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. PHE BIOLOGY AND TEMPERATURE-DEVELOPMENTAL TIME RELATIONSHIPS OF
SEVERAL SPECIES OF MUSCOID FLIES

INTRODUCTION

Field backgroumd

Different species of muscoid flies gttain peqk prevalence
at different seasons of'the yeare Some species may be character-
istically "warm weather® flies; certain others may be tygieally
mcool weather™ flies. Some species may be prevalent over a wide
temperature range. Such observations, although highly importent,
yield no clue as to th& adaptations which effect species perpei-
uation and seasonal recurrence, nor do they account for predom=-
‘jnance of certain species over others. A great deal of biological '
information is prexsqniaite to 2 better understanding of these
phenomena. Much of the biological data for this particular study
was obtained while the writer was employed with the U. S. Public
Health Service. A brief review of that background is included as
a preface to the ‘statement of the problem and the objectives of

this study. |

In 1948, the U. S. Pﬁhlie Health Service, through its
Communicable Disease Center in Atlanta, Ceorgia, established Fly
Control Projeets in five metropolitan areas in the United States.
These projects were E8tablished in order to determine the possible
relationships of domestic flies in the transmission of polio-
myelitis. The cities selected were Phoenix, Arizonaj Topeka,



Kansas ;,. Charleston, ~Wes£ Virginia; Troy, New York; and Muskegon,
Michigan. - =

The Phoenix projéet was the only one that remained active
through the expectancy period of five years. The writer was assigned
to this project at its beginning in 1948, and hi# duties as Area
Entomologist included the entomological evaluation of the contrel
program ihreugh organization and supervision of surveys designed
to guide, as well as to evaluate the mtrol effort,

At the outset, it was evident that the Phoenix aves presented
a diffieult problem in municipal fly control. Its fly season ex=
tended through 10-12 months, and its fly potential one of enormous
magnitude. Entomologists comnected with the project realized, :
early in the program, the need for more extensive data on the m.
histories and habits of flies indigenous to the area. However,
it was not until after the failure of »insec‘ticieihl measures in
1949 (L8, p.807) that the entomological research program was
instituted. The position of Resesrch Emtmiogis_t was set up on
July 24, 1950, and the wr_itar occupied that position from the
time it was set up until June 1, 1953, at which time he resigned
‘his poai’cian‘ to complete work toward an advanced degree at Oregon
State College.

By Jure, 1953, a report had been prepared on the "Biology of
Ten Species of Flies Common to Phoenix, Arizona®. At the time of
submission of the report it was evident that certain facets of the
study could merit further investigation under contreolled conditions.

By clearance through the Director, Communicable Disease Center,



and permission of Dre. P. 0. Ritcher, Head of the Department of
Entomology at Oregon State College, authority was granted so that
these investigations could be extended while the writer wee: a
residence at Oregon State College, and the combined investigations
used as thesis material.

Jmmediate baekﬁomd

Since coming to Oregon State College, the writer has been
responsible for the rearing of test insectes used in biochemical
and toxicological studies on the campus. Colonies of Phormia
regina are being reared on synthetic media, and both susceptible
and resistant strains of houseflies are maintained. These, in
addition to the laboratory rearings under constant temperature
conditions, constitute 2 valuable source of data which sugment
the field studies conducted before coming to Gregén State
college.

STATEMENT OF THE PROBLEM

Bimodal curve deseriptive of total fly populations

Total fly population curves, baseé upon data obtained by use
of the Mer grill (50, p.686) were typically bimodal in effect.
Variations . from this t.:{rpieal pattern were known to occur, as in
1950. In that year, peaks occurred in spring and fall, but the
highest adult fly densities occurred in July. In 1952 the fall
peak was almost entirely eliminated by control efforts. However,



‘ ,Judging from data obtained in 1951, 1953, the situation which
pre;e'aiisﬁ in the fall of 1948, together with observations of local
‘health offiecials in previous years, the overall typical pattern
consisted of an initisl peak in May followed by a summer slump
‘which extended into October, and then a secondary peak which was
abruptly cut off at the onset of cool weather on or about December
1. The fly population curves for 1950 and 1951, each based upon
approximately 9,500 grill surveys, are ghown in Figure 2.

By éa@aring Figures 1 and 2, it may be noted that variations
in swmmer trends of adult fly densities are not associated with
differences in temperature. The reasons for this bimodal curve
effect and its attendant variations were not clearly established.
An analysies of the biological and ecological factors responsible
for these effects is therefore considered as the first objective

of this study.

Three types of seasonal prevalence

Twenty-eight species of flies were recovered from trap samples.
Of these, less than ten species were considered as common. They

included the following: Musca domestica Linnseus (the common

housefly); Phaenicia sericata (Meigen) (the green-bottle fly);

Phaenicia pallescens (Shannon); Csllitropga macellaria (Fabricius)

(the secondary screwworm fly); Phormia regina (Meigen) (the black
blowfly)s Museina stabulans (Fallen) (the false stablefly)s

Sarcophaga spp. (fleshflies); and Eucalliphora lilaea (wWalker).

With regerd to seasonal prevalence, there were three types of flies
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7
observed: (1) flies that were prevalent the year round, (2) flies
somewhat restricted in their seasonal prevalence (i.e. of most
frequent occurrence in spring and fall, or late summer and fall),
and (3) those restricted to one season of the year. Of Athe above
group Musca domestice is illustrative of the first type, and
Phormis regina of the‘eewnd type. EFucalliphora lilaea, since
ites occurrence was limited to the winter season, is considered
illustrative of the third type.

Figure 3 illustrates two important points. First, by com=

paring the numbers of Musca domestica (and the weeks of the year

when they were trapped) with Figure 2, it may be noted that the
two graphs are roughly edmparable. Thus, the seasonal occurrence
and incidence of the housefly is very indicative of total

fly indices in the area. Secondly, it may be noted that, although

Phormia regina is exceeded in numerical prevalence by M. domestica,

its initial peak occurs earlier in the year, and the peak preve

alence of Fucalliphora lilsea precedes thst of Phormia. It is

significant that both Phormia and Eueslliphora are absent during

the warm months of the year. Usually Fhormia appears in larger
numbers in late fall and Eucalliphora migat better be represented

by the dotted line as shown. Although Figure 2 represents the trap
data for only one year, it may be considered as fairly represent=.
ative of the sequence of initial peak prevalence and for the rel-

ative abundance of these three species in the area.



g‘p_jeetiveu of the studz

With reference to Figure 3, the following questions might
be askedtr Although houseflies are reputedly rapid in their develop=-
ment, why are their peak populations preceded in the spring by
more scasonally-restricted forms? Why are certain species
restricted in their prevalence to the winter season? How do these
species survive during adverse conditions? These gquestions, and
the foregoing discussion of the bimodal curve eﬂ‘w{ of total
fly populations, lead to a formulstion of the objectives of the
study, as follwe: to obtain, by a 'sway of representative species,
a better understanding of (1) the factors which contribute to the
yeareround prevalence and predominance of the housefly im a given
area, (2) what factors may secount for initial peaks of housefly
populations occurring later in the year than more seasonally-
restricted forms, and (3) whet factors serve to limit the

occurrence of certzin seasonally-restricted types.

EXPERIMENTAL MATERIALS AKD METHODS

Methods used in simuloted field rearings

The field research building was located on a desert iract
of land adjoining the Phoenix Airport. Part of this small builde
ing was pavtitioned off for use as 2 resring room. This room
measured eight by ten feet. The panel of the door was removed

and replaced with screen. A window was left copen at all times.



The rearing room wes somewhat cooler in eummer and warmer in
winter than cutdcor shade temperatures. Iuring summer it wes
necessary to provide forced ventilation, since adult flies repid-
ly suecumb at temperstures in excess of 105°F. while under cone
finement. Artificial heat meintained in the adjoining office
durine winter reeulted in partisl loss of this heat through the
celotex pertition into the rearing room.

4 rearing set-up of thie type wes the closest approximation
to natursl conditions es practicable in the field situatien.l
A hygro-thermngraph? provided s corntinucus record of both temp-
ersture and relative humidity. Differences in maximum and mine
imum temperatures within given 2h-hour periods varied from 199,
in Auguet to as much a2& 40°F. in January. Comparison of weekly
mean temperatures in the rearing room with weekly mean éutdmor
temperatures is shown in Figure h. Relative humidity data are
not shown. These data are hardly applicable, since adult flies
were provided with a conetent supply of water and the media were
kept sufficiently moist a2t all times.

Rearing cages were constructed irom gsllon=size ice cresm
cartons. The bottom of the certon wass revoved and a eireular
dise cub out lezving a one-ineh rim. This disc was discarded.
Plestic sercen wee substituted for the discarded central dise
lin tables =nd graphs, it is converient to desisnate these rear-
ings as “field" resrines zs¢ spart from the laboralory rearings
conducted vnder constant temperature conditions at Uregon State
College.

E}sadal 594, Bendix Aviation Corporation, Baltimore, Maryland

0
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and fastened by staples to the one-inch rim. The cardboard bottom
was then replaced. The carton, then inverheé, served as a rearing
cage with a sereened top. Approximately one-quarter inch layer
of sand was placed in the 1lid, which served as the removable
botiom of.the cage.

Colonies were started, ferrany given apacias,rby hgnd cape
ture or trapping in the field. Transparent plastic tubes with
removable serew éaps were useful in colleeting gravid females.
When microscopic examination was necessary in order to meke pose-
itive species determination, the flies were asnesthesized with
carbon dioxide. After identification, one or more femsles were
placed in rearing caces and allowed to oviposit,

Fish screps were used a® rearing wedia. A half-pint ice
cresm carton filled with fish was used to provision each cage
at the time of iﬁtrsdncing the gravid female flies. &ach care
was provided with twe or more sugar cubes, A metszl salve box
filled with water-soaked cellucotton was also placed on the floor
of the cage. When necessary, additional smounts of water were
pipetted through the screenad top so that the cellucotion was
moist at all times.

When copge were first observed on the media, the mediz were
transferred to another cage. din this way, the media were not
re-infested by subseguent ovipositione and definite oviposition
dates could be esbsblished. Only sugar snd water remained for the

adults in the cape where oviposition occurred. Longevity and
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sex~-retio data were obtained by ébsarvationa on these sustained
adults.

In the cages containing infested media, mature larvae sought
the sand layers in the bottom of the cares as a site for pupation.
After pupation, media were removed and dise¢arded. Upon emergence
of adulte, fresh media were provided until oviposition oecurred.
After ovipositiom, media were transferred to another cage ond
adulte gustained on super and water. Thus, the procedure wss
repeated for each successively~reared generation of fliies.

Sereened, eighteeneinch square holding capes were used o
house two or more rearing cages each. These holding cages proe-
vided protestion “rom sccidental contamination which might result
- from wild flies gaining access 40 the rearing rcom and dropping
ezge or larvse into the rearing eages.

Methods used in laboratory rearinss

The laborstory rearinge were conducted at the Entamology
Farm at Oregon State College during 1953 and 195h. For these
rearings, constant tempersture csbinets were used. These cabe
inets were constructed from used iceboxes purchased from war
surplus stocke. Constant temperatures were maintained by the use
of a mercury thermoregulators sensitive to O.IPF. The thermo=
regulator was wired into a cireuit with a2 relay, a small

3ﬁanufaetured‘by Juliern P. Friez and Senms, Incorporated,

Baltimore, Maryland., Available from Central Scientific
Company, Chicago.
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household type electric fan and three light bulb sockets (Figure
5)s Three 60-watt light bulbs provided the source of heat. The
fan was mounted on one side of the upper comparitment and connect-
ed so ss to run continuously. This preverted layering of air
within the cabinet.

The constant temperature rearings were conducted in essentially
the same manner as deceribed for the simulated field rearings,
except that breeding ecolonies were maintained for the purpose
| of providing eges. Figure & shows one rearing certon, constructed
from 2 gallonegize ice cream carton, tilted so as to show the
sand layer in the bottom, and supported by a half-pint size ice
eresm carton of the tyre used to contain the media. In the lower
of an attaéhadéhait p#n fly trap. The cone has been thrust out,
and the cone opening sealed. The top has been removed, and re=-
placed by a sleeve. A wooden cleat (not shown in the picture)
was nailed to the bottom of the cage to prevent it rolling about
on the floor of the cabinet. These small holding cages were used
for mairtaining breeding colonies of adult flies.

Both Corvallis and Phoenix strainah’s of Musea domestica,

Phormia regina and Fucalliphora lilsea were used. Fach rearing

hTha term ¥sirain® as used in this peper does not necessarily
connote morphological or physiological differences, but is con-
venient terminolegy to merely indicate the localities where the
flies were obtained.

SAcknouledgement is due ¥r., John Ludwig of Phoenix, Arizona,
who sent pupse of the three species to the writer at Corvallis,
Oregon. These pupae were used in initisting colonies.
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trizl was replicated four or six times at a mwinimum of five

temperature settinge.
RESULTS

Statisticsl Methods Used

Analysis of developmental rates iz considered as fundamental
to the objectives of this study. The statistical method employed
is that of linear regression. The applications of that stat-
istical method to this particulsr problem are briefly described
as a preface to presentation of the results.

It sppears to be guite well established that a linesr relatione
ship exists between certain ranges of temperatures and develop-
mental periods of certain insects, when these developmental periods..
are expressed as reciprocal vealues of time. The literature on :
this particular subject is gquite extensive, snd will not be re-
viewed at this point. West (56, pp.199=-209) presents a good
review of the literature, with special reference to devmlé@mamtal
rates of houseflies. However, the statistical methods used in
this study are not described by West, but are included in texte
books by Snedecor (52, pp. 103«137) and Dixon and Hassey (13,
PP.153=179). |

If temperature (the independent variable) is desirnated as
x, ard reciprocel values of time in days (the dependent variable)
is desicnated a8 y, = regression function can be derived which

gives the zeiztion between x and y. If the regression of y on



an
x is linear, the means of the arrays of y lie on a straight plane.
The regression coefficient (b) which indicates the slope of the
plane is an unbiased estimate of beta (the population regression
coefficient). If deviations from linearity are statistically
insignificant, snalysis of covariance may be used in comparison
of samples. This procedure consists of the following steps:
1. Test of hypothesis that the regression {umciion of y

on x is linear.

a. Derivation of the sample regression coefficient (b)

b. Derivation of the correlation coefficient (r)

2. Test of hypothesis that two or more beta values are
equal.

3. Test of hypothesis that the adjusted means of two or
more populations are equal.

Step 1 of the above procedure is illustrated in Tables La
and kb, Step 2 of the above procedure is illustrated in Table
15a. (Calculations are somewhat involved in the third step of
the procedure and only the endepoints of these calculations are
shown. Table 15b illustrates this third step in the procedure.

All of the tests for linearity follow the same pattern.
Calculations involving the simulated field rearings for lMusea
are included‘ﬁn‘tha ﬁext. Caleulations involved in subsequent
tests for linearity are reduced to show only the eritical items
used in ﬁhe tests of hypotheses, and the b and r values. These
tables and other tables showing statistical procedure are in
the sppendix. Oraphs which summarize the developmental rates

for each species are included with the text.
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Musca domestica: Developmental rates at variable temperatures

Tsble 1 shows the numbers of both sexes of M. domestica reared
:uadar simulated field conditions at various mean temperatures.
Unless olherwise stated, temperature readings are in Fahrenheit.
The derivation of these mean temperatures is discussed in some
detail belows

Table 2 shows the actual rearing data for the rearings given
in Table 1, Under the conditions of the experiment, the term-
ination of the egr stage snd initiation of the larval stage were
practically indistinguiehable. These periods are combined snd
indicated as "egg-plus~larval period." "Half or more pupated®
was the criterion used for dstermining the end of the larval stage
and the beginning of the pupal period. Likewise, "hali or more
‘mrged“ wze the criterion used in designating the end of the
pupal period or emergence of the adults. For any given period,
average meximum temperatures were derived by totalling the highest
deily readings from the hygro-thermograph charts ona dividing
by the mumbers of observations. Average minimum temperatures
were derived by totalling the lowest daily readings snd dividing
by the numbers of observations. Mean temperatures were derived
by totalling all maximum and minimum daily readings, and dividing
by the number of observations. These calculations were carried
to two decimal places.

It may be noted in Table 3 that mean temperature values were

associated uith unequal numbers of observations. For example,



TABLE 1

Musca cdomestica -« Field Rearings

Mean Numbers : Numbers of adults reared

Temperature of Pupae -~ Male Female Total
91 koo 211 150 361

» 88 1035 465 Lé9 93k
85 1640 753 702 1155
82 37h 180 182 362
79 15 AT 60 107
76 621 310 287 606
67 752 3BT 384 7hl
N 313 138 122 260
61 326 158 168 326

Total 5576 2628 252 5152



TABLE _2

Field Rearing Data for Musca domestica Mean
Colony Sum Temp.
and Egg plus Ave, Ave, " Pupal Ave., RAve. of" EAﬁf}.w
Gen, larval per. Hax., Min. Max, IH8n. ] +
e 171:5751:%7%;2 Toidp Modo 5.0 25 1/5/507% Thdo 50.39 BT 9'%’@”%
F-2 2/6/52-2/25/52 78.50 52.90 .m 19 2/25 2-%‘11/52 76.81 5.9k 66,38 15 65.93
F-3 3/?0/52 /1/52 82,15 59.69 70.92 12 92.25 67.37 79.81 7 19 7h.05
F-ly L/11 z-y‘m/;e 87.00 67.20 77.10 9 83.50 68.63 76.06 7 16 76.91
F-5 93.78 62.22 83.56 8 / 98.50 7h.00 86.25 5 13 8L.89
,?—6 8 Sz-s 96.85 7h.29 85.57 6 /'52-5/%/52 99.00 78.20 88.60 L 10 86.81
F=7 6 26 100.67 76.83 88.75 5 6 100,00 78.25 89.13 3 8 88.85
F-8 6/19 52-6 2 92,50 7h.38 83.4h 7 6/26/52-?/3 92.88 71,38 82.13 7 1 82,78
F-9 2-7 92,88 75.00 83.9h 7 527 ? 2 95.00 73.83 8h.Jh2 5 12 8L.35
F-10 7/21f52-7 29 z 93.67 81.89 87.78 8 7/29 z~a 90,75 78.25 8L.S50 3 11 87.08
F~11 8/5 98.17 B83.17 90.67 S 95.L0 82.60 89.00 kL 9 89.65
F-12 8/29 26 52 90.00 78.71 8h.36 6 8/26/52«»8/ 90.33 78,00 84L.17 5 11 8h.29
F-13 9/ 93.67 76,22 8L.9k 8 9/11/52-9/17/: 2,86 71.57 82.21 6 1k 83,77
M F-1 1 78,00 61.75 69.88 10 11/1?/5:»-11 1 7h.50 58,00 &6, 9 19 68.18
M2 P-l i}/’%ﬂa-ll/?l 1 77.62 61,15 69.38 1L 1-12 2 76.51 55,75 66,08 11 25 67.93
23 P-1 2-1/23/52 70.67 L8.48 59.62 20 81.87 52.60 67.23 16 36 63,00
F<2 2/25/52-3/9 78.00 55,6k 66.82 13 3/9 2-3 WSz 72.h3 55.19 63.81 15 28 65.21
=3 L/1/52 z 93.1h3 66.86 80,1y 6 13/52 85.29 67.00 76,1k 6 12 78.1k
P-l gllyﬁ 1/28/52  83.30 68.70 76.00 9 L/28/52-5/2/52 85.80 67.20 76.50 L 13 76.15
F-5 s/8 52-5/13/52  97.17 73.33 85.25 5 5 gg 5/18/52  94.00 71.83 82,92 S5 10 8L.09
F-6 5/23/52-5 2 98.29 77.29 87.79 6 5/29/52-6/1/% 97.50 77.75 87.63 3 9 B87.7h
F-7 6/1/52-6/13/52 100,29 77.00 88.6h 6 6//% 3@2-6/1}/52 102,20 78.80 90.50 L 10 sw.ig
P-8 6/2h/52-6/29/52  93.33 75.50 8h.h2 5 6/29/52-71/5/52  92.1h 73.1h 82.6Fk 6 11 83.LS
F-9 7/12/52-1/17/52 92.00 71.83 81.92 5 7/17/32“-#2%52 9?.33 80.83 89.08 5 10 85.50
F-10 7/25/52-1/30/52  91.33 80.00 85.67 5 7/30 92,75 77.50 85.13 3 8 85.h7
F-11 8/1h/52-8/19/52  91.33 80.17 85.75 S 8/19/52 Aﬁ%sz 91,80 79.00 85..0 kL 9 85.60
F-12 9/L/52-9/9/52 96,00 77.17 86,58 &5 91.83 70.17 81.00 5 10 83.79
F-13 10/9/52-10/17/52 91.00 70.67 80.83 8 /52-19/25/52 92.56 67.88 80.22 B 16

80. 5%



TABLE 3

Distribution of DevelopmentaleTime Periods (Days) for lusca domestica Field Rearings at Various
' Mean Temperatures

Temperature Midpoint Developmental Periodse In Days

Interval of Interval  Egg to adult Pupal Egg-plus-larval
=59,50=62.149 61 L2 20 22,20
62.50-65.19 6L 36,28 18

65 .50=68.49 67 3h,19,25 115,9,11,16 19,13
68.50=T1.k9 - | | | 12,10,k
13050=TheL9 73

a50-17.49 76 19,16,13 756,k 9,9

77508049 79 12 758 6,8

80.50-83.49 82 11,16,14 657555655 755

83.50-86.49 85 13,1h,12,11,10,10,8,9,10  5,5,3,5,3,h 856575655,8,5,5,5
86,50-89 .19 88 10,11,9,10,8 ls35453,5 5,8,6,6,5

89.50-92.49 91 9 is 5



TABIE ks

gugca domestica -~ Field Rearings - Egg to adult

9 88 85 82 79 76 67 6l &
(9)111  (l0)100 (13)77 ()91 (12)83 m%? (34)29  (36)28  (L2)2k
(1)1 ()7 (16)63 (16)63  (19)53  (28)36 A
(9)11 (12)83 (W)n (13)77  (25)k0
(10)100 (11)91 ‘
(8)125  (10)100
(10)100
(8)125
(9111 |
T, . s 858 228 193 6y 24
‘; 123?1{ 27??2§ 73616& S%EE 6889 3?2&9 1&3&& &aﬁg 576
f/n .1233* 555&5.3099 amé.meo 15875, &eeme 12&16.3333 h%l.ms zc&me 5?&99
2x 2239 ‘zz 220’: |
x ?909&3 g ?&o&m
fzx 2 5013121 (Zx)(Ty)uokikT3 (Zy)2 L8708k
=x)¢/N 179040.0357  (Tx)(Ty)/N176L81.1785 (Zy)2/w 173956.8928
Ix2  181147.0000 Sxy  182816.0000 Zy% 197427.0000
8.8.x  2106.9643 -~ 8P 633k.8213 | S.8.y = 23468.1072
b= 3.&@66
Regression s.s, 1%6 M :
i r2 = 811584

r = .501



TABLE _Ub 23
ANALYSIS OF VARIANCE CALCULATLIORS

Experiments Musca domestica « Field Rearings
Egg to adult Periods

Preliminary Calculations

(1) (2) (3) (L) (5)
Source Total No. of (bserva=- Total of Squares
of of items tions per per Observation
Variation Squares  Squared Sguared Item  (2)2(l)
Correction ua;gshy 1 28 173,958.8928
Column Z1e/N - - 193,428,1666
Individual
Observations 197427.0000 28 1 197427.0000
ANALYSIS OF VARIANCE
Degrees
Variation of Mean
Due tor  Sum of Squares Freedom Square F  Remarks
Column - 19,U469,5738 8
Regression 19046, 342k 13 '
Deviations from 423,231 7) 60,4616 .30 Accept hypothesis
Regression F 18<2,5, at
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one colony was reared at s mesn tenperature of 61%F., while three
colonies were reared =t 76°, and nine colonies =t 859, This
situation is not the most desiratle, but it can hardly be avoided
when rearings are purposely conducted in such 2 way as to simulate
natursl conditions as closely a.'.s possible. There is a tendency
for more colonies to complete their development at more optimum
temperatures. The calculations are more diffieult and tqu--
consuming with unequal rnumbers of observations. However, the values
derived are reliable 2nd can be used »s 2 basis for com@arimn with
values oblained from other rearings, regardless of whether the
~ observations are equal or unequal for values of x. ‘

Table ha shows the developmental rate derived for egg to adult
periods of “usca domestica reared under simulated field conditions.
This rate is expressed as the regression coefficient, 3.0066. The
x values are obtained from Table 3. The y values are arranged
with respect to x, and are derived by dividing each of the paren-
thetical values (alse §hown in Table 3) into 1, and multiplying
by 1900.6

Developmentsl rates were slso derived for the egg-plus-larval
and popal periods of Muscs reared under simulated field conditions.
These incremente of the ege to adult period ere shown in Table 2,

The distribution of developmentaletime periods for both pupal and

6Mnltiplying by 1000 eliminates the decimazl points in the caleu~

lation, and yields values for y which are not too large for cone
venient manipulation with a celeulating machine.



25
egg=plus-larval periods szre giver in Table 3. These tables ere
gelf-explanatory. The teste of hypothesis indicate that 2 linear
relationship exiete between developmentalstime and.tamperature
for eggeplus-larval snd pupal periods as well as for egg to adult

period (Tables 5,0).

Musca domestica: [Developmental rates at constant temperatures

Rearing trials were run at each of six‘temperature setiings ‘
(88°, 8L°, 80°, 759, 70° and 65°F.) for both Corvallis and FPhoenix
strains of M. domestica (Tables 7 and i}.). Developmental rates
derived for egg-plus-larval, pupal and egg Lo adult periods are
shown in Tables 8-10 and Tables 12»1&.- . |

Musca domestica: comparison of developmental rates at variable
and constan emperatares :

Egg to adult periods wili ke considered firgt. Flies indig-
enous to the a2rea were utilized in the simulated field rearings.
In the lzborstory rearings, both Corvallis and Phoenix flies were
used. ZEssentially, do these constitute samples from only one
population, or as many as three populations?

Reference is made to the procedure as outlined oﬁ page 17.
Applying step 2 in this procedure, one may test the hypothesis
that the regression coefficients for the three sets of rearings
are equal. Calculations for testing this hypothesis are shown
in Table 15a. Acceptiance of this hypothesis indicates that re-
gression lines for the three populations are parallel.



Musca domestica - laboratory Rearings - Corvallis strain

Developmental Periods In Days
Colony  Egg plus larval  Pupal  Egg to adult  Temperature

M7 13 28
MC-9 1 27
MC-12 13 26
MC~13 13 2l
=15 28
=18 25

MC-25 20
C-29 18
MCw-32 18
MOw 3Lt 19
MC=35 21
MO39 19

-3
MCwls
M1k
W20
MO=22
MC-11

MC-26
w28
1C-30
=113
]
MC-l47

M1
MC=5
YCmb
M-8
=10
MC-19

u-23
MC-2
w27
=31
=33
MC=37

EEVIEVIE EEVIVIVIVI  VLOWL OVWAVL =g VAL Oved ngﬂ%g EREEER
OEVIVIE S O-OVIVIE VIVIVIE -3 OO -1 DWiibwow
TS 22peep 88%838 AAAANE 3333383 RRRR&R

Exbuvea BEEEEBEe BEEBERKE LEEL&ER



TaBLE 11

Musce domestica - Fhoenix strain - lLaboratory Rearings

Developmental Perleds 1In Days
Colony = Egg plus larval  Pupal  Egg o Adult  Temperature

iP5 12 16 28 65
WP=6 15 5 30 65
MP=T 16 18 29 é5
MP-1l 17 10 27 65
MPR-15 18 10 28 65
MR=17 17 10 27 65
P20 10 8 18 70
¥F=23 11 9 20 70
HP.26 9 12 21 70
UP~32 ¥ 12 21 70
M3l 8 n 19 70
ME=37 10 10 20 70
MP-11 7 8 15 .15
lP-12 6 8 1k 75
MP=13 é 7 13 75
= 7 0+ ¥ B
MP=39 ‘ .
MP-40 é 9 15 7
MP-21 5 5 10 80
MP-2 5 6 3 80
- MR27 5 6 1 80
MP=29 5 5 10 80
MP=30 6 6 12 80
MP-35 é 5 11 8o
iP-l 5 i 9 8k
P2 5 5 10 84
HPe3 6 h 10 8L
MP=ly b 6 10 8L
WP-8 5 6 11 8L
MFmd 5 6 11 8L
MR-18 s h 9 88
MP-19 b L 8 88
MP=25 L k 8 88
WP-28 L 5 9 88
MP-31 5 5 10 88
MP-36 5 s 10 88



Applying step 3 in the procedure (page 17), one may test the
hypothesis that the adjusted means of the three populatione are
equal. Rejection of this hypothesis (Table 1§b) (F is gre&ter than
3.09 at 2 and 96 degrees of freedom) indicates that the regression
lines for the three populations are n’o?- identical. From inspection
of the data, it appears as if the eharacter'of the developmental -
rates for field rearings constitute the main cause for rejection
of the hypothesis. This observation is confirmed by the result
of testing the hypothesis that the adjusted means for the two
strains, when reared at constant teﬁperatures » are equal. These
calculations are shown in Tsble 16b. Une may accept this hypo-
thesis at the 5% level of significance (F is less than 3.98 at one
and 69 degrees of freedom). |

Thus, since all developmental rates for both strains of iusca
reared at constant temperatures constitute, essentially, one pop-
ulation, the two b values may be pooled in deriving jx. Table 17
shows the calculations used in preparing the graphs shown in Fige
ures T, 8 and §. These figures will serve as poinis Vaf reference
for reviewing the temperature-developmental time relationships

for Musca domesticas

(1) The developmental rates for the egg to adult periods and
the increments of this pre-imaginal period show conformation to

linearity, regardless of whether temperatures are constant or



variable, throughout a temperature range of 65 to 88°F.7
(2) Simulated field reerings are characterized by greater vare
iation among replications than are the laboratory rearings. Con=
formations to linesrity, regardless of the nature of the temper-
atures are: egg to aduli) egg-plus-larval periods ) pupal periods.
(3) statistically, the regression lines in Figure 7 are
ghown to be parallel, but not identical. They represent iwo dis=-
tinct "populations® « development for the overall, egg to adult
veriods proceeding at a faster rate under constant temper:=ture con-
ditions than under vsriable temperature conditions.
(L) The differences in developmental rates between Corvallis
and Phoenix strains of flies, when reared under constant temper-
ature conditions, were statistically insignificant.

Musca dome=ticas other bisla&ical factors

The subject of housefly biology is quite extensive., Only
those topics which are immediately applicable to this problem will
be mentioned. Developmental rates constitute an important - bub
only one ~ line of evidence in an attempt to explain predominance
and séas:mal prevalence of houseflies in a given area. Their

utilization of various production media is also of considerable

7Actua11y this linear relationship under constant temperature cone

ditions applies to a more extended range (through 959F). This item
will be discussed later. However, the b values are essentially une
changed. The more restricted range serves as a better basis for
comparison with field rearings at this point,
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importance in this regard.

4 fly breeding survey was conducted as an independent study
for four continuous seasons in the Phoenix area. The results of
this survey have been reported (51) in a series of three papers.

Briefly, the findings that pertsain to Musca domestica are applicable

here., In more than 2240 positive samples examined, Musca larvae
were present in 1149. On a scssonal breakdown, lusca was wost
predominant in larval samples during summer. iiawevar; it exceeded,;
even in winter, the highest incidence of any species recovered
regardless of season. UHost striking was the versatility of this
species in utilization of various kinds of media. Horse axerem
(reputedly the preferred breeding medium for houseflies) seccownted
for only 122 of the 1149 positive samples containing Musca larvaes
This wess exceeded in incidence of henseflywinfgated substrates by
chicken excrement and scattered and contained gsrbages Larvae

of M. domestica were rmwrﬁd from more than 50 per cent of the
sarples and from 19 of the 21 different clessifications of media.
of 79 amplés of infested grass clippings, 58 were positive for
Muscay of L9 samples of infested e@ff&é grounds, 26 were positive
for Muscaj and of 43 samples of infested melon, Musca were éesitin
in L2 of theses Haines, (22, p.939) in his study of media utiliszed
by flies in urban communities in southern Ceorgia, also emphasizes
the versatility of M. domestica in its utilization of a wide range
of breeding medis, far exceeding ‘a‘ll obher fly species in this

reapect-.



33

The literature regarding pre-oviposition periods contains
conflicting accounts. laser (17, pslll) reports the pre-oviposition
period as extending from 11 to 2k days, not considering temperature
as a signifieant factor in ahammg its duratiqna Bishopp, Dove
and Parman (), p.58) state that the length of the preeoviposition
period for houseflies may vary from four days at a tempersture of
87°F. to 20 days at a temperature of 68°F., Larsen and Thomsen
(23, pe32) constructed a regression curve, based on am appm—-.
imation of the developmental rate for this period. They report
a range of from 16.62 days at about 13°C. to 1.82 days at 3k4.8%.

Pre-oviposition periods observed in thie study veried from
three to nine days. For flies maintained at about 80°F. in the
Entomology Rearing Room at Oregon State College, four deays is
considered the minimum pre-oviposition period.

In nature, such substrates ss extensive piles of animal ex-
crement may require searching for several minutes before eggs
can be found. Where egges are located, they are often present in
tremendous numbers, yet to human sense discrimination that pare
ticular micro~environment is no different then any of the surround-
ing area. Failure of caged flies to oviposit may present a puzzling
problem at times and lead to actual loss of colonies. Erratic
ovipositional response suggests that certain a'nqieata of housefly
behavior may be one of the indeterminste variables which mislead
the investigator in relating pre-oviposition period to one environ-

mental factor, such as temperature.



Four flight range tests were conducted in the Phoenix area.
The resulte of these investigations were reported in three papers
(kly, L8, LB)s Of these three papers the one dealing with pattern

of movement of lfusca domestica is probably the most instructive.

The writers (L5) used both dyes and radicactive phosphorus as
tagging agents in this study. The findings indieate that in a
homogenous area, the secondary as well as primasry pattcm‘ of dise
persal follows a radial desien. The findings support previous obe
servations that the housefly is essentially an insect of migrating
habite, and the aignifiean@ of thie factor in disease transmission
is emphasized. :

During the warm summer months, fly acliviiy diminiched by
11 a.m. {or a£ about 100°F, shade terperatures) and activity was
not resumed until 1atq in the evening. Flies wbuld rest during
the warmest part of the day in protected habitats, such as in
shade trees snd around evaporative coolers. Interestingly, there
appears to be a difference in temperature threshcld for adult
activity between Corvsllis =and Phoenix flies. With increasing
temperatures, flies of the Corvallis strain became active st about
€5°F, while Phoenix strain flies started active movements at =bout
70°F. Bucher, Cameron and Wilkes (7, pe6l) found that temperatures
at which houseflies became active, and at which they commence
feeding are almost the same. These authers stete that the tempere
ature limits for feeding are appmntly'véry near the limits for
general activity.
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"How long do flies live?" is a question that laymen frequently
ask., Flies sustained under variable temperatures nm a maximum
period of 57 days. The mean period required for 100% mortality
of a. colony sustained under variable temperatures was 3.0 days.
Dove (15, p«537) found that houseflies maintained at temperatures
below 60°F. were able to survive for as long as 91 days. Caged flies
at rearing room températures of 80°F, may live for six weeks, but
the optimum period for egg production is 30 days or less.

Betimates on fecundity of houseflies are slso variable.
According to James (31, pe 1Ll) a single female may produce 120
to 150 eggs in a bateh and may deposit from five or six to 20
batches in her lifetime. Hewitt (27, p.11k) states that a single
fly may deposit from 100 to 150 eges in a single batch and that
during its lifetime it may deposit from four to six batches.
Howard (29, p.39) places the figure at 120 eges per batch, and four
batches of eggs produced during the life span of the female.
Howard's estimates are very close to those obtained from éslenics
maintained in the intomology Rearing Room at Oregon State College.
Over a period of 16 weeks, four generations of caged ﬂiés pro=
dueéd an estimated average of 110 egges per female per week, or
hiO eggs per fe;aale during adult life.

Howard (29, p.38) ealculated that 5,598,720,000 flies could
be produced from a single mating, between April 15 and Sept. 10
in the latitude of Washington, D' C. His calculations are based

upon the zssumption that 2 gravid female lays 120 eggs, a 1l:l sex
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ratio, and 2 time interval of 20 doys between generations. IHowever,
this figure is only the number of sdults represented by the seventh
generation, For the fleld rearings in Phoenix, the mean interval
between genemtionsr wag 19.3 days. Since fly produetion extends in
thet area through 12 months of the year, the number of annual gene
erations may be estimated at 360/20 or 18. Since the increase is
gametﬂc » the number represented by the 18th generation would be

enormMous.

Phormia regina: Developmental rates ai varisble tmy&mﬁw

Phormia repina, the black blowfly, was reared at Phoenix under

simulated field conditions during 1951 and 1952. The numbers of
Phbmia reared are shown in Tsble 18, The field rearing data for
this species are shown in Table 19. Tempersture intervals used in
deriving midpoint values are the same as those used for Musca
domesticas The breakdown for developmental periods at various
mean temperstures is given in Table 20.

Developmental rates were derived for egg to adult, eggepluse
larval and pupal periods. Deviations from linesrity were insige
nificant in each case. Tests for linearity with corresponding b
and r values for these rearings are shown in Tables 21 to 23.

. Phormia reginas Domlomn@al rates at constant temp eratures

For the constant temperature trials, resrings were conducted
at each of six temperature settings (88°, 84°, 80°, 759, 70°, and
65°F.). Six replicated trials at each temperature setting were run -



with the Corvallis strain Table 24). Four replicated trials at
each temperature setting were run with the Phoenix strain Table
28)e

Tests for linearity were run from the data obtained for egg
to adult, egg-plus-larval and pupal periods of both strains.
Deviations from linearity were insignificant in each case. fThe
results of these laboratory rearings are given in Tables 25-27
and Tables 29-31. |

31

and stant temperatur,

A wider diserepancy exists between developmental rates at
constant and at varisble temperatures than in the case of Musca
domestica. However, differences in the regression coefficients
(Table 32a)are shown to be insignificant (F value of 1.4l is less
than 3.13 at 2 and 73 degrees of freedom). Aceeptance of this
hypothesis indicates that the regression lines for the three

'papulatiom of Phormia are parallel.

Rejection of the hypothesis tested in Table 32b would
indicate that the regression lines for the three populations are
not identical. As in the case of Musca domestica, cause for re-
Jection of the hypothesis is the slower developmental rate uﬁdor
variable tmpémtuxes. When gimulated field rearings are deleted
and only laboratory rearing trials are tested, the regression
coefficients and the adjusted means are equal (Tables 33a and 33b)

(F is less than 4.02)s Since the developmental rates for






TABLE 19
Field Rearing Data for Phormia regina

Hean
Temperature (°F.) Temperature (°F.) Sum Temp.
Ave, Ave, Ave, h Of &g o
m. Min, Mean iax, m, Km sk&ult
77.@; 52.86 6L.96 13 79.27 5h.13 66 1k 66.31
88.78 6h.11 76.LL 8 91.71 67.71 79,.71 6 31; 77.87
8h.5h 63.21 76.31 12 92.17 69.67 80.92 5 17 78.08
93.29 7h.00 83. 6 92,h3 7h.29 83.36 S5 11 83.5k
Ak 73,29 83.71 6 96.43 83,00 89,71 6 12 86,58
95.57 80.71 88. 6 98.60 82.80 90.70 L 10 89.14
91.13 79.25 85.18 7 89,60 78,60 8h.10 Lk 11 B8h.75
93.25 75.88 8h.56 7 92.63 72.25 82.hh 7 1 8L.O7
89.20 71.30 80.25 9 91.83 69.00 80.b1 5 1k 80.ho
52 93,50 70,10 B81.80 ¢ 2-1@ 90.17 66.67 78,h2 S 1L 80,6k
100,25 76.87 88,56 7 27 s 92,11 T7h.67 83.39 8 15 85,30
92.29 78.57 85.13 6 2-7 92,86 72,86 82,86 6 12 8.
94,00 82,33 88.17 5 92.00 78.13 85.06 7 12 86.5h
97.00 B82.57 83;?9 6 &/'13 2»5 3/52 91,50 80.33 85.92 5 11 88.18
90,56 77.89 BhL.22 8 9/2/52-9, /52 97.17 78.67 B87.92 5 13 85.68
90.29 76.86 83.57 6 9/21/53-19/1 88,36 73.18 80,77 10 16 81,88
9305@ ?ﬁ.ﬁ u% 9 h2=10/ %ohg 67;% ??-73 10 3{ 89',-36
79.70 61.70 T70.70 9 11/16 mz/l/Sz 77.19 56.38 66.79 15 2 +25
B L e SR 83 2 Yeleal TS SN R ka3
F-3 3/17/53-34’31/52 80.40 58.87 69.63 1k 3/31 2-4/9 2 91.h0 66,90 79.1; 9 23 73.31



TABLE _20

Plistribution of Developmental-Time Periods (Days) for Fhormia regina Field Rearings at Various
Hean Temperstures '

Temperature Midpolnt v Developmental Periods In Days

Interval of Interval Egg to Adult ~ Pupal Egg plus larval
59.50-62.49 61 | |

62.50-65.19 6ly Lk T 13,13
65.50-68.49 67 26,27,28,2L 13,1k4,15,15,15 L
68,50-71.49 70 951h1,13,9
T150=ThLk9 (5] 23 | |
The50=T7.49 76 G = PNy 8,12
77.50-80,49 79 1hy17,14,19 65555,10,9 ¥
80.50~83.49 82 1,16 55557,10,8,6 6:9,9
83.50-86.49 85 10,11,11,14,13,15,12  kyk,7,5 656575758,6,6
86.50-89.49 88 12,10,12,11 5 6,51

89.50-92.L9 91 65k 6
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PC=39

PC-18
PC-22
7026
PC~29
PC~35
PC-36
PC3

P0-13

PC-15

PC~19
PCw20
PC=23
PCw25
PC~30
PC~33
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TABLE 28 b2
Phormia regina - Phoenix strain - Laboratory Rearings

Colony Developmental Periods in Days v
~ Egg plus larval  Pupal  Egg %o adult  Temperature
PP=3 1 10 2k i 65
PPw5 16 8 2k 65
PP=T 15 1o 25 65
PP=30 15 9 2k &
PR.16 9 8 1 70
PP=2ly 12 7 19 70
Pra27 8 10 18 . 70
Pral 7 5 12 75
PP=2 7 7 311 75
Pl 8 6 1 7%
PP=10 6 7 13 %
PPall 5 5 10 80
PP=21 6 b 10 80
PP=23 3 5 10 80
PPw25 6 6 12 80
PPaly 6 N 10 8L
PP=8 6 5 1 8L
PP=28 5 5 10 8l
PPall 6 b 10 88
PPa12 5 L 9 88
PPe=l7 S 6 1 88
Pre26 4 L 8 88



Corvallis and Phoenix strains, when reared under constant temp-
erature conditions constitute, essentially, one population, pooled
values for b, ¥ and X may be used in deriving yx for use in con-
structing curves.

Values for ¥x at each of the six temperature settings used
are given in Table 34 for both variable and constant temperature
rearings. These values are plotted and shéﬂn in Figures 10, 11
and 12.

Essentially, the points listed (page 29) which summarize the
temperature-developmental time relationships for Musca Mﬂu

are also spplicable to Phormia regina, Effects of variable temp-

eratures were especially retarding upon developmental rates of the
egg and larval sﬂages of Phormia. Reasons for differences in
developmental rates under variable and constant temperatures for
Musea as well as Fhormis are discussed in a later section,

Phormia regina: other biological factors

In comparison with the housefly, Phormia appears to be quite
restricted in its utilization of various types of production media.
In conmnection with the larval survey conducted in the Phoenix area,
| Phormia lma§ were recovered from only three of the 21 different
classifications of media (51). These three substrates were
scattered garbage, contained garbsge snd animal carcesses. Accord-
ing to Hall (23, p»167) the larvae are normally saprophagous.
Haines (22, p.937) found that in southern Georgia, 95% of FPhormia
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infestations were from animal wastes, consisting of bones of cows
and hogs, animal carcaeses, entrails, fish remains, paunch manure
and other packing house wastes., Animal wastes of this kind sre
not commonly available in most metropolitan areas. Under city
conditions, apparently the best substitute for these higheprotein
wastes is parbage - especially if the garbage contains quantities
of meat scraps. Of 65 collected samples positive for Phormia
regina in Charleston, West Virginia, L0 were taken from contained
garbage (L7, p.249).

For the past year, Phormia regina has been successfully reared

at Oregon State College on a gynthetic medium. The medium and
methods are those deéer:lbed by Hill, Bell and Chadwick (28, pp.
213-216) with two modifications: (1) 60 ml. of cholestercl
suspension, containing 50 mg. of cholesterol is substituted for
lanclin in the medium, and (2) sterile sawdust is added to the
flasks containing media immediately after seeding with eggs.
Cholesterol appears to satisfy nutritive requirements for the larvae
as well as lanolin, and has the adnﬂtaga of being essier to
handle in the laboratory. However, larvae do not complete develop-
ment in this synthetic medium se rapidly a2e in fish. At temp-
eratures near a constant level of 80°F,, an average of 9 days is
required for mpietion of larval development with this medium,
but only six days when fish is used.‘

Observed pre~oviposition periods of from four to 18 days are
comparable with those reported by Bishopp (2, p.327) of from
seven to 18 days.
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Phormia regina is a strong flyer and capable of rapid disper-

sion. Not reported in the paper by Schoof and Siverly (LS, pp.
830-838) was the fact that one adult of this species flew six miles
from point of release in less than 2} hours. Of approximately
3463 tagged specimens releasted on October 30, 1952, L6 were sube
sequently recovered from 26 of the 69 trap stations. The recapture
pattern for Phormis followed the same design as described for
Musea, In a dispersal study of this species at Charleston, West
Virginia, Schoof and Mail (L3, p.L62) reported rapid dispersal

up to distances of six to 10 miles. Higration was not hampered

by presence of wooded areas LOO to 500 feet in elevation, nor by
watercourses. These workers .éenclnée that P. regina could serve
as a potential vector of pathogenic organisms over an area of eight
to 20 miles in extent.

It appears well established that Phormia possesses extra-
ordinary sense p«eree;:tion- :ha locating food or potential breeding
media. On June 19, 1955, the writer trapped several hundred specimens
in his residentisl back yard in Corvallis, Oregon. The trap was
baited with fish scraps for 2 hours. Normelly, there are no
flies of this species in that neighborhood; nor in any of the
adjacent city ialceks. Such incidents,; however, are commonplace.
Tales are legion of hunters who report the attraction of black
blowflies to freshly killed carcasses in isolated areas.

In the Phoenix area, adults virtually disappear during July
and August and are rarely observed or trapped (Figure 3). These
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observations are consistent with the records of Deonier (12, p.67)
who reports few, if any, P. regina trapped in the vieinity of
Phoenix during the summer and early fall ﬁentbs of 1937 and 1938.
Bishopp (2, p.327) mentions this species as quite troublesome around
such commercial establishments as abattoirs and packing houses
in Texas, but considers it essentially a cooleweather fly. Accord-
ing to James (31, p.76) cool weather favors development; in the
south, Phormia becomes scarce during summers, and adults may be
found out of doors during the entire winter as far north as Iowa.
Haines, in southern Georgia (22, p.938) reared 235 adults from
infested media collected in the fall, 4127 from winter collections,
. 817 from spring collections, but no Phormia were reared from summer
collections. These observations tend to establish the fact that
warm temperatures do not favor the szbundance of adults.‘ :B/ez_we,
it is rather surprising to find that successful rearings of thin
species were completed, under conditions of both constant and
variable temperatures, at mean temperztures as high as 88°F. Mean
temperatures of 88° are not attained in Arizona until the last
weﬁ: of June or thereabouts. By this time Phormia adults have
disappeared (Figure 3).

A few preliminary trials were run, under controlled conditions,
in an attempt to ascertain the relative heat tolerances of FPhormia

regina and Musca domestica. These observations on caged flies

suggest that Phormia adults are not as intolersnt to high temperatures
as their seasonal distribution might indicate. When adults of both



species were maintained at constant temperatures of 92°F. Phormia
appeared to withstand these ccnditions as well as Muscai as long

as water and sugar were constantly available. At constant temp=

i’

eratures of 95°F. there appeared to be higher initial Musca mortale

ity. After L8 hours the mortalities in the respective cages be~
came equalized. At the end of 72 hours, appreciably more Fhormia
were down. With liusca, heat tolerance appeared to be more of an
"glleor-none" proposition; flies were either up or down, With
Phormia, it was difficult to mske positive counts during the prog-
gress of the experiments. Affected adults appeared unable to
coordinate their wing movements; there was much buszzing and
"bumbling® on the floor of the eage. It is impracticable to draw
conclusions from only a few trials, but these results tend to
confirm observations that Musgs are more tolerant of high temp-
eratures than Phormia.

Heat tolerance is probably influenced by diet. This subject,
with all of its ramifications, could constitute an independent
investigation. Schoof and Mail (L3, p.258) report that in their
Charleston flight range tests, abnormally hot weather caused
an excessive mortality in the 400,000 flies reared for the study.

~ 8 ;
Lowever, sugar was not provided for the caged flies, since these

aParnoi‘zal communication with Ir. Schoof. Subsequent field expere

jerce at Phoenix revealed that provisioning with sugar served to
ce mortality in holding cages, without reduction in uptake of
in the milk, honey and water mixture also provided. .
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workers believed that sufficient sugar was present in the milk,
honey and water mixture upon which the flies were allowed to feed,
end that providing additional sugar might tend to reduce the rumbers
of flies feeding on the solution with attendsnt reduction in P32
uptake. Rasso and Fraenkel (L2, p.6Lhi) report that sugar, as well
as a2 suitable protein, is necessary for normal ovarian é#wloment
in Phormia regina. The writer has observed large numbers of this
species feeding on the flowers of spirea in bloom. Obviously,
nectar from phnh constitutes one source of sugar available in
nature.

Humidity is another mmantal factor which inﬂﬁsmee heat
tolerance. Beattie (1, p.l03) found that the thermal &ath point
for Calliphora erythrocephala was definitely influenced by the

factor of husxdﬂ.ty. Saturated and dry air had the effect of low~
erinc the thormal death point. Relative humidities from 60-80
‘pemnt' were more favorable, with 70 percent relative humdity the
optimum point.

The situation regarding temperature eand sctivity relationships

for Phormia regina is somewhat paradoxical. Obviously, the absence
of this species during warm ceasons cannot be explained by failure
of development, or l;eat intoleranee' of the adulte a2t mean temp-
eratures of 90-92°F. (Tsble 20). It is doubtful if these high
temperatures stimulate sestivation. Certainly the reactions of
caged adults at high temperatures do not indicate this type of
response.

The minimum period for 100% mortality of a given colony under
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variable temperature conditions was 35 days. The maximum period
for 100% mortality of any colony was 72 days » and the mean period
was 52,0 days. DMaximum longevity for caged a.dult.s s maintained aﬁ
80°r., extends from four to sﬂx weeks. (ool temperatures tend to
increase longevity«» Hall (23, p168) reports that adulte hibernate
when temperatures drop too low for adult actinty, and that hibere
nating adults may be found in tunnels of various wood-boring ine
sects, In the vieimdity of Charleston, West Virginis, Pe regina
probably passes the winter as a semi-active adult (37, p.676).

According to Mi‘u.er, Doan and Wilson, (39, pe.5)t
"P. regina has an oviposition renge of from 20°%. to
about 349C. w:!.t.h an optimum near 26°C. At the lower temp-
eratures, the longevity of the flies is greatly increased,
but the number of egge is greatly decreased. it the higher
temperatures the number of eggs per female per day is
inereased hut the total number of egg~-laying days is
decreased because the {lies do not live as long. These
two factors tend to equa:uu each other at the extremes
but a’ temperature near 26°C. gives the greatest total
deposition of eggs per female.®
These workers give no figures for actual numbers of eggs produced.
In fecundity 'trials with caged ~f_emélea held at a rearing |
room un;poratum of approximately 80°F. over a period of 16 weeks,

an average estimated yield of 355 eggs per fly was obtained.

Bucalliphora lilsea: Developmental rates at variable
temperatures

Eucalliphora lilaea was reared in Phoenix under simulated

field conditions during 1951 and 1952. Numbers of Buealliphora
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reared are shown in Table 35. The field rearing data for this
species are given in Table 36. It may be noted, from Tasble 36,
that members of three colonies which completed larval development
failed to emerge as adults. In the case of one of these colonies
which completed larval development during the winter of 1952, the
cause for failure to emerge was undetermined, although insect=
icidal contamination wes guspecteds In the case of two colonies
which completed larval development in May and Jume of 1952, their |
failure to emerce was due to heat -in;jury. Pupae were held for
" several weeks. Upon examination these pupae were found to be

non=visbles

For the most part, however, Fucalliphora lilaea is fairly
easy to maintain under simulated field conditions s as long as mean
temperatures do not exceed 85°F. Whereas Musca and FPhormia are
easier to maintain under constant temperatures than under variable

temperatures, Eucalliphora appears better adapted to rearing,

generally, under conditions where dsily temperature fluctuations
oceur.

Temperature intervals used in deriving midpoint values for the
field rearings are the same as those used with Musca and Phormia.
The breakdown for developmental periods at verious mean temperatures
is given in Tabtle 37. It may be noted from Table 37 that a number
of colonies completed development at mean temperatures of 67°F.

Eucalliphora lilzea is a cool weather species. Its developmental

rates are very indicative of ite seasonal prevalence., Field data

for deriving developmental rates of egg to adult period, and the
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increments of this period, are given in Tables 38 to 0. Deviations
from linearity were insignificant in each case.

Bucalliphora lilaea: Developmental rates at constant

ﬁengperat‘ma

Resring trials were run at five temperature settings (84°,
Bﬁo, i ) 70°, ;‘nd 65°F.) Each trial was replicated four times

for both Corvallis and Phoenix strains (Tables L1 and Lk)e

.Ha develormental periods are given for constant temperatures
of 88°F. Since two colonies completed larval development under
variable t.em’pefature conditions at mesn values of 88°, some rearing
trials were also attempted at this coﬁstan‘b mpwatm setting
but without apprcéiable success. Three colonies of the Corvallis
strain were initisted. Two of these colonies finally am@plot@d
development after 16 days but were undersized. The larvae of one
colony perished in the media on the eighth day after seeding of
eggs. Four colonies of the Fhoenix strain were initiated. Three
of these colonies appeared to pupate normally, but pupae checked
on the 16th day after egg seeding were found to be non~viable.
Larvae in one of the Phoenix colonies pupated when undersized.
On the 21st day after seeding of eggs, these pupae were examined
~ and also found to be honeviable., There appeared to be no difference
in heat tolerance at 88°F. between the two strains of flies.

For the most part, the colonies reared at a constant temp-
erature of 8L4°F. completed development, but the following symptoms



Eucalliphors lilaea - Field Rearings
Yumbers mm: of
ﬁ‘ m | Adults Feared
‘ ‘ Male  Female
282 123 115
Loé 168 219
171 755 668
13k 59 63
266 117 127
631 20k 331
280 123 137
430 172 20k
Total 4170 1721 186L

Sk

260
376

3585
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Gen.

El2 "F-1

El3
E16

E2h

X

B

L} { e

F-1
F-1
F=2
P~3
F=l
F-l
P2
F-3
Fely
F-5
P-1
F-2
F-3
P-i
F-5
-1
F=2
=3
F-1
y.’l

F-1
F-5

F-1 1/1k

Pl

Larval

Sl

1i;§9/51-12/2

1 30 51-12/15/51

2/28 2 // g

511@/52-5/18~52

z/is/?z-e 5445
3/21 /52
57% 52-5

51~1z
11/9 51-1

zygé W%
6/8/52-6/15-52

Temperature

Ave,

Max,

7711
77.6L
73.06
83.13
?6-91

Ave,
Min.
35:73
56.29
51.13
53.19
55.55
67.38
L7.h7
54.79
67

(°F )

62.09
68.16
66,23
79.81
59.56
67.11
78.77
76.69
89.25

TABLE _36

~ Field Rearing Data for Eucalliphora lilsea
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Ave,
Min.

76.00 BL.33 517

72.38
72.11
75.62
12.1k
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77.53
The75
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TABLE 37

Distribution of Developmental-Time Periods (days) for Bucalliphora lilsea field Rearings at
Various liean Temperatures

e o, TR L ol
59+50-62.49 61 32,31 15,17,18 15,15,13
62.50-65.19 6l : 28,25,28 %,ﬁ:ﬁ:ﬁ o -
65.50=68,49 67 '22,27,23,22,26,;«&&;2&,26 13,15 B;ﬁ:gm&a
68.50-T1.49 70 12 8,11,11
TL50-Thok 7 18 | |
The50-77.49 76 17,18 8 7585959
77.50-80.49 79 16,17 959859 7,10,9
80.50-83.49 82 17 * . ,
83.50-86.9 85 13,15,13 - 10,7,6 8,7
86.50~89.49 88 757

95



Bucalliphora lilaea - Corvallis strain - Iab Rearings
mla@mnm Periods In Days

Golony Lus | Pupsl g to Adult  Tomperature
EC-6 10 1 21 65
EC-8 8 13 21 65
EC-212 8 S 20 65
EC~13 1 un 22 65
EC~23 1 1 18 70
EC»26 8 10 18 70
EC»32 . 12 20 70
EC-33 10 9 19 70
BC-2 7 9 16 75
BC-3 6 11 17 il
EC-9 - § 8 13 75
EC-10 g 10 15 75
-2l 6 8 1 8o
EC-27 5 9 b1 80
EC-29 é 9 15 80
ECw31 6 3 13 80
ECul) 5 n 16 8l
EC5 6 10 16 8l
EC=-18 7 7 1 8L
EG=20 3 5 1 8L



TABLE Ul 58"
Eucalliphora lilaea - Phoenix strain - Lsboratory Rearings
Developmental Perieds In Days

Golony  Egg plus larval  Pupal  Egg to Adult raty
EP-2 10 12 22 65
© EP=20 7 13 20 65
EP.28 9 b1 23 65
IR e 10 13 23 65
EP-6 6 12 18 70
EP.9 8 11 19 70
EP-15 .9 1 20 70
EP=19 11 9 20 70
EP-3 7 8 15 7
ER-26 6 9 15 7
Ep-27 6 n 17 7
EP-7 5 9 1 80
ER-10 5 9 1l 80
EP-12 ¢ 8 13 80
Bk 6 8 b 80
ER=d 7 7 1y 8l
Ep-21 7 9 16 8l
EP-23 9 6 15 8L
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of heat injury were observeds (1) delayed emergence, extending
over as long a period as four days, (2) variation in sizes of larvae
of the same age, (3) over-activity of larvae, often resulting in
migration from the media and subsequent starvetion, (4) pi‘mnturo
pupetion and undersized pupae, (5) actual death of larvae, the
larvee appearing flaceid, as if dropped in hot water, and (6)
reduced ' wigor and shorter longevity of unorgai_adultla

Analyt?s of laboratory raﬁring data for dav&lopmﬁnttl rates
presented certain difficulties, Sters in these analyses are dese
eribed in some detail, From inspection of the data given in Teble
42, it may be noted that rearings indicate some retardation inm
developmental rate at 84°F. This nm-d;tsan ot 84% 1 evidently
~ the cause for departure from 1inon£1€ys When the iearinga nt‘ﬁhiu
‘temperature are deleted, the hypothesis may be acoepted that the
regression of y on x is linear (Table 43). Beiavar, deleting the
84° rearings leaves a limited number of observations for a given
strain,

During the rearing experience, no significant differences
in temperatureedevelopmental time rwlationlhips were observed

'betueen the two strains of Eueall;ghorug These observations are

confirmed by the test of hypothesis that the adjusted means of the
two populations are equal. The endwpoint of calculations in the

test of this hypothesis is as followss



d.f. S8 of x  SP $S of y Residual
sy g 88 defs
Error 30 1000.0 1767.50 3583.6875 159.6312 29
Totel 31 1000.0 1767.50 3597.4688 L73.4125 30

-7 8 = 0-67

One would accept this hypothesis, aiﬁeﬁ at the 5% level of sige
nificance, F. is less than .18 at 1 and 29 degrees of freedom.
| Essenti;ull&,‘ then, the strains constitute one population as far
as temperature-developmental time characteristics are concerned.
Combiningthe rearing data for the two strains, and testing for
linearity of egg to adult, the eggeplus-larval and pupal periods
yields results whioh indicate that deviations from linearity are
insignificant. lowever, of these three periods, only the pupal
period indicates a linesr relationship as high as 84°F. The
linear relationship between temperature and developmental time
of ege to adult, and eggeplus-larval stages only extends through
. 80° (Tables I5-L8). '

Evcalliphora lilaea: Comparison of developmental rates at

varisble and constant mgeratma

The hypothesis tested in Table h9a is accepted (F is less
than L.03). The hypothesis tested in L9b is rejected (F is more
than 4.03). Hence, one would conclude that, as in the case of

“esea and rhormia, the regression lines (shown in Figure 1ll) are
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parallel but not identical. These recression lines indicate
that dmlamt proceeds at a faster rate under constant than
under vaﬁabia temperatures, Also, as in the eaﬁmcr Musca and
Phormia, egg and hﬁal periods show fei&tive mtaidation} the
pupal periods, nlative accelerstion. Unlike mmea and Fhormia,

there appesrs to be better conformation to linesrity with variable
than with constont temperstures. Developmentaletime periods for
variasble temperature rearings also show linear relastionship to‘
wider ranges of temperatures than do the periods for the constant
temperature rearingss PFigures 13, 1l and 15 show dewlomhl"
rates derived for egg to adult eggepluse-larval, and pupal periods 9
of Buealliphora lilaea at both mi#b‘la and constant temperatures.

Calculations for these graphs are given in Table 50.

The temperature~developmental time relationships of this
species constitute a majer feector in determining its sezsonal
prevalence (Figui'e 3)s 1In contrast to Phormia, other biological
factors play a relatively minor role in this respect. However,
mention may be made of such facﬁars as breeding habits, distribution,
longevity and fecundity.

Fuealliphora lilaeas other biological factors

In iks utilization of various kinds of production medis,
Eugalliphora may oeccupy an intermediste position between Muses
and Phormis. Lervae of this species were recovered from eight
of 21 different classifications of media. Of 50 samples positive
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for larvae, 31 of these were samples of contained garbage. Other
substrates utilized were chicken excrement, scatiered garbage,
commercial wastes, coffee grounds, dead snimals, seafood wastes,
and waste vegetables. In Phoenix, no samples positive for this
species were recovered during summer and fall months (51).

There is good indication that Eaeéllipmra is able to utilize

excrements and composted material as proﬂmﬁicm media. Like
Musca, it is able to utilize soil which has become impregnated with
waste organic matter. The writer once observed hundreds of newly

emerged Eucalliphora an the lawn of 2 wellemaintained residence in

Phoenix., One small area, sbout six feet in dismeter, appeared to
be the focal point of activity. In respomse to questionming, the
residents reported that waste water from cleaning fish had been
dumped in this small area over the past several months. Pupae
were numerous in the upper layer of the soil. The writer has
identified Calliphora terrae-novae larvae collected from garden
soil in Oregon. Rucalliphora and Calliphora are closely related
genera. Hucalliphora can be reared in the same synthetic medium
as that used for rearing Phormia regina.

According to Hall (23, p.286) Eucalliphora lilaea is Nearetic
in its distribution; in the United States occurring most frequeully
in Roecky Mountain states north of Colorado. Data from the five-
city program indicate that Bucalliphora lilaea were recovered from
trap samples in the vicinity of Topeka, Kansas in May and June,
and in the viecinity of Charleston, West Virginia, in May, June,
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saptmbeé and October. These trap data show only that Euealliphora
was present during those particular monthnb and giyu no M@aﬁi@n
of its relative sbundance. The assumption is that they were s@n.
This species was never taken at the Michigan and New York projects-y
| Lengcvitj data were obtained from sustained adults reared
under simulated field conditions. The minimum peried for 100%
ma‘rtality‘ of a given colony was 21 days. The ——— period for
100% mortality of sny colony m 47 days, and the mean period was
L3.5 days. With successively-reared gemerations, time intqrval#

in days betveén emergences of #dults weret minimum, 17; maximum,
475 mean, 29.3. Fased on occurrence during s maximum of eight
months of the year, there may be as many as eight annual geiﬁratiom
in the Phoenix area. Observations on caged adulis indicate that
females are capable of producing as many as 40O eggs during their
lifetimes.

Some additional Musca rearings were conducted that are not
included in Tables 8 and 12. Resulis, in terme of days to complete
egg-to~adult development for six replicated rearings of each strain
of Museca at constant temperatures of 92 and 95 degrees F. are as

follows:

9. :

Schoof, He F. United States Public Health Service, Communicable
Disease Center, Technical Development Laboratories, Savannah, Ceorgia.
Personal correspondence dated July 13, 1955.



Corvallis strain’ Phoenix strain
92° 95° 92° ”5°
8 2 1 9
8 7 4 9
7 7 8 7
9. 1 8 1
8 7 7 7
8 7 8 7

When these two additional arrays sre appended to each of
the six arrays given in Tables 8 and 12, the b and r values de-
rived are but slightly different than when only six arrays of y
are useds In other words, these results indicate that develop~
ment proceeds at the same rate for Musca from 65 to 95, as from
65 to 88 degrees F. There is no significant retard-tion in develop=
ment at these higher temperatures. Recression and correlation ‘
coefficients for this extended range of temperatures are the
values given for Musca in Table 51, Parenthetical values, in
each case, are the correlation coefficients.

The tests of hypothesis indicated that for each species
regression lines were pamlisl, but not identiecal. Although ree
gression coefficiente are consistently higher for eomttmi temp-
erature rezrings then for varisble temperature rearings (Table 51),
there is insufficient reason to believe that these differences cre
significant. Rearings at constent and at variable temperatures 4
are actually more comparable than is immediately apparent.

The fact that each overall developmental perioed consists

of two definite components - egg-plus-larval and pupal period -
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allows the pessibility for further analyses. it may be noted from
Table 51 that developmental rates for egge-plus-larval periods are
consistently almr at mriahla. temperatures than at constant
temperatures, but that pupal development is consistently faster
at variasble temperatures. However, it should also be noted that
pupal periods rar' each species were "handicapped®" by an initial
lag due to retardation during egg and larval periods. Figure 13
illustrates this relationship quite clearly for Eucalliphora lilaea.

The close relationship between developmental rates for pupal periods
as depicted in Figure 13 sugpests the possibility that the adjusted
means for these two populations are equal. BHesults obtained from
testing hypotheses (Tables 52a, 52b) indicate aseceptance for

Musca (F is less than 3.09) as well as for the Eueslliphora rearings
(F is less than 4.00). The F value is in the rejection region for
Phormia (Table 52¢), since this value at the 5% level of significance
exceeds 3.1l at 2 and 79 degrees of freedom. However, this value
of 8.88 is 2 great deal closer to the acceptance region than the
value of 260,51 obtained in Table 32b for overall developmental
periods. For Fhormia, developmental rate at variable temperatures
is more closely comparable to the rate of egge-plus-larval period

of development under constant temperatures (Tsble 52d).

These additional snalyses serve to determine more specifically
the reasons for slower overall developmental rate at variable
temperaturess dally subjection to inconstant temperatures appears
to retard larval development. This is especially applicable to



It is quite desirable that one set of regression coefficients
be derived as a basis for constructing graphs that will show come
paritive temperature-developmental time relationships of the three
species. Frobably the best basis for deriving these regression
coefficients is by a weighted average of b values for laboratory
and simulated field rearings. Actually, there is Justification
in doing so, even though the constant temperature rearings show = -
mmis%nﬂy-higm? rates. In naturé, larvae are quite capsble
of independent locomotion, and will migrate into those portions
of the media where temperatures are most optimum for development.
Generally, much bulkier media are infested than those used in
artificial rearing. Blowflies infesting animal carcasses will often
burrow into the middle of a carémm, and _eahemtratims of larvae
will be found at the ground lasyer under the carcass., Housefly
larvae are capable of penetrating several feet into animal ex-
crement or other bulky media. Thus, the micro-environments which
these lam&eee)upy are probably less subject to variations in
temperature than if they were exposed, yet temperatures are seldom
as constant as under controlled conditions,

The mean regression coefficients shown in Table 51 are obe
tained by a weighted mesn of b values for laboratory and simulated
field rearings. The § and X values (e.ge. 88.177h and 80.6600)
are also based on weighted mean values from these two sets of
data. Regression curves constructed from the formulas for jx
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are shown in Figure 16. Temperature~developmental time relatione
ships for the same data are sb@m in Figure 17. The dotted extrem-
ities of the lines in both graphs represent extrapolations. Distances
of extrapolation do not ax«éd five degrees Fahrenheit.

- Some retardation in development was noted for Fuealliphora at
constant temperatures of 84°F. However, as indicated by the
simulated field rearings, at a somewhal slower rate of development
this retardation would not be significant, and development would
probably extend in linear relationship as high as 85° under field
conditions, ‘

There appears to be little, if any, reported information on
the bioclogies of two other species of flies which were reared in
this study:s Aldrichina grahami (Aldrich) and Sarcophaga plinthopya
Wiedemann. The findings pertaining to these two species will be
briefly reviewed.

Aldrichina grabami is similar in appearance and habits to
Eucalliphora lilaea., According to Hall (23, p.291) none of the

habits or details of the biolegy of this species are known. A.
grehami is not abundant in the Phoenix area, but from previous t’rip
surveys it was evident that this species of blowfly was limited

in ite occurrence and seasonal prevalence, specimens having been
obtained in only a few specific city blocks during previous winter
seasons. After repeated attempts, one gravid female was finally



1/Time in Days x 1000

Time in Days

16

T

| Developmental Rates for Three Species of Flies
Figure 16

S

.4 )
,/_ ‘_‘l_tlnlca domestica |

V.4
/

J

Temperature-Developmental

Time Relationships for
Three Species of Flies

Figure 17

M (JF S, 55 B
| | |

[

.—'imah_m;?. _

"L_

Musca
-ﬁlticl

Temperature (°F,)



71
trapped in one of the same :m:b—standafd residentisl blocks where
Ao grahami had been previously collected.

This species appeared to be well adapted to the rearing met.ods
employed. Fivé auccéaéive- generations were reared between Jamuary
and June of 1952, Time ranres in the various phases of the develop-
mentzl gycle are as follows: -egge~plus-larval period, 7-17 daysj
pupsi period, 7415 days, and pre-oviposition period, L to 21 days.
Mthough mean temperatures of 80°F, under simulated field conditions
appear optimum for its development, inmature stages may complete
tieir development at much lower temperatures, and emergence of
adults was 'obserwd‘at 16°F, This species appears quite suse
ceptible to heat injury. At mesn tmpemtufes of 86°, where max-
imum readings exceed 100°, there sppears io be some retardation
in dmlnpﬁxsnt; At mean temperatures of 90° and maximum readings
more than mc", larvee perish and adults live but a few days.

Dormant pupae held over from late spring until fall were not viable.

it was determined that one female may oviposit more than 200
egegs in a batche From a single mating, approximﬁely 88L0 progeny
were reared in less than two m.nths. 0f this number l;243 were males
and 4597 were femsles. Although this- species is apparently unable
to adapt to warm weather conditions, as many as gix annual gen=
eratians may be produced in the Pheenﬁ arca. 121 California, where
Hall (23, p«191) reports. that adults have been collected during
almost the entire year, it is conceivable that 12 annual generations

may be produced.
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Hall (23, p.190) states that Aldrichina grahami is indigenous

to Asia, and has evidently been imported into the western part of
the United States in comparatively recent years. In the United
States it is typically an extreme western form. This species
was never recovered at projects other than Phoenix in the five-
eity program. The writer has collected this species in Corvallis,
Oregon from traps baited with decaying meat.

Ssrcophaga plinthopyga, one of the flesh flies, was the

only representative of the Sarcophagidae studied. Since this
species is larviparous, overall dsvélopmeﬁtal time is considered

as the interim between deposition of the larvae and adult emergence.
Duration of larval, pupal and pre-larviposition periods are as
follews:‘llarva, 7«52 days, pupa, 6-32 days, pre~larviposition
period; 1135 days. Intervals between generstions were: minimum,
26 dayej maximum, 80 days; mean, 38.7 days.

Yembers of th@'Sar@ophagidae appear to pass the winter in
central Arizona as semieactive adults. They have often been Obe
sérved resting in sunny lecstions during cool months of the year.
Low temperatures retard the developmental cycle. 4 developmental
period of 83 days for S. plinthopysa was the longest observed in
this study. |

Aceording to Harold He Badge,lﬂ<§. plinthopypa has two

10
Personal correspondence, March 27, 1953



markedly different typee of first instar larvae, but only one of
these types occurs in the FPhoenix area. The first instar period
must be of short duration; the larvae were observed to make tre=-

mendous growth during the first two days after deposition, This

73

initial growth rate may be an adaptation for the species in utiliazing

breeding medie which is subject to rapid dosaieation,n, or iu
competing with other saprophytic famﬁ of animal life present in
the media. According to James (31, p.51) the larvae differ in
their breeding habits and are commonly found on cearcasses or as
parasites in the bodies of insects. They have been known to
produce mylasis in man.

James (31, p.h3) states that pgravid femasles of the gerus
Sarcophara produce, on an averase, from 20 to L0 larvse, although
some species produce more progeny than others. The low reproe-
ductive capacity and relatively slow developmental period would
appear to be factors which limit abundance of Sarcophags
plinthopyga in temperate regions.

llcaw droppings in pastures and dog stools on lsuns are often
infested with Sarcophagid larvae. In dry climates, such exposed
media often dessicale in a matter of hours, yet the larvae are
sble to complete development.



DISCUSSION

Development at constant and gt varizble tmpe:atum

The literature is quite extensive on the topic of constant
versus variable temperatures and their effects on insect develop=-
ment. A number of papers have been written reporting results
applicable to representatives of several orders of insecis: Ke=-
viewers have studied these papers and seughi to gmmliso, for
the sake of formulating a prineciple which would be broadly applic-
able to insects as & group. A fairly recent review by Cloudsley-
Thompson (9, pp.183-189) treats of this topic and includes a
rather comprehensive bibliography. One of the best known reviews
is that of Uvarov (5L, PP.1-279). In summarizing the evidence
relating to temperature effects, Uvarov states:

"It is too early to draw any definite conclusions
from the evidence ss+« One point, however, is beyond dis=-
pute, namely, that fluctuations of temperature are not
without an effect on the rate of development. This effect
is often positive, particularly when a favorable tempe
ersture alternates with one below the zero of development
(but not low enough to be injurious) while an alternation
with high temperature is usually hermful.®
Some of Uvarov's conclusions =ppear to be based upon the

work of Ludwig and Cable (35, pp.L93-508) who state, in their
conclusions, that

BIf one of the temperatures is above the optimum
for development and the other is between theoretical

threshold and the optimum, development appears to be
retarded .... If one temperature is between the theoretical
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threshold and the actual.threshald of development, the
rate is accelerated. This acceleration is due to develop~
ment which occurs at temperstures below the theoretical
threshold."

Uvarov also reviews the work of Peairs (kl, p.53) who states,
as his siith conclusiont |

"Development has been found to be accelerated by
variations in the daily temperature when compared with
constant temperature of the same npparent value.®

The question of whether varisble temperatures serve to retard
or accelerate development is aeiuaily a side~issue, and noi an
objective of this study. Inasmuch as certain of the results in
this study are not in complete agreement with such generaliﬁ#tiens
as those stated above; the topic merits some discussion in this
paper. A

Pesirs! work is one of the pioneer investigstions in this
area, and due credit should be allowed for his part in the
development of the prineiple of linear relationship uhich exists
between temperature and developmental rates. However, there are
certain points « especially in his snalysis of the data < which
warrant examination.

Peairs (L1, p.53) based his "velocity of development® curves
upon the "best fittiﬁg,afraight line se.¢ determined by the method
of least squares.™ There is nothing to indicate if this "best
fitting streight line" so derived is an efficient wnbiased

estimate. He conducted his rearings for Musca domestica, Lueilia

caesar and Calliphora vomitoria at temperatures extending from

35 to 8 degrees Centigrade. It is difficult to see how a linear



relationship would apply to such an extended range. Had Peairs
used the test for linearity, the results would probably have been
gignificant, leading him to a different intarpretitim. Bucher,
Cameron and Wilkes (6, p.56) present good evidence that for
housefly puparia, between 17 and 3L°C. the rate of development

is clearly a linear funetion of temperature, but that below 17°C.
the rate varies not directly, but with the logarithm of the temp-
erature. ‘

Peairs states, with reference to 2 table showing developmental
time for blowflies reared gt both constant and varisble temperatures,
“the acceleration is slight in extent, at its greatest being little
more than the variation encountered in different lots at econstant
temperatures.® Yet he continues, "thora is some acceleration which
may be attributed to outdoor conditions as compared with incubator
conditions." There are no data given on maximum or minimum
temperatures, and the outdoor rearings which he reports were all
conducted at temperatures with mesn values in a restricted range
between 20.5 and 21.2°C, The remainder of his rearings at varisble
temperatures were conducted by moving, manually, the colonies from
one incubator to another incubator with a different temperature
setting. In other words, the variable temperatures in Peairs?
experiments are hardly comparable to the temperature variations
encountered in the normal outdoor environment of the test insects.

The final point of examination regarding Peairs' paper is the
fact that his conclusion regarding developmentale-rate differences



is not supported by statistical inference. Feairs presents
(b1, peki5) an snalysis, using Harris' method for determining
goodness of fit, but this analysis simply shows significsnt diff-
erences between minimum and mesn developmental periods of the
same rearings, In seeking to account for scceleration at variable
temperatures, Peairs states (L6, p.38) thats

"a speculative reason might be that the protoplasm of these

organisms is adapted to variable conditions and that variable

temperatures constitute & normal environment while constant

temperatures are abnormal and so retard development.®
Peairs does not attempt to explain if blowfly and houslly ANks
when involved as myiasis producers m man and other warm~blooded
animals, occupy a normal or sbnormal enviromment. |

There is diimt among other wrhrs who utilized
mosquitoes ss test insects. Headlee, w;)rking vi:bh Aedes M’,
published 2 series of three papers on the relative effects on ine
sect metabolism of temper:-tures derived from constant and variable
sources. Based on results of the first set of experimente (‘ﬂu
p.36L) he concludes that under three sets of varisble temperstures
(50-80, 6090, 70-100F,°) and with coneurrent constant temperature
experiments being run at the means of the variables (65, 75, and
85°F.) there sppesred to be no signifiesnt difference in develope
mentzl period at 65°, but constant temperatures were associated
with faster developmental periods at constants of 75° and 85°F,
From further work deme with Aedes segypti (25, ps17) Headlee
coneludes that the relative effects of constant end variable temp=

eratures on insectis development depends upon where in -tlm range



of the m.at'l normal temperature these constant and variable
temperatures lie; that the underlying and governing factor is
the aceumulation of the required amount of temperature, regarde
less of whether the temperature in question comes from constant
or variable sources. In the third paper in the series, (26,
P«786) Headlee states that with Aedes megypti, the ratio between
developmental time under constant and under veriable temperatures
shows no signifisant difference except inm the lowest range, where
66 days were required to complete development at mﬁabld tenpe
eratures with a mean of 60°F. while only 38.8 days were required
to complete development at the same meen temperature under cone
stant tempersture conditions.

Huffaker, (30, p.26) basing his conclusions on work done

with Anopheles gquadrimaculatus, disagrees pointedly with Headlee, ‘

maintaining that development at variable temperatures is faster,
generally, then at constant temperatures. Huffsker maintains that
Headlee milin’éorpretaé his own data. Huffaker proposes that the
reciproeal of the satenary curve seems to be the most adequate
and adaptable method yet advenced for expressing the relation

of temperature to the velogity of imsect development, However,
his eonclusions are not based upon statistical inference. f
Huffelter does not report a test of his data to determine 11‘
deviations from his proposed curves were significant; his curves
appear to be derived empirically. HNeither Headlee nor Huffaker

report testing results obtained under constant versus varisble
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temperatures to establish whether differences were significant or
ineignificant. In both cases s variable temperatures were arte
ifieially induced by moving colonies from one constant temperature
to another,

Thus, it sppears from a sampling of the literature as it
pertains to Diptera that contmﬁictiazm exist, and that more
evidence, based upon efficient, unbiased inference should be
considered before formlation of pﬁmipm.

There are two factors which might account for the retardation
in developmental rate of the three species of flies reared under
field conditions. In order to obtain data on pre-oviposition
periods, a number of these rearings consisted of successively-
 resred generations, using the first eges produced. 1t is possible
that progeny produced from initiel ovipositions may be slmwr
in development than progeny produced from later ovipositions.
Secondly, mean temperatures were ealeuiated by the U. 8+ Weather
Bureau method of obtaining sveraged values. If the mean temp-
erature values derived by this method are slightly higher than
actual, the reported rates of development are slower than actual.
Wevertheless, making due allowsnce for these factors, the general=
ization that variasble temperatures accelerate development is not
applicable to the situation encountered under simulated field
conditions on this problem. HNeither is the generalization applice
- able that exposure to low temperatures accelerstes development,
while exposure 1o high temperatures retards development.
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It seems reasonable that the extent and consistency of
variations in temperature should be considered before generalizing
upon temperature effects. There are sharp fluctuations in daily
temperatures in desert areasj winter temperatures in Phoenix often
eycle between maximum readings of 85°F. to minimums of LO®F,
within one 2L-hour period. Rearings which approximate these
conditions reveal no significant retardstions at high temperatures
or accelerations al low temparamrésv. There is no retardation
of Musea or FPhormia when maximum temperatures attain 100°F.
Eucalliphora appears to withstand mesn temperatures of 84°, with

maximums of 95°, with no apparent retardation in developmental
rate. The general effect of exposures to variable temperatures '
appears to be that of retsrdation in overall rate of development.
In the case of Eucalliphora, this retsrdation is associated with
linear relationship over s wider temperature range than is evident
from developmental rate under eonstant temperature conditions.
Bliss (L, p.l95) found that exposing larvae of Drosophila
melanogaster to low temperatures prior to puparium formation

lengthened the pre-pupal stages The retsrdation of larval develope
ment with the flies used in this study does not appear to be
identifiable with high or low temperature ranges but rather throughe
out the entire temperature ranges of the simulated field rearings.
It is noteworthy that Ludwig and Cable (35, pe508) derived
their concliusions concerning accelerating elfects of varisble temp=-

eratures working with pupae of Drosophila melenogaster, while
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Bliss formed his conclusion regarding the retardation effects from
working with larvae of the same species. Ludwig and Cable did not
base their conclusions on statistical inference. In the case of
Musca and Euealliphora (Figures 9 and 13) the pupal periods appear
to show a faster rate at variable than at constant temperatures.
Actually, these differences are statistically insignificant
(Tables 52a, 52b).

Variations in temperature could have diff"umt effects on
different stages of development. "All the pupae have to do is
metabolize® - while larvae, in order to develop, have to feed.
Perhaps variable temperatures, particularly if the diurnal range
of variation is wide and inconsistent in extremes, serve to modify
feeding or locomotor reactions which in turn affect developmental
rates.

In many of the accounts dealing with temperature-developmental
time relationships, the terms "threshold temperature® and “constant®
are used. Peairs defines these terms (L1, pp.6,7)« One of the
best explanations for derivation of threshold temperature and
constant values is in a paper by Larsen and Thomsen (33, pp.1=75),
two Danish workers, who investigated temperature-developmental
time relationships for five species of muscoid flies. Husca
domestica was one of the species reared. All rearings in their
study were conducted under constant temperature conditions.

These workers ran several replicates at each temperature setting,
but considered only the minimum developmental-time intervals in



deriving developmental rates. Larsen and Thomsen used horse ex-
crement for rearing their flies, since they believed this to be
the natural medium for fly development. However, they believed
it to be an insoluble task to keep such 2 medium constant; they
observed considerable varistion smong replicated rearings in this
medium (33, p.1h). Their method of treating this variation was
to disregard it, by using only minimum time-intervals in their
analyses of data. 7
The formula t = %:’ﬁ (33, pp.16,17), where % is
the duration of development, T the registered temperature and ¢
the threshold of development, - may be used in deriving points
for construction of a hyperbolic curve. Derivation of ¢, the
constant, is obtained by selecting two tirme values, with corres-
ponding temperature values. FPreferably these sets of figures
should be selected at opposite ends of a temperature range
(esge 10 days at 90°F, and 30 days at 60°F.). Using this example,
10 (90 = ¢) = 30 (60 - ¢),
e = 15
Substituting the value of 45 in the equation above,

constant
10 = "9 - ES or 30 =

yields a value for constant of 4j50. Plotting the values obw

tained for 90° and 60°, and all the intermediate points between
these two temperature values will give 2 perfect hyperbolic curve.
Larsen and Thomsen (33, pp.16,17) selected these points
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empirically. They plotted results against the hyperbola, and ob=
gerved that at lower temperatures, 16°C. and below, the duration
of development was generslly shorter than the theoretically expecte
ed values. There 1s good reason for this dispersion. The recip=
rocals of these time values would, in iihs case of the example used,
yield a straight line between 90 and 60°F. Extrapolation would
extend the straight line to L5°F., or theoretically, to the
threshold of development. It is exceedingly risky to extrapolate
for a distance of 15 degrees, since the linesr relationship between
temperature and developmentaletime is appliceble to only a limited
part of the temperature range. Yet, this method of deriving thres-
hold and constant values is commonly employed, The dispersion from
the hyperbola is an expression of departure from line:srity in rate
of development. As mentioned previously, there is evidence that
this departure from linearity, in the case of housefly larvae,
 begins at 17°C. (6, p.56). Below 17°C. the rate appears to vary
with the logarithm of the temperature.

_clearly, the method of deriving developmental rates by the
linear regression method has distinct advantages over the "threshold
and constant® method. Since there is no need to select empirical
values for construction of curves, the mér regression method is
unbiaseds The test for linearity is a test of the efficiency of
the method. The mean of the semple regression coefficiente (b)
is the population regression coefficient (m). Thus, data
derived by this method are unblased efficient estimates of
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populations and can be uxed in making comparisons with dats from
other samplee. "Constant®™ and "threshold" valuee are not gﬂqnirud'
However, if for any reason these values are desired, they may be
guite simply derived by merely substituting values for ¥x at any
two temperﬁtm points and using these values in obtaining the
"oongtant®, instead of empirical values.

A congiderable portion of Larsen's and Thomsen's results,
including an account of their use of the formula for a catenary
curve, is siven in the book by West (56, pp.191-207). Their
empiriéal curve shows a somewhat faster rate than the develop-
mental rates derived for Musca domestica in this study. Come
parison of days developmental time (as shown by hyperbolie curves)
for the two studies is aes follows:

9%,  86°r. 1%  68°F.

Larsen and Thomsen 7.5 8.0 11.7 178
Present study 7.5 9.5 13.k 21.0

A faster rate would be expected, since Larsen and Thomsen used
only minimum time intervals. Bemver, they report some retardation
at 40°%c. (95°F.). They also report thsi tamperatures of 40°c.
prevents normal pupationj that at 40°C. this injurious effect is

80 great that as a rule no flies emerge (33, pe23)s Evidently,

the houseflies that Larsen and Thomsen worked with were adapted

to cooler temperatures than certain strains of houseflies indig-
enous to the United States. Phoenix flies appeared to undergo

no retardation in development when temperatures attained 95°F,
Flies of the Corvallis strain are reared in artificial medium in
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the Brtomelogy Rearing Room at Oregan' State College. Temperatures
in the battery jars often reach L1-439C. without apparent injurious
effects According to Chemical Specialties Manufacturers Association
standards (8, p.2lli), maximum temperatures in rearing jars should
not exceed 130°F. (54.L%C.).

Considerable variation exists in temperature~developmental

time resulis reported for Musca domestica by workers from various

parts of the world. West (56, pp.199=20L) reviews the literature
on this topics It would be diffieult for individuals responsible
‘i‘ai fly control efforts in any given community to reconcile this
variance in reported results and mive at data which would be |
applicable to a local problem. Workers would benefit by conducting
their own rearings; results obtained thereby would be the most
applicable in arriving at cultural contrel recommendatioms for the
problem at hand. '

Corpelation of biclogsgl factors with seasonal p revalence

m main lines of evidence are considered in obtaining a better
understanding m‘:’ seasonal preialenees (1) temperature~developmental
time relationships, or developmental rates and (2) other bi.elagical
| factors, such as longevily, fecundity, and temperature-setivity
relationships. Developmental ratee play a major role in determining
seasonal prevalence of Musca domestica and Eucalliphora lilaea.

All biological factors require consideration in attempting to
explain seasonal prevalence of Phormia regina.



Figures 1, 2, 3 and 16 or 17 Sorve: b points of reference
for this discussion. In Flgures 1 and 3. it was noted that variation
in the typical bimodal curve effect far‘;:.éult fly densities in
the Phoenix area was not accountable on the basis of differences
in temperature. This carve for total riy‘.pepalatim, especially
for the summer months, is very indicative of the seasonal trends

for Musca domestica alone. If not temperature, what factor or

factors serve to limit the abundance of Musca during the sumser
season?

An analysis of the conditions responsible for fly production
sugegests the best explanation in this case. Of the five faetorau
essential for fly production, the one most likely to be critical
during summer monthe is misture. Because of &ﬁferemes in erop
yield, such media as canteloupe and watermelon are more abundanb
during certain sessons than others. Ia 1950, the melon crop was
ménsive in the S21t River Valley of Arizona. The extent to
which this condition can effect adulit fly densities is almost
beyond belief. Waste canteloupe constitutes the best housefly-
breeding medfm cbserved in the writer's experience. This subject
is treated more fully in the amog;,d of a series of thﬁe papers
reporting utilization of fly pmdﬁctim media (51).
nrhoaa five faetera are considered to be: available food,

moisture, warmth, oxygen and time. Absence of any of these five
factors is limiting.



Althovgh Musca domestica has a rapid developmental rate,

ite predominance in scuthern parte of the United States can hardly
be attributed to this factor alone. Housefly adulies are noted
for thelir ability to disperse, to seek cut and feed upon a wide
variety of substances. However, the larvae of houseflies de&ervc
&s much notorietly for their wide utilization of breeding media
as do the adulte for their omnivorous tastes. The versatility

of Musca in utilization of breeding media, plus adult as well as
pre~imaginal adaptation to high temperatures are additive factors
in sccounting for predominance in such areas.

Successful adaptation of houseflies in many areas is coincident
with high degree of insecticidal resistance. Thie development
of insecticidsl resistance has served to ‘shift emphasis to forms
of cultural contrels. However, basic research in all phases of
life history i1s indicated as a basis for cultural conirel recommenw
dations. Findings in this study imply that such recommendations
are most applicable if investigations are conducted within the
study area.

Developmental rates for Phormia wey account, in large
meagure, for its initial peak populations occurring earlier in the
year than those of Musca domestica (Figure 3). Below mean
temperatures of about 70°F., developmental rates are faster for
Phormia than for Musca (Figure 16),

Based on trap surveys, the occurrence of initial peak pop~
ulations of Phormia precedent to Musca was observed not only in



Phoenix, but in three of the other cities participating in the
five=city progran (44, pp.5,8). At the Topeks, Kansas project,
initial peaks of Fhormia ceceourred in June; initial peaks of Jusca
occurred in July and Auguste. Likewise, st the Charleston, West
Virginia project, initial peaks of Phormia occurred in June; initial
peaks of Musca occurred in July and August. At the Muskegon,
Michigen projeoct, initial peaks of Phormia oeccurred in Julys initial
peaks of lusca extended from July into Auguste At the Troy, New
York project, initial peaks of both spescies did not oceur uatil
late August. However, at Troy, Phormia abundance far esceeded that
of Musca. Evidently, from these data as reported by Schoof and
Savage (44, pp.3,6,8), peak populations of Musea would not be
expected until average worthly temperatures sttain 7Q°F., while
peak populations of Fhormia mey occur during periods when average
monthly temperetures are less than 70°F,

Why are peak populations of Thormia not sustained through
warm periods? The heat tolerance of both adults and larvae is
mach greater than might be expected: Consequently, the absence
of this species during summera‘in southern United States cannot
be attributed to heat injury in either pre~imaginal or adult stages.
The adaptive factors of lusca, previously discussed, would force
Phormia to second place under stress of competitions Certain
species of Calliphoridae commonly associated with Phormia during

other seasons of the year (Phaenicia sericata, Callitroga

macellaria) are also present throughout summers,



Nicholson (LO, p.98) reports a temperature preference range for
Lucilia (= Phaenicia) sericata of from 20 to 35°C. (68 to 95°F.).
However, P. sericata adults are observed during somewhat warmer
periods of the year than Phormia. Deonier (11, p.169) observed
adults of P. sericata active about carcasses at minimum temper-
atures of 51°F.; adults of Phormia were active at temperatures as
low as L0®. Stewart and Roessler (53,'p.110) report trapping
Phormia in the southern part of the‘Sacramento Valley in California
throughout the summers of 1935 and 1936, It is difficult to
determine temperatures from the data giver by these two authors,
but it appears that maximum temperatures rarely exceeded 100°F,
and mean tenperatures 80° over the entire trepping periods
Williams (57, pe557) reports Phormia regina as prevalent in
New York City from June 16 to Septembcr 15, representing 1h.?2
percent ef‘total trapped flies. No temperature data are given.

The total sbsence of Phormia in Phoenix during the warmest
‘part of the yeer remains something of an enigma. This species
wae observed during summers at altitudes of LOOO feet, less than
100 miles from Phoenix. Since it is notebly & strong flyer,
capable of rapid dispersion, it is guite conceivable that this
blowfly may migrate vertic#lly éo areas where tdnpexaturés fall
within optimum ranges for its activity.

Of the three species studied, the relaticnship vetween
seasonsl prevalence and developmentzl retes is perhaps mosi

striking for Eucalliphora lilaea. Adults generally dissppear




from the Fhoenix area by May 1, or before mean temperatures

reach 80°F. (Figures 1, 3). They reappear in the fall, at about"
Sk dike xhion medn temperatures descend to 80°. As mentioned
previously, pupae held over from spring rearings, subjected to
sunmer temperatures, were non-viable. lMany of these had reached
a late stage of development within the puparia. Pigment had been
formed; adult structures appeared complete. Evidently, under
natural emﬂit;ions s there are large numbers of Eucalliphora
literally halted in pre-imaginal stages of development at the
onset of high tamperatures; This phenomenon of heat injury to -
Eucalliphora and other cold~hardy species requires further inves-

tigation before its mechanism is clearly understood. Fraenkel
and associates (16) (17) have done some mlinimry work with
Lalliphors erythrocephals and Protophormia berrae-novae.
Jefferson (32, pell2) believes that mitochondria are the first
structures affected by heat; that heat liberates the mito~
chondrial lipids, disturbing enszymatic activity.

In order that Eucalliphora survive the summer, it would be
necessary for larvese to descend in earth to a depth of one foot
or more, since ground temperatures at lesser depths in the Phoenix
area attain higher temperatures than 86°F. During five years
of grill swveillance and trapping in this area, there was not a
single adult of Eucalliphora observed during the summer months.
How this species is able to maintain itself, recurring each fall,

is a matter of speculation. Very little seems to be known about -
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its migratory habits. However, it appears to be readily attracted »
to the baited trap, and apparently is quite capable of wide dis-
persion, Members of the tribe Callipborini, including Eueslliphora,
were observed at higher asltitudes in Arizona during summer months.
Like Phormia, adulis of this species may migrate vertically in
the fall to areas where temperatures fall within optimum ranges
for their activity.

- There are no trapping records available for past seasons

to indicate seasonal prevalence of Eucalliphora, Phormia and m
in the Willametie Valley of Gregen. However, Eucalliphora appears
to be present in Corvallis practically the year-round. Fly traps
set during March and April often yield this species and other
less prevalent representatives of Calliphorini almost exclusively.
It is the inpreaaion of local federal personnel of the Division
of Insects Affecting Man and Animals that Phormia is probably
the predominant summer fly in this area, and that peaks of Musca
populations (when they occur) are preceded by those of Phormia.
The succession of initial peak populations appears to follow the
same sequence wherever these three species coexist.

The following appear to be ranges of temperature in which
' developmanﬁal rates sre linear: Museca, 65-95°F.3 Phormia,
60-90°F.3 and for Fucalliphora, 55-85°F. These estimates spply

to field conditions such as those encountered in the Phoenix area.
Range of mean temperatures from 65 to 95 degrees is coincident
with highest observed fly densities (Figures 1 and 2). Range
of mean temperatures from 65 to 95 degrees is also coincident with
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highest observed prevalence of Musca domestica in the area

(Figures 1 and 3). As discussed previously, absence of Phormia
during summers is evidently not causelby retardation in development
at high temperatures. However, it is alsoc prevalent at temperatures
within the re:ige where linear relationship exists between tempe

erature and developmental rates. The disappearance of Fucalliphora

from the area occurs before mesn temperatures attain B85°F,
its prewlémc, likewise, is restricted to within ranges where
the linear relationship is applicsble.

Ragrin;}: insects at temperatures albove and below this
"linear mnga" and attempting to construct curves which -éam?ibe
the entire gmt has constituted several independent investigations.
In fehe application of this concept to developmental rates of flies,
it appears that more investigations need to be 'eondnem before a
truly symbolic curve can be derived (56, p.207). However, from
the standpoint of the practical investigator charged with respon-
sibility of control of muscoid flies in a given area, implieations
involved in the linear relationship within the optimum developmental
range of tampara§ms for any given species will be sufficient
to occupy his efforts, When retardation of development oceurs,
natural control factors are operating in his favor. Stress of
‘eempgﬁitian from other coexistent species will serve to shift
the focus of his attention to these other forms whose adaptations
find better expression with shifts in levels of mean temperatures
attendant with changing éeasonag
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The findings in this study emphasize the fact that a great
deal of biological information is needed ‘in_ order to attempt
explanation of seasonal prevalence, for even three species of flies
within the muscoid group. Fly density surveys, obtained by grill
and trap methods, are expensive and time-consuming. Approximately
19,000 grill surveys are represented in Fj,guro 2. EBased on an
average of 25 city blocks surveyed per mé&ay,, this repr_esdatn'
760 men~dsys for obtaining grill data for just two years. The
time required to trap, sort, identify and record species of
veapped flies for only one year consumed at least 300 man-days
(Pigure 3). Yet, this extent of information is required before
seasonal trends can be determined with any degree of accuracy.

in this particular study, quite a number of rather detailed
statistical analyses were required in order to evaluate the data
propaily. Yet the time spent in snalyzing these data is Qcmidom
well justified, since it represente only a fraction of the time
required in conducting the rearings asnd gathering the other
pertinent tiological information concerning the three species of
flies studied.

Whether or not the amount of effort is justified in a :
practical field situation depends upon the extent of information
desired. Laboratory research may be needed in order to clarify
certain of the field problems, The integrated spproach, combining
both field and 1&boratory methods, is well smaﬁariud by Glen
in his discussion of factors affecting insect abundance
(19, pp.LO3,40kL). A
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SUMMARY AND CONCLUSIONS
Results from data obtained by grill and trap surveys over a
period of five years at Phoenix, Arizona indicate that certain
species of muscoid flies differ in their seasonal prevalence. Two
main lines of evidence are considered in obtaining = better unders

standing of this seasonal prevalence for Musca domestica, Phormia

regina and Eueallgphﬂra 1ilaea. The first of these lines of

evidence, temperature~developmental time relationships, was obtained
by fiéld rearings conducted at variable temperatures approximating
field conditions. In additiom, rearings of the same species were
conducted under constant temperature conditions. Variable temp~
eratures were characterized by sharp diurnal fluctuations. Constant
temperature rearings were under thermostaticallye-controlled con=
.ditianﬁ with essentially no variance in temperatures. Linear
regression methods were used in analyses of the data. These methods
are applicable in testing developmental rates for conformation to
1linearity and for comparisons of rates for increments of the egg
to adult periods as well as for total pree-imaginal periods. The
following conclusions apply specifically to temperature-developmental
time relationships:

l. The developmental rates of all three flies studied
indicate a linear relationmship throughout a tewperature rangé
in which they are prevalent in the study area.

2. BEgg to adult development, for the three species studied,
proceeds at parallel rates under constant and variable tempe

eratures, the constant temperature rstes being higher. Slower



development under varisble temperature conditions may apparanﬁgg
be assigned to slower development in egg and larval stages.

3. Differences were insignificant in developmental rates
for pupal periods of Husca domestica and Eucalliphora lilaea

at constant and at variable teuperatures.
Em Differences were less significant for developmental
rates for pupal periods of Phormia regina than for egg to adult

periods of the same species when reared at constant and at
variable temperatures. Developmental rates for pupal periods
of Phormia reared at variable temperatures were comparable to
developmental rates for egg and larval periods under constant
temperature conditions.

5« Slower rate of development al variable temperatures.
in the case of Eucalliphora lilaea is associaled with wider

rénga of linear relationship to temperatgre,

€, There weie no significant differences in developmental
rates Tor dny of thi three spesies shuifed betwesn £l #be
tained at Phoenix, Arizona and at Carvallis, Oregon.
The second of these lines of evidence includes such biological

factors as breeding habits, dispersal by flight, longeviity and

fecundity, These data were obtained from fly~breeding surveys,

flight range tests and lsboratory and field rearings. The following

conslusions regarding seasonal prevalence for the species studied

are based on both lines of evidences

1. A rapid developmental rate extending into a high
tenperature range, versatility of larvae in utilizing many

types of production media, favorable pre-oviposition and
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longevity periods, snd high fecundity are factors which

gerve to account for the predomincomee of Musea domestice

at Phoenix, Arizona.
2+ It is unlikely that summer temperatures in any of
the metropolitan aress of the United States are sufficiently

high so as to retard the development of Muscs domestica.

Under extremely warm and arid conditions, unavailability of
suitably-moist media appears to be more of a critical
factor in limiting housefly populations then high tempe
eratures per se.

3. More rapid developmental rate at temperatures

below 70°F. may account for the occurrence of initial peaks

of Phormia regina before initial peaks of /usca domestica
in Kansas=, West Virginia and Michigan as well as in Arizona.
Le Selectivity in its utilization of types of production
medis may be a factor which limits the zbundance of Phormia
regina in metropolitan areas. Absence of immature stages
of this species during summer sessons in southern areas is
apparently not due to heat intolerance in these stages of
development.
5. Mean temperatures above §5°F. are lethal to the

development of Eueslliphora lilaea and Aldrichina grabemi.

Like Phormia, recurrence of these species each fall suggests
vertical migration from higher altitudes.
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6« With increasing temperatures, sequence of initial

peaks of Eucalliphora lilaea, Phormia regina and Musca

domestica occur in the order of species named. This sequence
in initial pesks may be associaled with developmential rates
oi t’ha three species.
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TABLE § ok

Species ca de tica Strain Phoenix

Rearings: Field g Laboratory Period: Egg plus larval

Hypothesis: That the regression of y on x is linear

91 86.. 85 82 70 76 70 67 @&

(6)167 (62167
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Regression '

5577k.9766 1
Deviations SR

from Linearity
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Error
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Conclusion: Accept the hypothesis thet the regression of y on x is
linear, since at the 5% level of significance, F is less than'g_‘gb
at 7_and 19 _degrees of freedom



TABLE 6 105

Species Musca domestica Strain Phoenix

>Rearings: Field X Laboratory Period: _Pupal

Hypothesis: That the regression of y on x is linear
91 8. 5 & P % g &
(W)250  (h)250 (5)200 (6)167 (7)143 (7)I3 (15)67 (15)67(20)50
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Analysis of Variance
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Freedom
Column
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Regression
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Error

L5191..0000 lo _ 2378.6316
Conclusion: Accept the hypothesis that the regression of Yy on x is
linear, since at the 5% level of significance, F is less than 2,54
at _7 and 19 degrees of freedom
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Species jMuscs Strain Corvallis

‘Rearings: Field _ LaboratoryX Period:_Egg to adult L

ammmaaan

Hypothesis: That the regression of y on xfis linear
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from Linearity

255,6563 L 63,9141 1,33
Error ;

+1670 30 18,1722

Conclusion: Accept the hypothesis that the regression of yonxis
linear, since at the 5% level of significance, F is less than 2.69
at ), and 130 degrees of freedom




TABLE_ 9 107

Species_ Musca domestica Strain_Cervallis
Rearings: Field Laboratory X Period:

Hypothesis: That the regression of y on x is linear
88 N S - S 6
~(h)230 (5)200 _ (5)200 _ (7)ih3  (Q1)o1  (15)67
{5)200 (5)200 _ (5)200  (7)ah3 (93111  (13)77
_()2s50 (5)200 (6)167 (a3  (7)13 (13)717
(5)200 (5)200 _ (5)200 (6)167 (8)12: ()91
_()250 (b)250  (6)167  (5)200  (12)83  (12)83

4 ‘ ; 2 )2C {9)111 (12)83

SP_15526,00
(S¥)2/N_og

Analysis of Variance

Variation Sun of Degrees Mean >
due to Squares of Square
Freedom
Column
10886k, 250l g
Regression P

106851.3630 —

Deviations
from Linearity

20128870 i 503.2218 1.02
Error ;

— mzhﬁ.}gaﬁ 3& k93,5778
Conclusion: Accept the ypothesis that the regression of y on x is

Ainear, since at the 5% level of significance, F is less than L 2,69
at } and 30 degrees of freedom




TABLE 10 108
Species_lugca domestica Strain__Corvallis

Rearings: Field __ Laboratory X Period: Pupal

e

Hypothesis: That the regreésion of y on x'is linear

8 o % SR &
(4)250 (4)250 (1ak3 (8)125 (9)111 (13)77
(h)250 (5)200 (T3 (8)es  (9)11a ()72
£5)200 (5)200 (4)250 (6)167 (11)91 (13)77
(5)200  (6)167  (5)200 (M3 ()91 (A7
Lb)250 {7)1h3 (5)200 (8)12s (9)111 (16263
A6)167 (6)167 (5)200 (2)111 {10)100 _ (13)77

N 36 SP_14583.00
SS of x_2286,00 :
ReBression SS 94265,9082 (2y)2/N 819930,2500
Residual SS 21
LYW r_,879 Z{ T"’/}

. N/ _917053,366L

= ‘
= ¥2 _941299.0000

Analysis of Variance

Variation Sunm of Degrees Mean &
due to Squares of Square
Freedom

Column

97122,916k 5
Regression

9L265,9082
Deviations

from Linearity

2857,0082 b 7342521 288

Error

Conclusions Aceeplg %l%e %mothesis ’t:hagé3 the regféssion of yonx is
linear, since at the 5% level of significance, F is less than L 2,59
at j and 30 degrees of freedom



TABLE 12 109

asc Strain_Phoemlx
Rearings: Field Laboratory X Period: Egg to adult

emm

Species

Hypothesis: That the regression of y on x is linear

—88 8l go . 78 10 65
(o)1 (100100 (31)o)  (W)71  (20)50 _ (30)33
{8125  (10)100  (11)91 = (13)77 (21)h8  (29)35
{9113~ (30)100  (10)100 ()71  (21)u8  (27)37
()1 ()1  (12)83 (13)77  (19)53  (28)36
(a)or  (18)67 (20)50  (27)37

N - SP__7176.00

SS og x ‘ -
Rekression ?S ZEE.EEE (Sy)2/N 23k677. 7171
Residual SS 1351.8393

b_3 68 ECLT Z( T

sz_zum.nm___..

Analysis of Variance

Variation Sum of Degrees Mean ¥
due to Squares of Square
Freedom

Column
_ _27053.2223
Regression

26802 ,.3830
Deviations —

from Linearity

250,8393 b 62,7008 1.7
Error

Conclusion: Accept "bge hypothesis tha%pt‘he regression of y on X is

linear, since at the 5% level of significance, F is less than 2,69
at j_and 30 degrees of freedom




TABLE 13 . 110
Species_jusca domestica Strain Phoenix
Rearings: Field _ Laboratory X Period: Zgg plus larval
Hypothesis: That the regression of y on x .is linear
88 - 80 (i 10 &
(5)200 (5)200  (5)200  (7)ah3 (10)100  (12)83
(h)250 (5)200 {5)200 (6)167 __(11)91 (15 )61
(4)250 (6)167 _ (5)200 ~ (6)167  (9)111  (16)63
(h)250 (h)250 | g_g)aood. (8)125 (9)111 (17)67
(5)200 (5200 _ (6)167  (M)h3  (8)125  (18)66
(8)200 (5)200  (6)167  (6)167  (10)100  (17)67
N ) SP_;MQW
SS of x 22856.0¢ ’
Regression SS 108k (Sy)2/N 887992.111
Residual SS 13378 2§
b 6,938 iy
= ¥2 _1009866.0000
Analysis of Variance
Variation Sun of Degrees Mean i
due to Squares of Square
Freedom
Column o
32046l 8890 5
Regression
- 108L95,578h |
Deviations
from Linearity 1969.3106 L Lh92.3276 1.29
Error

Conclusion: Accept t%e Eypothesis tha%?the Tegression of y on x is
linear, since at the 5% level of significance, F is less than 2,69

at ) and 30 desrees of freedom



_ TABLE 1k 11
Species Musca domestica Strain Phoenix

Rearings: TField Laboratory X Period: Pupal

e

Hypothesis: That the regression of y on x'‘is linear

88 8l 80 5 10 55
(L)250 (ls)250 (5)200 (8)125 _ (8)125 (16)63
(b)2s0 (5200  (6)167  (8)125 (9011  (15)67
(L)250 (L )250 (6)167 (7)1h3 (12)83 (13)77
(5)200 (6)167 (5)200 (6)167 (12)83 (10)100
(6)167 _ (6)167  (6)167  (11)o1 (100100
(8)200 (6)167  (5)200 (90111 (10)10¢

N 36 SP_ 144649.00

SS of x 2256

Acrescion SOEULORT (Sy)?/Ngetooe.qrro
Residual SS 20900,1233

D 6.lo3k re900

Analysis of Variance

Variation Sum of Degrees Mean e 5
due to Squares of Square
Freedom ‘
Column
966712230 3
Regression
— 95121.0997 1
Deviations

from Linearity

_1550,1233 4 387.5308 260

Error

I ke LT ) 6&5 m
Conclusion: Accept tke hypothesis thgtp the regression of y on x is
linear, since at the 5% level of significance, F is less than 2,54
at jj and 30 _degrees of freedom



TABLE 15a

ypothesis that the Regression Coefficients, for the Musca Eem:aga, are Equal

"Regression Residual
Strain N SSofx sP SSofy  » 8 & s 4
lab-Cor 36 2256,0000  7396,0000 25947.6389 3.2784 24246.8156 1 1700.8233 3k
Lab-Phx 36 2256.0000  7776.0000 28154.2223 3.L468 26802.3830 1 1351.8393 3L
Field 28 2106.9643  633h.8215 23468.1072 3.0066 190u6.3L2k 1 LkL21.7648 26
| ' s | 70095.5410 3  Th7h.b27h 9k
6618.96L43 21506.8215 77569.968k 3.2493 69881.5328 1
. f' Eee 1.35
Test of ﬁypet&mﬁs that the Adjusted m, for the Musca Rearings, are Equal
d.f, 88 of x sP 88 of y midml & lisan
Colum 2 1771457 78.1385 140.5916 1368"6560 =z B3 320
Error 97 6618.96Li3 , ?569.969& 688.14366 96 80.0879
Total 99 679641100 77610.5600 9%5»%26 98
= 8,53

21T



TABIE _l6a _
Test of Hypothesis that the Regression Coefficients, for the liusca lab. Rearings, are Equal

Strailn N SSofx SP S of y b Regression Residual
| - - o . . % ] &
Core 36 2236 7396 .25947.6389 . 3.276hk  242h6.8156 1  1700.8233 3k
Phx. 36 2256 7776 . 2815h.2223 = 3.LL68 . 26802.3830 1  1351.8393 3L
' : | 51049.1986 2  3052.6626 68
4512 15172 5L4101.8612 . 3.3626 51017.1950 1
~ Difference -~ 32,0036 1
20038 = «T1
TABLE _16b

Test of Hypothesis that the Adjusted Means, for the Musca lLab. Rearings, are Equal

defs 3@ et x gg 88 of mx.m Hean
p-. 5.3 L. BB af .
Column 0.0 0.0 . 6.1252 6‘1‘252 i 5

- 3 w1252 |
Error 70 4512.0 15172.00  54101.8612 3084.6662 69 boks705
Total 7L b512,0  15172,00  5L107.986k  3090.791k

621252 _ 1,37

2



TABLE 17
Derivation of Curves Shown in Figures 7,8 and 9

Constant (laboratory) Temperatures Field (Variable) Temperatures

Egg Yo Adult  Egg plus larval Pupal Egg to Adult Egg plus larval Pupal
Fx o 7745139 4 161.4722 4 153.0972 4 78,821 ~ 10,071k 4 188.7857 4
3.3L26(x=77)  6.9085(x=77)  6.,L7B7(x=T7T7) 3.0066(x 5.19h0(x 8+2309(x
. | _ _ =79+96L3) ~79.8571) ~79.6429)
eImp, | o :
88 114.2837 237.4657 22443629 102.9815 182,3656 2h7.5721
8k 100.9121 209.8317 198.4481 90+9551 161.5896 . 224446485
(9.91) | j (10.99) : ,
(11.42) \ e (12.67) , v
75 70.8287 1Ui7.6552 140,1398 63,8958 1148437 15045705
(111.12) ) ) (ls‘ég} : ’
70 5441157 113.1127 107.7463 18,8628 88.8737 109.4160
(18.48) » & (20.47) _ A -
65 37.4027 78,5702 7543528 33.8298 62,9037 6842615
(26.7h) , | : (29.56)

# Parenthetical figures refer to the values for constructing the hyperbola shewn in Figure 8.
For example, 1 i



TABLE_21 15
Strain_Phoenix
Rearings: Field Y Laboratory _ Period:_ Egg to adult

ey

Species

Hypothesis: That the regression of y on xiis linear

—B8 - 82 19 3 61
(12083 (100100 (U)TL (U7 (23)k3  (26)3
(000 (el (16)63  (17)59 (21)37
G283 auel wn (28)36
{319 ()71 _(19)53 (2h)h2
a3)71 g (U
{18)67
(12)83

N 23 SP_3287.5653
SS of x 1t 9131
Regression SS_8090.k (Sy)2/N 106080.1739
Residual SS 1581.L15k
b 2.1600 5T [ 12)
Z N/2hho2,3428
= ¥2 115752.,0000
Analysis of Variance
Variation Sum of Degrees Mean ¥
due to Squares of Square
Freedom
Column e
' £322,1689 £
Regression
8000,1107 : 1
Deviations : - .
from Linearity
231.7582 A 57,9398 212,

Error
1349,6572 17 'IB.}glé

Conclusion: Accept the hypothesis t‘ha% the regression of y on X is

linear, since at the 5% level of significance, F is less than 2,96

at L and 17 degrees of freedom




TABLE 22 16

Species __Phormia regina Strain_Phoenix
Rearings: Field g Laboratory Period:

Hypothesis: That the regression of y on x:"is linear
oL 88 8 82 79 176 0 6
(6)167 (6)167 (6)167 (63167 (9)1a1 (8)125 (9)111 (313)77
(6200 (6)67 (oNu . _(2)83 ()T (AT
(7ah3 (7343 (9)121 3)77
{73143 . (9)111
(6)167
e

N
SS of x 7

—m—_.—_._
Regression SS 22128 WSII‘ ( 23’)2 /N A8
Residual SS _8833,1207 |

®_3.9000 T aBhg
Analysis of Variance
Variation Sum of Degrees Mean 2
due to Squares of Square
Freedom
Column
23205,3020 7
Regression -
22128408k 1
Deviations
from Linearity

, v "
T M 6 179.4827 3k

iy ?156.5&&3 18 517.1016 ‘
Conclusion: Accept the hypothesis that the regression of Yy on X is

linear, since at the 5% level of significance, F is less than 2.79
at 6_and 18 degrees of freedom




TABLE_ 23 s b
Species Phormia reging Strain Phoenix

Rearings: Field X Laboratory _ Period: _ Pupal

Hypothesis: That the regression of y on x ‘is linear

L\ 88 8 o 19 61
{6167 (33200 (W)2s0 __ (5)200 (6)167 (13)77
{1250 ' _(b)2so _ (5)200  (5)200  (W)7L

(W3 (D3 (5)200  (35)67

(5)200 _ (10)100 . (10)100  (15)67
(8125 (90111  (15)67
(6)267

N oy SP_8162.0U3¢
SS of x 32 172070
Regression SS_g2L18, 380k (2_y)2/N 539325.3917

Residual SS
b L Li062 r 785

Analysis of Variance

Variation Sum of Degrees Mean L ®
due to Squares of Square
Freedom
Column
Regression
Deviations S235.300h .

from Linearity

3086, 915 L 9967361 .59

Error

28720.281) 17 1686,.1L:28)
Conclusion: Accept the hypothesis that the regression of yonxis
linear, since at the 5% level of significance, F is less than 2,96
at _J and 17 degrees of freedom




TABLE 25 118
Species_Fhormia regina Strain_Corvgllis
Rearings: Field __ Laboratory X Period: HEgg %o adult

Hypothesis: That the regression of y on x:is linear
88 B 80 5 7 65

(o)1 (13)91 (11)91 Q)7 {18)55 (2hdh2
(9111 (10)100  (12)83 ()72 (19)s3 (2303
(11)91 (o1 Q. (k)73 (17259 £2303
(9)111 (10)100 _ (12)83 (15)67 (20)50 L2hh2
(10)100  (0)100  (13)717  (33)77 (19053  (2hhe
(U1 (el  (u)el  (13)77  (18)ss (220§

SP 6415.00

N_36

SS of x2256,00

Regression SS 2305

Residual ss IOT9.9818
b 248435 r e,

= ¥ _228780,0000

Analysis of Variance

Variation Sum of Degrees Mean = 40
due to Squares of Square
Freedom

Column

18359.2223 5
Regression ' _

1824142345 1
Deviations _

from Linearity

112.9078 L 2000 e

Error

s 962 ,0000 ) 3 :

Conclusion: Accept the hypothesis thé%‘the regression of y on x is
linear, since at the 5% level of significance, F is less than2+69
at } and 30_degrees of freedom



TABLE 26 119

o

Species Phormia regina Strain Qurvnllil
Rearings: TField _ Laboratory X Period: Egg plus larval

mgrmmasmnts

Hypothesis: That the regression of y on x is linear
88 & o B &

(L)250 (5)200 (5)200 (6)167 (10)100 ik (1k)71
(5)200 (4)250 (5)200 _ (6067  (12)83 ()71
(5)200  (5)200  (6)167 _ (6)167 ()11 (15)67
(5)200  (6)67 (M3 (9pm (1)1 (15)67
(6)167  (5)200  (6)167 (w3 (10100 (12)83
(L250 (W3 (M3 (W3 (10)100 _ (A3)77

N 36 SP_13994,00
SS of x 2256
(Sy)2/N_799832.111k

b 642030 [ 72
2\ _ommss.essy
Analysis of Variance
Variation Sum of Degrees Mean X
due to Squares of Square
Freedom
Column Ly
88503.5550 ) 1
Regression
8680L.9804 1
Deviations
from Linearity
1698.57u6 L k2k.6h37 +70
Error
18322,3336 30 610, Thls

Conclusion: Accept the hypothesis that the regression of y on X is
linear, since at the 5% level of significance, F is less than 2,69
at U and 30 degrees of freedom




TABLE 27 120
Species_ Fhormia regins Strain Ceorvallis
Rearings: Field _ LaboratoryX Period:  Pupal
Hypothesis: That the regression of y on x is linear _
88 8l 80 A &
(5)200 (6ner (667 (8)125 (8)125 (10)100
(bes0 (667  (muk3  (8)25 (M3 (9nm
(6)167 (k250 (M3 (8)125  (8)izs (8)1zs
(b)2s0 (5)200 (5)200 (6)167 (9)111 {9)111
(h)250 (5)200 (5)200 (6)167 (9)112 (12)83
£5)200 (L)250 (6)167 (6)167 (8)125 (9)111
N 36 SP 11561..00
SS of x 2256
Repression S BYLUD »DUO (Sy)2/N 9k3488.1kL2
Residual S5 2209L.555
b 5.12h6 ’ [ 12
;:E&lﬂj 1003917.0000
=y 102&82229990
Analysis of Variance
Variation Sum of Degrees Mean = .
due to Squares of Square
' Freedom
- Column Cpsouad
604283.5558 5
Regression
g 59245, 0005 i
Deviations
from Linearity
1183,56513 j. 295,888 ;oij_z_
Error
209110000 20 69?¢93§§

Conclusion: Accept the hypothesis thet the regression of Yy on x is

linear, since at the 5% level of significance, F is less tha

at 4 and 30 degrees of freedom

n 2Q§?



TABLE 29 121
Species Fhormia rggim Strain Phoenix

Rearings: Field _ Laboratory X Period: Egg to adult

s,

Hypothesis: That the regression of y on x is linear

5 8k 80 5 0 65

(10)100 (10)100 (10)100 (12)83 (15)67 (2k )2

(9311 (11)91 (10)100 (L)L (1759 (2h)u2
(11)91 (10)100 (10)100 (172 (19)53 (25)k0

(8)125 (10)100 (1283 (13)77 (18)55  (2h)u2

N2k SP L4349.00
SS of x 1504.00 s Selmine
Regression SS 1‘25 T5 0050 > N 15 .
Residual SS1575.2028 (25
b2.8916 T oOh3 [ 12

Z N/ _163853.7500

= ¥% _164993.0000

Analysis of Variance

Variation Sum of Degrees Mean . X
due to Squares of Square
Column
12961.708l 5
Regression
12575.6656
Deviations

from Linearity

386.0428 4 96,5107 _1.52

Error

2t 18 63,2917

Conclusion: Accept the hypothesis that the regression of y on x is
linear, since at the 5% level of significance, F is less than2,93
at b "and 18 desrees of freedom




TABLE 30 122

Bt Y

Species_FPhormia regina Strain Fhoenix

fearings: Field _ Laboratory X Period: Egg plus larval

mm——mry

Hypothesis: That the regression of y on x is linear

88 8l 80 15 10 6
(6)167 (6)167 (5)200 (7)h3 (8)125 ()71
(5)200 (6)167 (6)167 (k3 (9)111 (16)63
(5)200 (5)200 (5)200 (8)12s (12)83 (15)67
(L)2s0 (5)200 (6)167 (6)167 (8)125 (15)61

Nak sp 8847.00
SS of x_ 150k
Regression 55 520h0.8305 (Sy)2/N_532526.0412
Residual SS 1?5258.1283
b5.8823 Y r 72|

N 587011.2560
| = ¥° _591805.0000

Analysis of Variance
Variation Sum of Degrees Mean G A
due to Squares of Square
Freedom
Column
5141:85.2088 5
Regressicn
52040.8305 i
Deviations ;
from Linearity
2lihk. 3783 'y 611,006 ~ 1.hd
BError
11937500 18 .

Conclusion: Accept the hypothesis that the regression of yonzxis
linear, since at the 5% level of significance, F is less than2,93
at 4 and 18 degrees of freedom




TABLE_31 123
Species Phormia regina Strain Fhoenix

Rearings: Field  Laboratory X Period: Pupal

Hypothesis: That the regression of y on x is linear

88 8ly 80 5 70 _65

{b)2s0 (L)250 (5)200 (5)200 (7)3 (10)100

(W20 (S5)200  (W)eso (3 (8125  (8)12s
(60167 (5)200  (5)200  (6)167 (T3 (10)100

(L)250 (5)200 (6)167 (7)143 (10)100 (9)111

N 24 sp 8408,00

SS of x 18

Regression (Sy)2/N 731155,0L412
Residual SS

b_54590k e {
; Pk ) 779257,2500

:EMYQ 79153kb009°

Analysis of Variance

Variation Sun of Degrees Mean o
due to Squares of Square
Freedom
Column i 4
. 468102,2088 5
Rlegression '
L4 700L.2979 1
Deviations
from Linearity
. _1097.9109 by 27h.4777 +40
4rrorxr
12276,7500 18 682.0417

Conclusion: Accept the hypothesis thet the regression of y on X is
linear, since at the 5% level of significance, F is less than 2.93
at b and 18 degrees of freedom




TABIE 32a A

Test of Hypothesis that the Regression Coefficients, for the Phormia rearings, are Equal

Strain | 88 of x sP SS of y b ggmssien S?Mml
T— PR - ; : df :

Iab=Cor. 36  2256,0000 6415.0000 19321.2223 2.8435 1824T.2345 T 1079.9878

lab-Phx, 24  1504.0000 L3Lk9.0000  14100.958k 2.8916 12575.6656 1 1525,2928

Field 23 1335.9131  3187.5653  9671.8261 2.4609  8090.4107 1581.415L

b 3
38907.8108 % L186,6960 73
2

5095,9131  14051.5653 L3094.0C68 2.757h  387h6.0L67
‘ Difference - 161.26L1

B RER

2 _ 101

~ Test of Fypothesis that the Adjusted Means, for the Phormia Rearings, are Equal

2 g R af  Square
Colum 2  1682.9545  -Mi2.7700  s0102.2115 -28676.2601 2  14336.1301
Error 80 5095.9131  1L4051.5653 4309k.0068 11347.9601 79 55.037h
Total 82  6778.8676  13608.7953  2991.7953  -24328.3000 61

1&3% -% | < 260,51



TABLE .ﬁa |
~ Test of Bypathuia that the aagmsufm f;’mfﬁe&m&s, for the mamia Iab. Rear&w, are Equal

Strain N S8 of x sP SS of b Eegresﬂagf guimﬁ
s . M 221 e 3 R
Cors 36 2256,00 éhls.m 19321.2223  2.8435 1821?’23&5 I~ 1079.98718 34
Phx, 2h 1504.00  L349.00 14100.9584 2.8916 12575.6656 1  1525.2928 22
L2 , T Tt ' 30816.9001 2  2605.2806 56
3760.00 10764.00  33422.1807 2.8628 308;2;812? i

TABIE 33b :
Test atm'pcﬁmaia mtmmmmm, for the Phormia lab. Rearings, are Equal
d.f, 88 of x 8? 38 of Residual Mean
e~ " —— s df  Square
Column 1 0.0 w1 0.0 130.8029 130.8029 1l 130.8029
Error 58 3760.0 1076L.00 33422.1807 2607.3680 57 b5.7h33
Total 59 3760.0 10764.00  33552.9836 2738.1709 :

N ;mg o 285



:
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TABLE _&_ |
Derivation of Curves Shown in Figures 10,11 and 12
Field (Variasble) Temperatures
Bgg to Adwlt  Fgg plue larval  Pupel
153.130L 4

Constant (laboratery) Temperatures

Egeg to Adult  Egg plus larval  Pupal
166,95 4

& 3 % 8 & 8f

774833 4 149.0167 4 67.9130 4 129.9130 %

2.756(x-~77) 6.0ThT(x=77) 5.3109(x~77) 2.4609(x 3.9009(x 6.L061(x
- e o =79.7826)  ~79.7826) ~79.6522)

107.7993 215.8384 225.3699 88,1352 161.9683 206.6072
(9.28) o o (11.3k) , ,
96.7753 191.5396 20L.1263 78,2916 s6.3647 180.9628
(11.66) o S (1h.61) | |
71.9713 136.8673 156.3282 56,1435 111,2566 123,3279
(13.89) o o (17.81) B :
58,1913 106.4938 129.7737 43,8390 91,7521 91.297h
(17.18) ‘ ) (22,81) , ~,
Lik.k113 761203 103.2192 31,1345 72,2476 59,2669
(22.52) (31.71)



TABLE 38 127
Species_Eucalliphora lilaea ‘Strain Phoenix
Rearings: Field X Laboratory Period:_ Egg to adult

Hypothesis: That the regression of y on x is linear

8s 82 12 76 13 67 6ly 61

: ; ; > 40 155 g Jub 206 )36 32 131
{a5)67 (17)59  (18)85 (27037 (25)40 (31)32
{1377 ‘ ‘ (28)36  (28)36 ‘
(22)lis ‘
(26)38
(2l )2
(24)h2
(26)38
gﬁiﬁﬁiﬁ%—- (S¥)%/N_51943.6618
b L6905~ o6 — 2( 2 e
N/ _55933.2916

== ¥2 _56117.0000

Analysis of Variance

Variation Sum of Degrees Mean ¥ 5
due to Squares of Square
Freedom

Column

3989.6098 T
Regression )

3%}}82 1 o 745 1.20
Deviations . :

from Linearity

BError

163708 1 |
Conclusion: Accept the hypothesis thet the regression of y on x is
linear, since at the 5% level of significance, F is less than L b6
at _6 and 1 degrees of freedom




TABLE 39 128
Species_Eugalliphora lilaea Strain Facenix
Rearings: Field X Laboratory Period: Egg plus larval .

Hypothesis: That the regression of y on x is linear

88 8 19 76 . & & @&
~ ' L : 25 (13)77 (20)100 (15)67
U3 (U3 @oNoo (8125 (l)er  (15)67 (1567
| (9)111  (9)113  (11)91  (10)100 {13)717
(9)111 (13)77
(32)83
{10)3100
(13)77
SS of x 14488.° '
Regressﬁlt%%&__m' (Sy)2/N 269776436
Residual 55 4761427

b z mg [y 3 , T2i
Z( N 283‘3860%

= ¥° _ 286717.90

Analysis of Variance

Variation Sum of Degrees Mean e b
due to Squares of Square
Freedom

Column

13310.3900 7
Regression

12179.3610 1
Deviations

from Linearity

Conclusion: Accept the hypothesis that the regression of y on x is
linear, since at the 5% level of significance, F is less than L L%
at & and 17 degrees of freedom

Error




TABLE_kO 129
Species Euealliphora lilaea __Strain FPhoenix

Rearings: Field X Laboratory Period: Pupal

Hypothesis: That the regression of y on x is linear

8 82 % SRR . 10 67 6y 6
(10)100 (6)167 (9)111 (8)125 (12)83 (13)77 ()71 (35)67
(7)343 (9111 (35)67  (12)83 (17)59

P
B 22

(6)167 (8)125 \ (15)67 (18)55
(9)111 - , (13)77
(15)67
(1b)71
(1s)71
N 22 SP 56593637
SS of x o
Regression 89 (Sy)2/N 195710,2272
Residual SS - ;8
b .
: 2 } 216886.6190

Analysis of Varignce

Variation Sum of Degrees Mean i
due to Squares of Square
Freedom

Column

21176.3918 7
Regression

19226.8265 1
Deviations

from Linearity

277443810 i 158.1701

Conclusion: Accept the hypothesis Thet the regression of y on X 18
linear, since at the 5% level of significance, F is less than k.46
at 6 and 1lh desrees of freedom

Error




TABLE )2 130
Species __Eecallighara.. Strain_ Corvallis
Rearings: Field _ Laboratory_ yx Period:_ Egg to adult
Hypothesis: That the regression of y on x is linear
Bl g it 10 65
-6)63 (2h)71, (16263 (18)86 (23046

Qo (13)77 (15167 (19)53 (2245
N 29 SP_1102.2

SS of x 3,

Regression ;ss 1315,9065 _ (Sv)2/N_75153.8000
Residual SS 632,293%

) _t6110.5000

== ¥y2  77102.0000

Analysis of Variance

Variation Sum of Degrees Mean X,
due to Squares of Square
Freedom

Column

1616. 7000 b
Regression

1315,9065 1
Deviations
from Linearity

300,793% 3 100,2645 oSk
Error

22,1000

Conclusion:/ Ageent ther hypothesis that the regression of y on x is
linear, since at the 5% level of significance, F is ¥¢f¢ than 1,29
at 3 and 15 degrees of freedom more -



TABLE L3 131
Species Bucalliphora lilaes Strain Corvallis
Rearings: Field Laboratory X Period: Egg te adult
Hypothesis: That the regression of y on x is linear
80 5 70 65
()n (16)63 (18)56 (21)48
()7 (17)59 (18)56 (21)k8
(35)67 (13)77 (20)56 (20)50
(13)77 (15)67 (19)53' (22)bs
‘ \
_\
-
N_16  sP_8u0.0
SS of x_ 500,00 f 2/ e
Retression 85 WIL20 | (3y)</N_57360,2500
Residual SS T 310.55 | '
b 1.6800 T <000 72} |
N/ _5881k.5000
= y2  $9082,0000
Analysis of Variance
Variation Sum of Degrees Mean N &
due to Squares of Square
Freedom
Column
A 1;54.2500
Regression
1411.2000 1
Deviations
from Linearity '
43.0500 2 21.5250 97
Error
267.5000 12 22,2917

Conclusion: Accept the hypothesis that the regression of y on x is
linear, since at the 5% level of significarice, F is less than Q.&P

at 2 and 12 degrees of freedom




| TABLE LS 132
Species  Eucalliphora Strain Gggﬁinuﬂ

Rearings: Field Laboratory X Period: Hgg to adult

Hypothesis: That the regression of y on x is linear

80 ‘ B 10 65
n (15)67 __(18)56 (22)k5
()7 e Qo)) (20)50
ann (15)67 (2000 _(23)l3
L) (17)89 (20)50 (23 )by
Q7 (16)63 , (18)56 (21)48
()7 __(17)89 (18)56 (21)48
{315)67 ] (13)717 ___(20)50 (20)50
{13)717 (1567 _(19)53 (22)L5
N 32 SP_1767.50
SS of x 3 00

Regression |

(Sy)2/N_112219.5312
Residual SS

b_1.7675 r_»932 -( TZI '
N/ _115305,6250
= ¥% _118817,0000
Analysis of Variance
Variation Sum of Degrees Mean X
due to Squares of Square .
Freedom
Column
3176.0938 3
Regression
3124,0563 1
Deviations
from Linearity
52,0378 2 26,0188 1.73
Error D
421,3750 28

20
Conclusion: Accept the hypothesis thet the regression of y on xX is
linear, since at the 5% level of significance, F is less than_3,3h
at _2 and 28 degrees of freedom



TABLE L6 133 -
Species_Eucalliphors lilaea Strain  Combined
Rearings: Field Laboratory X Period: Egg plus larval
Hypothesis: That the regression of y on x is linear
8 80 5 _10 &
(5)200 (6)167 (W3 (1w (10)100
(6)167 (5)200 (661 (8n2s (8)125
(7)1k3 (6)167 (5)200 (825 (80125
(9131 (6)167 (5)200 (10)100 (11)e1
(713 (5)200 (7)13 (6)167 (10)100
(T3 (5)200 _ (6)167 (8)125 (7)1h3
{5)200 __{5)200 (6)167 (9)111 (90311
(9)111 (6)167 (6)167 (11)91 (10)100
N ko ‘ SP_5601.4 .
SS of x 18L6,l '
Rekression S5 10902, 0 (S¥)2/N 876752,1000
Residual 88 3900 . 0L
W/ _905882,2500
E‘ ¥ 2 92630&.0%0
Analysis of Variance
Variation Sum of Degrees Mean . B
due to Squares of Square
Freedom
Column
29130.1500 b
Regression
b —16992,8953 L
Deviations
from Linearity
12137,25)7 3 LOLS.7S)6 7.0k

Error

W’ | 35 $74.9078
Conclusion? the hypothesis that the regression of y on x is

linear, since at the 5% level of significance, F isBEESs than2, 87

at 3 and 35 degrees of freedom



TABLE L7 3L
Species _Eucalliphors lilasea Strain_Combined
Rearings: Field Laboratory_X Period:_ Egg plus larval

Hypothesié: That the regression of y on x is linear

80 ] 10 65
(6)167 (7)ak3 (D3 - (100300
(5)200 (667 (8)125 (8125
(6)167 (5)200 (8)125 (8)125
(60167 (5)200 (10)100 (11)91
(5)200 (1)U3 (6167 (10)100
(5)200 (6)167 (8)125 (133
(5)200 (6)167 (onn _(onu
(6)167 (6)167 (11)91 ____ (10)100
gg%%—x 1000, 00 52210

Regression SS 27496, (zy)le 6911;88,0000
Residual SS ~L3Ghl.7750 2,
b ﬁaam r riEIE T4l

== ¥2 _732126,0000

Analysis of Variance

Variation Sum of Degrees Mean i
due to Squares of Square
Freedom

Column

28953, 7500 3
Regression )

27196.2250 1
Deviations '
from Linearity '

_1757.5250 2 878.7625 == 2.11
Error i

1168L.2500 28 g;g;a&éé

Conclusion: Accept the hypothesis thel the regression of y on x is
linear, since at the 5% level of significance, F is less than_ 3,3l
at 2 and 28 dezrees of freedom



. mEE LS 135
Species_Euealliphora lilaea Strain Coumbined
Rearings: Field _ Laboratory X Period: Pupal
Hypothesis: That the regression of y on x is linear
8 80 B 10 65
{7)3h3 (9)111 (8)125 (12)83 (12)83
(92111 (9)111 (a0)i00  _ (11)% (13)77
{9)111 (8)125 (9111 (11)91 ()71
(6)167 (8)125 (11)91 (9111 (a3)17
(11)91 (8)125 (9)111 (11)91 (11)91
{10100 (90131 (11)91 (10)100 (13)77
{3 0 (9) (8)125 (12)83 (12)83
{5)200 (7)Ah3 (10)100 (9)111 (11)91
N Lo _ SP__L957.6
SS of x 18L6.40
Regression 55 1331118 (Sy)2/N_L60746.2250
Residual SS 13145576 )
b_2.6850 r_ o709 T2
' Z N / h?WcuSE
== ¥° _1i87203,0000
Analysis of Variance
Variation Sum of Degrees Mean . A
due to Squares of Square
Freedom
Column e
. —13345.9000 b
Regressicn
13313.3990 1
Deviations

from Linearity

34,7010 3

Error

1311&,§¥§Q 3% 37h.5964
Conclusion: Accept the hypothesis that the regression of Yy on x is
linear, since at the 5% level of significance, F is less than 2,87

at 3 and 3§ degrees of freedom



TABLE _L%a

Test of Hypothesis that the Regression Coefficients, for the Eucalliphora Rearings, are Equal

Strain N SSof x sp S of y b Regression  Residual
. T : 88 duf, 0 88 d.fs

Isb,*  32% 1000,0000 1767.5000 3597.4688 1.7675 312h.0563 1  L73.5126 30

Field 22  1363.0910 2304.,2728 L173.3182 1.6905 36895.3182 1  278.0000 20

| | ' ©7019.3745 2 7514126 50
2363,0910  LOTL.7728 7770.7870 10159523 1

- 3.h222

Test of Hypothesis that the Adjusted Means, for the Bucalliphora aearmga, are Eqml
dufe SS of x sp $S of y Residusl Hean
Column 1 16.8346 157.4i98 172,546k - 973,0017 1 973.0017

Error 52 2363.0910  LO71.7728  7770.7870 7548347 51 1118007
Total 53 2379.9256  14229,2226 92h3.333h  1727.836k 52

23-0011 - 65. 7%

#Through a limited temperature range, of from 65 to 80 degrees.



TABIE _50 |
Derivation of Curves Shown in Figures 13,14 and 15
Constant (laboratory) Temperatures

i Fleld (Variable) Temperatures
Egg plus larval  Pupal

Egg to Adult Egg plus laml Pupel

Egg to Adult ’
yx= 59,2188 4 47,0 4 8.215  107.3250 4 148.5909 4 103.88 4 2,702 94.3182 ¢
1.7675(x (xT72.5) 2.6850(x 1.6905(x (%-72.52) 3.3973(x
 =T2.50) -71.3636) ~71.3636) - ~71.0909)
i ) | ‘ .
88 - » R < o e s
&i . - 132%@2?9 69-'952? l31h90 138.3.%3
‘ . | (14.30) s v
80 72.4751 186.1125 121.2670 63,1907 124,09 12,5851
(13.80) | s (15.83) y |
i 63,6376 160.0378 107.8620 5h.7382 110.58 107.5986
(15.72) § X (18.27) |
70 54.8000 133.9625 91370 16,2857 97.0720 90,6121
(18.25) 5 - (21.60) ; |
€5 L5.9625 107.8875 81,0120 37.8332 83.5610 73.6256
(21.76) (26.43)

LET



TABLE 51

Comparison of developmental rates for Musca, Phormia and Eucalliphora

- Husca domestica mm; Phormia regina muiptmn lilam
Reazl .  Phx. Pooled b Corv., Phx. Pooledb Corv, Phx, FPooled b
Tt ioval 6B 698 ——— 6703 588
(+929) (.9L6) (.991) (.914)
Pupal 6,L6L1 6.493L 5.1246 5.590L
(<879) («905) (.850) (.882)
Egg to adult 3.2752 3.3213 3.2983 2.8435 2.8916
(.976) (.966) («971) (.943) +905) (-961} (+932)
Field
g6 5*19% atma
(-5?2) : {-8&5) (+838)
7 .333) {#735) ('896> ,
(-M) , (-9%) ﬂ (+961) (‘9&-)
lisan Regression Coefficient 3.2324 3 2,757k 1.7262
¥x = 88.177h=3.232) (x-80.86) yx = 7Th8313 4 3.?5?&{:9-??.??11)

yx = 548688 4 1.7262(3-72.61@

#limited temperature range, 65-80°



TABIE b52a - 139

Test of Hypothesis thal the Adjusted isaus for the Pupal Periods of
lusca domestica L are Egual

dof, 88 of x 8P 88 of y sguidw%‘ -
Column 2 1‘#0o81ui 1-901.h82@ 26919 .592@ 513?%9135 .E“
Error 97 6462.L286 L5285.8580 U433212.6880 115869.3500 96
Total 99 6603.2400 L7187.3400 L458232.1900 121027.2635

2 o 2014

TABLE 52b
Test of Hypothesis that the Adjusted Means for the Pupal Periods of
' Bucalliphora lilaea are Equal

Colum 1 195.2650  68k.7W61  2401.2267  L33.0h20 1
Error 60 3512,2182 10616.9637 50407.5478 18313.8931 59
Total 61 3707.L4832 11301.7098 52808.7745 18357.1972 60

mﬁg_h é%% 1 5 = 140

TABLE _52¢
Test of Hypothesis that the Adjusted Means for the Pupal Periods of
Phormia regina are Equal
Colusn 2 116.9513 =-609.5368  5L4B0.6831 15637.0503 2

Error 80 5037.217h 28151.0435 2268L1.1229 69515.6026 79
Total 82 5154.1687 27541.5067 232321.7960 85152.6529 &1

TABLE _52d
Test of Hypothesis that the Adjusted lMeans for the larval Pericds (lab)
and Pupal Periods (Field) of Phormia are Equal

Columm 2 116,9513 181.4023 281.5093 2h26,8505 2
Error 80 5037.217h 31203.0L435 25L227.L557 63163.6887 79
Total 82 515L.1687 3120L.4L58 254508.9650 65590.5392




