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(Diptera)

REFERENCE: Anderson GS. Minimum and maximum develop-
ment rates of some forensically important Calliphoridae (Diptera).
] Forensic Sci 2000;45(4):824-832. .

ABSTRACT: Blow fly development rates are frequently used to
estimate elapsed time since death in homicide investigations in the
first few weeks after death. However, in order to make more precise
estimates of time since death, accurate developmental data must be
generated for all carrion species, and at temperatures that are com-
parable with those found at crime scenes. This paper presents de-
velopmental rates determined for five forensically important
species in British Columbia, Phormia regina (Meigen), Phaenicia
sericata (Meigen), Eucalliphora latifrons (Hough), Lucilia illustris
(Meigen), and Calliphora vicina Robineau-Desvoidy, at several
temperatures.

KEYWORDS: forensic science, Calliphoridae, Phormia regina,
Phaenicia sericata, Eucalliphora latifrons, Lucilia illustris and
Calliphora vicina, forensic entomology, developmental rates

Blow flies (Diptera: Calliphoridae) are ubiquitous insects that
impact on man and animals in many ways. Many species are nui-
sance pests and mechanically transmit a variety of human and ani-
mal diseases (1,2) as well as cause tremendous economic loss in
sheep-rearing areas of the world due to myiasis or fly strike (3-5).
Some species can also cause myiasis in humans, under appropriate
conditions (6-10). For these reasons, and perhaps due to their at-
traction to carrion, garbage, and feces, together with the appear-
ance of the immature stages, they are frequently considered highly
undesirable insects.

However, blow flies can also be considered beneficial insects in
many ways. Their immature stages, although perhaps unattractive,
are vital decomposers in the degradative succession of carrion in
the wild, rapidly consuming carcasses, thereby removing possible
disease sources and recycling nutrients. In the early part of this cen-
tury, the immature stages of several species of Calliphoridae were
used in the extremely successful treatment of osteomyelitis in chil-
dren, a disease that was previously untreatable before the advent of
antibiotics (11). Although this treatment lost favor for a while after
antibiotics were discovered, maggot therapy is now being reintro-
duced in many areas of North America and is used in cases of se-
vere gangrenous infections and when surgical intervention, or other
more conventional treatments are not possible (12-15). In some
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cases, blow flies have even been used as pollinators of agricultural
crops in controlled areas (16-18). However, perhaps the most
unique beneficial application of the blow fly is the use of its life cy-
cles and development in criminal investigations to determine time
of death in homicide cases (19-26).

Previous studies on some species of Calliphoridae have shown
conflicting developmental times and have been approached from
different perspectives (22,26-28) and were also often performed at
temperatures much higher than those found in forensic cases in
British Columbia (personal observations). In some cases, there are
few developmental data available for certain species (24). There-
fore, this work was done to determine rates of development for
some of the most common species found on carrion (29-35) and in
human death investigations (19) in British Columbia.

Methods and Materials

Wild adult Calliphoridae were collected in the Lower Mainland
region of British Columbia. Inverted cone traps were used that con-
sisted of a hollow metal canister (~20 cm high X 15 ¢cm in diame-
ter), open at both ends, containing a metal wire mesh cone, open at
its apex, and attached to the inside of the canister along itsrim. A
clear plastic bag was secured over the top of the canister with an
elastic band. The trap was supported on cork “legs” approximately
5 to 8 cm above a beef liver bait. The traps were placed outside in
the early morning, in a variety of habitats and collected in the early
evening. Adult flies were attracted to the protein source and, after
feeding, flew directly upwards, into the canister, through the small
opening at the apex of the mesh cone, and into the plastic bag. They
were unable to find the small opening in the mesh cone to escape.
The five species vary in their preferred habitats (19,36) and so trap-
ping was performed in a number of areas.

Calliphora vicina Robineau-Desvoidy was collected primarily
on the Simon Fraser University campus, which is situated on Burn-
aby Mountain in Burnaby, close to Vancouver, British Columbia.
Endowment lands consisting of coniferous and deciduous forest
surround the campus area, which is then surrounded by the city of
Burnaby. Some specimens were collected in Aldergrove, a rural
area of the Fraser Valley. This site, although close to a residence,
is in an agricultural area, with mixed farming, and is close to
forested areas.

Phormia regina (Meigen) was collected in a rural, forested area
in Maple Ridge. This area is a research forest and is at least 25 km
from any residential areas. Most specimens were collected as lar-
vae or eggs from animal carcasses.

Phaenicia sericata (Meigen) was collected primarily near the
university campus, and in the city of Burnaby itself, in a residential
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area. Large numbers were collected in these areas, although a small
number were collected in the more rural site in Aldergrove.

Eucalliphora latifrons (Hough) was collected on the university
campus, at Simon Fraser University, Burnaby.

Lucilia illustris (Meigen) was collected primarily in the rural
area, in Aldergrove. Large numbers were collected at this site, but
some specimens were also collected on the university campus.

Wild adults were continuously added to the colonies to ensure
that they did not become adapted to the lab conditions and new
colonies were established each spring.

Adult flies were maintained in 75 cm? rearing cages. Each cage
of insects was given water, sugar, and milk powder ad libidum.
Three days after emergence, adult flies were given beef liver daily
to allow for development of the ovaries. When eggs were required,
fresh beef liver was placed in the cage for oviposition, and checked
for the presence of eggs every 15 to 30 min. As soon as one female
began to lay eggs, many females would mass on the liver and lay
large egg batches. The time of oviposition was noted.

Each experiment consisted of two 1 gallon (4.5 L) wide-mouthed
glass jars. The base of each was lined with 5 cm of slightly damp-
ened sawdust, followed by a folded paper towel. Approximately 500
gm of fresh beef liver was placed on the paper towel, and approxi-
mately 200 eggs were removed from the oviposition media to the
fresh liver. The jar was closed with two layers of paper towel, se-
cured with several elastic bands. Each jar in an experiment was set
up identically and was then arbitrarily assigned to a control or ex-
perimental group. The insects were then raised at several controlled
temperatures in a Forma Scientific refrigerated incubator. Fresh
beef liver was added as required, and was always in excess so that
food was not a limiting factor. Temperature was monitored using
SmartReader 1® dataloggers, programmed to record temperature
every 30 min. C. vicina, P. sericata, and E. latifrons were raised at
three controlled temperatures, ~16°C, 21°C, and 23°C (exact tem-
perature varied with species). Several experiments were conducted
under each temperature regime. P. regina was raised at 16°C and
23°C. L. illustris was only raised at one temperature, 21.1°C, as this
species proved difficult to maintain in the lab beyond 1 to 2 gener-
ations. Three species, C. vicina, P. sericata, and E. latifrons also
were raised under natural, fluctuating, temperature regimes, out-
side. They were placed in a shaded area and protected from rain but
were exposed to normal temperature variations.

Experimental Jar—The egg mass was examined every few
hours until eclosion was complete. Eggs were oviposited late in af-
ternoon/early evening so that hatch was unlikely to occur over the
night time. They were then checked to determine whether they
were still eggs the next morning (i.e., none had hatched
overnight—none ever did, due to timing of oviposition) then ob-
served every 1 to 2 h until hatch began, then until hatch was com-
plete. Times of first and last eclosion were noted. Following eclo-
sion, the larvae were examined at regular intervals to determine
size and developmental stage. In the early stages, the insects were
examined 3 to 4 times a day to determine length of time of each
stage as accurately as possible. When larvae were noted to be about
to molt into the next stage they were checked very frequently until
all had entered the next stage. When the insects were in the third in-
star and beyond, they were examined only 2 to 3 times per day be-
cause developmental times are longer. At each examination time, a
representative sample of 20 specimens was removed from the jar
and physically examined. Each larva was measured and examined
under a binocular microscope to determine developmental stage.
Examination of each insect was brief, and the insects were not
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chilled or in any way treated at this time, and all were returned to
the jar. The insects were measured as they crawled, at full exten-
sion. First, second, and third instars were distinguished principally
on the number of posterior spiracular slits (37) and from readiness
to molt. The third instar is divided into two, behaviorally separate,
stages. The first stage is the feeding stage, during which the mag-
got feeds voraciously and the crop reaches the maximum size. At a
given point, the larva ceases feeding and begins to utilize the con-
tents of the crop, which gradually reduces until it is no longer visi-
ble. During this post-feeding or prepupal stage of the third instar,
the insect generally leaves the food source and wanders into the soil
and, in the case of a human body, the carpet or clothing (38,39,19).
The color of the larva changes from translucent to opaque, by the
presence of fat bodies; internal features become obscured by the fat
bodies and eventually the larva shortens slightly preparatory to pu-
pation (40). These features were all used to determine stage.

Preliminary experiments had suggested that, after the insects had
entered this prepupal or post-feeding stage, they appeared to be
somewhat disturbed by physical examination, unlike other stages,
which did not appear to be affected. Therefore, once it was ensured
that most larvae had entered the prepupal stage, they were no
longer handled, but only visually examined to minimize the poten-
tial effects of handling.

Larvae were allowed to pupate in the sawdust and the jar was ex-
amined for adult emergence. Adults emerged into the jar, and were
removed each day until all had emerged or died.

Control Jar—The control was used to determine the effect, if
any, of handling a proportion of the insects on development and
mortality. The egg mass was examined every few hours until eclo-
sion, as in the experimental jar, as this could be done with no han-
dling and little or no disturbance. However, after eclosion, the in-
sects were only examined visually. This allowed visual
comparisons of size, stage, and behavior, but did not disturb the in-
sects. However, when the specimens were under the liver, or in a
mass, no comparison could be made. The control insects were vi-
sually assessed at the same examination times as the experimental
group. As this group was only visually assessed, time of molting
from first to second instar, and from second to third, could not be
determined. However, time of eclosion could be determined, as
well as time at which the insects entered the prepupal stage of the
third instar, time of pupation, and time of adult emergence.

Times of adult emergence in disturbed and control jars were
compared using a two-tailed paired t-test (Microsoft Excel®) to de-
termine the effects, if any, of physical handling on development
rates. For each experiment, actual minimum percent time spent in
a given developmental stage was determined. Then the mean min-
imum percent time spent in each developmental stage for all ex-
periments conducted with that species, under that temperature
regime, was determined. Two-factor analysis of variance
(ANOVA), without replication (Microsoft Excel®) was used to de-
termine differences, if any, between mean percent time (minimum)
spent in each stage between species and between temperatures (o
= 0.05).

Results

In all cases, irrespective of species or temperature, there were no
significant differences between total minimum developmental
rates of insects in the control jars, which were not handled, and
those in the experimental jars, in which a random sample was phys-
ically examined at each examination time (p = 0.2). Therefore,
data were pooled for a given temperature and species.
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Table 1 shows the minimum and maximum time, in hours, for P.
regina to reach each developmental stage at 16.1 = 0.01°C and
23.0 = 0.02°C. Three replicates were run at each temperature, each
consisting of two jars of insects. As can be seen from Table 1 and
as expected, P. regina developed more rapidly at the higher tem-
perature. This species took almost twice as long to complete each
stage of development, and to complete the entire cycle at 16.1°C
than at 23.0°C. Also, development was more synchronous at the
higher temperature, with minimum and maximum time to reach a
given stage being very close, whereas, at the lower temperature,
molt in each cohort was more spread out.

P. regina adapted readily to lab conditions and easily produced
Jarge quantities of viable eggs, after a liver meal. On one occasion,
a larval colony was accidentally allowed to run out of liver. Devel-
opment continued at the same rate as experimental colonies and
adult emergence occurred at the same time. The adults from this
starved colony were much smaller than those raised with an excess
of larval medium, although longevity and fecundity did not appear
to be affected.

Table 2 shows the minimum and maximum time taken for C. vic-
ina to reach each developmental stage at 15.8 = 0.004°C, 20.6 *
0.03°C, and 23.3 = 0.02°C. Seven replicates were run at 15.8 =

0.004°C (included one extra control jar), six at 20.6 + 0.03°C, and
fourat 23.3 = 0.02°C. Developmental rate increased as temperature
increased, with minimum time to reach each stage taking between
1.5 and 2 times longer at 15.8°C as at 23.3°C. Overall, development
took 1.7 times as long at the lower temperature. Minimum and max-
imum times to enter each stage at each temperature appeared simi-
Jar until the prepupal and adult stages. At these stages entrance into
the prepupal stage and adult eclosion was very spread out. As with
P. regina, C. vicina readily adapted to lab conditions.

Table 3 shows the minimum and maximum time taken for E. laz-
ifrons to reach each developmental stage at 15.8 = 0.005°C, 21.0
+ 0.04°C, and 23.3 = 0.02°C. Eight replicates were run at 15.8 =
0.005°C, nine at 21.0 = 0.04°C, and only two at 23.3 = 0.02°C. As
there was only one measured set of data for time of entry into sec-
ond and third instar, and into the prepupal stage, no standard error
is given for these times at 23.3°C. Developmental rate increased as
temperature increased, with minimum time to reach each stage tak-
ing between 1.4 and 2.3 times longer at 15.8°C as at 23.3°C. Over-
all, development took 1.7 times as long at the lower temperature.
Temperature did not appear to affect the synchronicity of molt. E.
latifrons also appeared to readily adapt to lab conditions, and was
simple to raise.

TABLE |—Development data for Phormia regina (mean * standard error, a = 0.05).

16.1 = 0.01°C 23.0 = 0.02°C
Time to Reach Stage, h Time to Reach Stage, h
Stage Min Max Min ax
Ist instar 430+19 483+ 1.1 21.5%0.9 22505
2nd instar 159.0 £11.0 1743 £22.9 78.8 £ 6.1 85.0 £ 6.0
3rd instar (feeding stage) 260.7 = 25.3 297.3 £ 284 126.7 £ 9.7 143.0 = 3.0
Prepupal 367.6 = 34.8 416.8 £ 33.7 191.7 £ 0.3 2133+ 1.1
Pupal stage 440.8 = 20.8 525.8 £26.2 217.5 £ 4.6 268.3 £ 11.0
Adult 7163 + 16.4 863.3 = 24.0 369.3 £ 3.7 4348 £ 11.1
TABLE 2—Development data for Calliphora vicina (mean * standard error, o = 0.05).
15.8 = 0.004°C 20.6 = 0.03°C 23.3 £ 0.02°C
Time to Reach Stage, h Time to Reach Stage, h Time to Reach Stage, h
Stage Min Max Min Max Min Max
1st instar 41412 46.7 = 0.6 225*02 36.0 = 4.0 21.0*0 295 *52
2nd instar 83.0 £10.0 88.3 £ 12.7 57.0 = 6.0 57.0x 6.0 450=0 520=*0
3rd instar (feeding stage) 128.0 = 9.0 146.0 = 15.6 84.0 = 10.0 93.5+05 770 =0 85.0 = 8.0
Prepupal 228.0 £33 257.0 = 9.6 155542 1625= 1.1 146.0 =0 173.0 =0
Pupal stage 294.0 = 4.7 4403 £ 42.1 213.0 =45 233.0+ 0.9 202.8 £5.8 279.0 = 22.5
Adult 719.7 = 6.0 874.6 = 20.7 514.8 £ 3.7 572.0 = 10.0 4540+ 6.0 499.5 75
TABLE 3—Development data for Eucalliphora latifrons (mean * standard error, a = 0.05).
15.8 £ 0.005°C 21.0 £ 0.04°C 23.3 = 0.02°C
Time to Reach Stage, h Time to Reach Stage, h Time to Reach Stage, h
Stage Min Max Min Max Min Max
1st instar 434 £ 1.1 47.1 203 21.8 £0.6 282 2.7 185x0 200
2nd instar 71.0 £ 2.1 71.0 £ 2.1 497 £17.7 497+ 7.7 425 425
3rd instar (feeding stage) 104.7 = 5.7 136.0 = 17.6 777 9.7 947+ 1.2 74 74
Prepupal 201.1 53 206.8 = 7.1 148.0 = 4.1 1593 £3.2 116 =0 143 =0
Pupal stage 249.6 £ 53 2959 +4.2 196.7 = 3.7 2873 £ 13.6 157 = 14 183 =12
Adult 608.0 = 10.1 683.1 £11.2 4428 £55 5429 +99 349.5 £ 10.5 397.5 = 125
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TABLE 4—Development data for Phaenicia sericata (mean * standard error, o = 0.05).

15.8 = 0.005°C 20.7 = 0.03°C 23.3 = 0.02°C
Time to Reach Stage, h Time to Reach Stage, h Time to Reach Stage, h
Stage Min Max Min Max Min Max
1st instar 40.6 = 2.8 444 = 1.1 209 £ 0.4 23.6 £ 0.6 21 22
2nd instar 943 =19 103.3 = 8.0 52317 523 1.7 45 45
3rd instar (feeding stage) 135.7 = 6.7 158.7 £ 19.7 783 £9.3 95.3 0.9 77 77
Prepupal 233.7 43 246.7 £ 6.9 1279 £33 1453 £43 145 159.5
Pupal stage 3823 +10.2 LE 2457 £ 6.1 356.9 + 14.6 264 T
Adult 775.0 = 18.7 917.2 £ 21.9% 486.2 £ 4.7 647.8 £ 18.0 468.5 624.5
* At 15.8°C many specimens entered diapause in the prepupal stage and did not progress beyond this stage.
+ At23.3°C a few specimens entered diapause in the prepupal stage and did not progress beyond this stage.
Table 4 shows the minimum and maximum time taken for P. ser- TABLE 5—Development data for Lucilia illustris
icata to reach each developmental stage at 15.8 = 0.005°C, 20.7 % (mean * standard error, o = 0.05).
0.03°C, and 23.3 = 0.02°C. Eight replicates were run at 15.8 £ 212 + 0.04°C
0.005°C, nine at 21.0 = 0.04°C, and only two at 233 = O.QZ"C. As Time to Reach Stage, b
there was only one measured set of data for time of entry into sec- Stage Min Max
ond and third instar, and into the prepupal stage, no standard error
is given for these times at 23.3°C. Developmental rate increased as 1st instar 19317 325115
temperature increased, with minimum time to reach each stage tak- 2nd instar 48 69
ing between 1.4 and 2.1 times longer at 15.8°C as at 23.3°C. Over- f’,ﬁ};ﬁ;ﬁf (feeding stage) - -
all, development took 1.8 times as long at the lower temperature. Pupal stage 229.0 + 17.3 286.0 + 28.9
Temperature did not appear to affect the synchronicity of molt. Adult 458.0 = 8.0 573.3+213

P. sericata reproduced readily in lab conditions, although this
species was notable in its obvious attempts to escape from the
colony jars during the prepupal stage. All the other species exam-
ined appeared to pupate willingly within the confines of the one
gallon jar, in 5 cm of sawdust, in close proximity to the larval food
source. P. sericata, on the other hand, would crawl, en masse up the
glass sides of the jar, and attempt to push the paper toweling off the
jar. In some cases this resulted in the elastic band snapping or be-
ing moved, and jars were then secured with up to four strong elas-
tic bands, which prevented escape, but did not prevent escape at-
tempts. Also, P. sericata was the only species that entered diapause
at the lower temperature of 15.8°C. Some specimens entered the
pupal and adult stages normally, whereas other entered diapause in
the prepupal stage and remained in this stage for several months.
Some died, and some successfully pupated and emerged several
months later. A very few specimens entered diapause at 23.3°C.

Table 5 shows the minimum and maximum time taken for L. il-
lustris to reach each developmental stage at 21.2 = 0.04°C. Only
one experiment was conducted, consisting of three colonies (one
disturbed by physical examination, one visually assessed, and one
in which the jar itself was not moved, to ensure that just lifting the
jar and removing the lid for visual examination did not disturb the
development). All developed at the same rate. Only one temperature
regime was examined, as L. illustris proved difficult to raise in the
laboratory, and produced only sterile eggs in the third generation.

Three species, P. sericata, E. latifrons, and C. vicina were raised
outside, in naturally fluctuating temperatures. Three jars of each
species were raised. Figure 1 shows the maximum and minimum
temperatures during development and the minimum development
times for each stage and species. Both E. latifrons and C. vicina
successfully completed development under these conditions. How-
ever, P. sericata entered diapause 19.8 days after oviposition. Tem-
peratures were relatively warm during the beginning of the experi-
ment, with daily maximums ranging from 12.4 to 23°C, and daily
minimums ranging from 10 to 16°C. The overall mean time of P.

sericata development, until it entered diapause, was 15°C, similar
to that under controlled conditions. As in lab conditions with only
a slightly higher mean temperature, this species alone entered dia-
pause despite highs reaching the low 20°Cs. Day length was short-
ening during these experiments. Time of eclosion for this species
was the same under both lab conditions at 15.8°C and in outside
conditions, although entry into each subsequent stage took slightly
longer under fluctuating temperature conditions than under the rel-
atively constant lab conditions. Also, only some specimens entered
diapause at 15.8°C under lab conditions, whereas all specimens en-
tered diapause in the fluctuating, outdoor temperatures.

C. vicina and E. latifrons continued to develop, despite consis-
tently lowering temperatures, with highs of less than 13°C and lows
of 6°C before all had emerged as adults. Development rates were
considerably slowed, but continued to completion. At emergence,
temperatures were frequently too low for the adults to fly; however,
they had been able to emerge successfully.

Figure 2 shows the mean percent time (minimum) spent in each
developmental stage (from beginning to end) for each species at
each temperature. No data are given for P. sericata at fluctuating,
outdoor temperatures as development was not completed. Table 6
shows the results of the analysis of variance, two-factor without
replication, performed on the mean minimum percent time spent in
each stage for all experiments conducted with that species. No ev-
ident interactions were seen. As can be seen, although Fig. 2 shows
variation in the percent time spent in each stage, Table 6 indicates
that there were no significant differences in minimum percent time
spent in the egg, 1st instar, 2nd instar, or 3rd instar. Table 6 shows
that there is a significant difference between species in the percent
time spent in the prepupal stage (nonfeeding stage of the third in-
star) and the pupal stage.

i
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FIG. 1—Maximum and minimum temperatures recorded outside during experiment and minimum development times for each stage of three species of
Calliphoridae, Phaenicia sericata, Eucalliphora latifrons, and Calliphora vicina.

1st  2nd 3rd prepupal
egg Instar Instar __Instar ___stage pupal stage

L. illustris 21.2 C

P, sericata 23.3C

P, sericata 20.7 C

P, sericata 15.8 C

E. latifrons 23.3C
E. latifrons 21 C
E. latifrons 15.8C
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C.vicina 15.8C §
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FIG. 2—Mean percent time (minimum) spent in each developmental stage (from beginning to end) for five blow fly species at several temperatures. No
data are given for Phaenicia sericata during outside experiment as all insects entered diapause, so development was not completed.



Figure 3 shows the maximum and minimum overall length of the
larvae in the 1st, 2nd, and 3rd larval stages, and the maximum
length of the crop during these stages. No data are given for the pre-
pupal stage, as handling of the insects when they began to contract
appeared to disturb the insects in preliminary experiments. How-
ever, during this stage, they contracted, became opaque so that in-
ternal structures, such as mouth parts, were no longer visible to the
naked eye, and the crop receded and the contents were eventually
totally utilized prior to pupation.

TABLE 6—Results of analysis of variance (ANOVA), two factor, without
replication (o = 0.05), on mean percent time ( minimum) spent in each
developmental stage for five Calliphoridae species, Lucilia illustris,
Phaenicia sericata, Eucalliphora latifrons, Calliphora vicina and
Phormia regina, under up to four temperature regimes, 15.8°C, 21 .0°C,
23.3°C, and fluctuating, outdoor conditions. Data shown in Fig. 2.

Species Temperature
Development _
Stage F p F P
Egg 3.191 0.053 2.043 0.162
1st instar 0.961 0.463 1.620 0.237
2nd instar 2.648 0.086 2.124 0.151
3rd instar 2.041 0.152 0.694 0.573
Prepupal 4.299 0.022 2.104 0.153
Pupal 5.118 0.012 1.062 0.401
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Discussion

The minimal handling of the larvae used in these experiments
appeared to have no effect on the insect’s behavior or development.
We have previously shown that limited handling of a sample of the
insects, such as used here, does not affect developmental rates (41).
This is supported by Ash and Greenberg (27), who noted that han-
dling did not delay development in P. sericata, although it did af-
fect development in P. pallescens (Shannon), a subtropical species
found in the Southern U.S. and not found in Canada. The only ex-
ception to this was noted in my preliminary experiments in which
handling of the prepupal stage, just prior to pupation, delayed pu-
pation slightly. Mackerras, in Australia, also noted that, in P.
(=Lucilia) sericata, handling of the prepupal stage only delayed
pupation by up to four days (42). Hence, prepupal larvae in these
experiments were not handled, only visually observed, once it was
determined that they had entered this stage.

Development was speeded up by higher temperatures, and com-
plete egg-adult development took between 1.4 to 2.3 times longer
at the lower temperatures. It is a well recognized fact that insect de-
velopment is temperature dependent; that is, the normal metabolic
rate is increased with increased temperature, which results in a
faster rate of development, so that the duration of development de-
creases in a linear manner with increasing temperature within opti-
mum ranges (Chapman 1980). This has meant that, in many foren-
sic cases, data generated at a particular temperature are converted
to thermal units, either accumulated degree days (ADD) or accu-
mulated degree hours (ADH) (43-45,22). ADD or ADH are calcu-

Length (mm)

M larva
B crop

{stinstar 2nd instar 3rd instar 1stinstar 2nd instar 3rdinstar 1stinstar 2nd instar 3rd instar 1stinstar 2nd instar 3rd instar

C. vicina

P, sericata

E. latifrons L. illustris

FIG. 3—Maximum and minimum lengths of whole larvae, and maximum and minimum lengths of crop for each species for 1st, 2nd, and 3rd instar lar-
vae. No data are given for prepupal lengths, as handling ceased when all specimens had entered the prepupal stage to minimize the potential effects of han-

dling.
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lated by multiplying the developmental duration (in days or hours)
for the time to reach a given stage, by the rearing temperature. This
gives the number of ADD or ADH required to reach a given stage
of development. The ADD or ADH for a given time period is cal-
culated by a simple reverse summation process (43-45,22). This
technique has been used in several published forensic analyses
(43-45,22).

The use of ADD is based on the supposed linear relationship be-
tween temperature and development. However, this only appears to
be valid when the data used to generate the degree days are close to
the temperature at which the degree days will be applied. For in-
stance, if development rates are needed for a temperature of 18°C,
then degree days generated at a temperature of 16 to 20°C are prob-
ably valid. However, as the temperature gap becomes wider, it is
noted that the relationship between temperature and development
becomes less linear, particularly at the extremes of the optimum
range. If development was entirely linear, then ADD should be the
same for a species at any temperature. If ADD from egg to adult-
hood are determined for P. regina from data generated at 16.1°C,
the total ADD would be 480.5 (from Table 1, calculated as de-
scribed above). If the relationship between temperature and devel-
opment was entirely linear, then the ADD should be the same or
very close at 23°C, i.e., 480.5. However, the actual figure is 353.9.
This is apparent in other data, (e.g., 46,22,27). However, when the
gap between temperatures is much less, the linear principle holds
true. For instance, at 15.8°C, P. sericata requires 510 ADD to reach
adulthood, 419 ADD at 20.7°C, and 455 ADD at 23.3°C (from
Table 4). This also clearly depends on the range used and the
species. For example, in one study, Phaenicia sericata took a mean
of 54.4 days to complete development at 19°C or 1033.6 ADD, 16
days at 27°C, or 431.5 ADD and 12.3 days at 35°C, or 430.5 ADD
(27). From this it is clear that, although blow fly development is rea-
sonably linear over temperature in most cases, care must be taken
when using such data to generate very specific elapsed time since
death estimations. It is clearly best to use data generated at a tem-
perature as close as possible to that of the crime scene (43,44). Data
have been generated for several blow fly species at different tem-
peratures, (46,22,26-28), but the majority of these studies looked at
development at temperatures much higher than those usually seen
in British Columbia. The mean temperature at crime scenes in
British Columbia is frequently 16 to 17°C (personal observations).

Earlier research conducted in the State of Washington on devel-
opment rates of several blow fly species, including Phormia
regina, Phaenicia sericata, and Calliphora vicina which are stud-
ied here, indicate much more rapid developmental times than were
seen here (28). These earlier experiments were conducted at a sin-
gle temperature, 26.6°C (80°F) which is several degrees warmer
than that used in these experiments. Even so, it is clear that Kamal’s
data indicate much more rapid developmental times than are re-
ported here. Kamal also indicates a more rapid developmental rate
than has been recorded by other authors at similar temperatures
(e.g., 22,27), whose data more closely relate to that presented here.
These differences may be due to several factors. The present study
and others cited (22,27), used incubators to maintain temperature
control; however, Kamal did not have incubators available and
used rooms in an insectary, which originally had little temperature
control, and were later fitted with “an air conditioner” part way into
the experiments (28). Consequently, temperature may have fluctu-
ated greatly during Kamal’s experiments, particularly in summer,
resulting in faster development. As well, Kamal did not state times
of examination, but the data indicates hourly examinations. As up
to 29 generations were examined for any one species, it is unlikely

that the developing insects were checked hourly over this time pe-
riod. Therefore, the precision of these data is difficult to evaluate.
Finally, mean, mode, and maximum were given in Kamal’s report
(28), but the minimum times for each stage are much less than the
sum of the entire developmental cycle, which is not explained.

All species, except L. illustris, adapted well to lab conditions
and were easily raised through several generations. All left the
beef liver as they entered the prepupal stage and moved through
the sawdust before pupating. However, P. sericata was notable in
its strong attempts to escape from the jar. This species invariably
climbed the glass walls and was sometimes capable of pushing
off the elastic band holding the paper toweling in place. This ac-
tivity is still apparent in specimens from colonies that have been
lab raised for over 25 years (persconal observations). This species
normally travels a considerable distance from its food source to
pupate (22,5) so the excessive amount of movement in the jar is
presumably a reflection of this desire to travel away from the food
source.

An often asked question is whether lab data, generated at con-
stant temperatures, are a reliable indicator of development rates un-
der natural conditions, which fluctuate diurnally. In many insect
species, developmental rates have been shown to be the same at
natural, fluctuating temperatures, as at constant temperatures,
when the temperature range is suitable, and the constant tempera-
tures represent the mean of the fluctuating temperatures (47-52).
Some insect species have been reported to develop more rapidly
under fluctuating temperatures than under constant. These include
some Coleoptera (50), some aphids (53,54) and milkweed bugs,
Oncopeltus fasciatus (Dallas) (55). In some Hymenoptera, devel-
opment may take slightly more or slightly less time in fluctuating
conditions than at constant temperatures, depending on the temper-
atures studied (56), which probably depends on the number of ac-
cumulated thermal units.

In some cases, insects take longer to develop under fluctuating
temperatures than under constant temperatures (57). In Calliphori-
dae, Greenberg (22) found that in the four species tested, P. sericata,
P. regina, Chrysomya rufifacies (Macquart), and Cochliomyia ma-
cellaria (F.), development was slightly longer at fluctuating tem-
peratures than at a mean, constant temperature by 20, 7, 9, and 12%,
respectively. This was significant only in the case of P. sericata.
Greenberg suggested that this retardation of development due to di-
urnal temperature changes should be taken into account. In Britain,
C. vicina was also found to develop more slowly in a fluctuating
temperature regime (58). However, in Australia, a related species,
Lucilia cuprina (Wiedemann), the Australian sheep blow fly, was
found to develop at the same rates at constant and fluctuating tem-
peratures with the same mean at temperatures up to 30°C (59). Also,
in British Columbia, comparisons with data obtained at constant
temperatures for P. regina in these experiments compared well with
those seen in carrion in the field at temperatures which fluctuated
strongly diurnally, around the lab mean (30,33,60). In these exper-
iments, P. sericata took very slightly longer to develop at fluctuat-
ing temperatures. As forensic entomologists usually estimate a min-
imum elapsed time since death, this means that any error generated
by using data developed at constant temperatures will tend to be
conservative.

There were no significant differences between percent time
spent in the egg, 1st, 2nd, or 3rd instar, between the five species, or
the four temperatures (Fig. 2 and Table 6). This is in agreement
with previous work by Greenberg (22,61).

The size of a maggot has sometimes been used to determine age
(62) and forensic entomologists are sometimes requested to age



maggots in photographs, without access to any actual specimens.
As can be clearly seen here (Fig. 3), there is considerable overlap
between length of maggot between stages, in particular between
2nd and 3rd instar, in most species. Therefore, size alone should not
normally be used as the sole age determinant. This is confirmed by
the accidental observations that starved larvae resulted in very
small adult insects and, presumably, smaller larvae than nonstarved
specimens. However, developmental rate was not affected. There-
fore, if using length alone, starved specimens may be mistaken for
younger insects. This would result in an underestimate of elapsed
time since death. Although this may still be of value, it may be mis-
leading to investigators. In carrion studies in British Columbia, un-
dersized 2nd and 3rd instar Calliphoridae were observed leaving
depleted pig carcasses (60,35). Also, although the lack of a visible
crop in large larvae is usually an indication that an animal has en-
tered the prepupal stage, this again must be checked physically, as
the crop is often not visible in starved 3rd instar (personal observa-
tions). Therefore, although larval length may give an indication of
age, it should not be used as the sole predictor.
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