  on experience with it, e s t im a te s  of grill  
read ings  of each concentra tion of f lies  encountered 
in each block were made rapidly by the inspec to rs .  
The average of the  five h ig h es t  of these  es tim ated 
grill  coun ts  for each block was u se d  a s  the  index 
figure for the b lock .  The control opera tions  sec t io n  
w as then furnished with a map upon which the 
block index figures were shown. All b locks whose 
index figures exceeded  th ree  f l ie s  were des ignated  
to rece ive  trea tm ent.  Treatm ent was applied  to the 
d es igna ted  b locks in re la tion  to the index figure. 
B locks  with the h ighest in d ic es  were treated  first.  
T h is  type of survey proved very use fu l  in provid
ing da ta  for d irec ting  the effec tive applica tion  of 
in s e c t ic id e s ,  but i ts  s tandard iza tion  requires  
further study .

C. The Random Sample and the S ta t is t ic a l  T re a t
ment o f  the Data. D ata ob ta ined  from s ta t ionary  
block surveys  were su b je c t  to b ia s  in th a t  the 
b locks  were in sp e c ted  a t  d iffe rent times, in dif
ferent p la ce s ,  and by diffe rent persons .  T h e  
v isu a l  survey enabled  broad coverage to guide fly 
control o p e ra t ions .  I ts  continued u se  holds promise 
a s  a tool for entomological evaluation  and ep i
dem iological in v e s t ig a t io n s ,  but i t s  development 
a s  a meaningful measure requ ires  further study of 
the  so u rce s  of b ia s  and the magnitude of sampling 
error.

The methods of an a ly t ica l  s t a t i s t i c s  are based  
upon the theory of probability . In order to u se  these  
m ethods valid ly ,  data  must be  co l lec ted  in such  a 
manner as to allow the  applica tion  of the mathe
m atical model upon which the probability theory is  
b a s e d .  A random sample w ill  be defined, for the 
p resen t  su b je c t  under d is c u ss io n ,  a s  a sample in 
which each  v a r ia te  i s  s e le c te d  with known proba
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b il i ty .  If only the  b locks with high fly coun ts  are 
s e le c te d  for sampling, any s ta t i s t ic  derived from 
the da ta  is  rep resen ta t ive  of only a portion of the 
b locks ,  and no valid as sum ptions  may be drawn 
with r e sp e c t  to the f l ie s  in the whole city u n le ss  
one knows the re la t ionsh ip  between the s e le c te d  
high b locks and all b locks  in the a re a .  T h is  r e la 
tionsh ip  depends  on the local c h a ra c te r is t ic s  of 
each area  and cannot be assum ed invarian t  from 
one locali ty  to another .  It is  therefore quite 
apparen t tha t in order to insure  gene ra liza t ion  of 
in fe ren c es  from one area  to another ,  some form of 
random sample must be taken in all p ro jec ts  where 
fly in d ic es  are to be compared with epidem iological 
or other experimental data.

The random sam ple  a lso  s e rv e s  a s  a check on 
change in the b ia s  o f  sta tionary  high count b locks .  
B ias  i s  a consc ious  or unconsc ious  a l loca tion  of 
grea ter  probability o f  occurrence to some of the 
va lues  of a var ia te .  A mean c a lc u la te d  from biased 
data  will not be an es tim ate  of the true mean of 
the population being sampled. If, for example , only 
the sta tionary  survey b locks  are  sprayed , a reduc
tion in the city-wide fly index may not correspond 
to ac tua l  reduction of f l ie s  in the en t i re  c i ty ,  but 
only to the dec rease  of fly abundance in th e se  
b locks .  A random sample, as u se d  in th is  study, 
included one block out of each su b -a rea  in the 
city at each  sampling period, and  w as not b ia sed

in th is  par t icu lar  re sp e c t ,  s in c e  the s ta t ionary  
survey block in each sub-area  had only a 1-9 
chance of being inc luded  in the weekly sample. 
The random sam ple  a lso  gave a s im ilar  check on 
the accurate  se lec t ion  of the h ig h e s t  block in the 
area.

The  random sam ple therefore served  a double 
purpose: I t  provided d a ta  by which to s tab i l ize  
and check the opera tional su rveys ,  and i t  supplied  
a val id  s t a t i s t i c a l  sam ple .  T h is  sample w as drawn 
by se lec t ing  a t  random, with rep lacem ent ,  a block 
in each of the  10-block or 20-block a re a s  in the 
c i ty .  T he  block thus drawn was sometim es sur
veyed by the same man who inspec ted  the  s ta t ion 
ary survey block or by a d ifferent man altogether .  
F o r  opera tional  p u rp o ses  the random survey was 
unsa t is fac to ry  if u se d  a lone .  From th is  work it  
appears  quite p o ss ib le  that with the u se  of  a 
s tandard ized  v isua l  survey as  the principal guide 
to fly contro l opera tions the sampling procedure 
may be lim ited  to the v isua l  and random surveys.

DETERMINING THE NUMBER  
OF INSPECTORS NEEDED

Both th e  number and the  a c c e s s ib i l i ty  of a l leys  
in a town vvere of g rea t  importance in determining 
the number of in spec to rs  needed .  In c i t ie s  with 
few or no a l le y s ,  such a s  were encountered  in th is  
study, the maximum number of b locks which could

In s e t t i n g  u p  a  f l y  s a m p l i n g  p r o g r a m ,  o n e  o f  t h e  m o s t  i m p o r t a n t  s t e p s  i s  t o  o b t a i n  m a p s  o f  t h e  t o w n  a n d  
d i v i d e  t h e m  i n t o  s u b - a r e a s ,  i n d i c a t i n g  a  s t a t i o n a r y  s u r v e y  b l o c k  i n  e a c h  s u b - a r e a .
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be surveyed per week by each  in spec to r  w as  
approximately 125 for both the s ta tionary  and ran 
dom surveys and approximately 275 for the v isua l  
type of survey. T h e se  figures were a t ta in ed  only 
under condit ions permitting a full work day, and 
when travel time each  day to and from the work 
a re a  was 30 m inutes or le s s .  B ased  upon previous 
survey experience in o ther  a re as ,  where each  city 
block was traversed by an a l ley ,  it  h a s  been de ter
mined tha t  the s ta t ionary  and random block surveys 
required one inspec to r  for each 150 b locks to be 
in sp e c ted  each week on each of the  tw'o types  of 
survey.  Time s tu d ie s  of the few b locks  traversed  
by a l ley s ,  in the area of the experim ental study 
under d is c u s s io n ,  ind icated  a v isua l  survey time 
per  block of 4 to 5 m inutes. Assum ing tha t  a l l  of 
a c i ty ’s  b locks were so traversed  by a l l e y s  and 
tha t  450 working m inu tes  were ava i lab le  each  day 
of a 5-day week, one inspec to r  could conduct a 
v isua l  survey through 450 to 560 b locks per week. 
V aria t ions  in th e se  f igu res  will r e s u l t  when work
ing time i s  d ec reased  by w eather  or o ther  fac tors  
or when maximum efficiency i s  lo s t  for any reason .

FACTORS WHICH A F F E C T  VARIABILITY  
OF GRILL COUNTS

V arious fac to rs ,  which have been found in our 
exper ience  to c a u se  the g re a te s t  var iab il i ty  in 
grill coun ts  of fl ies ,  are d i s c u s se d  in the following 
paragraphs.

In sp ectors .  In order to m easure the accu racy  of 
the d ifferent in sp e c to rs  in es t im a ting  f l ie s  on the 
grill ,  certain t e s t s  were run. T h e s e  t e s t s  involved 
the u se  of grills ,  to which dead  f l ie s  had been 
fa s te n ed  by m eans of an adhes ive ,  and on which 
the fly d is t ribu t ion  p a t te rn s  w ere arranged to 
sim ulate field occurrence.  In the low er density  
ranges,  i .e . ,  up to 50 f l ie s ,  i t  appears  th a t  all the 
in sp e c to rs  te s ted  were reasonab ly  accura te .  The 
g rea tes t  errors of es t im ate  were found to be in the 
vic in ity  of 175 to 250 f l ie s .  T h is  readily  may be 
explained by the fact that in th is  range of counts 
there  were too many f l ie s  for the in sp e c to r  to 
count on all p a r ts  of the grill; y e t  in th is  range, 
d is t r ibu t ions  of f l ies  on the grill were quite uneven. 
Since the inspec to r  counted the flies  on a portion 
of the grill in order to es t im a te  the to ta l  f l ie s  on 
the whole grill,  an additional error, due to the 
uneven distribution  of the f l ie s  on the grill,  was 
in troduced. T h is  error reached a maximum in this 
in te rva l .  Below 50 f l ie s  the spread  of the d ifferent 
read ings w as  very sm all,  but above 50 f l ie s  i t  w as

so great tha t  spec ia l  train ing of the in sp e c to rs  in 
es t im a ting  large numbers of f l ie s  was indicated .  
The  amount of time to be spen t in tra in ing  inspec
to rs  to u se  the grill will vary with the ob jec tives  
of a fly control program. T he  authors recommend 
a minimum of 4 w ee k s ’ tra in ing  wherever p o ss ib le  
and frequent checks  throughout the s e a so n .  A time 
lim it of 20  s e co n d s  should  be used in all t e s ts  
s ince  it c losely  s im u la tes  the length of time in 
which f l ie s  can be expected  to remain qu iescen t 
on the grill in the field.

T em perature.  One of the early observa tions  
made by the in sp e c to rs  was that the fly index on 
cold days yvas reduced to zero. T h is  was to be 
expected  s ince  f l ie s  are poikilothermic. In deter
mining the temperature threshold  of fly activity  
from the grill records,  it w as  found th a t  the lowest 
air temperature a t which countable f l ie s  were 
encountered  was cons iderab ly  lower than the 
obse rved  tem peratures at which f l ie s  would be 
immobilized. F ie ld  obse rva t ions  revea led  that 
a t t r a c ta n ts  in the sun had an environmental tem
pera tu re  about 24° F. warmer than the air  tempera
ture in the shade  usua l ly  recorded. Counts  made 
during those portions of the day when the air 
temperature i s  too low for normal fly ac tiv i ty  will 
only re f lec t  the number of a t t rac tan ts  in the sun 
and the f l ie s  tha t  were on or near  them,

A preliminary laboratory t e s t  was conducted in 
1949 in order to es t im ate  more c lose ly  the thresh
o ld  tem peratures  of various degrees  of fly activity . 
F ive  h ouse  f l i e s  each were p laced  in large te s t  
tubes, 29 millimeters by 19 cen tim ete rs ,  which 
had been f it ted  with cork s toppers .  A mercury 
bulb thermometer inse r ted  through a perforation 
in each cork s to p p e r  allowed read ings  of the air 
temperature in s id e  the te s t  tube and within one- 
h a lf  inch of the f l ie s .  T he  te s t  tubes of f l ie s  were 
cooled in a refrigerator  for 30 m inutes until the 
a i r  temperature within each  tube was approximately 
27° F .  After th is  cooling period, which immobilized 
the f l ie s ,  the t e s t  tubes  were brought into the 
labora tory  where the temperature was 80° F. As 
th e  temperature within each t e s t  tube rose ,  the 
read ing  at the in it ia t ion  of each level of activity 
was recorded. Fifty  rep l ica t io n s  of th is  te s t  were 
made, and a record w as kep t of the temperatures 
a t  which the following a c t iv i t ie s  were in it iated .  
The average  tem peratures  at which the flies  
responded  were: The f irs t  movement was made at 
55° F .;  a t  62o F. they righted  them selves; a t  70° 
F .  they crawled; and a t 74° F . they becam e quite
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a c t iv e .  From th is  information, and from field 
observation  d a ta ,  the authors concluded tha t  grill 
coun ts  taken when the air temperature is  l e s s  than 
70o F. should  not be used  in the ca lcu la t ion  'of 
fly ind ices .  T h is  70o F. temperature is  only a pre
liminary th reshold  se lec t io n ,  however, s in c e  further 
inves t iga t ions  as to the length of time the fly i s  
sub jec ted  to a gradual in c re ase  in temperature are 
needed, and the final r e su l t s  may in d ic a te  a dif
ferent th reshold  of ac tiv ity .

Moisture. Moisture i s  usua lly  an important limit
ing  factor only in a reas  of low ra infa ll .  In T ex as ,  
New Mexico, and Arizona the l im iting  fac tor  for 
fly production during the summer appears  to be the 
ava ilab il i ty  o f  m ois ture .  Data from Albuquerque, 
N. Mex., show tha t hog pens and some other ani
mal en c lo su res  with a c o n s tan t  supply  of moisture 
were the main fly a t t rac tan ts  (30 percent) ,  and 
accounted for most of the high counts .  In the 
southern region of the United  S ta tes ,  from e a s t  
T e x a s  to th e  Atlantic ,  e x c e s s iv e  m ois ture  may 
sometimes inh ib i t  r a the r  than in c re ase  fly produc
tion; th is  may be due to the drowning of the larval 
s t a g e s  and the mortality in the adult fly population 
caused  by heavy rains.

Shade. Shade is  apparen tly  of l e a s t  consequence 
among the factors s e le c te d ,  but is of importance in 
determining the distribution  of f l ie s  in a block at 
d iffe rent times of the day. Ear ly  in the morning 
or during a re la t ive ly  cool day (70° to 8 0 °  F .)  
the majority of high counts are found in the sun . 
As the a ir  temperature rea ch es  the v ic in ity  of 
90°  F . ,  the f lies will tend to move from the sun 
into the shade .

METHODS EMPLOYED IN ORDER TO MINIMIZE 
THE EXPERIMENTAL ERROR INHERENT IN 
THE USE OF THE GRILL

Knowing tha t  there is  a certa in  inevitable v a r ia 
tion in the ab ili ty  of the d iffe rent in sp e c to rs  to 
count and es tim ate fly numbers, it w as be l ieved  
e s s e n t i a l  that a  schedu le  for the sy s tem a t ic  ro ta 
tion of the in spec to rs  from one inspection  area to 
another be followed. In th is  manner the b ia s  intro
duced by the individual in sp ec to rs  will be equal 
in a l l  c i t ie s  or s e c t io n s  of a large city.

Of grea t  importance in survey ing  sm all  c i t ie s  
or s e c t io n s  of a large city , s in c e  they u sua l ly  are 
surveyed during part of a working day ,  was the 
rotation of the time of day in which the inspection  
was made. It is  quite obvious tha t the ideal pro

cedure would be to have the in sp e c t io n s  made at 
the same time of the day each week in a l l  c i t ie s .  
S ince this was not p o ss ib le ,  the authors sy s tem a t i 
cally  ro ta ted  the inspec t ion  time in al l  inspection 
a re a s  so tha t  var iab il i ty  caused  by the hourly 
f luctuation in numbers of f l ies  was introduced to 
an equal e x ten t  in a l l  a r e a s  when d a ta  from severa l  
in spec t ion  periods were combined.

In c i t ie s  where fly in sp ec t io n s  could not be 
completed in one day ,  the d iffe rent parts of the 
city were inspected  on different days  in order to 
have  one full inspec t ion  each week. Care  was taken 
that no section  was a lw ays  in spec ted  a t  the sam e 
time of the day. B locks  for each d a y ’s inspection  
were s e le c te d  a t random, without replacem ent,  
thus ge t t ing  a full weekly sample from the town. 
The random se lec t io n  of the s ta t ionary  survey 
b locks  to be in spec ted  each day g rea tly  inc reased  
the probability  tha t  a l l  par ts  of the town were 
in sp e c ted  a t a l l  the different times of the day.

SUMMARY
1. D ata  from the sam pling  of fly p o p u l a t i o n s  

se rved  a two-fold purpose: T hey  provided the 
opera ting  personnel with information needed to 
determ ine when and where control m easures  
were needed; and they were compared with epi
dem iological  da ta  on d ia rrhea l d i s e a s e .

2. A three-point survey w as be l ieved  n ec es sa ry  to 
b e s t  serve both purposes:
a . A v isua l  survey was of g rea t value in d irec t

ing  control opera tions and ho lds  promise, 
once fully te s te d ,  of serv ing  a l l  in spectional 
pu rposes .

b. A s ta t iona ry  block survey w as  of value in 
supply ing  continuous da ta  from the m ost  fly- 
productive block in each  sub-area .

c. A random survey was needed  in order to per
mit comparison of fly indices  with epidemi
o log ica l  data and served  a s  a check on the 
b ias  introduced in the s t a t i o n a r y  block 
su rvey .

3 . The m ost important var iab les  inf luencing fly 
dens ity  read ings by the grill or other methods 
were individual inspec to r  c a p a c i t ie s ,  tem pera
ture, m ois ture ,  and shade .

4. C o m p a r a b i l i t y  of fly inspection  da ta  was 
improved by the rotation of (1) the in sp e c to rs ,
(2 ) the order of inspection  of the sm all c i t ie s  or 
of the s e c t io n s  of the larger c i t i e s ,  and (3) the 
order of the inspec t ions  of the b locks  within the 
c i t i e s .
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