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INTRO DUC TIO N

Knowledge of the flight dispersal of mosqui­
toes is of basic importance in the epidemiology 
of the d iseases they transmit and in the planning 
of control measures. Aware of this fact, malari- 
ologists have investigated rather extensively the 
problem of the flight range of anopheline mos­
quitoes because of their known relationship to 
malaria. Eyles (5) has prepared a critical review 
of the literature related to the flight and dispersal 
habits of anopheline mosquitoes. Since his sum­
mary, numerous additional studies related to the 
flight and dispersal of anophelines have been con­
ducted such as those of Eyles, Sabrosky, and 
Russell (7), Goodwin (8), and Correa, Lima, and 
Coda (4). Exhaustive literature comparable to that 
of the flight of anopheline mosquitoes does not 
exist with respect to culicine mosquitoes al­
though a few highly significant studies have been 
conducted. Among these are the work of Stage, 
Gjullin, and Y ates (14); Horsfall (10); Reeves, 
Brookman, and Hammon (13); Causey and Kumm
(2); and Causey, Kumm, and Laemmert (3).

Investigations of the biology of California mos­
quitoes in i r r i g a t e d  pastures were begun in 
19491. It was early r e a l i z e d  that studies of 
the flight range of these mosquitoes would be 
basic in establishing relationships that they 
might have to the transmission of d isease and in 
allowing for better definition of the zones of im­
portance to mosquito control. The three mosqui­
toes of major importance issuing from irrigated 
pastures are Aedes nigromaculis (Ludlow), Culex 

£  tarsalis Coquillett , and Aedes dorsalis (Meigen).

*A  c o n t r ib u t io n  o f  th e  B u r e a u  o f  V e c to r  C o n t r o l ,  C a l i ­
f o r n ia  S ta t e  D e p a r tm e n t  o f  P u b l i c  H e a l th ;  th e  C o m m u n i­
c a b le  D i s e a s e  C e n te r ,  P u b l i c  H e a l th  S e r v ic e ;  a n d  th e  
T u r lo c k  M o s q u i to  A b a te m e n t  D i s t r i c t .

♦ ♦ F ro m  C D C , A t la n ta ,  G  a .
♦ ♦ ♦ C e n tra l  V a l l e y  M o s q u i to  E c o lo g y  S tu d ie s ,  T u r l o c k ,  C a l i f .  

tC e n t r a l  V a l l e y  M o s q u i to  E c o lo g y  S tu d ie s  — a  c o o p e r a t iv e  
e n t e r p r i s e  s p o n s o r e d  b y  th e  T u r lo c k  M o s q u ito  A b a te m e n t  
D i s t r i c t  o n  b e h a l f  o f  th e  C a l i f o r n i a  M o s q u i to  C o n tro l  
A s s o c i a t i o n .

The studies of Reeves, Brookman, and Hammon 
(13) established basic information concerning the 
flight range of C. tarsalis. A. dorsalis, which in 
the years up to 1940 was the principal Aedes 
problem in the Central Valley, has been rele­
gated, because of events of the past decade, to a 
position of much less importance than that of 
A. nigromaculis. Thus, the mosquito flight studies 
undertaken during 1950 were concentrated on in­
vestigating the range and dispersal patterns of 
A. nigromaculis.

For these studies the “ re lease”  emergence of 
mosquitoes was made in an irrigated pasture des­
ignated as the “ Study P astu re”  located in Town­
ship 5 S, Range 9E, Section 9 in Stanislaus 
County, Calif., about 8 miles west of Turlock. 
The pasture selected consisted of approximately 
90 acres in an inverted L-shape and the release 
point for the radioactive mosquitoes was located 
at the southern border of the inside of the L. The 
c losest human habitation was approximately 1/8 
mile to the south and across a small field.

M ATERIALS AND METHODS
A majority of the work done on anophelines and 

flight range up to the time of Eyles* summary 
involved capturing adult mosquitoes, marking 
them with a stain, releasing them, and recap­
turing marked specimens. The marking agents 
necessitated  spraying with aqueous aniline dye 
solutions, or dusting with metallic bronzing pow­
der. Another technique consisted of using dilute 
solutions of Giemsa’s, Wright’s, or methylene 
blue sta in s in which the l a r v a e  were reared. 
Zukel (16) developed methods for marking ano­
pheline mosquitoes with fluorescent compounds; 
rhodamine B, among others, proved to be quite 
suitable. Reeves, Brookman, and Hammon (13) 
selected rhodamine B as their tagging material. 
Recently, with the work of H assett and Jenkins 
(9), Bugher and Taylor (1), and Jenkins (11) the 
use of radioisotopes for tagging mosquitoes be­
came a possibility. Lindquist and Yates (personal
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communication (12)) have made extensive studies 
of the use of radiophosphorus for tagging mosqui­
toes in the laboratory. After review of the work of 
the above authors, two methods of tagging mos­
quitoes were se lec ted  for use during the 1950 
season. These were: (1) the use of aqueous solu­
tions of rhodamine B applied to mosquitoes under 
natural conditions with a Tifa aerosol fog gene­
rator; and (2) the production of radioactive mos­
quitoes by allowing the larvae to develop and 
emerge in an aqueous solution of radiophosphorus. 
R esults of the study using the rhodamine B dye 
are not available at this time.

U se  of Radiophosphorus. The isotope used was 
secured from the Isotope Division of the Atomic 
Energy Commission at Oak Ridge, Tenn. Phos­
phorus-32 was selected  as the most practical be­
cause of its extremely short half-life, approxi­
mately 14 days, and because it is  an emitter of 
beta r a d i a t i o n s  which have a relatively short 
range. Both these factors contributed to personnel 
safety in the handling of the material. The isotope 
was handled through the facilities of the Western 
Division of Tracerlab, Inc., a commercial labo­
ratory designed for this purpose. At this laboratory 
the phosphorus was converted to a neutral sodium 
phosphate (N a2P 0 4) solution for transportation 
to the field.

Mosquito larvae for tagging 
were collected in irrigated pas­
tures including the one encom­
passing the release point. The 
method of collection used was 
that of dipping the larvae and 
pouring them through a funnel 
lined with muslin to concentrate 
the larvae in large quantities 
on the muslin. As soon as sev­
eral thousand were obtained, 
they were transferred to two 
large galvanized iron rectangular 
tanks. These tanks were 4 by 
5 ft. and were 6 in. deep. The 
quantity of water used in the 
tanks was 39.6 gal. which gave 
a depth of slightly under 4 in.
Across the water surface of one 
of the tanks a seine was stretch­
ed and f l o a t e d  on corks to 
p r o v i d e  f o o t i n g  for the 
emerging adult mosquitoes.
F loating plants were used in the

other tank for the same purpose. The majority 
of the larvae collected (about 99 percent) were 
A. nigromaculis, except when special collections 
of C. tarsalis were made.

The isotope was added to the tanks after the 
larvae were introduced in their final concentration. 
The radioactive solution was poured into the tank 
slowly (figure 1) in order to allow even dispersal 
of the material without creating “ hot ”  spots. The 
concentration of the isotope used was based on 
the recommendations of Mr. Lindquist from his 
work in Oregon and was 0.1 microcurie per ml.

Precautions in handling the isotope were nec­
essary to prevent possible accidents to personnel 
in and about the r e l e a s e  point. A fence was 
erected around the tanks. Workers entering the 
enclosure wore rubber gloves, boots, and wrist 
badges and were monitored in the Turlock Labo­
ratory for possible contamination after each v isit. 
Contaminated equipment and material were marked 
as such and carefully stored in containers for that 
purpose. The re lease point was selected because 
of its isolated position with respect to human 
habitat and curiosity seekers and because this 
same pasture was used as a study area for the 
extensive ecological study of irrigated pastures 
being conducted during 1950.

Study of Exposure R esu lts . The results of ex­
posure to phosphorus-32 were studied by taking

F i g u r e  1 . A  r a d i o - p h y s i c i s t  p o u r s  t h e  r a d i o a c t i v e  p h o s p h o r u s  s o lu t i o n  in to  th e  t a n k s .  
T h e  s e i n e  c l i p p e d  to  t h e  s i d e s  o f  t h e  t a n k s  a n d  f l o a t in g  o n  c o r k s  i s  fo r  th e  p u r p o s e  o f  
a l l o w in g  e m e r g in g  a d u l t s  a  p l a c e  to  s t a n d .  ( P h o t o  c o u r t e s y  T u r l o c k  M o s q u i t o  
A b a t e m e n t  D i s t r i c t  and  L i n d b l o m  P h o t o  S e r v i c e ) ,
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F i g i r e  2 .  T h e  G e ig e r  c o u n te r  w a s  u s e d  to  e x a m in e  l i g h t  t r a p  c o l l e c t i o n s  fo r  r a d io ­
a c t i v e  m o s q u i t o e s .  ( P ho t o  c o u r t e s y  T u r l o c k  M o s q u i t o  A b a t e m e n t  D i s t r i c t  and  
L i n d b l o m  P h o t o  S e r v i c e ) .

samples of larvae from the tanks, washing them 
several times, removing the water from their ex­
terior surfaces, and finally monitoring them to 
determine how radioactive they might be.

Exposure periods of 12 to 18 hours proved to be 
sufficient to tag these larvae with easily detect­
able amounts. It was found that pupae could not 
be tagged unless they remained in the solution 
from 48 to 60 hours. In general the best results 
were obtained when early fourth stage larvae were 
used. Samples of mosquitoes emerging from the 
tanks were taken to determine the amount of radia­
tion which they emitted. It was found there was 
considerable variation ranging from counts just 
detectable above background in some individuals 
to counts of more than 20,000 per minute in other 
individuals. In all cases in which mosquitoes were 
introduced into the tanks as larvae, detectable 
counts of radiophosphorus were found in the 
adults.

Tagged specimens taken from the tanks were 
tested with a Geiger Counter, the SU-3A Labora­
tory Monitor issued by Tracerlab with a T G C — 
2 tube (figure 2). With this monitor single speci­
mens with about 100 counts per minute were easily 
detectable even when buried among thousands of 
other mosquitoes. Specimens with several thou­
sand counts per minute would cause the monitor 
to register even though the specimens remained 
in ice cream cartons in which the specimens were 
brought from the field. The most difficult speci-

roens to detect were those which 
had assim ilated only a very 
small quantity of phosphorus 
(since they were exposed during 
the pupal stage) and the sen si­
tivity of the monitoring equip­
ment used was not sufficient.

Using this type monitor, a stan­
dard had to be established for 
deciding when radioactive spec i­
mens were located. No single 
specimen which did not consist­
ently register above 50 counts 
per minute was included in our 
lis t of “ positives”  for this 
reason. When specimens which 
emitted several radiations per 
minute above this arbitrary 
background were placed in a con­
tainer under the counting tube, 
the presence of the phosphorus 
could be detected frequently from 

the mass of specimens when radiations from single 
specimens were considered questionable.

Capture o f Tagged M osquitoes. In attempting 
to capture tagged mosquitoes two principal meth­
ods of collection were used. The first and most 
important was the operation of mosquito light 
traps. For this purpose about 70 different light 
trap stations were established with a greater 
concentration within 3 miles of the release point 
and the remainder distributed radially to a d is­
tance of 10 miles. The majority of the traps were 
distributed on a northwest-southeast line approxi­
mately in a line with the movement of the wind. 
The concentration of the traps within the 3-mile 
zone allowed for the establishment of a dispersal 
pattern which indicated the concentration of trap­
ping stations that would be necessary for future 
dispersal studies of this type. For the 30 traps 
located within the 3 miles of the release point 
collections were made daily with a few minor 
exceptions. The r e m a i n d e r  of the traps were 
scheduled to be c o l l e c t e d  twice each week, 
usually Monday and Thursday.

The second method of collection was that of 
hand collecting by means of aspirators and chloro­
form jars. Since these pasture Aedes will fly from 
surrounding vegetation onto an operator’s clothes 
during all hours of the day, it is possible to make 
hand collections at any location where these mos­
quitoes are present. Thus random collections were 
made at a large number of stations up to 1 mile
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from the point of release and at a few more distant 
points. But because of the limitation of manpower 
available for this task, no r e g u l a r l y  visited 
stations were established at more than a quarter 
of a mile from the release point.
R E S U L T S

Estim ates of the number of mosquitoes which 
were tagged indicate there were about 400,000. 
The difficulties involved in making estim ates of 
the number of tagged mosquitoes were as follows:
( 1) no good method could be established for count­
ing the concentrated larvae when they were being 
moved from the field to the t a n k s ;  (2) while 
samples for estimating number of larvae could have 
been taken from the tanks, the difficulties of hand­
ling the radioactive material made this somewhat 
impractical; and (3) there was a high mortality of 
larvae at certain periods which reduced the number 
actually emerging. Larval counts were thus ignored 
in favor of pupal skin counts. It was found that 
the pupal skins would float in great mats on the 
surface of the water (figure 3). By estimating the 
areas c o v e r e d  by these skins and computing 
the number of skins per unit area, it was possible 
to arrive at a reasonable indication of the total 
number of emerged mosquitoes. T his proved satis­
factory for the first emergence since the mosqui­
toes from this group came out w i t h i n  a short 
period, leavfatg an even mat. The presence of un­
tagged mosquitoes and poorly tagged mosquitoes

Figure 3 .  P h o to g r a p h  o f  t a n k  I f o l l o w in g  t h e  e m e r g e n c e  o f  m o s t  
o f  m o s q u i t o e s .  T h e  d a r k  b o r d e r  a t  th e  e d g e  o f  th e  t a n k  i s  a  
f l o a t i n g  m a t  c o n t a in i n g  m a n y  th o u s a n d s  o f  p u p a l  s k i n s .

in th is emergence made the estim ates more diffi­
cult. After the second and third introductions of 
larvae the tanks were so contaminated with algae 
that the pupal mats did not form properly and sat­
isfactory estim ates were impossible. Thus, the

estimate that approximately 400,000 mosquitoes 
were tagged is  influenced by several uncontrol­
lable factors which may have introduced errors.

In connection with th is  s t u d y  about 10,000 
C. tarsalis were introduced into the tanks and a 
number of these were recovered. Special attempts 
were made to obtain tagged C. tarsalis; therefore, 
5,084 specimens were taken from resting stations 
mostly at distances between 1 and 2 miles from 
the release point. No radioactive C. tarsalis were 
taken in these resting stations although approxi­
mately 170 collections were made. All radioactive 
C. tarsalis were taken in the light traps, the most 
distant occurring at 1 mile downwind.

E m ergence P e a k s . Under natural conditions, 
pasture Aedes usually emerge in very definite 
broods, all of the adults craning from the water 
in 24- to 48-hour periods. When these mosquitoes 
were placed in rearing tanks in the third and fourth 
stages, they had a tendency to emerge over a 
longer period, usually 4 to 5 days, with occasional 
stragglers remaining in the aquatic stage as long 
as 10 days. The radiophosphorus was introduced 
into the tanks on August 9. At that time about
350,000 mosquitoes were in the tanks. Of these 
about 200,000 are believed to have become tagged 
and emerged. Many of them, however, emitted only 
a few radiations so that the easily detected group 
amounted to an estimated 100,000. The peak of 
emergence of this group occurred on August 12 and 
the first recovery of a specimen in the light traps 
was on the morning of August 13 when a male 
A. nigromaculis was taken % mile to the north­
west. The second period of emergence came about 
following the introduction of several hundred thou­
sand additional larvae during the period of August 
19 and 20. The peak of emergence occurred about 
August 22. The third period of emergence reached 
a peak about September 2 and 3 as a resu lt of the 
introduction of the third concentration of larvae 
several days earlier. Usually the collections of 
tagged mosquitoes were made about 2 to 3 days 
after the peak of emergence and there was no evi­
dence to indicate that the radioactive mosquitoes 
existed for more than 7 or 8 days f o l l o w i n g  
emergence.

R e co v e rie s . There was a total of 673 radio­
active mosquitoes passed under the monitor at 
the field station laboratory. This did not include 
a number of low count specimens which, having 
only a few radiations per minute above the arbi­
trary background, were not easily detected unless 
several were present in the same box. This occur­

4
Courtesy of the David J. Sencer CDC Museum



red since for the first re lease a large number of 
pupae were introduced into the tanks along with 
the larvae, and these pupae were either not tagged 
or were tagged with small quantities of P 32. Of 
the 673 radioactive mosquitoes 
taken, 198 were from the release 
point itself and collected either 
on the pans and tanks or on the 
grass surrounding the tanks.

The radioactive mosquitoes 
collected with aspirators amount­
ed to 226 specimens with the 
most d istant recovery at about 
XA mile from the point of release.
R esults of this collecting method 
are shown in table 1. A total of
27,000 specimens was taken in 
422 collections in which these 
226 mosquitoes were included.
Mosquito light traps took 1,366 
collections and included an 
estimated 2,500,000 mosquitoes.
Of these, 249 were radioactive 
with the most d istan t recovery 
a t 1 7/8  miles from the release 
point. R esults of this method 
df c o l l e c t i n g  are shown in 
table 2 .

The recovery rate for radio­
active mosquitoes (excluding 
198 specimens collected at the

release point) was slightly more than 0.1 percent 
of those released.

P a tte rn  o f  D is p e r s a l .  As in d ic a te d  in  fig u re  4 
i t  w a s  found th a t  th e re  w a s  a  te n d e n c y  for m os­

Figure 4

☆

F L IG H T  D IS PE R S A L STUDIES W ITH  RAD IO AC TIVE MOSQUITOES  
Turlock  Mosquito Abatem ent D is tr ic t ,

S tan is laus  County 

C a lifo rn ia

CDC-ATLANTA,GA.

T ab le  1

RESULTS OF HAND COLLECTING AS A MEANS OF CAPTUIING RADIOACTIVE MOSQUITOES,
TURLOCK, CALIF., 1950

I

D is ta n c e  
from R e­
le a s e  P o in t ,  
in  F e e t.

F i r s t  Em ergence-Peak Aug. 12 Second Emergence 
Peak-A ug. 22

T h ird  Emergence 
P eak -S ep t. 2

B efo re  
Aug. 14 Aug. 14 Aug. 15

A fte r  
Aug. 15

A fte r  
Aug. 22

A fte r  
S ep t. 2

50 16 16 6 120 1
50 -  251 27
251 -  500 13 1
501 -  750 4 2 2
751 -  1 ,000 7 1 3
1 ,001 -  1,500 1 1
1,501 -  2,000 1
2 ,001  -  2,500 2
2 ,501  -  3,000 2

T o ta l 16 68 6 7 126 3

Grand T o ta l 226
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REStLTS OF THE OPERATION OF LIGHT TRAPS IN CAPTURING RADIOACTIVE MOSQUITOES NEAR
TURLOCK, CALIF., 1950

T raps: Loca­
t i o n  Number

R a d io a c t iv e  M osqu itoes C ap tu red  fo r  Each D is ta n c e  Zone 
Zones (M ile s  from R e lease  P o in t)

Number o f  C o l le c t io n s  
w ith  R a d io a c tiv e  

M osquitoes0 -1 /4 1 /4 -1 /2 1 /2 -3 /4 3/4-1 1-2

51 71 13
M o b i le  T rap 4 1

11 56 15

50 58 12

52 10 6

62 2 2

M o b i le  T rap 9 2

54 7 7

57 1 1

58 4 3

14 3 3

16 3 3

17 2 2

61 9 6

13 1 1
53 2 2

59 2 2

64 1 1

65 1 1

66 3 3

T o ta l s 75 135 12 17 10 86

Av. p e r  T rap  

( S t a t i o n a r y  
t r a p s  o n l y )

71 31 4 4 .5 1 .6

T o t a l  r a d i o a c t i v e  sp e c im e n s  c au g h t  ..........249

quitoes to disperse downwind and somewhat into 
the wind after they had extended themselves be­
yond the %-mile zone. The collections made by 
hand were neither sufficiently regular nor large to 
establish a proper pattern, but in general they 
supported the evidence shown by the light trap 
collections.

FA C TO R S INFLU EN C IN G  RESU LTS

T h e P a s tu re  H ab ita t. The p a s t u r e  area sur­
rounding the re lease point on three sides provided 
conditions believed to be extremely favorable to 
the maintenance of the A. nigromaculis population. 
Portions of the area were covered with knee high

clover, grass, and weeds which sheltered the 
adults during the daylight hours. Moisture on the 
surface of the ground was always present in some 
of the areas of deeper grass. Animals, mostly 
dairy cows but including dogs and squirrels, as 
well as birds, were present in the pasture. The 
farmer and the field workers of the study unit spent 
many hours in the pasture. Blood meals were thus 
readily available. Good oviposition sites for the 
females were present in every check as evidenced 
by the fact that larvae would hatch almost any­
where in the pasture after flooding. The wind was 
gentle both day and night throughout almost all 
thè period of the study, seldom reaching more than
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10 miles per hour and frequently only 1 or 2 miles 
per hour. This gentle wind came almost constantly 
from the northwest and infrequently swung to blow 
directly from the north. The temperature reached 
high peaks during the day, s o m e t i m e s  above 
100° F ., but dropped more than 30° F. during the 
night. Tempered by the almost complete coverage 
of the area with irrigation water, the naturally dry 

®  air is  humid. Thus the area with its  abundance of 
low vegetation creates a favorable habitat for 
the existence of pasture mosquitoes.

Most of the better reasons for flight away from 
the pasture, if reasons are needed to account for 
mosquito movement, were lacking in this area. The 
surrounding terrain, pasture land, croplands, and 
open areas were no better suited to harboring the 
adult A. nigromaculis than the p l a c e  of their 
origin. Two significant facts may have influenced 
the flight pattern shown in figure 4. There was 
an extensive grove of eucalyptus trees located in 
a northeasterly direction from the release point. 
Only one tagged mosquito was recovered by hand 
collecting within this area and none were recov­
ered in the traps beyond the grove although several 
were in o p e r a t i o n  only about % to % of a mile 
away. The other fact noted was the virtual absence 
of adult Aedes on the borders or above the water 
of the rice field although the fields on all sides 
were uninhabitable because of biting female mos­
quitoes present during the early evening.

Spray ing  O p era tio n s. Throughout the period of 
the flight studies the active work of the Turlock 
Mosquito Abatement D istrict was being conducted. 
T his program was chiefly one of larviciding with 
jeeps on which spray booms are mounted. The lar­
vicide which was usually applied at the rate of
0 .2  to 0.4 lb. per acre on pasture land was a DDT 
emulsion. During August it is  frequently necessary 
to apply about twice as much as during the spring 
months because of the lessened effectiveness of 
the DDT due to higher temperatures. All sources 
within the Mosquito Abatement D istrict are treated 
a s  often as mosquito larvae are found; in irrigated 

|  pastures, th is generally occurs with each irrigation 
a t 10- to 20-day intervals. The Study Pasture was 
surrounded by the Turlock and E ast Side Mosquito 
Abatement D istric ts on the east for a distance of 
about 20 miles and to the north for at least 15 
m iles. On the west the active control program ex­
tended to the western foothills about 8 or 9 miles 
d istan t. The San Joaquin River b isects this west­
ern area on a north-south line at about 3Vi miles 
from the re lease point.

Before the first emergence peak, August 12, the 
spraying approached only to the outer border of 
the study area and did not include the rice fields. 
Ju st before the second release, August 22, the 
adult mosquito population in surrounding areas 
reached such a peak that airplane control was 
necessary in all areas surrounding the Study Pas­
ture and in the rice field. Larvicide and aerosol 
both were used in this area. On the occasion of 
the next irrigation and after the third release of 
radioactive mosquitoes, the entire Study Pasture 
was sprayed with the exception of the two checks 
in which the release point was located*

Thus the range of flight and the total of mosqui­
toes trapped were probably greatly influenced by 
the spray applications both through immediate 
and residual effect. The range of penetration of 
appreciable numbers of adult A. nigromaculis 
through the control screen for distances greater 
than 1 mile is  no le s s  than phenomenal. The in­
ference is that wherever A. nigromaculis exists 
in the 20,000 square miles of area in mosquito 
abatement districts of California these adult mos­
quitoes will be able to penetrate through almost 
any but the most intensive treatment, measures 
which would be financially prohibitive at present.

In flu en ce  of Crowding L arv ae . Preliminary ex­
periments with rearing larvae of A. nigromaculis 
in the large tanks under crowded conditions, before 
the isotope was added, resulted in slowing up 
development of the larvae and a more extended 
emergence period than occurs in natural water. A 
large proportion of the adults which emerged was 
very small. Naturally the question arises as to 
the probability that differences in the dispersal 
pattern and distance of flight may exist between 
these tank-reared and naturally developing pasture- 
reared A. nigromaculis.

Influence of the Isotope. To determine the in­
fluence of this factor, larvae and pupae in small 
enamel pans were reared separately from the large 
tanks but w i t h i n  the release point enclosure 
(figure 5). Into four of these pans a concentration 
of 0.1 microcurie of P 32 per m illiliter of solution 
was introduced; into the next group of four, 0.01 
microcurie per ml.; third group, 0.001 microcurie

♦ T h ro u g h  th e  c o u r t e s y  o f  M r. G .  E .  W a s h b u rn , M a n a g e r , T u r lo c k  
M o s q u i to  A b a te m e n t  D i s t r i c t ,  t h e  m o s q u i to  c o n t r o l  o p e r a t io n s  
w e re  m o d i f ie d  a n d  d e l a y e d  w h e n e v e r  p o s s i b l e  to  a l lo w  fo r  
e m e r g e n c e  a n d  d i s p e r s i o n  o f  t h e  r a d i o a c t i v e  m o s q u i t o e s .  
C o n t r o l  w o rk  w a s  n e c e s s i t a t e d  th r o u g h  p u b l i c  p r e s s u r e  o n  
t h e  D i s t r i c t ,  h o w e v e r .
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F i g u r e  5 .  F o r  th e  p u r p o s e  o f d e t e r m in in g  th e  e f f e c t  o f  r a d i o ­
i s o t o p e s  o n  th e  m o s q u i to  l a r v a e ,  a  n u m b e r  o f  s m a l l  p a n  t e s t s  
w e r e  r u n  c o n t a in i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  th e  i s o to p e .  
R e s u l t s  o f  t h e  e m e r g e n c e  d a t a  fro m  t h e s e  p a n s  w e re  c o m p a re d  
w i th  e m e r g e n c e  d a t a  f ro m  p a n s  in  w h ic h  n o  i s o to p e  w a s  
p r e s e n t .  ( P h o t o  c o u r t e s y  T u r l o c k  M o s q u i t o  A b a t e m e n t  
D i s t r i c t  a n d  L i n d b l o m  P h o t o  S e r v i c e . )

per ml.; fourth group, 0.0001 microcurie per ml.; 
and several pans were left as checks. The larvae 
used were almost all late fourth stage. No dif- 
erences in development and emergence between 
the pans without the P 32 and those containing 
even the greatest concentration were observed 
under the conditions of the test.

Comparison with Other stu d ies . E yles (5) gives 
a t a b u l a r  summary of d i s t a n c e s  of flight for 
Anopheles showing the greatest flight distance 
experimentally d e m o n s t r a t e d  to be 8.7 miles 
(Swellengrebel and Nykamp, (15)) for Anopheles 
maculipennis atroparvus. Correa, Lima, and Coda
(4) found Anopheles albitarsis flew 12-13 km. 
(7.45 to 8.07 miles) under conditions existing 
near I g u a p e ,  Brazil. For the North American 
species Anopheles quadrimaculatus Eyles and 
Bishop (6) had found tagged mosquitoes as far 
as 2.5 miles from the point from which they were 
released. E yles, Sabrosky, and R ussell (7) later 
found that this mosquito ranged 3.63 miles under 
certain conditions.

In Arkansas, Horsfall (10) found Psorophora 
confinnis c o u l d  fly as far as 9 miles. Stage, 
Gjullin, and Yates (14) recovered an Aedes vexans 
female at 3 miles and several Aedes stic ticus  fe­
males 5 m iles from where they were stained.

In more recent studies by Causey and Kumm
(2), tagged Aedes scapularis were recovered after 
flights of 4 km. (2.48 miles) while species recov­
ered at distances over 1 km. (0.62 mile) were 
Aedes serratus, Psorophora ferox, Aedes crinifer, 
and Chagasia fajardoi. Later Causey, Kumm, and 
Laemmert (3) found, among others, Haemogogus 
spegazzini to fly 11.5 km. (7.13 miles), Aedes 
leucocelaneus 5.7 km. (3.534 miles), A. serratus
11.5 km. (7.13 miles), P. ferox 10.8 km. (6.696 
miles), and Aedes terrens 5.6 km. (3.472 miles).

Reeves, Brookman, and Hammon (13) found the 
following maximum distances of flight in their 
studies for the following California species: Culex 
quinquefasciatus, 2.5 miles; Culiseta incidens, 
Anopheles psuedopunctipennis franciscanus, 0.6 
miles; C. tarsalis, 2.5 miles; and Culex stigmato­
soma, 1.0 mile.

In the present study of pasture mosquitoes in 
California, r a d i o a c t i v e  A. nigromaculis were 
recovered at 1 7/8 miles downwind and 1% m iles 
up but slightly crosswind indicating that these 
mosquitoes were, under the conditions of the ex­
periment, either limited in c a p a b i l i t i e s  or in 
stimulus to make g r e a t e r  flights. The factors 
which may have influenced the flights of these 
individuals are given above.

PRED ATO RS
Insects and other predators on both the larval 

and adult mosquitoes devoured large numbers of 
the experimental specimens. Water beetles and 
water bugs of several species inadvertently in­
troduced with the larvae or entering the tanks 
later from nearby sources c o n s u m e d  larvae 
throughout the study. Several of these emitted 
radiations of more than 20,000 counts per minute.

Emerging adults were attacked by myriads of 
ferocious spiders that took a heavy toll. Spiders 
taken in the vicinity of the tank were highly radio­
active. Small frogs also participated in eating the 
mosquitoes as they crawled from the tanks. Some 
frogs even jumped in the tanks.

Several dragonflies, captured in the vicinity, 
failed to cause any reaction under the Geiger tube.

CONCLUSIONS
1. Phosphorus-32 is a valuable isotope for 

biological tracer work and well suited to use  in
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mosquito dispersal studies.
2. Methods of tagging large numbers of mos­

quito l a r v a e  using P 32 under field conditions 
proved both feasible and practical for biological 
investigations.

3. The flight range of radioactive A. nigroma­
culis allowed to emerge in mosquito abatement 
district using larvicides and aerosols for mosquito 
control, during midsummer in California, may be 
as much as 1 7 /8  miles, while significant numbers 
of flights of 1 mile were noted.

4. A large number, 475 specimens, of radio­
active tagged mosquitoes were recovered. This is  
believed to be only a very small portion, about
0.1 percent, of the estimated number of specimens 
allowed to emerge.

5. The flight range of A. nigromaculis, unham­
pered by insecticide applications, was not estab­
lished, nor can the p o t e n t i a l  effects of large 
untreated sources (contiguous sections of irrigated 
pasture lands) on neighboring abatement d istricts 
be determined without additional study.
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