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Absteot 

The four blowfly species (named below) were reared as larvae at 

constant 10°, 15°, 20° and 26° and alternating temperatures (12 hours/ 

day at each) of 10° - 20° and 15° - 26°c. 

Larval developmental zero temperatures calculated from the above 

constant temperatures data were as follows:-
o . 

Calliphora vicina R-D, 4.8 C; Calliphora vomdtoria L, 5.7°C; 

Lucilia sericata Meig. and Phomia terrae-novae R-D. both 10.1 °c. 

Calculated thermal (day-degree) requirements were also obtained for 

ecg incubation and development of each larval instar for the 4 species. 

The temperatures or ranges within which each species completed larval 

development at the lowest day-degree figure, considered to be their 

most favourable temperatures, for each species were:- c. vicina, 

constant 10° and 15°C; c. vomitoria alternating 10° - 20°C; L. sericata 

had unifo:rm thezmal requirement at 15°, 20° and 26°C, but at 10°C 

failed to develop beyond the 1st/2nd instar moult: in P. terrae-novae 

0 the most favourable temperature was 26 C, failing to develop beyond 

the 2nd/3rd instu maul t at 10°C. 

Growth rate variation was found to be great w1 thin batches of 

larvae hatched within 30 minutes and reared on excess liver, and 

-vmighed at intervals. This variation in c. vicL'1B. and C. vomitoria W?~s 

ereater and produced higher S.E.'s at constant than at alternating 

temperatures, while in L. sericata this effect was not noticeable. In 

Phormia the S.E. was markedly inversely related to the temperature used • 

.Analysis of growth rate variation in the batches shovr that there 

were faster and slower developing individuals with corresponding 

gradation of final weights achieved, slowing that slower developing 

18XV"ae in the main failed to catch up with the faster larvae. The 

significance of these variations is discussed. 
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Introduction 

The aim of thfs investigation is to quantify the development of 

the egg, 1st instar, 2nd instar and 3rd ins~ of four speoie_s of 

blow-fly; Calliphora vioina R.-D., Calliphora vomi toria L., Lucilia 

serica.ta. Meig. and Phomia. terrae-novae R.-D., at various temperatures 

encountered during their development. The development is measured by 

the increase in li~ weight in a. known time period for several constant 

and alternating t~era.ture conditions. 

There has been some lack of unifomity in. previous investigations 

measuring larval qevelopment, Marly workers, such as Peairs (1927) 

and Kamal (1958), Who determined development by comparing larval 

duration against temperature, while others such as Putman (1977) 

and Ha.nski (1976a, 1977) determined development as an increase in 

weight of larvae over a. known time period against temperature. 

Pea.irs (1927) did not weigh the lc~ but deter.mined development 

as la.rva.l. duration against t6/.pera.ture, and did not divide larval 

development into let, 2nd and 3rd instars, a1. tholl8h he did point out 

the importance of determining the zero temperature for development, 

i.e. the tempera~e below which development did not occur, which is 

usually different between species. 

Kamal (1958): determined development by the same method as Peairs 

(1927), but he did divide larval development into let, 2nd and 3rd 

instars, although his study was carried out at only one temperature. 

Hanski (1976 , 1977) determined development as an increase in 

live weight over; a known time pe::t'iod against various constant and 

alternating temperatures, but unfortunately he used very small 

numbers of larvae, starting at 100 larvae and reducing them to 5 as 

the larvae grew,; and he did not divide larval development into let, 
I 

2nc1 and 3rd ins tars. 
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· The fact that; most woD:ers did not divide the larval development 
I 

into the va.rious ~tars is unfortunate, as one might not expect the 
I 

different instars ;to react to the same temperature in the same manner. 
i . 

More surprisingly ~s that the eoncept of a zero tempera:~ for 
. I 

development bas no~ been used by many authors attar Peairs (1927), 
I 

although it is obv'!ous that each species must have a temperature 
r 

below which they ~11 not develop, and that this 'zero' temperature 

is unlikely to be lthe same for different species. I appreciate that 
I 
I 

these authors did 
1

not use the concept of a zero temperature of 

development beoa~e they were only interested in development at 
i 
i . 

relatively high t~ratures, well above the developmental zero. 
I 
I 

Even when compari.Ilg one or more species at relatively high temper-
! 

atures, the zero temperature for development is still very important, 
I 

because one can then compare the day-degrees above the 'zero' 
I 

temperature requi±ed by each species for complete development, and hence 
I 

I 
obtain a quantitative comparison. 

Using Pea.irs! concept of a zero temperature for development, and 
! 

knowing the perio~ of time the la.nae took to develop at a given 

temperature, one 
1
oan then calculate how many day-degrees each egg 

or larval stage ~quires for its complete development. Although 
I 

calculating and -qsing day-degrees assumes that rates of development 

are linearly rel~ted to temperature, even though this may not 
I 

I actually be the case. However, day-degrees are useful as an approx
! 
I 

imation so that one can make a direct comparison of any given 
I 

species or stage 1 at several constant or al te:rnating temperatuxes, 

and between diff~rent species at the same temperature. 

These four ~ecies were selected for this study because they 
I . 

axe insects tha.ti in general are thought to develop fairly rapidly 
I 

as they live in dead carcasses in nature, which are temporary, so 
! 



each species requires a fairly rapid development to compete for this 

food souroe,(Hepbur.n 1943). I was further interested to compare 

blow-fly development with other insect development studies in general. 

The results from my experiments, explained in the following 

text, ·show how each of the four species resea:rcbed in this study has 

a temperature or temperature range to which it is best adapted, i.e. 

the temperature at which the species requires the least number of 

day-degrees to complete its development. This is best shown by using 

the zero temperature for development and ~-degree concept as used 

by L.M. Peairs (1927), with the addition of dividing the larval 

development, by its natural division, into 1st, 2nd and 3rd insta.rs. 
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Chapte1' I 

Materials and Methods. 

(1) General. 

The larvae of C. vicina, C. vomitoria, L. serioata and 

P. terrae-novae used in these experiments were rea:red from eggs 

laid by fly cultures maintained in the laboratory at 22°c. These 

cul. tares were fed on a diet of sucrose and water, w1 th ox liver as 

a protein source and oviposition site. 

The eggs we~ collected from eaCh fly culture by placing a 

piece of fresh ox'liver ii1 the cage and observing the liver at the 

end of each hour period. Only when sufficient eggs were laid within 

a single hour per~od were they used, and the mid-point of the hour 

was taken as the time of laying. These eggs were then placed on a 

mois~ glass slide contained in a petri dish, which had a wet filter 

paper on the bottom to keep the relative humidity high. This is 

because the survival of the egg staBe declines rapiclly with increasing 

saturation deficit~, primarily through the inability of the larvae 

to rupture the chorion of the egg, (vogt. and Woodburn (1980) on 

Lucilia cuprina an~ Davies (1950) on L. sericata (MeiJEm) and other 

blowfly species): 

These petri dishes containing the eggs were placed in the 

. 0 0 0 60 
appropriate constant temperature room, 10 c, 15 C, 20 C and 2 C, 

and observed every ·half hour to determine the hatching time. Only 

the larvae hatchine in the first half hour period, of hatching, 

were used in the experiments. This method gave a mi:nimum h::tching 

time rather than an· average hatching time. 

In all cases 50 - 100 larvae were transferred to, and rec:.:red 

on an excess of ox liver, this being the better medium compared to 

proteins of lower v~rtebrates, {Kozha.nchikov 1947), whiCh were 

reported to retard development and increase mortality. These larval 

5 
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cu1 tures we:re maintained in glass containers, lOam in diameter and 

7. 5om deep, Wtuob contained two wet filter papers with an excess of 

liver placed. oVer 1fuem. Both the liver and filter papers were kept 

constantly ~t. in order to keep_ the relative humid! ty high; these 

containers we:re then covered with tissue paper to allow gaseous 
' 

exchange, but stopPing possible cross infection of the oul. tures, 

or larval escapes. The temperatures throughout all experil!lents 

will be given in degrees Centigrade or Celsius. 

(2) ·Experiments at Constru1t Temperatures. 

The larval sets were then kept in various constant temperature 

o o o 6o o 
rooms, at 10 , 15 , 20 and 2 maintained at ±. 0.5 • 

These larvae were then weighed at appropriate time intervals 

by removing them from the liver, d:cying them quickly by rolling on 

filter paper, and t~ng the i.."ldividual live weights, after which 

they were replaced on the liver in the containers and returned to 

the constant temperature rooms. This procedure was repeated throush

out the larval development rmtil after the maxinnllll mean weight was 

achieved. This method was similar to that used by Hanski (1976a) on 

Lucilia illustris, where the increase in biomass was obtained from 

the difference between two successive measurements in weight. I 

encountered the same problems as Hmeki (1976a) and followed similar 

practices:-

(i) 
<) 

The weight of the moulted cuticle, which usually has to 

be taken into account was disregarded here because it was negligible 

ru1d not detectable ~en dealing with a population of larvae; 

(ii) In most production studies the weight of the food in 

the intestine is a-serious problem, eo if we suppose that the relative 

' 'veight of the food in the intestine is nearly constant throughout 

development, then i~ has little affect on the me~tred rate of 

development, only ori the absolute weights; 
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(iii), In these experiments the heating effect or the larvae 

on their food was not considered to be ~r major importance, because 

of the relatively Bma.l.l number or larv8e, 50 - 100, present oom;pared 

to the amount of liver, which was aJ.'WS\YB in excess, although in 

nature this effect may be considerable. It was shoWn by Deonier (1940) 

on the winter populations or several species or blowfly, that smaller 

carcasses, such as .those or jackrabbi te, lambs, cats and small dogs, 

were not found to develop or hold a temperature significantly above 

that or the atmosphere. Large carcasses such as those or sheep, 

goats, cattle and horses did develop temperatures significantly 
I 

above that or the atmosphere. 

(iv:) When the. time to maximum mean larval weight is taken from 

the gTaphs and tables produced, the time taken is at the top of the 
o.s ~'t"t7oU)~ -..~ ~-~2., P"')e. \\Q.. 

slope (steep~ and an increase in the mean live weight of about 1mg 

over the next day o~ so was not classed as a significant weight 

increase at this point. 
. .. 

During the larval development the dura:\L~on of the let and 2nd 
'1 

instars were determined by observing a sample or the larvae, namely 

20 individuals, in each set at half hour intervals, and determining 

the insta.rs present~ The change from let to 2nd instar and 2nd to 

3rd instar was noted when 1~6 of the larvae in each sample had 

* moulted. The. moult: from let to 2nd instar was noted by the sign-

ificant lengthening of the basal sclerite in the cephalo-pharyngeal 

skeleton, and the 2J:1d to 3rd insta.r moult by the replacement of 

the small posterior. spiracle with two eli ts, by a much larger spiracle 

\rl. th three eli ts in the 3rd insta.r. 

These procedures were carried out at the constant temperatures 

of 10°, 15°, 20° and 26° for all four of the species previously 

mentioned. After the larvae had reached their maximum mean weight 

they were given access to moist peat in which to pupate, and the 

emmerging flies wer~ used to maintain the laboratory cultures. 

:¥: e~Cl.U.se,.. . o.t. \~e. 5o% ~o:"t so~ \/l.~~a..~!t l o.s. wnQ.o'\~~0~ \~t~, 
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( 3) Experiments at 8.1 terna.ti.ng temperatures 

The same procedures were used for the experiments under conditions 

of a1 ternating temperatures, except that the cu1 tures were moved from 

one temperature to the other at. 12 hour intervals as outlined below. 

The temperatures used for c. vicina were 5° - 15°, 10° - 20° and 

15° - 26°, and for: c. vomitoria, L. aerioa.ta and P. terrae-novae 

10°- 20° and 15° ~ 26°. 

' 
These e:xperime,nts were run, similar to those of Banaki (1977) 

on Luc11ia illustris, to assess to what extent the actual and 

predicted, from the constant temperature experiments, developmental 

rates coincide with each other at alternating temperature conditions. 

The eggs for the al tarnation of temperature experiments were 

collected around nqd-day, because these species seemed usually to 

lay their eggs during the day time. These were then divided into 

three batches in c. vicina, and into two batches in c. vomi toria., 

L. sericata. and P. terrae-novae, for the different a1 tel.'nating 

temperature conditions as specified above. 

Each batch of eggs, laid in the late morning or early afternoon, 

was then placed at :the higher of the two temperatures used in each 

experiment, the hiliher temperature approxiioately simulating daytime 

and the lower night-time, until 9.00 p.m., and were then transferred 

to the lower temperature. From then on they alternated at 12 hour 

intervals between these two temperatures, being weighed at the end 

of each 12 hours to dete:rmine the weight increase and hence the 

growth; but in each case the weighing did not start until around 

the 2nd instax. This was because (a) the larvae are very small and 

the weight increase: is proportionally small, and hence subject to 

v1eighing error, (b): the larvae when small are very Sl•sceptible to 

C:.essication, (c) the_development of the let and 2nd instaxs is more 

accurately measured by the duration of the instars. 
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control experiments to dete%mine the effects of handling and 

yeighing on larval growth and mortal! ty. 

TWO control experiments were oar.ried out at a constant 26°. 

•••~ l'.a vicina and C. vomitoria to see if the handling procedure 

-~ . ILicy a.!fects on the rate of development, or on the maximum mean 

-~~ "'eight achieved, or on mortality • 
.. ;~· ' 

for each spec~es a batch of eggs was split into four approx-

,s.ately equal sets~ which were then hatched by the procedure mentioned 
t'. 

previously. Then two sets were weighed regularly al;L the way through 

larval development, and the other two sets were not. When the sets 

tbs t had been wei~ed all the way through had reached the maximum 

mean larval weight~ then the number of larvae in these sets that 

bad emptied their crops were counted. This is a good measure of 

their having reached complete development. Then the previously 

unweighed sets we~ weighed and the number of larvae·in these sets 

that had emptied their crops were counted. Then the mean weights, 

and the ~umber of ~arvae that had emptied their crops were compared 
., 

to see if there was any significant difference between the weighed 

and l.Ulweighed sets, in rate of development and final mean weight. 

9 



Chapter II 

Control experiments to detcmnine if the handling procedures 

used affec.ted devetopnental. rates, maximum mean weight or mortality. 

Fou:r sets we~ rea:J:"ed under the conditions stated previously, 

pages 5-6, at a oo~stant 26° for both C. vic~ and c. vomitoria, two 

of these sets were weighed at 24 hou:r intervals du:ring larval devel-
I 

opment, and the other two were not touched during development, except 

by adding water to ,keep the relative humidity high. When the sets that 

were weighed throughout their developnent had achieved their maximum 

mee..n weight, then the untouched sets were removed from the liver and 

their mean weight d'etel.'mined. 

A comparison of the data accumulated from these control experi-

me;1ts is laid out or Fig. 1a, 1b and Table 1a and 1b, from these 

· one can see that in the cases of both C. vicina and C. vomi toria that 

the maximum mean weights achieved by both the periodically weighed 

and untouched larvae are very similar, and any slight. differences 

could be accounted for by (i) slight genetic variations between 

batches of eggs; (i~) inevitable differences in the quality of liver 

supplied. 

To check that the sets of larvae were all at about t..'le same 

stage of development, the number of larvae with empty guts were 

counted in each set, (table 1a and 1b). This showed that there 'me 

no obvious differences between the weighed and untouched sets, in the 

cases of c. vicina and C. vomi toria. 

Since a known number of larvae had been used for each set, I 

com1ted the .number of larvae surviving to the end of larval development 

to see if the handling procedure increased mortality, there was no 

trend to suggest thi:s, as shown on tables 1a and 1b. Tho above 

checko show that the, procedures used in these experiments did. not 

affect weight gains, final weights, development times or mortality. 

10 



Table 1a - Control: experiment with c. vicina larvae reared at a 

constant 26°. 

1 and 2 are the sets weighed periodically during development until 

all the larvae had pupated, as shown on Fig. 1a.. 

3 and 4 are the unweighed checks. .All four sets were started with 

100 newly hatched larvae. 

'l!le following results were obtained 4.19 fucys after hatching. 

. max. %with % No. of 
Set No. · mean weight empty guts Survival surviving 

of 1~ (mgm) larvae 

1 . '76.3 43.7 80 80 

2 84.2 50.6 79 79 

3 • 86.0 41.1 90 90 

4 81.7 42.9 77 77 

Table 1b - Control experiment with C. vomitoria larvae reared at a 

0 
constant 26 .• 

1 and 2 are the sets weighed periodically during development until 

all the larvae had ~pated, as shown on Fig. 1b. 

3 and 4 are the unweighed checks. .All four sets were started with 

75 newly hatched l~ae. 

The following re'sul ts were obtained 5· 94 days after hatching. 

Max. %with 96 No. of 
Set No. mean wei~t empty guts Survival surviving 

of larvae mgm) larvae 

1 93.2 51.4 47 35 

2 90.8 35.3 68 51 

3 92.3 27.8 31 23 

4 96.4 39.6 71 53 

10". 

-x,.~ ·0\ 

n.s. 

)( L~ 1 <s4 

\1.S. 
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Chapter In 

Development of Ca.lliJ?hora vicina larvae at constant temperatures, 

0 0 0 0 
10 , 15 , 20 and 26 • 

As expected, it can be seen from Fig.2 that the rate of larval 

development in c. vicina increases with an increase in temperature, 

within the range of constant temperature conditions used, and the 

optimum temperature for larval development must be at or above 26°. 

This may be the optimum temperature for the rate of larval development, 

but is not necessarily the optimum temperature for survival. It was 

shown by Tauthong and Brust (1976) on Aedes campestris, that the 

optimum temperature for survival was some degrees below that of the 

temperature they found gave the shortest developmental times. 

It can be seen in Fig. 2 that the mean weight of the larvae 

increases with time to a maximum mean weignt, after which the mean 

weight falls. This is due among other things, to the larvae eilllltying 

their guts as they enter into the prepupal stage. The heterogeneity 

in the final mean weights (maximum), at each temperature, were 

probably not due or related to temperature or to differences in the 

handling procedure, which suggests that they are due to either 

inevitable differences in the quality of liver supplied or slight 

genetic diffe~ences between batches of eggs. This variability in 

final weight was also found by Smith (1936) working on C. vicina, 

\-There the larvae reared on frog muscle under identical conditions 

showed a heterogeneity in maximum mean weignts. Ha.."'lski (1976a. and 

1977) on Lucilia illustris found that the heterogeneity LTl ma.ximum 

mean weight of the larvae reared under different temperature conditions 

was not related to temperature, and apparently varied at r~>dom. 

It can be seen from Fig. 2 and Tables 2-5 that in C. vicLTla the 

stm1.dard error (S.E.) first of all increases as the mean larval 

ueight increases, and then gets smaller after the ma.xi.mu:m mea..Tl weight 

11 
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·Table 2 caJ.liphora vicina, larval developnent as mean 

live weights (mgm) constant 26°c. 

Time after Mean Variance S.D. S.E. Coefficient No. Larvae 
hatching Weight or variation 

days % 

0.29 o.~o 84 

0.96 
I 

1.89 0.59 0.77 0.08 40.7 84 

1.34 3.83 2.10 1.45 0.18 37.8 64 

1.95 8.87 28.81 5·37 0.71 60.5 57 

2.18 12.65 60.23 7-76 1.12 61.3 48 

2.90 37o9P 462.15 21.50 3.20 56.7 45 

3o35 53.20 714.27 26.73 4-03 50.2 44 

3.87 68.59 670.93 25.90 4-05 37.8 44 

5.96 72.88 212.27 14.57 2.75 20.0 44 

7.12 73.94 171.37 13.09 1.72 17.7 44 

8.17 68.80 44 



Table 3 Calliphora vicina, la.rval development as mean 

live weights (J:DBIIl) at constant 20°c. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching weight or variation 

days % 

0.86 0.78 0.03 0.17 0.02 22.0 45 

1.31 . 1.59 0.25 0.50 0.09 31.3 33 

1.94 4.41 2.62 1.62 0.27 36.7 37 

2.27 5·52 5.49 2.34 0.40 42·5 35 

3.00 14.13 63.60 7.97 1.48 56.4 29 

3.29 20.91 161.86 12.72 2.36 60.8 29 
; 

;~ 3.82 35·88 357.50 18.91 3.57 52-7 28 
' 

4.23 47-05 509.60 22.57 4.27 48.0 28 

5-12 67.11 488.08 22.09 4-25 32.9 27 

6.00 67.73 400.10 20.00 3-85 29.5 21 

6.37 66.34 329.02 18.14 3·49 27-3 27 

6.96 65.27 287.58 16.96 3.26 26.0 27 

7-32 63.95 249.98 15.81 3·04 24.7 27 

8.09 61.45 222.24 14.91 2.87 24-3 27 



---

Table 4 Calliphora vicina, larval developnent as mean 

live weights (mgm) at constant 15°C. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching Weight of variation 

days % 

1.78 1.80 0.11 0.34 0.05 18.7 43 

2-4~ 4.00. 0.61 0.78 0.12 19-5 42 

2.68 5.21 1.03 1.02 0.16 19.5 42 

3·43 11.33 12.58 3.55 o.El 31.3 34 

3-69 16.98 35-76 5.81 0.92 34.2 40 

4-43 34· 76' 198.63 14.09 2.20 40·5 41 

4.68 49.76 487.12 22.07 3·45 44·4 41 

5-41 70.89 818.51 28.61 4·58 40.4 39 

5.66 76.41 717.61 26.79 4·35 35.1 38 

6.47 72.75 459.14 21.43 3·48 29.4 38 

7.38 68.45 288.59 16.99 2.83 24.8 3G 

8.68 63,S6 343.87 18.54 3.18 29.0 34 



II e.. 

Table 5 Calliphora vicina, larval development as mean 

live weights (mgm) at oonstant 10°0. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching Weight of variation 

days 56 

1.08 0.32 66 

2.13 0.65 66 

3.06 0.92 o.o3 0.18 0.02 19.1 65 

4.C4. 1.89 0.20 0.45 0.07 23.9 44 

5.10 3.99 1.00 1.00 0.14 25.0 54 

6.08 6.57 3·54 1.88 0.26 28.6 53 

7.12 13.37 28.84 5. 37 0.88 40.2 37 

8.15 29. 76' 196.49 14.02 2.19 47.1 41 

8.94 47.42 656.98 25.63 3.91 54.0 43 

9·85 63.21 1304.51 36.12 5.51 57.1 43 

10.92 79.81 1384· 58 37.21 5.67 46.6 43 

11.94 '76.49 1092.21 33.05 5.10 43.2 42 

12.81 72.05 719.06 26.82 4.19 37.2 41 

15.85 58.80 427.07 20.67 3.31 35.1 39 



is reached. The more important aspect of the S.E., is that it gets 

smaller as the maxi!!lllJD mean weight is approached. This is when some 

larvae have stopped feeding, and have begun to empty their guts, as 

the rest of the population of larvae a:re still feeding and increasing 

in weight, so reducing the difference between individual weights. 

This is a good example of a rapid period of growth being staggered 

within a given population, and the fact that the S.E. continues to 

fall as. the la:t"VS.e enter into the prepupal stage, suggests a "Traffic

light" effect; i.e. there is a stage when faster developing larvae 

no longer change weight, or change very slowly, while slower develo-

ping larvae continue to change by growth and then slow up. 

It is surprising that a population of larvae hatching at the 

same time, or within a time span of :;o minutes, and reared under 

identical conditions, Should have suCh a heterogeneity in individual 

weights duxing much of the larval growth. :SU.t this could increase 

the survival rate of the population as a whole, as not all the 
.I 

larvae are at e::mctly the same st98e of develoi·itent until they ;reach , 
the prepupal stage. 

It appears from F:ig. 2 that there is in c. vicina a dispropor-

tionate increase in the length of time of development of the larvae 

0 0 when the temperature is lowered from 15 to 10 as compared with the 

same 5° or 6° reduction from 26° tc 20° and 20° to 15°, this is 

actually not the case, as discussed below. 

When a velocity graph is plotted, as used by Peairs (1927) 

12 

with various Lepidoptera, Coleoptera and Diptera, a ~ero for development 

can be extrapolated. The ~ero of the velocity graph is the point at 

which the line intersects the temperature axis. This is plotted 

for c. vicina in Fig~ 3, where temperature is ~lotted against ~~e for 
. \:,hQ... \~~Q.!t be-in~ ~reo.••·"' '"' 0~ ~· 

each stage in hours~ Unlike Pea.irs, the larval development was not 

taken as a whole, but was divided into egg incUbation, let, 2nc ru1u 3rd 
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ins tars, where the· 3rd ins tar is the time· between mou1 ting from _2nd-

3rd instars rmtil ma,x1unm mean weight is achieved. It was divided 

into these stages of developnent, because as the physical and bioche

mical events that occur in these stages are so varied, it would· be 

'lliU'eal.istic to expect each s"ta8e to respond to a given temperature 

in the same W&¥, and hence give the same extrapolated zero on the 

velocity graph. 

Table 6 - Duration .of egg and larval stages in the development of 

. , 0 0 0 0 
C. vicina, at the constant temperatures of 10 , 15 , 20 and 26 • 

Constant Hatching Duration of Duration of Duration of 
temperature Time (hrs.) 1st Insta.r 2nd Insta.r 3rd Insta.r 

(hours) (hoilrs) (hours) 

10° 73.75 71.0 90.0 101.0 

15° 36.0 32.25 40.5 . 6;.o 

20° 25.25 22.25 31.75 69.0 

26° 
I 

;~ I7 .08 Il ·5 21.5 54.0 
'i 

As ca.n be seen 'from Fig. 3, the extrapolated zero, read off 

0 0 Fig. 3 as drawn, lies between about 4.4 and 5.2 , a.nd for further 

0 calculations I am gding to use the median zero tem:Perature of 4.8 • 

It is likely that the calculated developmental zero from Fig. 3 by 

extrapolation is hi~er than the real zero, as much previous '-~ark 

including that of Lin, S., Hodson, A. c. a.nd Ric.ha1'ds, A. G. (1954) on 

threshold temperatur13s for the development of Oncopel tus and 

Tribolium eggs, showed that the development velocity curve with 

temperature tends to: flatten as zero is approached.. So the real 

zero is probably low~r than the extrapolated zero as drmm from a 

straight line on Fig~ 3. 

This zero temperature is used to calculate ti1e day-degrees 
' . 

~: 
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required by each st&ee for .tull develop~~ent, and for. complete develop

ment trom egg layiDg until ma:dmum mean weisht. A day-degree is 

defined as, one degree of temperature aboVe the zero f'rom the velocity 

graph. for a period of 24 hourS. 

The day-degrees required by each stage are calaulated by the 

following methods-

Duration of stage in days x degrees above zero f'rom the velocity 

curve. 

. 0 
i.~. c. vicina at 15 

Duration of the, 2nd instar is 40.5 hours = 1.69 days. 

0 0 0 15 - 4.8 = 10.2 above zero from Fig. ; • 

• ·.Day-degrees= 1.69 x 10.2° = 17.2 day-degrees (1 dec. place). 

Table 7 - The day-degrees required by each s'ta€e at the four constant 

temperatu:res with c. Vicina. 

(Total) complete 
Temp. development 
of Egg 1st 2nd 3rd egg laying~ 

experiment incubation· Ins tar Ins tar Ins tar max. mean weight 

10° 15.9 15.3 19.4 21.8 72.4 

15° 15.3 13.7 17.2 26.8 73.0 

20° 16.0 14.1 20.1 43·7 93.9 

26° 15.1 ' 15.4 19.0 47.7 97.2 

It can be seen ~ Table 7, that egg incubation, 1st and 2nd 

instars each have their own themal requirement for development in 

day-degrees, which is virtually constant for each of these stages 

end the variations are within the range of error of the observations 
see ~o~~ o"' PAC! c.. ,., • . 

at these temperatuxes1A This means that the fixed day-degxee require-

ment determines the length of time each stage lasts at the temperatures 

used in these experiments. However the 3rd insta.r does not have a 

constant day-degree requirement, but as can be seen in Table 7 

14 



increases with .. temperature. This means that the duration of the 

3rd insta.r, at the :temperatures used in these experiments, is not 

dependent on the day-degree requirement alone. There are several. 

possible explanatiOns for this unexpected result:-

1. Experimental error. This is eXtremely unlikely as the 

timings in these experments for the 3rd instar at 10° would have 

to have been some 4. 5 days out, and 1. 75 ~ at 15°. 

2. Slower development at higher temperatures, i.e. inhibition 

by high temperatures or stimulation by lower temperatures. 

:;. Temperature independence of development in the 3rd instar. 

This would explain ~e lower day-degree requirement at 15° and 10°, 

but would not explain the increase in time required by the 3rd instar 

at 10°; i.e. the 3rd instar takes 2.25 days (54 bra.) at 26°, 2.875 

day's {69 bra.) at 20°, 2.63 days (63.12 bra.) at 15°, but 4.21 days 

(101.04 brs.) at 10~. 

4• Adaptation by c. vicina to develop comparatively quicker 

at the lower temperatures of 10° and 15°, which ~ condi tiona which 

they would encounter frequently in their natural envil."'ment. This is 

a strong possibility, but the difficult question is; why does this 

only occur in the 3rQ. instar and not in egg incubation and 1st anC. 

2nd instars'? 

5· 'When one looks baok at Table 6, it can be seen that the 

minimum time required for the development of the 3rd instar is 2.25 

~. (54 hrs.) at 26°; and looking at Table 1 one can see that the 

minimum d.a3-degree requirement for the development of the 3rd insta:r 

is about 22 day-degrees at 10°. Hence it appears as if there is a 

minimum time requirement, as well as a miniumm day-degree require-

ment, i.e. about 22 ~-degrees and a minimum period of about 2.25 
I 

days. This would explain the similar times of the 3rd insta.r at 

0 0 0 6 1 26 , 20 and 15 of ~· 25 days, 2.875 days and 2. 3 days respective Y• 

15 



Also it would e:xplain the increase in time at 10° of 4.21 ~. and 

the lower day-degree requirement. 

The temperature time graph, Pig. 3, as used by Peairs 

(1927) and others, on the complete developnent of larvae or pupae 

of several insects, was applied by J. Davidson (1944) on the develop

ment of insect eggs at constant temperatures. Davidson showed by 

100 
plotting tiiJie in hours, i.e. 100 x the reciprocal of time, that this 

represented the avera:ge percentage development made by the embryo 

per hour, at the given temperature. More importantly he calculated 

an equation for the temperature/time curve, from which he could 

detennine the tempe~ture from a given value of ~:e. This ability 

of being able to calculate the temperature, finds strong agreement 

with my fi:ndings, that in C. vicina the hatching, let and 2nd insta.rs 

have a ther.mal requirement in day-degrees for their complete develop-

ment. 

It can be seen from my results for C. vicina oal.culated in day

degrees above the zero from the velocity graph, that the large t·~ille 
• 0 0 increase on Fig. 2 from 15 C to 10 C is as expected. lnfact it is 

the 26°C and 20°C that are slower than expected, due to the increased 

time for the developll!.ent of the 3rd instar. .An equivaJ.ent graph 

to Fig. 2 was plotted by Hanski (1976) for Lucilia illuetris at 

several constant temperatures. Hanski did not consider or calculate 

the zero from the velocity curve, but looked at development directly 

against temperature. · He suggested that his calculations showed a 

slowness of growth at low temperatures early in development. .Although 

I have done no work on Lucilia illustris, I would like to tentatively 

suggest that this may not actually be the case, and really before 
I 

making this statement he should have sub-divided the larvae into 

let, 2nd and 3rd instars~ and used the zero for development from the 
I 

velocity curve. Ranski (1976) on Lucilia illustris, did however find 

16 



an indication that tem:pera.ture dependenoe was more pronounoed during 

this first ;o mg or we~t curve, which is about the midclle or the 
. I 

~ instar, than in the later stages. This is also shown by my day

degree resul te tor C. rtoina, where the 3rd insta.r development is not 

dependent on temperature alone. 

No\-e. on C>bSU"\)o..~o~oJ. e.f'-rOf"". 

e,CI..C.04\SQ. "'-e. \~~Q.Q. ho.~cad. "-''~\t\ a. Y1. hour p0NoJ., OJ\J. 

~o..c\. \,u.~ Obse.f'\)Ci!..~ 0..~ Y,. "0\.L.lr '"'c:a.r"o..\s ~ ~~\-o.r ~~~e.sJ 
· ~ ~r c...o~ ~ \ \\ou.lr , w"'-\~ (.o~\c).· ~WQ.. ~SQ.. t-o G.~ ct.rf"'f"" 

0~ 4. ~0 5 %. 
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Individual live larval weisbt variations within each set of 

larvae of C. vicina, reared at the constant temperatures of 10°, 15°, 

20° and 26°. 

The previous dat~ show the deve: opment of a population of 

larvae, but not the individual variations within a given population. 

If we wish to compare: the scatter of ~ferent variables, in this 

case live weights, about their means, it is useful to be able to 

express the scatter in some form which is not dependent on the 

absolute size of the "Variable~. This comparison may be usefully 

made by calculating tre Coefficient of Variation at each weighing 

of the ·larvae, which is readily obtained by expressing the standard 

deviation as a :percentage ratio of the mean; i.e. :-

( ) 100 x Standard Deviation Coefficient of Variation c.v. = 
Mean 

I 

Hanski (1976) ~th Luc·;lia lllustris found a period of rapid 

growth in the early 3rd instar, and from hie experiments concluded 

18 

that assimilation an4 cumulative net production efficiency was generally 

maxima] somewhere between the weights of 8 and 30 mg i.e. during 

the period when the €;:rowth rate was highest. 

''n1en we look at· the results, Tables 2-5, and Fig. 4, a-c, for 

c. vicina we can see: that there is a rapid :period of growth of the 

larvae in the 3rd instar, the 2nd - 3rd instar moult occurs at a 

larval weight of abo:ut 9 mg. Looking more carefully at Fig. 4, a-c, 

one can see that as the larvae enter into this :period of rapid g:rowth, 

the C.V. increases rapidly as the frequency distributions widen on 

successive weighingei. So an increasing C. V. indicates the beginning 

of a period of rapid growth, because larvae entering into this period 
I 

surge ahead of larvae which have not yet entered into this period. 
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In the same manner, looking at Tables 2-5, one can see that as the 

increases between mean ·larval weights drop between successive weigh-

ings, that the C. V. starts to decrease. Hence a decreasing C. V. 

indicates that the 18J.9V"ae are approa.cb.ing the end of a period of 

rapid growth, · as ~ larvae com:l ng out of this period begin to be 

ca\l8ht up by those that are in or entering into the period of rapid 

growth. 

On closer investigation of Tables 2-5 it becomes apparent that 

the timing of this rapid period of ~wth changes with temperature. 

As an arbitrary figure I calculated the range over which the c.v. 

was 75% of its ma.ximum VBJ.ue, i.e. when the c.v. was high for each 

temperature. This gave the following results, showing the mean la.rval 

weights between which rapid growth occurred, at each of the fOUl.' 

0 0 0 0 
temperatures used, 10 , 15 , 20 and 26 with C. vicina. 

16.98 mg 76.41 mg 

20°C 14.13 mg - 47.05 mg 

26°C 8.87 mg - 53.20 mg 

These show that .the period of rapid growth sta:t'ts and finishes 

later at the lower temperatures, so lower temperatures delay or 

prolong this period of rapid growth. 
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Chapter IV 

Development of Calliphora vamitoria larvae at constant 

temperatures, 10°, 15°, 20° and 26°. 

The developmental rates of C. vomitoria shm-r a.n increase, Fig. 5, 

with an increase in the constant temperature, as found with c. vicina.. 

Also as found with C. vicina, under constant temperature condi tiona, 

the developmental curve follows a sigmoid course, this type of curve 

was also found by Banski (1976) with Lucilia illustris and by ?utman . . 
(1977) on Calliphora er;ythrocephala = (c. vicina) 

It can be seen in Fig. 5 that the mean weight of the larvae 

increases with time to a maximum mean weight, after which the mean 

\-Ieight falls, as found with c. vicina. This fall is due to, among 

o'ther things, the fact that the larvae have stopped feeding and have 

( 

begun to empty their guts. As with c. vici..."1a I would suggest that 

the heterogeneity in the final mean weights (ma:rlmum), at each 

temperature, were probably not due or related to temperature or to 

differences in the handling procedure, but are due to either inevitable 

differences in the quality of liver supplied, or slight genetic 

differences between batches of eggs. 

It can be seen from Tables 8-11 that with c. vomi toria, as \'lith 

c. vicina, the S.E. first of all increases as the mean larval weight 

increases, and then decreases as the maximum mean wei0bt is approached. 

As with C. vic ina, I suggest that this occurrence with C. vomi tori a 

idll give rise to a "Traffic-light" effect as explained in the 

section for C. vicina, Page 12. 

It appears from Fig. 5 that there is in c. vomi toria P~ 

disproportionate increase in the length of time·of development of 

the larvae when the t~mperature is lowered from 15° to 10° as 

compared with the same 5° (or 6°) r~duction from 26° to 20° and 20° 

to 15°, tb~s is actually not the case, as discussed below. 

20 
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Table 8 Calliphora vomitoria, larval development as 

mean live weights (mgm) at constant 26°C. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching weight of variation 

days % 

1.96 6.87 11.62 3·41 0.41 38.4 68 

2.79 32.79 258.77 16.09 2.09 49.0 59 

3.69 76.40 717.61 26.79 4·35 35.1 56 

4-29 106.66 186.55 13.66 1.99 12.8 47 

4-87 111.74 90-32 9-50 1. 39 8.5 47 

5o92 110.30 71.48 8.45 1.23 7-7 47 

6.92 111.37 87.46 9-35 1.36 8.4 47 

7-87 107.09 84.73 9.20 1.34 8.6 47 
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Table 9 Calliphora vomi toria, larval development as 

mean live weights (mgm) at constant 20°C. 

Time after Mean Variance S.D. s.E. Coefficient No. larvae 
ba.tohing Weight of variation 

days % 

0.90 0.44 o.o1 0.10 o.o1 22.6 54 

1.29 0.84 o.o3 0.17 0.02 20.0 50 

1.95 1.95 0.15 0.39 0.06 19.8 42 

2.25 2.98 0.46 0.68 0.11 22.9 40 

2.98 7.82 4.97 2.23 0.35 28.5 40 

;.27 10.66 7.00 2.64 0.43 24.8 38 

3.81 17.86 26.40 5-14 o.83 28.8 38 

4-19 'Z7 .98 72.19 8.50 1.38 30.4 38 

~.08 
;( 64-37 305-?:7 17-47 2.83 ?:7.1 38 

5-99 97-75 374.88 19.36 3.14 19.8 38 

6.35 101.76 283.62 16.84 2.73 16.5 38 

6.94 108.28 . 151.37 12.30 2.00 11.4 38 

7.31 107.93 80.82 8.99 1.46 8.3 38 

8.03 108.25 79-33 8.91 1.44 8.2 38 

8.29 107.47 55.55 7-45 1.23 6.9 37 

8.90 105.76 51.06 7-15 1.17 6.8 37 

9.18 104.18 53-76 7-33 1.21 7.0 37 

9.85 102.82 52.87 7.27 1.20 7-1 37 
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Table 10 Calliphora vomi toria, larval development as 

mean live weights (mgm) at constant 15°C. 

Time after Mew:t Variance S.D. S.E. Coefficient No. larvae 
hatching weight of variation 

days ~~ 

3.69 3-07 2.06 1.43 0.19 46.7 60 

4. 73 6.94 18.65 4.32 0.56 62.2 59 

5.69 13.57 57 ·41 7-58 1.07 55.8 50 

6.67 27-17 305.89 17.47 2.50 64.3 49 

7. 73 52.13 746.40 27.32 4-17 52.4 43 

8.58 73-49 984.89 31.38 4.90 42.7 41 

10.12 98.33 547-12 23.39 3.79 23.8 38 

10.73 101.76 191.82 13.85 2.28 13.6 37 

11.69 102.62 116.30 10.78 1.77 11~ 1:; u._, 37 

12.75 101.82 74.90 8.65 1.42 8.5 37 

13.73 97.62 43-16 6.57 1.08 6.7 37 
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Table 11 Calliphora vomitoria, larval development as 

mean live weights (mgm) at constant 10°C. 

Time after Mean Va.'t'iance S.D. S.E. Coefficient No. larvae 
hatching weight of variation 

days % 

9·74 4·37 1.22 1.10 0.19 25.3 35 

10.75 5·38 2.34 1.53 0.26 23.4 34 

11.77 8.67 4.87 2.21 0.39 25.4 32 

12.75 12.47 11.85 3·44 0.61 27.6 32 

13.71 18.41 :;e. 34 6.19 1.15 :;:;.6 29 

14.81 26.46 85.50 9.25 1.72 34·9 29 

15.71 37·54 144.26 12.01 2.2:; 32.0 29 

16.70 48.90 187.71 13.70 2.59 28.0 28 

17.67 58.86 :;oo.28 17.33 3.27 29.4 28 

19.21 72.93 387.50 19.68 :;.79 27.0 27 

21.69 9().82 259· :;o 16.10 :;.16 17.7 26 

22.60 96.04 153.24 12.38 2.43 12.9 26 

23.65 94.47 125.21 11.19 2.19 11.8 26 



The data was handled as for c. vioina as described on pages 13 

and 14, eo when a velooi ty graph is plotted, as used by 

(1927), a zero for development oan be extrapolated. 

Peairs 

This is plotted for c. vomi toria in Fig. 6, where temperature is 

100 
plotted against t'iiOO' for each stage in hours)~~ hne.~ 'bu"~ ~~owe" 

\~ b~ ~· 

Table 12 - Duration or egg and la.rva.l stages in the development of 

C. vomi toria at the constant temperatures of 10°, 15°, 20° and 26°. 

Hatching Duration of Duration of Duration of 
Constant time 1st instar 2nd instar 3rd instar 

temp. (hours) (hours) (hours) (hours) 

10° 75·5 147·5 144.5 250.5 

15° 46.0 63.0 64.5 1:;o.o 

20° 24.25 ;e.o 47·5 81.0 

26° 17.5 24·5 28.5 64.0 

• 
As can be seen from Fig. 6 the extrapolated zero,~: read off 

from Fig. 5, lies between 4. 9° and 6. 5°, and for further calculations 

0 5· 7 is used. 

This zero temperature was then used to calculate the day-degrees 

reCJ.uired by each stage as with c. vicina. 

Table 13 - Day-deerees required by each stage at the four constant 

0 0 0 0 • 
temperatures, 10 , 15 , 20 and 26 with C. vomitor~a. 

(Total) complete 
development 

21 

Temp. of Egg 1st 2nd 3rd egg laying~ 
experiment incubation in star ins tar in star max. mean \...-eight 

10° 13.6 26.5 26.0 45.1 111.2 

15° 17.9 24.4 25.0 50.4 117.7 

20° 14.5 22.7 28.3 48·3 113.8 

26° 14.8 20.7 24.1 54.2 113.8 
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It can be seen on Table 13, that egg incubation, 1 at, 2nd and 3rd 

instars each have their own thermal requirement in day-degrees, which 

is fairly constant, allowing for experimental error, for each of these 

stages. This means that the day-degree requirement determines the 

length of time each stage lasts, and hence the time for complete 

development, at the temperatures used in these experiments. A similar 

result for C. vomi toria was discovered by a different method by 

Peairs (1927) with C. vomitoria pupae. He found the co2 production 

at 7°, which he had found to be the zero of the velocity curve, and 

called this the constant daily basal metabolism. He then found the 

co2 production at 10°, 20° and 30° for the complete development of 

the pupae, and t.'len subtracted the basal metabolism, from this he 

found that the co2 production was constant. 

This offered no difficulty in the way of the acceptance of the 

thermal constant as indicatD~ that the processes of development 

represent a definite total of metabolic activity, which may require 

a definite amount o~ heat for its accomplishment. 

Further verification of this was found by Davidson (1944) as 

previously discussed on page 16. The findings of Peairs, Davidson 

and myself suggest that the egg to pupal development of C. vomitoria 

requires a thermal constant above the zero for development from the 

velocity graph. 

When one compares the duration of the four stages of c. vicina 

22 

and c. vomi toria in Tables 6 and 12, one can see that the egg incubation 
e'I((AI.~t a~ '~o 

times of c. vomi toria and C. vicina are very siJIJilar{ This was also 

the case found by ~~a.mal (1958) on his study of 11 species that included 

c. vicina a.T'ld c. vomitoria. Kamal (1958) found that the duration of 

the first insta.rs of c. vicina and C. vomi toria were very similar, in 

my study I found there was a significant difference. In C. vicina the 

duration of the first inetar was about the same length as the egg 



incubation time at eaah temperature, whereas in c. vomitoria the 

duration of the first instar was about 1.5 x the egg incubation time 

0 0 0 0 
at 15 , 20 and 26 , and about 2 x at 10 • !Ibis shows the much longer 

development of C. vomi toria which is perpetuated throu.ghout the larval 

development, at al.l temperatures used in this work. I do however 

agree with KamaJ.'a findings that the 2nd and }rd inatars of c. vicina 

are of much shorter duration than those of C. vomi toria, and that 

thus overall C. vicina develops in a shorter period of time. 

A similar si tu.a. tion to the above was demonstrated by Ash and 

Greenberg (1975) between two related species, where they found 

Phaenicia sericata = (L. sericata) required a longer period to develop, 

at both low and high temperatuxes, than Phaenicia pallescens. 

23 
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Individual live larval weight variations within each set of larvae 

of C. vomi toria, reared at the constant temperatures of 10°, 15°, 20° 

and 26°. 

Looking at Fig. 7 a-d one can see that as the larvae app:r oar...h 

the end of the period of rapid growth, the C. V. decreases rapidly as 

the frequency distributions become narrower on successive weighings. 

So a decreasing C.V. indicates the end of a period of rapid growth, 

as the larvae coming out of this period begin to be caught up by 

those that are in, or entering into, the period of rapid growth. In 

the same manner; looking at Tables 8-11, one can see that as the 

increases between mean larval weights increase, between successive 

weighing's, that the c.v. starts to increase. Hence a rapidly increas-

ing c.v. indicates that the larvae are enterli~ into, or b£.ve entered 

into, a period of rapid growth. 

As an arbi~ figure I calculated the range over Which the 

c.v. was 7r::flo of its maxinmm value, i.e. when the c.v. was high for 

each temperature. This gave the following results, showing the mean 

larval weights between which rapid growth occur.r:ed, at each of the 

four temperatures used, 10°, 15°, 20° and 26° with c. vomitoria, from 

Tables 8-11. 

10° 5· 38 mg - 72.99 mg 

15° 6.94 mg - 52.41 mg (above) 

20° 2.98 mg - 64.37 mg 

2,...0 () 8.87 mg - 76.40 mg 

These results are quite different from those found from C. vicina, 

in that the rapid period of growth starts much earlier; with C vomi toria 

this rapid period of growth starts somewhere between 3-9 mg, whereas 

with c. vic ina it starts between 9-30 mg depending on the temperature • 

So \vi th c. vomi toria this rapid period of growth extends over a greater 
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period or the larval development, and its timing is unaffected by 

different temperatures in C. vomi toria. This means that the rapid 

period or growth in c. vicina starts a.t the ea:rly 3rd insta.r, but 

in c. vomi toria it sta:rte at the ea:rly 2nd instar and ccnt.inues 

through until around the middle or the 3rd instar. In c. vomi tor.ia 

the let - 2nd instar moult occurring a. t about 1. 5 mg, and the 2ncl - 3rd 

insta:r moult at about 16.0 mg, whereas with C. vicina the 1st - 2nd 

insta.r moult occurs at about 2.0 mg, and the 2nd - 3rd instar moult 

at about 9 mg. 

25 



Chapter V 

Development or Luoilia serioata larvae at constant temperatures, 

10°, 15°, 20° and 26°. 

As with the Calliphora species, L. aerioata developmental rates 

increased with an increase in the constant temperature Fig. 8. 

L. aerioata completed la.rval development at 15°, 20° and 26°, but 

0 
only managed partial development at a constant 10 , and most of 

the larvae died as 1st instars and the rest as early 2nd ins tars. 

0 
This indicates that 10 is at the zero for development. It was 

recorded by Peairs (1927) that development did not occur, or did not 

continue to completion, at temperatures, in the constant temperature 

series, which approached to within one to five degrees of the zero· 

point of the velocity curves. Observations of larvae showed that 

they would usually feed and grow to some extent, for a few days, at 

temperatures within one degree of the developmental zero. This appears 

to be the ease in my observ:a,tions with L. serioata. 
l 

The peroentaee or eggs hat~ also dropped markedly at a 

constant 10° to about 50% as compared to over 90/6 at a constant 15°, 

20° and 26°, a1. though e::mot data for these were not recorded. 

A1 though there was only about a 50% hatch at 10°, most of the eggs 

contained :f'ull developed larvae. This was also recorded by Vogt and 

Woodburn (1980) when working with Luoilia cuprina eggs. They suggested 

that this failure to hatch may be associated with a lower level of 

larval activity at this temperature. 

0 The experiment at 10 was started using 100 1st instar larvae, 

but I found a heavy mortality (960;b), in the 1st instar and during the 

1st - 2nd in star moult. The liver in the culture was changed after 

12 days due to the bacterial infection of the liver from the dying 

larvae, but all the larvae were dead except for four 2nd instars 

after 18 days, so the experiment was stopped at this point. The 

26 
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l"b. 

Table 14 Luoilia eerioata, la.rval development as . 
0 

mean live weights (mgm) at constant 26 c. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching weight or variation 

days ~~ 

1.71 5-58 1.67 1.29 0.13 23.2 105 

2.08 11.31 8.88 2.98 o.;o 26.3 103 

2.54 28.16 57·78 7.60 0.76 'Zf.O 102 

2.92 ~.88 61.98 7-87 0.79 22.6 102 

3.12 41-79 70.16 8.;a 0.84 20.0 102 

4.17 42.64 35-73 5-98 0.60 14.0 98 

5.04 40.55 37 ·55 6.13 0.6; 15.1 95 



Table 15 Lucilia eericata,larval development as 

mean live weights (mgm) at constant 20°C. 

Time a.f'ter Mean Variance S.D. S.E. Coefficient No. larvae 
hatching weight of' variation 

days % 

2.8, 6.68 4·52 2.1, 0.25 Jl.8 71 

,.98 17.40 ,7.02 6.08 0.74 ,5.0 68 

4.92 ,S.72 12,.0, 11.09 l.,S 28.6 65 

5.25 4Je11 1,0. J7 11.42 1.44 26.5 6' 

5.81 44.97 122.58 11.07 1.41 24.6 62 

6.19 44.41 120.15 10.96 1.,9 24.7 62 

6.81 42.,S 88.47 9·41 1.21 22.2 60 



lb.l. 

Table 16 Lucilia sericata, larval development as 

mean live weights {mgm) at constant 15°C. 

Time after Mean Variance S.D. S.E. Coefficient no. larvae 
hatching weight of variation 

days % 

4-98 4-45 0.74 0.86 0.09 19.3 95 

5-94 6.86 3·14 1.77 0.18 25.8 96 

6.96 13.20 15.45 3·93 0.42 29.8 89 

7.96 23.42 35·58 5·96 0.65. 25.5 85 
' 

8.94 ;2.65 58·59 7-65 o.8; • 23.4 85 

10.31 40.12 69.07 8.31 0.90 20.7 85 

11.15 39-52 50.94 7.14 0.78 18.1 84 

12.10 ;a. 72 37.98 6.16 0.68 15.9 83 



timings obtained from this experiment were Egg incubation at 102.25 

hours and the duration of the 1st insta.r at 158 hours. 

It can be seen from Tables 14, 15 and 16 that with L. sericata, 

as with C. vicina and c. vomi toria, the S.E. first of all increases 

as the mean la:t"Val weight increases. Bu.t unlike c. vicina and 

c. vomitoria where the S.E. decreases as the ma:rlmum mean weight is 

approached, in L. sericata the S.E. does not decrease until after the 

ma.rlmum mean weight bas been achieved, Tables 14, 15 and 16. I would 

suggest that al. though this difference is significant, that it would 

have little effect on larval development as a whole, and would be 

best explained as a variation between different species. 

'When a velocity graph is plotted, as used by Peairs (1927), 

a zero for development can be extrapolated. This is plotted for 

100 
L,.. serioata in Fig. 9, where temperature is plotted against tilii'e for 

each stage in hours1 t~ \tne.& 'oe:~n~ A.rtt.u.)n \n b~ ~o.. 

Table 17 - Duration of egg and larval stages in the development 

0 0 60 of L. sericata, at the constant temperatures of 15 , 20 and 2 • 

Constant 
temp. 

Incubation 
time 

(hours) 

45·5 

Duration or 
let instar 

(hours) 

66.0 

34.5 

19.0 

Duration or 
2nd instar 

(hours) 

10.0 

41·5 

21.5 

Duration or 
3rd instar 

(hours) 

111.5 

50.0 

As can be seen from Fig. 9 the extrapolated zero, read from 

Fig. 9is between about 8,7° a.nd 11.5°, and a median zero temperature 

o· or 10.1 is used. 
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This zero temperature was then used to calculate the day-degrees 

required as before. 

Table 18 - ])ey'-degrees required by each staee, at the three constant 

temperatures, 0 0 0 15 , 20 and 26 , w1 th L. sericata. 

28 

Temp. 
(Total) complete 

development 
of Egg 1st 2nd 3rd egg laying __,. 

experiment incubation ins tar in star in star max. mean weight 

15°0 9.2 13.4 14.2 22.7 59.5 

20°0 9-9 14.2 17.1 20.6 61.8 

26°0 9-9 12.6 13.9 23.2 59.6 

It can be seen £rom Table 18, that the 4 stages each have their 

own day-degree requirement, which is fairly constant for each of 

these stages. This means that the day-degree requirement dete:rm!nes 

the length of time each stage lasts, and hence the time for complete 

development, at these temperatures. This is a very similar result 

to that formd w1 th c. vomi toria, wbioh also bad the:rmal requirements 

for each of the stages, and a similar situation was recorded by 

Vogt and Woodburn (1980) on the eggs of Lucilia cuprina (Wiedemann), 

whose developmental rate increased linearly with temperature between 

10° and 40° at constant saturation deficits. 

0 The egg incubation times I recorded for L. sericata at 15 , 

20° and 26°, Table 18 are very similar to those recorded by Davidson 

(1944) on L. sericata, who found a close correlation between the 

calculated and observed values from the velocity curve between 15° -

34.4°, which indicates a linear relationship between temperature and 

egg incubation over this temperature range. The egg incubation times 

are also similar to those recorded by Ash and Greenberg (1975) for 

L. sericata at 19° and 27°, but they also found that L. sericata 

egg and larval stages showed an inverse relationship to temperature 



29 

0 0 
when :the constant temperature was increased from 'Zl - 35 , which 

0 
:prolonged develop:nent. Renee 35 must be beyond the optimum temperature, 

and Cousin (1929 ) cited by Mackerras (1933) found 33° to be the 

optimum temperature for L. sericata larvae. 



Individual_ live larval weight variations within each set of 

larvae of L. sericata, reared at the constant temperatures of 15°, 

20° and 26°. -

Looking at Fig. 10 ·a-d and Tab~es 14, 15 and 16, one can see 

that a rapidly increasing c. v. indicates that the larvae ~ entering 

into, or have entered into, a period of rapid growth, and that a 

decreasing c. V. indicates the end of a period of rapid growth, as 

described and found with C. vicina on Page 18. 

\\~hen I calculated the range over which the c.v. was 7f};t6 of its 

ma.:x:imum vaJ.ue, from Tables 14, 15 and 16, the follmdng results were 

obtained, showing the mean larval weights between which rapid growth 

occurred at the three temperatures used. 

15° 6.86 mg - 32.65 mg 

200 6.68 mg - 43.11 mg 

26° 5.58 mg ~.88mg 
~ 

' ., 

These results are quite different from those found from c. vicina, 

but very similar to those found for c. vomi toria, in that the rapid 

period of growth starts earlier, extends over a greater period of the 

larval development, and its timing is unaffected by different temp-

eratures in L. sericata. This means that the rapid period of growth 

in this species starts around the mid-2nd instar and continues 

through until around maximum mean weight •. In L. sericata the 1st -

2nd instar moult occurs at about a weight of 1. 5 mg, and the 2nd -

3rd instar moult at about 8 mg. 

30· 
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Chapter VI 

Development of Phormia terrae-novae larvae at constant temp-

o 0 0 0 eratures, 10 , 15 , 20 and 26 • 

The developmental rates of P. terrae-novae showed similar temp

erature relationships as for the previous species, Fig. 11. 

P. terrae-novae completed la.rva.l development at 15°, 20° and 26°, but 

31 

as in L. sericata managed only partial larval development at 10°, and 

most of the larvae died as mid-third insta:rs, (Table 22). This 

indicates that 10° is close to, or at, the zero for development, atleast 

for the 3rd instar, in P. terrae-novae, as both the let and 2nd inetars 

completed their development. This is to be expected, because as 

stated by Ash and Greenberg (1975), "as the physical and biochemical 

events that occur in the three stages of a holometabolous poikilotherm 

are so varied, it would be unrealistic to expect each stage to respond· 

to a given temperature in the same way". So although in my calculations 

I have used the median zero for development from the velocity graph, 

each insta:r will have its own zero for developmen;~ as shown on the 

velocity graph, but I decided to use the median value as it would 

give a more accurate overall extrapolated zero. 

The fact that both L. sericata and P. terrae-novae both failed 

to complete larval development at 10°, whereas both c. vicina and 

c. vomi toria did complete development at this temperature, is in 

agreement with the findings of Cragg (1956) whose study included these 

four species, he found that the Calliphora species could wi thsta..'1d 

and develop at much lower temperatures than P. terrae-novae and 

L. sericata. He also noted that L. sericata had the }l.ighest mortality 

as he moved his experiments from 200 feet to 1850 feet above sea-

level. This agrees 'with my study in that at 10° L. sericata died as let 

or early 2nd instars, \merea.s P. terrae-novae died as mid-third instars. 

So if the temperature was raised slightly up from 10°, P. terrae-novae 
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Time after 
hatching 

days 

2.48 

;.34 
;.67 

.·l 4-25 

4-65 

5.27 

5·56 

Table 19 Phormia terrae-novae, larval development as 

mean live weights (mgm) at constant 26°c. 

Mean . Variance S.D. S.E. Coefficient No. larvae 
weight of variation 

% 

8.54 5.37 2.32 0.24 27.1 93 

;o. 71 112.39 10.60 1.10 34·5 93 

43-71 117.26 10.83 1.14 24.8 90 

61.63 156.80 12.52 1.32 20.3 90 

69.40 164.78 12.84 1.36 18.5 89 

70.52 91.58 9·57 1.03 13.6 86 

68.;2 9().22 9.50 1.02 13.9 86 
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Table 20 Phomia terrae-novae, larval development 

as mean live weights (mgm) at constant 20°C. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching weight of variation 

days % 

6.04 8.67 5·43 2.33 0.25 26.9 89 

6. 74 12.26 16.95 4.12 0.44 33.6 88 

7.66 20.30 59.21 7.69 0.82 37.9 87 

8.66 35.40 148.84 12.20 1.32 34.5 86 
I 

9.01 39.50 168.41 12.98 1.40 32.8 86 ,, 
10.18 56.07 215.76 14.69 1.58 26.2 86 

10.99 63.28 164.97 12.84 1.40 20.3 84 

11.72 64.83 135.82 11.65 1.27 18.0 84 

12.76 63.66 97·54 9.88 1.10 15.5 81 
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Table 21 Phormia terrae-novae, larval development 

as mea11 live weights (mgm) at constant 15°C. 

Time after Mean Variance S.D. S.E. Coefficient No. larvae 
hatching weight of variation 

days % 

11.76 7.39 3.56 1.89 0.21 25.5 82 

12.68 8.62 10.07 3.17 0.37 36.8 74 

13.76 11.69 28.32 5.32 0.65 45·5 68 

15.61 20.89 64.63 8.04 1.07 38.5 56 

17.51 31.38 93.58 9.67 1.37 3Q.8 50 

20.01 42.05 126.07 11.23 1.64 26.7 47 

22.49 45.75 118.65 10.89 1.68 23.8 42 

24.45 45.08 95.88 9.79 1.61 21.7 37 



p 

Table 22 Phoxmia terrae-novae, larval development 

as mean live weights (mgm) at constant 10°C. 

Time after Y~ean Variance S.D. S.E. Coefficient Ho. larvae 
hatching weight of variation 

days· % 

24.96 9.56 4·55 2.1; 0.28 22.; 60 

34.08 21.86 58.90 7.67 1.51 • 35.1 26 
. ! 
' 

37.96 22.65 93.06 9.65 2.21 
~ 42.6 19 

45.52 39.17 53.42 7. 31 ;.65 18.7 4 
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would have the better possibility of completing development. 

It can be seen from Tables 19, 20 and 21 that with P. terrae-novae, 

as with C. vicina, c. vomi toria and L. sericata, the S.E. first of all 

increases as the mean larval weight increases. Bllt unlike c. vicina 

and. C. vomi toria, where the S.E. decreases as the ma.xinnJJD mean weight 

is approached, in P. terrae-novae, as with L. sericata, the S.E. does 

not decrease until after the maximum mean weight has been achieved, 

Tables 19, 20 and 21. I would suggest that, as with L. eericata, 

although the difference is significant, that it would have little 

effect on larval development as a whole, and would be best explained 

as a variation between different species. 

When a velocity graph is plotted, as used by Peairs (1927), 

a zero for development can be extrapolated. This is plotted for 

P. terrae-novae in Fig. 12, where temperature is plotted against !:e 

Table 23 - Duration of egg and larval stages in the development of 

P. terrae-novae, 0 0 60 at the constant temperatures of 15 , 20 and 2 • 

IncubatioP Duration of Duration of Duration of 
Constant time 1st insta.r 2nd insta.r 3rd insta.r 

temperature (hours) (hours) (hours) (hours) 

15° 60.25 129.0 147.75 203.5 

20° 31.25 64.5 80.0 119.25 

2,...0 
0 18.5 :;8.5 19.5 53·5 

As can be seen from Fig. 12, the extrapolated zero, read from 

Fig. 12, lies between 8.4° and 11.9°, and for further calmuations 

0 
a mediru1 7-ero temperature of 10.1 is used. 
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Table 24 - Day-degrees required by each stage, at the three constant 
0 temperatures 15 , 0 0 

20 and 26 , with P. tel:rae-nova.e. 

Temp. 
(Total) complete 

development 
of Egg 1st 2nd 3rd egg laying -7 

experiment incubation in star inetar ins tax max. mean weight 

15° 12.2 26.2 ;o.o 41.; 109.7 
200 12.9 26.5 ;2.9 49.1 121.4 

26° 12.2 25.5 12.9 35·4 86.0 

It can be seen from Table 24 that egg incubation and 1 at instaxs 

both have their own thel.'IIlal requirement in day-degrees for their 

development, which is constant for both of these stages at the temper-

atures used in these experiments. Whereas the durations of the 2nd 

and 3rd instars are not dependent on the day-degree requirement alone. 

I suggest the following explanations for these results. 

1. Experimental error. This is extremely ur-likely as the 

0 timings in these experiments for the 2nd instax at 15 would have to 

0 have been some 2.5 days out, and about 1.75 days at 20 • 

2. a) Relatively slower development at the lower temperatures 

in day-degrees, by stimulation by high temperatures and or inhibition 

by lower temperatures. 

b) Adaptation by P. terrae-novae to develop faster at higher 

temperatures. Since P. terrae-novae is a myiasis causing species it 

is not unreasonable to suspect that it would be able and adapteu_ to 

develop relatively quicker at around body temperature, i.e. about 30° 

to 35°. The explanation for the thermal requirement of the egc 

incubation and 1 at instax is that these axe present in the fur or on 

the skin of the victim, i.e. exposed, and will be adapten to develop 

at lower temperatures than the 2nd and 3rd instars, which 1·!ill perhaps 

burrow into the victim and be adapted to developin£r at hie;her 

temperatures. 
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Individual live larval weight variations within each set of 

larvae of P. terrae-novae, reared at the constant temperatures of 

15°, 20° and 26°. 

Looking at Fig. 13 a-d and Tables 19, 20 and 21 can see that a 

rapidly increasing C.V. indicates that the larvae are entering into, 

or have entered into, a period of rapid growth, and that a decreasing 

C.V. indicates the end of a period of rapid growti1, as described and 

found with c. vicina on Page 18. 

\fuen I calculated the range over which the C.V. viaS 75~: of its 

maximum value, from·Tables 19, 20 and 21, the following results were 

obtained, showir'..g the mean larval weights behreen which rapid growth 

occurred at the three temperatures used. 

15° 8.62 mg - 20.89 mg 

20° 12.26 mg - 39-5 mg 

2~ 8.54 mg - 30· 71 mg 

The period of rapid growth in P. terrae-novae starts aro~~d the 

end of the ~1d instar and continues through until around the mid-3rd 

insta.r, and its timing, as found ,.,i th c. vomi toria on Page 24, 

appears to be unaffected by the prevailing constant tempera~~e, wi~~in 

' the range of temperatures used in these exper~ents. In P. terrae-

novae the 1st - 2nd ins tar moult occurring at about 1. 5 me, a.11d the 

2nd - 3rd ins tar moult at about 8. 5 mg. 
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Chapter VII 

Calliphora vicina larvae reared under condi tiona of e.1 terna.ting 

temperatures. 

!lhe larvae of c. vioina were reared under conditions of alternat-

1ng ~peratures, 5° - 15°, 10° - 20° and 15° - 26°, as described on 

page a. The results tram these three experiments are set out ii. 

Tables 25, 26 and 'Z7 and Fig. 14. 

'l!le duration of egg incubation, and the three instare up to 

maximntn mean weight were noted at each of the two temperatures in 
~--.;_,~.!:) , r -, . .. -~ , ) 

each experiment{ Table 2G," the method for detemi..lling egg inC'Ilbatio~ 

is the same as used for tile consta..--,t temperature series as described 

on ~""G 5 a.11.<l the larval moults a.s described on paeoe 7. 

I the:!: calculated the day-degree requUelllent for each of these 

stages under the three different concll tiona of al termtil".g temperatures, 

0 using the ~~culatec zero for development of 4.8 trom the cons~~:t 

temperature experiments (see pages 12 and 13). 'l'hese results we:re then 

cOI:IIJ.lBftd to those from the oonstant temperature series on Table 29. 

Table 29 - Ca.lliphorp. vici..'1.B., a compa:rison of the d.ay-t~cgrec require-

menta of egsa o..'1c!. larvae up to I!JA.'ltirnlli!l mean weight at co~stant and 

alternating temperatures. 

10° 50-150 15° 10°-20° 200 150-260 

Egg incubation 15.9 14.0 15.3 15.0 lG,t, 1~-. ,_-

1st insta.r 15-3 14.3 13.7 14.3 14-1 14.8 

2nd instar 19-4 3').8 17.2 20.1 20.1 19.D 

3rd ins ta:t' 21.8 47 .c 2( .• 8 57.3 43·7 55.5 

Totcl 72.4 9'::. 7 73.0 10(,. 7 93.9 105.9 
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Table 25 Calliphora vicina, la.rval development as mean live 

weights (mgm) under oondi tiona of alternating temperatures 
0 0 

between 15 C - 26 c. 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight of variation between larvae 

days % weighings 

2.31 2.08 0.40 0.63 0.07 ;o.5 
15°C 

74 

2.81 ,. :;o 0.95 0.97 0.12 29.5 
26°c 

70 

3.31 8.03 6.97 2.64 o. 37 32.9 
15oC 

51 

3.81 11.61 18.27 4.27 0.59 36.8 
26°c 

52 

4· 31 23.39 66.45 8.15 1.13 34.8 
15°C 

52 

4.81 36.03 1G4.72 12.83 1.80 35.6 
26°C 

51 

5·31 46.61 228.31 15.11 2.14 32.4 
15°C 

50 

5.81 54.70 265.02 16.28 2.30 29.8 
26°C 

50 

6.31 57.93 269.46 16.42 2.32 28.3 
15°C 

50 

6.81 60.78 207.28 14.40 2.08 23.7 
26°c 

48 

7. 31 57.30 168.92 13.00 1.88 22.7 
15°C 

48 

7.81 54.91 48 
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Table 26 Calliphora vicina, la.rval development as mean live 

weights (mgm) under condi tiona of a1 ternating temperatures 

0 0 between 10 C - 20 c. 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight of variation between Larvae 

days % weighings 

2.81 0.91 0 
81 

20 c 
3.31 1.93 0.22 0.47 0.05 24.5 77 0 

10 c 
3.81 2.39 0.50 0.70 0.08 29.4 

20°C 
74 

4. 31 4.00 1.89 1.38 0.17 34·4 
10°C 

65 

4.81 4·94 2.79 1.67 0.21 33.8 
20°C 

64 

5. 31 7.02 8.98 3.00 o. 37 42.7 
10°C 

65 

5.81 9.06 18.04 4.25 0.55 46.9 
20°C 

59 

6.31 16.32 55.15 1·43 1.00 45-5 
10°C 

55 

6.81 20.51 80.36 8.96 1.20 43.7 
20°C 

56 

7. 31 27 ·35 123.49 11.11 1.53 40.6 
10°C 

55 

7.81 31.87 J,.57·39 12.55 1.72 39.4 
20°C 

53 

8. 31 3f3.07 202.53 14.23 1.95 37.4 
10°C 

53 

8.81 42.22 211.63 14.55 2.04 34·5 
20°C 

51 

9. 31 47.57 209.57 14.48 2.03 30·4 
10°C 

51 

9.81 50.92 205.97 14.35 2.05 28.2 
20°C 

49 

10.31 56.11 103.62 10.18 1.53 18.1 
10°C 

44 

10.81 56.79 83.39 9-13 1.38 16.1 
20°C 

44 

11.31 57.80 78.35 8.85 1.33 15.3 
10°C 

44 

11.81 55.11 66.16 8.13 1.23 14.8 44 



Table 27 Calliphora vicina, larval development as mean 

live weights (mgm) under conditions of a1 ternating 

temperatures between 5°0 - 15°0 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight of' variation between larvae 

days % weigbings 

4.81 0.76 118 
15°0 

5.31 1.00 108 
5°0 

5.81 1.10 
15°0 

lOG 

6.31 1.92 0.24 0.49 0.05 25.8 
5°0 

87 

6.81 2.34 0.43 0.65 o.o8 27.9 
1500 

72 

7-31 3.09 0.86 0.93 0.11 3().1 
5°0 

73 

7.81 3.58 1.16 1.08 0.13 3().1 
15°0 

71 

8.31 4.28 1.53 1.24 0.15 28.8 
5°0 

64 

8.81 4.46 1.67 1.29 0.17 29 ,r, 

15°0 
59 

9.31 5.65 2.26 1.50 0.20 26.6 
5°0 

56 

9.81 5.93 3.04 1.74 0.23 29.4 
15°0 

55 

10.31 8.14 10.20 3.19 0.45 39.2 
5°0 

51 

10.81 8.47 12.22 :;.so 0.48 41.3 
15°0 

52 

11.31 12.50 19.89 4.46 0.64 35-7 
5°0 

48 

11.81 13.41 23.59 4.86 0.71 36.2 
15°0 

47 

12.31 17.72 49-97 7.07 1.02 39-9 
5°0 

48 

1~.81 19.27 60.24 7-76 1.12 40· 3 
15°0 

48 

13.31 24.10 102.99 10.15 1.46 42.1 
5°0 

48 

13.81 26.76 113.51 10.65 1.55 39.8 
15°C 

47 

14.31 30·57 147.61 12.15 1.77 39.7 0 47 
5 c 

14.81 33.23 167.97 12.96 1.89 39.0 
0 

47 
15 c 

15.31 35.16 .179.31 13.39 1.95 38.1 0 47 
5 c 

15.81 41.26 174.50 13.21 1.97 32.0 45 
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'I 
Table 27 ( Contd. ) . .I; II 

!I 
Time after Mean Variance S.D. S.E. Coefficient Temp. No. 

., 

.i 

hatching weight or variation between larvae !J 
days % weighings I 

15°0 
16.31 45.23 184.77 13.59 2.03 3(>.0 

5°C 
45 

16.81 48.20 200.81 14.17 2.14 29.4 
15°C 

44 

17.31 50.21 214.92 14.66 2.21 29.2 
5oC 

44 

17.81 52.98 205.30 14.33 2.16 27.0 
15°0 

44 

18.31 55.06 214.49 14.65 2.21 26.6 
soc 

44 

18.81 55.20 195.88 14.00 2.11 25.3 
15°0 

44 

19.31 55.98 196.75 14.03 2.11 25.1 
5oC 

44 

19.81 54.70 44 



Table 28 c. vicina, durations of egg and larval stages 

under different conditions of al.ternating temperatures. 

Alternating Time of egg Egg Incubation, Ist Instar, 2nd Insta.r, 
temperatures laying, (placed time at each time at each time at each 
of at higher of temperature. temperature. temperature. 
experiment two temps. ) • 

0 11 brs. at 26° 13 h:t's. at 26 15.75 bra. at 26 
15° - 26° 1. 30 p.m. plus 

0 
plus plus 

12 h:t's. at 15° 0 12 brs. at 15 12 h:t's. at 15 

0 0 23.5 hrs. at 20° 
10° - 20° 

19.5 h:t's. at 20 14.5 hrs. at 20 
1.30 p.m. plus plus plus 

0 12.25 h:t'e. at J0° 23.75 bra. at 10° 24 bra. at 10 

0 0 0 

5° - 15° 
32.25 hrs. at 15 33.25 bra. at 15 48 bra. at 15 

1. 30 p.m. plus 
0 

plus plus 
0 

36 hrs. at 5 • 

4

'·- 24 hrs. at 5° 48 brs. at 5 

3rd Instar until 
marfnn:un mean 
weight, time at 
each temperature. 

0 
39.75 bra. at 26° 

plus 
48 bra. at 15° 

70 hrs. at 20° 
plus 

60 bra. at 10° 

110 brs. at 15° 
plus 

0 120 h:t's. at· 5 

uJ 
l1l 
-~ 



It can be seen from Table 29, that in c. vicina there is a thermal 

requirement in day-degrees, which remains fairly constant, for egg 

incubation, 1st and 2nd insta.ra at both constant and alternating 

temperatures over the range of 5° - 26°. Bowewr the 3rd insta.r to 

maximum mean weight has a higher thema.l requirement under alternating 

temperatures as compared to that of constant temperatures, and as 

noted previously, the lower the constant temperature the less the 

thermal requirement. in the 3rd insta.r. 

This shows that there is approximately a linea.r relationship with 

0 0 temperature, both constant and alternating, between 5 and 26 in egg 

incubation, 1st and 2nd insta.r development. However the duration of the 

3r<i insta.r to maximum mean weight is much longer at alternating than 

one would expect from the results of the constant temperature series. 

These results from c. vicina therefore agree with thosa of Hanski (1977) 

working on L. illustris. He found that the observed production rate 

at c.banging temperatures, which was measured by the increase in fresh 

weight between sue.::~asive weighings, was lower than the prediction 

from the constant temperature experiments. He concluded that net 

production efficiency was lower at changing ~~ at constant temper-

atures, atleast in the 3rd insta.r larvae in L. illustris. He further 

suggests that when the larvae a.re at the stage of the highest produ-

ction rate, their metabolism is possibly channelled to the synthesis 

of new tissue to such an extent that they are less "efficiently 

buffered" against enviromental stress, such as suboptimal temperature 

conditions, which he states on the other band, may be interpreted as 

an adaptation to maximize the utilization of suitable conditions. 

T.he above is a good example of how different stages L~ develop-

ment are sensitive .to different regimes. Meyer and Schaub (1973) on 

Callitroga ma.cellaria, Lucilia cuprina and Calliphora vicina, found 

that within fixed limits of tolerance, the reaction to changes in tem[€rature 



is more intensive in feeding than in non-feeding larvae, and that a 

high metabolic rate is related to high levels of sensitivity to temper

a ~e changes. 
r 

This effect on the 3rd instax of c. vicina of tempera~e altar-

nation could well be affecting the enzymatic system of the larva. 

Grosse (1976) found that during the 3rd instar of c. vicina the 

glycogen level in the fat body increases continuously, and that the 
·' 

activity of glycogen phosphorylase a in the fat body increases by same 

30Cfj{ over the 3rd instar and pre-pupa stage then falls dramatically 

at the end of the pre-pupa stage. 

It is best summed up by Ash e~1d Greenberg (1975), that as the 

physical P.nd biochemical events that occur in the 3 stages of a 

37 

holomet:: ·Jolous poikilotherm are so varied, that it would be UI'lXealistic 

to expect each stage to respond to a given temperature in the same way. 

Not only do alternating temperatures effect the duration of the 

3rd insta.r but also effect the individual weight heterogeneity within 
P"SL:)7") 

each batch, in the 3rd instar{Fig. 15,1'Wh1ch is shown by the large 

differences in the S.E. between constant and alternating temperatures • 

C. viciP..a. moults from 1st - 2nd ins tar at about 1 - 1. 5 mg and from 

2nd - 3rd instar at about 6 - 9 mg. At these points the S.E., 

comparing constant and alternating temperatures, are very similar 

expecially \-Then the lower constant temperatures are used for the 

comparison. At early 3rd instar, around a '\-Ieight of 15 mg, the 

higher constant temperatures promote this difference, whereas at 

late 3rd instar (50 mg plus) the lower constant temperatures having 

the greater affect; i.e. at a mean weight of 20 mg the S.E. at 20° 

0 0 -0 
was 2.22 mg, at 10 was 1.425 mg and at the alternation 15 - 2(, was 

1.00 mg, whereas at a mean weight of 60 mg at 20° was 4.35 mg, at 10° 

was 5.2 mg and at the alternation 15° - 26° was 2.25 mg. 

Under conditions of alternating temperatures the S.E. appeaxs to 
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be independent of the prevailing temperatures (Fig. 15). 

It can be suggested that this difference between constant and 

alternating temperatures is brought about by the a1 tarnation of temper

ature affecting the rate of food ingestion or digestion (assimilation) 

or both. The crops of the larvae under alternating temperature 

conditions did not appear to be less full than those of larvae reared 

under constant temperature condi tiona, from which comes the suggestion 

that the fluctuation in temperature, (large i.e. 10°), is effecting 

the efficiency of the gut eneymes in the rate of digestior! of the 

food, or in the uptake/assimilation of the digested food. 

Watt (1968) cited by Hanski (1977) considers that we ought to 

be able to understand the effects of temperature fluctuations ''by 

summing the effects of each of the temperatures experienced, as each 

of the effects would be predicted from a curve for the effect of 

constant temperature." From the above results I would argue that in 

nature, not only are the temperatures of great importance, but also 

the change in temperatures,. as the animals tolerance to a ab.ange in 

temperature varies depending on the conditions in which it has been 

kept. 

So the alternating temperatures not only affect the time required 

for varying stages of the life-cycle of the larvae, but also the 

weight heterogeneity within a population. This lower and more ur...ifo:rm 

s.E. at alternating temperatures compared to constant temperatures, 

shows a much lower weight variation between individuals of a given 

batch. As mentioned previously, changes in temperature, i.e. alter

nating temperatures, will be expected to have their g:ceatest affect 

during periods of intensive g:cowth, such as the 3rd ir.~.sta.r larvae. 

This reduction in intensive growth by alternation of temperature 

seems to reduce the S.E. found within a population of larvae. This 

effect is more than likely at an enzymatic level, and further work is 



required to elucidate more precisely the effect of alternating 

temperatures. 

MOst of the workers investigating the relationship between 

temperature and insect development have made use of constant temper

atures maintained by various devices within incUbators, so much so 

that it has become a. serious problem as to how fa:r the results 

obtained nnder consta.."lt temperatures of the incubators can be taken 

to be applicable to the fluctuating temperatures prevalent in the 

field. Some workers in the past(Shelford (1927) on the codlinfnoth 

Carpocapsa pomonella and Peairs (1927) on various Lepidoptera, 

Diptera ro1d. Coeloptera) have noted that variable temperatures bring 

about some acceleration in insect development. Headlee (1940) invest!-

gated this problem more critically by maintai.l'ling fluctuating and 

39 

constant temperatures i.n parallel experiments, but he found acceleration 

in some series and retardation in others. In trying to explain these 

apparently discordant results he said that as the characteristic 

curve of reaction of insects to external factors of the environment 

happens to be sigmoid, the speed of metabolism is likely to be 

reduced, and. more time required to complete the same metabolic changes 

in the variable, than would be necessa_rJr to complete the same changes 

in the constant, if the variable rru~ under examination (~es over into 

the 'foot' part of the curve or into the top or steeper part of the 

curve. 

Pradha.n (1944) on the cotton bolhrorm pupae drel: a graph of pupal 

period versus temperature using a good number of temperature ~verages 

extenclin.c- over the full range of seasonal fluctuation. 11hcn Prad.ha.n 

coi!lJ?a.red tllis vri th the curve obtained under co11stant tem:rerd"UXe by 

P..hr.la.C. 1?L.'1<1 Ghulmr. Ulla.h (1939) a vcr; instructive result ,.,:-._s indicated, 

because the curve obtained UJ.1der fluctuating temperatl.L-:8 sta:rte6. 

much lower, (starting from lo,-mr temperature), than that obtained 

under constant temperature, and then g:radunlly appro2.ching it and 



actuaJ.ly tends to erose it and go above it at higher temperatures. 

This comparison tends to indicate that the development is quicker 

under variable temperatures than under constant temperatures at lower 

temperatures, but the effects are just reversed at higher temperatures, 

when d~velopment is slower under variable temperatures than under 

constant temperatures. This was explained by Pradhal1 by the follovring 

method:-

Taking the curve of developmental indices or reciprocal 

(developme~tal time) to be sigmoid in shape i.e. a curve \dth two 

opposite bends ~~d a point of inflection in between, the effect of 

variable temperatures can be explained as follows:-

b b b b 

Temperature (x) 

Curve o~ Developmental Indices. 

40 



Suppose the average of fluctuating temperature is x in the lower 

bend of the curve. Now it is clear that in the case of the temperature 

remaining constantly at x then tho rate of development will remain 

constant, but in the case of fluctuating temperature, the development 

will be quicker when the temperature goes above x, i.e. the effect 

will be retarda.tive as compared to the constant temperature at x; and 

the resultant effect of the fluctuating temperature will be the sum 

of these accelerative and retardative effects. Then as the graph in 

the region of the lower bend is bent upwards the rate of retardation 

below x is slower than acceleration above x, so the resultant effect 

of variable temperature is accelerative. The effects around z will be 

opposite and therefore in aggregate retardative. 

During my experiments \d th C. vic ina laxvae, I found no acceler-

ative or retardative effects with alternating temperatures compared 

to const~it temperatures, over the temperature range used. in these 
e~~ "n'~t.\.\'oA\;',ot\ 

experiments, du:ri:ng~ . ., 1st and 2nd instars. However in the 3rd 

41 

instar I found a retardative effect in te.'1.'11lB of day-degrees required 

(Table 29) throughout the temperature range with alternating temperatures. 

Therefore I would argue that Pradhan 1 s expla.na.tion, however 

logical, is an over simplification, and he does not take into acco1mt 

the animals reaction to a large change in temperature. The animal 

might survive well at both 5° a."1d 30°, but what sort of thermal shock 

would the ~~ undergo if it is changed quickly from one temperature 

to the other? Neither does Pradhan take into account that the ru1imal 

will react differently to tet1perature and temperature ch.c.1.P..[.;t?s at 

different st~~s in its development. I would suggest that it is 

danr;erous to reduce an ru1imals reection to factors such es temperature 

into mathematical formulae, as we axe presuming that \·m hP..ve taken all 

factors into account, and 'this vrtll often leacl to incorrect deductions. 



Chapter VIII 

Calliphora vomi toria larvae re£aed under condi tiona of 

a1 ternating temperatures. 

The larvae of C. vomi toria were reared under condi tiona of 

0 0 0 0 
a1 ternating temperatures, 10 - 20 and 15 - 26 , as described on 

page 8 of this thesis. The results from these experiments are set out 

on Tables ;o and 31,· and Fig. 16, ( ?D'3e~ 42o.-c.., {o\\ou.;·-n~ ~··~ pll~Q.). 
The duration of egg incubation, 1st instar, 2nd instar and the 

3rd insta.r up to maximum mean weight were noted at each of the two 

temperatures used in each experiment, Table 32. The method for 

detemining egg incubation and the larval moults is the same as used 

for the constant temperature series as described on pages 5 and 7 

respectively. 

I then calculated the day-degree requirement for each of these 

stages under the different conditions of aJ. ternating temperatures, 

0 using the calculated zero for develo:rment of 5· 7 from the constant 

temperature experiments, see page 21. These results were then compared 

to those from the constant temperature series on Table 33 

Table 33 - Calliphora vomitoria, a comparison of the day-degree 

requirement of eggs and: larvae up to maximum mean weight at constant 

and alter11ating temperatures. 

15° 10°-20° 20° 15°-26° 

Egg incubation 17.9 14.1 14.5 14.4 

1st insta.r 24-4 20.4 22.7 21.8 

2nd instar 25.0 24.0 28.3 21.0 

3rd insta.r 50.4 29.7 48-3 52.9 

TotaJ. 117.7 88.2 113.8 110.1 
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Table 30 CallipP.ora vomi toria, larval. development as mean 

live \-teights (mgm) under conditions of alternating 

0 0 temperatures between 15 C - 26 C. 

Time after Mean Variance S.D. S.E. Coefficient Tenp. No. 
hatching weight of variation between la.rvae 

days % weigQ.ings 
15oC 

;.81 15.37 18.11 4.26 0.43 'Z'{.1 96 
26°C 

4·31 34.78 173.62 13.18 1.45 37·9 
15°c 

83 

4.81 48.45 340.83 18.46 2.05 38.1 81 
26°C 

5·31 78.19 462.23 21.50 2.43 27·5 
15oC 

78 

5.81 94.15 489.95 22.13 2.54 23.5 
0 

76 
26 c 

6.31 104.34 464.89 21.56 2.46 20.7 
15°C 

77 

6.81 104.99 587.57 24.24 2.74 23.1 
2C0 c 

77 

7.31 108.49 342.87 18.52 2.12 17.1 7f.. 
15°C 

-

7.81 108.19 74 



Table 31 Calliphora vomitoria, larval development aa ~ean 

live weights (mgm) under conditions of alter-1ating 

0 0 temperatures between 10 C - 20 c. 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight of variation between larvae 

days % weighings 

10°C 
6.81 34.60 138-90 11.79 1.40 34.1 

20°C 
71 

7·31 ~·55 304· 25 17-44 2.10 32.0 
10°C 

69 
·~ 

7.81 65.04 469.18 21.66 2.59 33.3 
20°C 

10 

8.31 80.65 699.24 26.44 3.16 32.8 
10°C 

70 

8.81 93.43 625.60 25.01 3.01 26.8 
20°C 

69 

9-31 103.14 430.35 20.74 2.52 20.1 68 
10°C 

9.81 102.85 359.59 18.96 2.30 18.4 68 



Table 32 C. vomi toria, dura:~ion of egg and larval stages 

under different conditions of al terna.ting temperatures. 

.Alternating Time of egg Egg Incubation, Ist Instar, 2nd Instar, 3rd Instar until 
tempera tuxes laying, (placed time at each time at each time at each max1mam mean 
of at higher of temperature. tempera tu:re. temperature. weight, time at 
experiment two temps. ) • each temperature. 

11.5 hrs. at 26° 0 0 
46 hrs. at 26° 20 brs. at 26 14 hrs. at 26 

15° - 26° 1. 30 p.m. plus 
0 

plus plus 
0 

plus 
0 

36 hrs. at 15° 12 hrs. at 15 12.5 hrs. at 15 23.5 hrs. at 15 

0 0 0 0 

10° - 20° 
19.5 bra. at 20 24 bra. at 20 33 bra. at 20 39 hrs. at 20 

1. 30 p.m. plus plus 
0 

plus 
0 

plus 
0 . 0 

14 hrs. at 10 34 hrs. at 10 24 brs. at 10 36 hrs. at 10 

f: 
~ 



It can be seen from Table 33, tbat when you compare the altar

nation of temperature 15° - 26° vi th a constant 20°, that both egg 

incubation and the 1st instar have a thermal requirement which 

rema:fns fairly constant. However, the 2nd instar appears to develop 

quicker at the alternating temperature 15° - 26°. !lhis could be an 

example of how different stages react to temperature in different 

VB\YB, but fUrther investigation is required before a definite state-

ment could be made. However these differences occur, the overall 

total thermal requirement remains about the same at 15° - 26° 

alternation as at a constant 20°. 

When comparing the alternation of temperature 10° - 20° with a 

0 
constant 15 , it is found that an alternation of temperature lowers 

the themal requirement, and hence increases the rate of development, 

to varying degrees, in all of the larval stages and egg incubation, 

but especially it increases the rate of develo:pment of the 3rd insta:r. 

So the overall total themal requirement is much less at the alter

nating temperature 10° - 20° than at a constant 15° (Table 33). 

This finding that an al tarnation of temperature, at the lower 

temperatures (10° - 20°), increases the rate of develpment of 

c. vomitoria, and most notably in the 3rd instar, is opposite to the 

case I found with c. vicina where the effect of alternating temper

atures (also 10°C - 20°C) was reta.rdative in the 3rd instar. This 

increased developmental rate in c. vomitoria is also the opposite to 

the findings of Ha.nski (1977) with Lucilia illustris, who concluded 

that the net production efficiency was lower at changing than at 

constant temperatures, at least in the 3rd instar larvae. 

My findings show that in c. vomi toria this effect can be reversed, 

and alternating temperatures increasing net production efficiency, 

and thus speed of development, compared to constant temperatures. 

The effect of alternating temperatures being accelerative on develop-

mental rate was aJ.so found by Shelford (1927) on the codlingmoth 
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Cs.rpocapsa pomonella and by Peairs (1927) on various Lepidoptera, 

Diptera (including C. vomitoria pupae), and Coleoptera. 

The findings of Meyer and Sohaub (1973) on Callitroga. maoella.ria, 

Luoilia guprin.a. and calliphora vioina., which I used to explain the 

reta:rda.tive effeot of alternating temperatures with c. vioina hold 
) 

true for the effect being aooelerative with c. vomitoria, because 

they found that within fixed limits of tolerance, the reaction to 

changes in temperature is more intensive in feeding than in non-

feeding larvae, hence this reaction could be either accelerative or 

reta.rdative during the intensive feeding of the 3rd insta.r larvae. 

Not only do alternating temperatures affect the duration of the 

3rd instar larvae, but also affect the individual weight heterogeneity 

within the 3rd insta.r (Fig. 17), which is shown by the large diferences 

in the S.E. between constant and alternating temperatures. The range 

of the maximum s.E. in the constant temperature series is :;.14 mg -

4.90 mg, whereas in the alternating temperature series is 2.74 mg -

;.16 mg {see Fig. 17). . 
0 b 

The rate of development is faster at the al ter.nation 10 - 20 
0 . 

compared to a constant 15 , as shown by the da~-degree requirement 

on Table ;:;, therefore the al tarnation in temperature is s:ynch:ronising 

the gro't.rth of the larvae, as shown by a large reduction in the S.E. 

and Coefficient of variation for the larval development from a constant 

15° in Table \0, to the alternation 10° - 20 ° in Table 31. 
0 0 

The rate of development at the a1 tarnation 15 - 26 is very 

similar to that of a constant 20° as shown by the day-degree require-

ment in Table 33. So at the higher alternating temperatures it woulcl 

appear that C. vomi toria has a more linear relationship with temper-

ature. 

The results for c. vomi toria under constant a.nd alternating 

temperature conditions show how fluctuations in temperature can be 
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as important as the average temperature used in the experiment. 

~ing the day-degree requirement at a constant 20° to that at 

0 0 
an a1 tarnation 10 - 20 , i.e. where the average temperature is much 

lower (15°), in (Table ;;), one can see that intact c. vomitoria 

develops faster at the a1 ternating tempera."liu%es which have a lower 

average temperature, showing that within this range, fluctuations 

in temperature rather than a higher average temperature increase 

developmental rate, especially in the ;rd. instar larvae. 

Watt (1968) cited by Eanski (1977) considers that we ought to 

be eble to understand the effects of temperature fluctuations, ''by 

summing the effects at each of the temperatures experienced, as each 

of the effects would be predicted from a curve for the effect of 

constant temperature." This statement 'T.IJB.Y hold true with other 

species, but in the case of c. vamitoria, as can be seen from the 

compa.ri.son made above, one ca.n..Tlot predict the developmental rate in 

the alternating temperature series from the constant temperature 

series. ., 

Considering Pradhan • s theory, as explained previously (page 40), 

45 

0 0 
one can understand why an al tarnation between 10 - 20 with c. vomi toria 

0 
develops faster than at a constant 15 , assuming that this range is 

in the lower foot or the curve. However, Pra.dhan's theory falls 

down When you compare an alternation between 10° - 20° with a constant 

0 20 , in this case according to Pradhan's theory, development should 

be faster at the ·constant 20°, because although with alternating 

temperature you have accelerative and retardative effects, the overall 

0 
effect would be retard.a.tive as compared to a constant 20 • Pradhan 

does not take into account that the fluctuation in temperature may 

by more important, within a fixed range, than a higher constant 

temperature, which is the case I found with C. vomi toria. 



Chapter IX 

Lucilia sericata larvae reared under conditions of alternating 

temperatures • 

. The larvae of L. sericata were reared under conditione of 

. ( 0 0 0 0 
a1 ternating temperatures, 10 - 20 and 15 - 26 ) , as described 

on page 8. The results from these experiments are set out on Tables 34 

and 35, and Fig. 18~ ( f>O.~e.s. 4(, Cl-c. > \o\\o~-.n~ -\h·,s r~c;.\v)-

The duration of egg incubation, 1st instar, 2nd instar and 3rd 

instar up to maximum mean weight were noted at each of the two temp
j)Qo;\G.. 4-b~. 

eratUres used in each experiment, (Table 3c}j, the method for deter-

mining egg incubation and the larval moults is the same as used for 

the constant temperature series as described on pages 5 and 1 

respectively. 

I then calculated the day-degree requirement for each of these 

stages under the different conditions of alternating temperatures, 

0 using the calculated zero of development of 10.1 from the constant 

temperatu:t-e experiments, see page 27. These results were then compared 

to those from the constant temperature series on Table 37. 

Table 37 - Lucilia sericata, a comparison of the day-degree requirement 

of eggs and larvae to maximum mean weight at constant and alternating 

temperatures. 
0 

10°-20° 20° 15°-26° 15 

Egg incubation 9.2 12.0 9·9 10.4 

1st inetar 13.4 10.0 14.2 12.2 

2nd instar 14.2 10.8 17.1 13.1 

3rd ineta.r 22.7 18.8 20.6 28.5 

Total 59.5 51.6 61.8 64.2 

46 



E 
Ol 

E 

I
I 
(.!) 

w 
~ 
_I 

<( 

> 
a: 
<( 
_I 

z 
<( 

45 

40-

35 

30-

25 

w 20-
~ 

15 

10 

,.. ..-;....-

FIG 18. l. SERICAT A , LARVAL DEVELOPMENT UNDER 

CONDITIONS OF ALTERNATING TEMPERATURES BETWEEN 

10oC-20oC AND 15oC-26oC. 

2 3 4 

v/~ rl ·,I 

/15-26 oC 

I 

5 6 7 8 

TIME AFTER EGGS BEING LAID,DA YS. 

0-'i 
10-20 oC 

f :-S.E. 

9 10 1 1 1 2 

~ 
G" 
5o\ 



Table 34 Lucilia sericata, larval development as mean 

live weights (mgm) under conditions of alternating 

0 0 temperatures between 15 C - 26 c. 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight of variation between larvae 

days % weighings 

15°C 
3.62 6.56 1.78 1.33 0.14 20.4 

(l 95 
26 c 

4.12 18.16 25.47 5.05 0.52 27.8 
15°C 

93 

4.62 25.24 53-54 7.32 0.76 29.0 
2b°C 

93 

5.12 39.91 72.70 8.53 0.89 21.4 
15°C 

92 

5.62 41.60 74.96 8.66 0.90 20.8 
26°C 

92 

6.12 43.12 43.66 6.61 0.69 15.3 
15°C 

91 

6.62 4 '2. 45 38·72 6.22 0.65 14.7 
26°c 

91 

7.12 41.12 36.44 6.04 0.64 14.7 90 



Table 35 Lucilia sericata, larval development as mean 

live weights (mgm) under conditions of alternating 

0 0 temperatures be~-reen 10 C - 20 C. 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight of variation between larvae 

days % weigh.ings 

20°C 
7.23 13.69 13.37 3.66 0.38 26.7 

l0°C 
92 

7. 73 17.98 28.76 5-36 0.55 29.8 
20°C 

95 

8.23 27.18 44.90 6.70 0.71 24.6 
10°C 

90 

8.73 33·45 62.48 7-90 0.84 23.6 
20°C 

89 

9.23 42.93 76.53 8.75 0.94 20.4 
10°C 

87 

9. 73 43·90 87.64 9.36 1.00 21.3 88 
20°C 

10.23 45.76 79.85 8.94 0.96 19.5 
10°C 

87 

10.73 44.01 69.27 8.32 0.89 18.9 87 



Al terr.J.3.ting 
tem:peraturea 
of 
experiment 

15° - 26° 

10°' - 20° 

Table 36 L. sericata, duration of egg and larval stages 

under different conditions of alternating temperatures. 

Time of egg 
laying, (placed 
at higher of 
two temps.). 

6.00 p.m. 

3· 30 p.m. 

- -- -- --------

Egg Incubation, 
time at each 
temperature. 

12 bra. at 26° 
plus 

12 bra. at 15° 

29.25 bra. at 20° 

24 br~:u:t 10° ~ ,o.• 

Iat Inata.r, 
time at each 
temperature. 

14.75 bra. at 26° 
plus 

0 12 bra. at 15 

0 
24.25 bra. at 20 

plus 
0 33 bra. at 10 

2nd Instar, 
time at each 
temperature. 

12.5 bra. at 26° 
plus 

0 24 bra. at 15 

26.25 hrs. at 20° 
plus 

0 27 bra. at 10 

3rd Instar until 
maximum mean 
weight, time at 
each temperature. 

35.75 bra. at 26° 
plus 

24 bra. at 15° 

45.75 bra. at 20° 
plus 

36 hrs. at 10° 

~ 
~ 

---------------------------------------------------------------------------------



It oan be aeen from Table 37, that when you compare the altern-
. 0 0 

ation of temperature 15 - 26 with a constant 20°, that egg incubation 

has a the1'mal requirement which remains about the same at both constant 

and alternating temperatures. However, the 1st and 2nd instars 

develop slightly faster at alternating temperatures and the 3rd instar 

slower. This appears to be a good example of how different stages 

react to tempera"'"ure in di.f'terent ways, but further investigation is 

required before a 0. efini te statement could be made. However these 

differences occur, the overall total themal requirement remains 

about the same at the alternation 15° - 26° as at a constant 20°. 

When comparing the alternation of temperature 10 ° - 20 ° with 

0 a constant 15 , it is found that an alternation of temperature 

decreases the thermal requirement and hence increases the rate of 

development in the 1st, 2nd and 3rd insta:rs, but increases the thermal 

requirement of egg development, which is slower at al tarnating temper-

atures. So the overaJ.l total themal requirement is lower at alter-

nating temperature• than at a constant temperature. 

This lowering of the the:z:ma.l requirement in the 1 at, 2nd and 

0 0 
3rd instars at the a1 tarnation 10 - 20 , indicates that there is 

0 
some development taking place at 10 , although it is slightly below 

0 the threshold for development of 10.1 from the constant temperature 

series. Ludwig (1928) on his investigations on the pupae of Drosophila 

melanogaster found that as a result of alternating temperatures, one 

of which lay below the threshold, a degree of acceleration which he 

considered was due to a certain amount of development taking place 

0 0 
even at the low temperature. He alternated temperatures of 7 , 8 , 

47 

9° and 10° with 20°, and fo1.md that although 8° was below the theoretical 

threShold of development of the insect, the pupae showed a ~fo acceler

ation in development. :But when the pupae were exposed to a1 terna.ting 

0 0 th temperatures of 7 and 20 , the rate of development waa e same as 



that at a constant temperature of 20°. 

I found in the cases of both c. vicina and c. vomi toria that 

alternating temperatures affected the individual weight heterogenity, 

which was shown by the large differences in the S.E. between constant 

and alternating temperatures (Figs. 15 and 17). However, with 

L. sericata I found that the S.E. was very similar throughout larval 

development at both constant and alternating temperatures, except at 

a constant 20°, as shown on Fig. 19. 

The fact that the S.E. remains comparable throughout larval 

development at both constant and alternating temperatures, indicates 

that it is independent, within fixed limits, of temperature changes, 

i.e. fl~ctuations in temperature, and more dependent on the day-

degrees above the zero for development to which the larvae have been 

exposed. This might well be the key to explain why the developmental 

rate at alternating temperatures is more predictable from constant 

temperature results with L. sericata, than with c. vicina or 
' i 0 C, yomitoria, ,:..ssuming that the higher S,E. at a constant 20 is 

exceptionaJ. in this case. 

The view of Watt (1968), cited before appears to hold true to a 

much larger degree with L. sericata than with c. vicina or c. vomi toria; 

whether it follows Watt's reasoning as a BUIIDI~ation of the effects, or 

if it is Chance that alternating temperatures have affected different 

stages to varying degrees, giving approximately the same total thermal 

requirement for development, e·specially at the higher alternation of 

15° - 26°, reg~res further investigation. 

Chapman (1931) cited by Ahmad (1936) emphazised that while it was 

not wise to make generalizations which would apply to all ~~le, 
II 

and here I would add "stages and larval stages, it seemed very likely 

that temperature behaviour of an organism would correspond to the 

ecological conditions to which it was adapted in a state of nature. 
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Considering Pradhan's theory, as explained previously on P889 40, 

in the case of L. sericata, one can see that the alternation of temp

erature betwe~n 15° - 26° is marginally slower in development that at 

a constant 20° (Table ;7). Aooording to Pradhan1 s theory, this would 

suggest that the higher of the two alternating temperatures, i.e. 26°, 

is entering into the top of the sigmoid curve, and this is having a 

reta.rdative affect. The reverse happened when I used 10° - 20°, where 

the alternation of temperature 10° - 20° develops faster than at a 

constant 15°. This would indicate that the temperature of 10° is in 

the foot of the curve, hence the alternation 10° - 20° is having an 

accelerative effect compared to a constant 15°. 

Al thoush a comparison of constant to alternating temperatures 

with L. sericata appears to fit more closely both the theories of 

Watt (1968) and Pra.dha.n (1945), I would argue that the fact that 

alternating temperatures affected hatching and the different larval 

stages to differing degrees, indicates that one cannot look at larval 

development as a whole, but that we bava to look upon each stage as 

a different organism. 
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Chapter X 

Phormia terrae-novae larvae rea:red under condi tiona of al terna. ting 

temperatures. 

The larvae of P. terrae-novae were reared under condi tiona of 

alternating temperatures, (15° - 26° and 10° - 20°), as described on 

page 8. The results from these experiments are set out on Tables 38 

and 39, and Fig. 20, ( fO.~e.5 50 o.-c. 1 to\\o~-..o~ -\h\:. f'~. 

The duration of egg incubation, 1 at insta:r, 2nd insta.r and the 

3rd insta.r up to maximum mean weight were noted at each of the two 
p~~~ soa 

temperatures used in each experiment, (Table 4ft, the method for 

determining egg incubation and the larval moults is the same as used 

for the constant temperature series as described on pages 5 and 7 

respectively. 

I then calculated the day-degree requirement for each of these 

50 

r.tages under the diffe~ent concitions of alternatu~ temperatures, using 

the oa.lculated zero fot",levelopment of 10.1° from the constant temper

ature experiments, (see page 32). These results were then comp~;!'ed 

' to those from the constant temperature series on Table 41. 

Table 41 - Phormia terrae-novae, a comparison of the day-degree require-

ment of eggs a.."ld larvae up to maximum mean weight at constant a.'ld 

alternating temperatures. 

15° 10°-20° 20° 15°-26° 

Egg incubation 12.2 10.4 12.9 12.9 

1st instar 26.2 21.5 2G.5 18.8 

2nd instar 30.0 27.8 32.9 21.9 

3rd insta.r 41.3 43.4 49.1 38.8 

Total 109.7 103.1 121.4 92.4 
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Table 38 Pho~a terrae-novae, larval development as mean 

live weights (mgm) under conditions of alternating 

0 0 temperatures between 15 0 - 26 C 

Time after Mean Variance S.Tl. S.E. Coefficient Temp. No. 
hatching weight of va;riation between larvae 

days % weighings 

26°0 
5·44 15.28 15.38 3.92 0.42 25.7 86 

15°0 
5-94 20.66 27.98 5-29 0.57 25.6 

26°0 
86 

6.44 34·42 48-70 6.98 0.75 20.3 
15°0 

86 

6.94 41-63 61.51 7-84 0.85 18.8 
26°0 

86 

7·44 53-24 54.33 7 ·37 0.79 13.8 
15°0 

86 

7-94 59.21 49·36 7 .o; 0.76 11.9 86 
26°0 

8.44 66.62 38·94 6.24 0.67 9.4 86 
15°C 

8.94 67.73 32-49 5-70 0.61 8.4 86 
26°c 

9-44 64.83 32.64 5-71 0.62 8.8 84 
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Table 39 Pho~a terrae-novae, larval development as mean 

live weights (mgm) under conditions of alternating 

temperatures between 10°C - 20°C 

Time after Mean Variance S.D. S.E. Coefficient Temp. No. 
hatching weight or variation between larvae 

days % weighings 

10°C 
12.94 9.38 10.04 3.17 0.34 33.8 

20°C 
89 

13.44 11.55 25.55 5·05 0.55 43.8 
10°C 

85 

13.94 12.81 29.97 5·47 0.62 42.7 
20°C 

79 

14.44 15.17 45.84 6.77 0.77 44.6 
10°C 

77 

14.94 17.16 62.03 7.88 0.92 45·9 
20°C 

74 

15.44 21.79 91.62 9·57 1.13 43.9 
10°C 

72 

15.94 24.63 106.44 10.32 1.25 41.9 68 
20°C 

16.44 27.91 141.19 11.88 1.44 42.6 68 
10°C 

16.94 3().65 175.37 13.24 1.62 43.2 
20°C 

67 

17.44 37.47 226.46 15.05~· 1.88 40.2 
10°C 

64 

17.94 40.29 220.24 14.84 1.88 36.8 62 
20°C 

18.44 41.89 236.12 15.37 1.95 36.7 62 
10°C 

18.94 44.01 238.03 15.43 1.98 35.1 hl 
20°C 

19.44 47.84 225.63 15.02 1.96 31.4 
10°C 

59 

19.94 48.47 214.03 14.63 1.92 ;o.2 
20°C 

58 

20.44 50.91 198.35 14.08 1.88 27.7 
10°C 

56 

20.94 50.98 179.91 13.41 1.79 26.3 0 
56 

20 c 



Alternating 
tempera turea 
of 
experiment 

15° - 26° 

10° - 20° 

Table 40 P. terrae-novae, duration of egg and larval stages 

under different conditions of alternating temperatures. 

Time of egg 
laying, (placed 
at higher 
two tempe. ) • 

10.30 a.m. 

10.30 a.m. 

Egg Incubation, 
time at each 
temperature. 

15.75 bra. at 26° 
plus 

0 
12 hrs. at 15 

25.25 hrs. at 20° 
plus 

0 
24 hrs. at 10 

.... , ..... 

Ist In star, 
time at each 
temperature. 

21 hrs. at 26° 
plus · 

0 
24 hrs. at 15 

0 52.25 hrs. at 20 
plus 

0 48 hrs. at 10 

2nd Inatar, 
time at eaab. 
temperature. 

25.75 hrs. at 26° 
plus 

24 hrs. at 15° 

67.5 hrs. at 20° 
plus 

0 
72 bra. at 10 

3rd Insta.r until 
maximum mean 
weight, time at 
eaab.. temperature. 

44 hrs. at 26° 
plus 

48 hrs. at 15° 

0 
105.5 bra. at 20 

plus 
0 96 hrs. at 10 

ln 
0 
~ 
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It can be seen from Table 41, that when you compare the alternation 

f 0 60 0 o temperature 15 - 2 with a constant 20 , that egg incubation has 

a thermal requ.;Lrement which remains constant. However, the 1st, 2nd 

and 3rd instars develop DIIlab faster at alternating temperatures than 

t 
0 . 

a a constant 20 , hence the total development is DIIlab faster at the 

al. ternating temperature 15° - 26° than at a constant 20°. 

Out of all four of the species used in these exj>eriments, 

P. terrae-novae is the first to show a marked increase in the rate of 

development at the higher alternating temperature of 15° - 26° as 

compared to a constant 20°. c. vomi toria and L. serioata both showed 

approximately the same total the~ requirement for the alternation 15°-
0 0 26 as at a constant 20 , al tbolJ8h various stages showed an increase 

or decrease of developmental rate, at either constant or alternating 

temperatures. 
0 c. vicina developed faster at a constant 20 than at 

0 0 
the al tarnation 15 - 26 , especially in the 3rd insta.r. 

This shows that the development of P. terrae-novae is stimulated 

by nuotuations of higher temperatures, which is not found in the 

other ~ species used in the experiments. The finding that the devel

opment of P. terrae-novae is stimulated by the fluctuations at higher 

temperatures, is opposite to the theory put forward by Pra.dhan (1945), 

(see page 40), where one would expect a retardation at the alternation 

of higher temperatures, or at least no stimulation. The most one 

would expect, is that the themal requirement would remain about the 

same as at a constant 20°. The finding is also contrary to the view 

of Watt (1968). 

It would appear from Table 41, that it is not the constant 

temperatures experienced during the alternating temperatures 15° - 26° 

that is stimulating development, but infact is the amplitude and 

range within which the temperatures fluctuate, which is giving rise 

to the stimulation. 



This view is put forward because of the following considerationz

When comparing the a1 ternation or temperature 10° - 20° with a 

0 constant 15 , it is found that this temperature alternation decreases 

the the1'mal requirement and hence increases the rate of development 

of egg inou.bation, 1st and 2nd insta.rs, but increases the the1'WU 

requirement of the 3rd insta.r, which is slower a.t a1 ternating temper

atures (43.4 day-degrees versus 41. 3). All of the above changes in 

themaJ. requi1'ement IU"e small, and the total the1'!D8J. requirement 

is only slightly lese a.t alternating temperatures 10° - 20° than at 

0 
a constant 15 • 

This lowering of the thermal requirement in egg incubation, 1 at 

and 2nd insta.rs, indicates that there is some development taking place 

0 at 10 , although it is slightly below the threshold for development 

of 10.1° from the constant temperature series, as found by 

Ludwig {1928) on his investigations on the pupae of Drosophila 

melanosaster (see page ~7). 
;, 

Considering Pradban • s theory, as explaine~' previously, in the case 

of P. terrae-novae, an alternation of temperature 10° - 20° causes 

0 
development to occur slightly faster than at a. constant 15 • This 

wouJ.d indicate that the temperature of 10° is in the foot of the 
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sigmoid curve, hence the alternation 10° - 20° is having an accelerative 

effect compared to a. constant 15°. 

Watt's theory of summation of effects appears to hold true when 

0 0 0 
comparing a al tarnation of 10 - 20 with a constant 15 with 

P. terrae-novae, a.s found with L. sericata. Again, whether it follows 

Watt's reasoning as a. summation of the effects, or if it is chance that 

a1 ternating temperatures have affected different stages to varying 

uegrees, giving approximately the same total thermal requirement for 

development, requires further investigation. 

Watt's theory of summation may hold true for some species, but is 
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unlikely to hold true for C, vomitoria, L. sericata and P. terrae-novae, 

because the results obtained from these species under conditions of 

constant and a1 ternating temperature, show how fluctuations in tc:IIper-

ature can be as important as the average temperature used in the 

experiment. Comparing the day-degree requirement at a constant 20° to 

0 0 
that at an al. tarnation between 10 - 20 , i.e. where the ave~ 

temperature is muoh lower (15°), in Tables ;;, 37 and 41, one can see 

/ that ~act c. vomitoria, L. sericata and P. terrae-novae develop 
' 

relatively faster at the alternating temperatures which have a lower 

average temperature. Showing that within this range, fluctuations in 

temperature rather than a higher average temperature increase develop-

mental rate. 

vfuen one looks at the effect of alternating temperatures compared 

to constant temperature on the S.E. with P. terrae-novae, the picture 

is not as clear as with C. vicina, c. vomi toria or L. sericata. The 

0 0 
following pattern was found in Fig. 21, where the S.E. of 10 - 20 > 
.(15°) > (20°) > (26°) > (15° - 26°), whioh holds true tbrough.out 

the weight range, except up to 20 mg mean la:rval weight, where at 

0 0 0 15 the s.E. is slightly above that of 10 - 20 • 

The above indicates that an a1 tarnation of temperature at lower 

temperatures gives a higher S.E., and at higher temperatures gives a 

lower S.E. with constant temperatures, the higher the constant 

temperature, the lower the S.E. 

This indicates that high constant or a1 ternating temperatures 

promote greater synchronization within a batch of larvae hatching at 

about the same time, than would a lower constant or alternating 

temperature. 

The above results show how P. terrae-novae is adapted to higher 

temperatures, this adaptation and those of the other 3 species are 

looked into, in the following di scussion. 
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Discussion 

The day-degrees required fer development from the eggs being 

laid to maximum mean larval weight, under different condi tiona of 

both constant and alternating temperatures, for all four of the 

species used in these experiments are set out on Table 42. 

Because I used the day-degree requirement above the zero for 

development for each of the four species, this does not mean that 

the smaller the thermal requirement the quicker to develop in time, 

because in using day-degrees the time factor has been removed; i.e. 

C · i d 1 f t t 2~'J0 than t 10° but t • v~c na eve ops as er_a o a , i requires more 

day-degrees to develop at 26° than at 10°. 

It is reasonable to conclude that the tE!Ilperature(s) at which a 

species has its lowest thermal requirement, is the temperature range to 

which the species is best adapted. 

}iost previous authors have sought to find the optimum temperature 

for developnent, meaning, that temperature which gives the shortest 

developmental time, which is not neccessarily the temperature to which 
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the species is best adapted; with exceptions of authors like Peairs 

{1927) Who realised the significance of the zero temperature for 

development and calculated the day-degrees above the zero for develop-

ment at various temperatures. 

Looking at the results obtained with L. sericata, Table 42, one 

can see that ~~ere appears to be a stimulation at the alternation 

10° - 20°, in the way that this has the lowest thermal requirement 

for L. eericata, as compared to the other temperatures. This may well 

not be the case, because as discussed previously on pao~ 47 there 

might well be some development taking place at 10°, which is belO'!Jl 

the zero for develop~ent, and. so would not be accounted for in the 

day-degrees above the zero for development. So for L. sericata it 

.I 



Table 42 - De.y-deg:rees required for development .from the eggs being laid to ma.x:imum mean l.a.rval weight at 

both constant and alternating temperatures, for all four species used in these experiments. 

10° 150 200 26° 5°-15° 10°-20° 150-260 

Lucilia Did not complete 
59·5 61.8 59.6 51.6 64.2 

sericata development 

Phormia Did not complete 
109.7 121.4 86.0 103.1 92.4 

terrae-novae development 

Calliphora 
72-4 73.0 93-9 97-2 96.7 106.7 105.9 

vicina 

Calli;phora 
111.2 117-7 113.8 113.8 88.2 110.1 

vomitoria 

cJl 
~ 
p 

11 



appears as thOUBb the day-degree requirement remains fairly constant 

tbroushout the range of temperatures used in these experiments, 

0 
except for a constant 10 , where L. sericata did not complete develop-

ment, L. sericata larvae seem to be adapted to temperatures between 

19° and ~und 27°, (Ash and Greenberg 1975), because below 19° or 

0 
IDllch above 27 , L, serioata tends to go into la:rval. diapause. 

Hepburn (1943) found that Lucilia species, including L. sericata, 

bred in carcasses during the winter and cooler months, but not in the 

summer in South Africa, and Denno and Cothran (1975) found that 

Pbaenicia sericata (L. sericata) utilized carrion during the warm 

season in California. These findings agree with those of Ash and. 

0 
Greenberg (1975) that L. sericata larvae have a range of about 19 -

27°, above and below which they go into larva.l diapause. So rq 
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results indicate that L. sericata is adapted equally well to temperatures 

within this range. 

The results obtained with P, terrae-novae, Table 42, show a 

0 60 160 . stimulation at the a1. tarnation 15 - 2 and at a COI".stant ·i 2 , because , 
at these temperatures P. terrae-novae bas its lowest thermal require-

mi:mt for development. This indicates that P. terrae-novae is 

adapted to high temperatures, i.e. above 20°, and the stimulation is 

greatest at a constant 26°, and I would suggest that the stimulation 

found at the al tarnation 15° - 26° is due to the time the larvae are 

developing at 26°, rather than the amplitude of the alternation. 

The results obtained with c. vicina show a stimulation at the 

0 0 lower constant temperatures 10 and 15 , Table 42, because at these 

temperatures c. vicina has its lowest thexmal requirement for develop

ment and is adapted to the lower temperature range. It is also inter

esting to note that, c. vicina from Table 42, at the alternation 5° -

15° has a lower thermal requirement than at the alternations 10° -

20° and 15° - 26°, and although the the:z::mal requirement is still 

1 
I 
I 
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considerably higher than at a constant 10° or 15°, this is also an 

indication of the adaptation of C, vicina to lower temperatures. 

c. vomitoria Showed a stimulation at the alternation 10° - 20°, 

Table 42, because at this alternation c. vamitoria bad its lowest 

the:mal. requirement for developnent, and is adapted to temperatures 

0 0 al terna.ting around this range of 10 - 20 • 

Denno and Cothran (1975) state that many species such as c. vicina 

and C. vomi toria are strictly carrion breeders; whereas some species 

such as L. sericata and P. terrae-novae cross the boundaries and exploit 

carrion as well as causing myasis. This makes L. sericata and 

P. terrae-novae interesting species to study, to see what affect a 

cba.nge in the constant or al. ternating temperature does to the speed 

of larval development, compared to the effect on the Calliphora species. 

Deonier (1940) recorded that the Calliphora adults become active at 

0 0 
armmd 1. 7 whereas L. sericata became active at around 10 , which 

demonstrates Calliphora's ability to withstand lower temperatures. 

The above results tor the four species used in these experiments 

show how larval development is adapted in the different species to 

different temperature ranges. P. terrae-novae is adapted to temper-

o 0 60 atures above 20 , L. sericata to temperatures from around 15 to 2 , 

0 0 c. vicina to the temperature range 10 to 15 and c. vomi toria to 

0 0 
temperatures a1 ternating around the range 10 to 20 • 

All four species will develop within the range of temperatures 

used in these experiments, w1 th the exceptions of L. sericata and 

0 
P. terrae-novae not completing development at 10 , but the larvae of 

each species has a specific temperature range to which it is best 

adapted. 

An interesting fact to investigate is whether the temperature to 

which the species is best adapted to, affects all the larval instare 

equally, or whether it affects certain larval ins tars more than the 
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others. 

Considering the stimulation in development in day-degrees at the 

1 0 0 ower constant temperatures of 10 and 15 w1 th C. vicina, one can see 

f'rom Table 7 that the 3rd instar bas a lower thermal requirement at 

0 0 
both 15 C and 10 C than at the other temperatures used in these experi-

ments, eo the adaptation occurs in the 3rd instar larvae of c. vicina. 

In the ease of c. vom1. toria w1 th the stimulation at the a1. terna.tion 

0 0 
10 - 20 the therma.1 requirement is lower in the 3rd instar, Table 33, 

which gives rise to the quicker development than one would expect at 

this temperature range. 

With L. serioata one finds a slight stimulation at the alternation 

0 0 
10 - 20 , and from Table 37 one can see that this lowers the thermal 

requirement of all th:ree instars, which supports the argument that 

some development may be taking place at 10°. 

In the case of P. terrae-novae one finds a stimulation at the 

0 0 0 
alternation 15 - 26 and at a constant 26 ; at the alternation 

15° - 26°, Table 41, ~ine thermal requirement of all three insta.rs is 

lower, but this mainly occurs in the 2nd instar, and at a constant 

0 26 , Table 24, the thermal requirement of the 2nd and. 3rd instars 

are lower, but again mainly in the 2nd insta.r larvae. 

The above findings agree with the statement made by Ash and 

Greenberg (1975), see page 37, and these are good examples of how 

adaptations in one part of the life cycle have a large affect on the 

life cycle as a whole. 

AlthoUgh one has to take great care when interpreting conetaTlt 

temperature results, and experiments carried out under unnatural 

conditions, to conditions the various species normally encounter, 

one can from these re.sul ts make tentative suggestions. 

One would expect an adaptation to show some reproductive 

advantage. I would suggest that the fact that each of the four 



species used in these experiments appears to have a temperature range 

to which each is best adapted, separates the four species thermally, 

as 1 t is not uncommon to find all four of these species inhabiting 

the .,aame geographical a:rea. This • thermal ae~tion • reduces comp

etition between these species and so will increase survival, as they 

will each have their own niche. Because as we can see from the results 

c. vicina. and C. vomi toria will not be able to compete with L. sericata 

and P. terrae-novae at the higher temperatures,. and so must occupy 

cooler parts of the habitats, i.e. higher in the mountains and moore, 

and cooler parts of ti1e seasons so maybe giving rise to seasonal 

succession. L. sericata and P. terrae-novae will not develop below 

0 
10 , but at these temperatures both c. vicina and c. vomi toria will 

develop quite successfully. 

The fact that C. vicLTla and C. vomitoria can stand and develop 

at much louer temperatures than L. sericata or P. terrae-novae is 

already a well known fact, as shown by Cragg (1956), when he studieCl. 

the action of climate on the larvae, prepupae and pupae of certain 

blowflies, which included the foux species used in I'f13 experiments. 

When one considers that ti1e food source for the development of 

the larvae of these species are mainly carca.sses, which a.re limited 

and ve~J temporary, the importance of the separation of these species 

thermally int0 different niches is very obvious, and hence a degree 

of co-existe.,1ce between these necrophagous fly species is achieved. 

The importance of niches for various species was shown well by Denno 

and Cothran (1975), where several species exploited the same areas at 

different times of the year, hence reducing competitive interactions. 

Although more factors are involved in competition between species 

than just developmental rate, it is never-the-lese a very important 

factor, and it is very important to determine the temperature range to 

to which e:ach species is best adapted, before one can realistically 

compare one species to another. 

f ,. 
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Appendix 1 

Analysis of the d;ispersion of larval development rates snd 

amounts, in terms of the quartiles of the frequency distributions 

of larval weights. 

As noted in the previous chapters (pages 12, 37, 44, 48 and 53) 

there was considerable variation in larval developnent rates and final 

weights achieved w1 thin eaoh batch. This was true at various temper-

atures and all 4 blowfly species, and attention has been drawn to 

the actual size of this variation in terms of the S.E. and the Co-

efficient of variatiort in the tables and graphs already presented, 

and in samples of the frequency distribution of la.i-val weights at 

constant 15° (pages 18, 24, 30, 34 and figs. 4, 7, 10 and 13). 

In this Appendix !the extent and nature of this variation in growth 

rates and amounts within sets of larvae that hatched within 30 minutes 

of each other, is further dooumented by examining separately the 4 
; 

:; 1uartiles of the frequency distributions of 6. vicina larnl weights 

at constant 20° and alternating 15° - 26° as examples. 

It should be noted that in compiling th~!! qu.artiles for calculating 

their means it was noticed that, from examination of the full frequency 

distributions, there Wa.s no evidence of any appreciable "leap-frogging" 

in larval weight changes. That is to say, a group of say 8 larvae 

appreciably behind the rest within a quartile at one weighing, could 

usually be distinguished as laggards at the next weighing and so on. 

The mean weight tor each separate quartile, (1 the lowest or 

smallest in size, and 4 the highest or l~gest in size) are given in 

Tables 43 and 44. Also tabulated are these means in terms of the 

percentages of the ~mean weight achieved by the highest (No. 4) 

quartile. These percentages thus give a measure of the extent to 

which the quartiles lag in terms of their weights, w1ilh of course the 
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highest quartile actually eventually achieving the highest mean, 

namely 100 per cent. These percentages are graphed in Figs. 22 and 

23. 

As noted in the Methods (page 5) in. all larval rearing an excess 

of liver was provided so that when larva.l growth was completed and 

crops were emptied, .there was always apparently an appreciable amount 

of liver that remained unused. Figs. 22 and 23 illustrate the fact 

that despite an excess of liver, many larvae, namely those of the 

lower 3 quartiles, do not achieve anything like the maximum mean weight 

of the upper quartile. The lower 2 quartiles particularly show little 

or no sign of catching up \d th the larger larvae during the later 

period, and indeed the two lower quartiles in general slO\red and 

stopped their weight gain at much the same time as the upper quartiles. 

(There is some sign of continued growth for a time in quartiles 1 and 

2 in Fig. 22 after the upper 2 quartiles completed weight gain, but 

this phenomenon was rather limited). 

A1 tho'ugh some of the alower developing larvae may have been 

infected with some micro-organism ('? virus) that caused their slow 

development, this does not seem to be the whole explanation of this 

phenomenon of big scatter in growth rate and amount. .Although some 

larvae died and disappeared from the sequence of weighings thro~1out 

the batch's gro\vth, the numbers used at the different weighings that 

produced Tables 43, 44 and Figs. 22 and 23 show that very few were 

so lost. In Table 43 it is seen that after 3.81 days only 4 out of 

52 larvae died, so that most slow developing larvae survived &~d 

eventually pupated, at a low final weight. It has also been noticed 

in routine blowfly culture for laboratory maintenance that it is 

no~, under laboratory conditions at any rate, for some larvae to 

lag behind others a~d to leave the carcass or equivalent larval feed

ing medium after the others and for these laggards to be noticeably 
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Table 43 - c. vicina constant 20°C. Larval frequency distributions divided into quartiles, giving the mean weight 

of each quartile, and the percentages of the maxfmDD mean weight of the highest quartile at successive weigbings. 

Means of quartiles % of max. mean wt. of upper quartile 
Time after - -ha. tching, days n X 1 2 3 4 X 1 2 3 4 

2.27 35 5.52 2.84 4-50 6.34 8.74 5-7 2.9 4-7 6.6 9.1 

3.00 29 14.13 4.85 8.57 14.57 24.00 14.7 5.0 8.9 15.1 24.9 

3.29 29 20.91 6.86 14.00 22.28 36.50 21.7 7-1 14.5 23.1 31·9 

3.82 28 35.88 14.28 27.00 39-43 61.00 37.2 14.8 28.0 40-9 63.3 

4-43 28 47.05 20.43 36.57 52.86 76.43 48.8 21.2 38.0 54-9 79-3 

5.12 27 67.11 40.00 58.14 76.86 96.33 69.7 41.5 60.3 79.8 100 -
6.00 27 67.73 44-42 60.28 75.14 87.50 70.3 4G.l 62.6 78.0 90.8 

G.37 27 66.34 45.00 61.71 71.57 88.67 68.9 46.7 64.1 74-3 92.0 

6.96 27 65.27 44-85 61.43 70.71 85.50 67.7 46.5 63.8 73-4 88.7 

7-32 27 63.95 45-71 60.00 68.86 82.67 66.4 47-4 62.3 71-5 85.8 

8.09 27 61.45 44-57 57.28 65.28 79.33 63.8 46.2 59-5 67.8 82.3 
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Table 44 - c, vicina s.ltel."nating temperature 15° - 2lfc. La1'wl frequency distributions divided into~ .. , 

givin.~ tho mann w~t of eaoh quartile, and the przcenta.gee of the MrlDJI'R mean vetgbt ~ the h1gbnt qaartile 

at suecealli'ft weighings. 

% of -.x. mean vt. ~ upper 
l'&8ans of ~es quarille Temp. 

Time ?..f'ter between - -ha tc.h.i.ne' dayB n X 1 2 ~ 4 X 1 2 3 4 weighings 

2.31 74 2.C'J8 1.31 1.84 2.23 2.92 2.( 1.6 2.3 2.8 .,.6 
15° 

2.01 70 3-30 2.22 2.78 3.63 5·39 4.1 2.8 3·5 4.5 6.7 
2GJ 

3.31 51 a.o; 4.78 6.92 9.07 11.28 10.0 6.0 8.6 ll.3 14.1 
15° 

;.a1 52 11.61 6.07 10.11 13.25 16.99 14·5 7.6 12.6 16.5 21.2 
2ffJ 

4.)1 52 23.39 11.77 21.00 26.61 32.54 29.2 14-7 26.2 33.2 40.6 
15° 

4.81 51 36.03 17.92 33-46 41·46 50.67 45.0 23.4 4J,.8 51.8 6,., 
26' 

5-31 50 46.61 25·31 45.92 ,,.oo 60.92 59.2 31.6 57-~ 66.2 76.1 
15° 

5.81 50 54.70 31.61 56.42 61.25 68.23 ca. 3 ~9.5 70.4 76.5 85.2 
2f!' 

;' .)1 50 57-93 35-38 57.08 6,.,, 72.69 72.3 44.2 11·3 81.6 90.8 
15° 

.81 48 (,a. 78 41.00 59-91 66.08 oo.oo 75.9 51.2 74-8 82.5 100 
260 

7 .3]. 48 57-30 39-42 5!":.17 62.58 ·:::9.00 n.t. 49.2 70.1 78.1 86.2 
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smaller in size. 

This phenomenon of large scatter in development rates and amounts 

within blowfly la.rva.l batches is clearly worthy of further investigation, 

with a view ot explaining the nature and causation of it. Since 

blow:f'ly larvae produce a liquid medium containing digestive enzymes 

from their own mid-guts, the question arises as to whether the faster 

developing larvae might produce some substance(s) that retard the 

growth of their fellows? '!he same possibility might account for the 

fact that these retarded larvae cease growth before exhaustion of 

the food source, as noted above. The size and changes in the S.E. 

in the different species under various temperature regimes may reflect 

the operation or such intra-group effects produced by what would be 

essentially pheromones. 

Another factor contributing to the scatter of development could 

or course be genetical variation between individuals. This would 

appear to me to be unlikely to be a major contribution to the 

phenomenon beoa.uee in the routine proCedure of blowfly cu1 turing in 

the laboratory, and in the method or obta.ining the 40 - 90 eggs or so 

in each batch used in these growth measurements, are all likely to 

produce rather a high degree of genetic uniformity in the blowfly 

cultures. For example it is quite likely from the routine methods 

used that many or all of the eggs used in a particular growth batch 

were laid by one female. So the fast and slow growing larvae are 

likely to include actual siblings from one pair of parents, which in 

turn had been subject to the same inbreeding regime. In order to 

investigate this genetical explanation, experiments involving 

segregation and breeding from the slower and faster developing larvae 

are clearly indicated and would be eminently practicable. 

The analysis by quartiles at constant 20° and altern&ti~g 15° -

2G0 (Table 43, 44 and Figs. 22 and 23) illustrate agair., another 



phenomenon discussed earlier (Table 29 and page ;6). This is the 

way in which c. vicina larvae reached maximum mean weight JIIIloh quicker 

at a constant 20° (5.12 days) than at the alternating temperature of 

15° - 26° (6.81 days) despite the roughly equal amount or heat in 

day-degrees per day under both regimes. It is interesting to note 

that this was the case for all 4 qua:rtiles. As shown previously and 

discussed on page ;6, the slower development at the alternating 

temperatures was due to retardation in the third instar larva, while 

egg incubation and growth of the first two instars had the same 

themal. requi~c:1ent under both regimes. 

What ever the physiological explanation for the scatter in blow

fly larval development documented here, as discussed earlier (pages 

37 - 38) the scatter would have various effects in nature, including 

possibly reducing the amount of intra-specific larval competition, 

and reducing risks of disaster in the highly ephemeral carcass 

environment, by atleast en~ing that the fast developing minority 

achieve pupation in the race against time. The scatter in development 

may also of course be adaptive in the sense that blowfly females cannot 

apparently gauge their oviposition activity to the size of carcass 

available. 
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