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ABSTRACT: Length of the oldest maggots recovered from a body often provide an accurate 
estimate of the time since death. The length of maggots of Protophormia terraenovae (Ro- 
bineau-Desvoidy) of known age, at peak of feeding, was measured after 5 days immersion 
in one of 15 killing and preservative solutions, some of which are routinely used at autopsy 
and in forensic entomology; controls were killed in boiling water. There was shrinkage in all 
15 solutions which translated into an underage error of 9.7 h in 70% ethanol, l l  h in San 
Veino and 16.8 h in formalin. Larvae of Calliphora vicina (Robineau-Desvoidy) underwent 
even greater shrinkage, which resulted in an underage error of 19.2 h in 70% ethanol, 26.4 
h in formalin and 28.8 h in San Veino. Young third instar larvae underwent more shrinkage 
than older ones, with underage errors (.in hours) as follows: P. terraenovae--70% ethanol, 
24 and San Veino, 24; C. vicina--70% ethanol, 7.2 and San Veino, 14.4. Maggots killed in 
boiling water and then placed in preservative solutions did not shrink. Length of the crop, 
which may be useful in age estimates of postfeeding larvae, was not altered significantly for 
forensic purposes in these solutions. The highly significant alterations in maggot length under- 
score a need for standardization in the treatment of maggots collected at the crime scene and 
at autopsy if their length is to be interpreted in a valid and consistent way. Recommendations 
are made for treatment of maggots wherever they are collected. 
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W h e n  blow fly maggots  are encoun te red  on a bodv,  they can usually provide the most  
precise es t imate  of t ime of dea th ,  especially within the first life cycle [1]. The  age of 
actively feeding maggots  is de t e rmined  by measur ing  thei r  length,  af ter  the invest igator  
takes into account  thei r  the rmal  history and species [1-3] .  Unfor tuna te ly ,  in some hom-  
icide invest igat ions,  larvae are not  collected at all, e i ther  at the discovery site or at autopsy.  
W h e n  larvae are collected,  they are placed in one of m a n y  preservat ive  fluids. Possible 
shr inkage  in some of these solutions and the  effect on  es t imates  of larval age and post- 
m o r t e m  interval  has h i ther to  been  over looked  by forensic entomologis ts ,  a l though some 
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of these formulations have long been used in entomology to kill and preserve immature 
insects and other arthropods [4]. 

This study compares shrinkage of larvae in various killing and preservative solutions 
and the potential error in estimates of the postmortem interval. It is evident from our 
results that there is a need for standardization of treatment and recommendations are 
suggested. 

Materials and Methods 

Protophormia terraenovae (Robineau-Desvoidy) and Calliphora vicina (Robineau- 
Desvoidy) were studied from established laboratory colonies. Multiple samples of about 
35 third instar larvae each of the former and lesser numbers of the latter were taken 
from ground beef at peak of feeding at room temperature. The larvae were 100.8 h old, 
from time of oviposition. Each sample of larvae was immersed in 250 mL of one of a 
number of killing and preservative solutions for 5 days at room temperature; then the 
length of each larva was measured. Controls consisted of larvae killed in boiling water 
and measured immediately. Another group of larvae of C. vicina was killed in boiling 
water, placed into each of the various solutions for 5 days. and then measured. In a 
separate experiment~ larvae of C. vicina at peak of feeding, and following 5 days in the 
above solutions, were dissected and crop length was measured; control crops were from 
dissections of five specimens. 

The killing and preservative solutions were: 70, 80, or 90% ethanol; benzene; kerosene: 
formalin; 99.7% isopropanol; 70% E T O H / A A G  (3 parts 70% ethanol: l  part glacial acetic 
acid [5]); 90% E T O H / A A G  (3 parts 90% ethanol: 1 part glacial acetic acid [6]); K A A D  
(80 mL 95% ethanol, 20 mL glacial acetic acid, 10 mL kerosene, and 10 mL dioxane 
[7]); K A A  (1 part kerosene: 1 part glacial acetic acid:30 parts 95% ethanol [8]); X A A D  
(40 mL xylene, 60 mL isopropanol, 50 mL glacial acetic acid, and 40 mL dioxane [7]); 
XA (50 mL xylene and 50 mL 95% ethanol [7]); Pampel's fluid (6 parts formalin:15 parts 
95% ethanol:2 parts glacial acetic acid:30 parts distilled water [9]); and San Veino (Em- 
balmer's Supply Co.. Stratford, CT). The latter's constituents are formaldehyde, trich- 
lorethane, phenol, methanol, and synthetic camphor oil; proportions not disclosed. 

Age of larvae of P. terraenovae and C. vicina, based on mean let~gth per sample, was 
estimated using growth curves (from egg deposition to eclosion) at a laboratory tem- 
perature of 23 ~ • 0.5~ for the former and 22 ~ + 0.5~ for the latter. 

Statistical analysis was performed by the SAS system [1@ Larval length of both species 
and crop size of C. vich~a in various solutions were compared by a one-way ANOVA.  

Results and Discussion 

Table 1 compares the relative shrinkage in length of maximum-size larvae of P. ter- 
raenovae immersed for 5 days in various solutions: boiling water is the control. It will 
be noted that larvae undergo maximum extension in boiling water, which is comparable 
to maximum extension of a live larva. Larvae undergo maximum shrinkage in San Veino 
and formalin. The latter solutions are widely used at autopsy as a surface disinfectant 
and to kill maggots and other arthropods. This degree of shrinkage makes the maggots 
appear to be a half-day or more younger than they actually are. Maggots that were killed 
in 70% ethanol, which is routinely used by entomologists, would appear to be approx- 
imately 10 h younger than the}: actually are. Maggots killed in formalin would appear to 
be 17 h younger. The A N O V A  for body length of P. terraenovae larvae in the various 
solutions was highly significant (F - 133.5: df = 15: P = <0.0001). 
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TABLE 1--Effect of killing and preservative solutions on body length of third instar larvae of 
P, terraenovae at peak of feeding. 

Mean larval Deviation 
length Range Larval from 

Treatment N" (ram) - SD (mm) ~ shrinkage age (hi b control ( - h )  

Boiling water 58 15.6 + 0.6 15.0-17.0 Control 100.8 Control 
Kerosene 33 15.1 _+ 1.0 13.0-17,0 3.2 98.4 2.4 
XA 37 15.0 _+ 1.3 12.5-17.0 3.8 98.4 2.4 
KAAD 35 14.6 + 0.5 13.5-15.5 6.4 96.0 4.8 
KAA 30 13.6 _+ 0.6 13.0-15.0 12.8 93.6 7.2 
Benzene 33 13.5 _+ 0.7 12.0-15.0 13.5 93.6 7.2 
70% ETOH 35 12.9 ~ 0.8 7,1,4-14.0 I7.3 91.2 9.7 
XAAD 30 12.7 _+ 0.9 11.0-14.8 18.6 91.2 9.7 
70% ETOH/AAG 35 12.5 + 0.7 11.0 14.0 19.9 91.2 9.7 
80% ETOH 33 12.2 + 0.5 11.0-13.0 21.8 91.2 9.7 
90% ETOH/AAG 32 11.9 +_ 0.5 11.0-13.0 23.7 88.8 11.0 
Pampel's fluid 30 11.9 ~_ 0.9 10.5-13.9 23.7 88.8 11.0 
90% ETOH 35 11.8 _+ 0.7 10.0-13.3 24.4 88.8 11.0 
Isopropanol 30 11.5 = 0.6 10.0-13.0 26.3 88.8 11.0 
San Veino 31 11.2 _~ 1.2 9.0-14.0 28.2 88.8 11.0 
Formalin 33 10.8 = 0.9 9.0-12.8 30.8 84.0 16.8 

~'Number of larvae examined. 
OLarval age was determined from a growth curve generated from 

data derived from maggots killed in boiling water. 
multiple rearings at 23 ~ ~- 0.5~ 

Table 2 compares  the effect of various killing and preserving solutions on the length 

of maximum-size larvae of C. vicina, with boiling water as a control.  Actual larval age 
was 100.8 h, and deviation from the actual age is given in the last column of Table 2. 
The underage error  ranges from 10 h (XA) to 29 h (San Veino).  The A N O V A  for body 
length of the larvae in different solutions was highly significant (F = 38.8; df = 7; P = 
<0.0001), The larvae of C. vicina underwent  greater  shrinkage than those of P. terrae- 
novae and this underscores  the desirability of testing larvae of other  species, as well. 
Larvae of C. vicina did not undergo shrinkage when they were first killed in boiling water  

and then immersed  for 5 days in the solutions listed in Table 2. 
Because younger  larvae may have thinner,  more  pliable cuticles, we decided to test 

young third instars of each species. Samples of 15 larvae, 10 to 12 mm in length, were 

TABLE 2--Effect of killing and preservative solu#ons on body length of third instar larvae of 
C. vicina at peak of feeding. 

Mean larval Deviation 
length Range Larval from 

Treatment N" (ram) +- SD (ram) % shrinkage age (h) ~ control ( -  h) 

Boiling water 14 16.8 --- 0.4 16.0-17.2 Control 100.8 Control 
XA 7 16. l m 0.6 15.2-17.0 4.2 91.2 9.6 
70% ETOH 8 15.0 z 0.5 14.4-16.0 10.7 81.6 19.2 
Benzene 10 15.0 ___ 0.6 14.0-16.0 10,7 81.6 19.2 
Pampel's fluid 6 14.7 + 0.6 14.0-15.4 12.5 79.2 21.6 
Kerosene 10 13.8 m 0.9 13.0-15.0 17.9 74.4 26.4 
Formalin 6 13.6 m 0.7 13.0-14.7 19.0 74.4 26.4 
San Veino 7 13.0 ___ 0.8 11.5-14.0 22.6 72.0 28.8 

"Number of larvae examined. 
bLarval age was determined from a growth curve generated from multiple 

data derived from maggots killed in boiling water. 
rearings at 22 ~ _+ 0.5~ 
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immersed  for 5 days in XA,  70% ethyl alcohol,  or San Veino;  controls  were killed in 
boil ing wate r  as before .  Not surprisingly, the pe rcen tage  of shr inkage  was grea ter  for 
young third instar  larvae than for o lder  ones.  The  underage  e r ror  (in hours)  for P. 
terraenovae was: X A ,  7.2: 70% e thanol ,  24; and San Veino,  24 (Table  3); for C. vicina 
the  underage  e r ror  in hours  was 2.4, 7.2 and 14..4, respectively (Table  4). 

The re  are few, if any, rel iable age markers  in post feeding cal l iphorid larvae. It has 
been  shown,  at least  in C. vicina and Phaenicia sericata (Meigen) ,  tha t  the size of the 
crop can serve as a good age indica tor  [1]. W h e n  the maggot  stops feeding the crop 
downsizes at a predic table  ra te  and there fore ,  any art ifactual  shr inkage  due to preser-  
vat ion becomes  a re levant  concern.  Table  5 summar izes  data  on crop length in live larvae 
of C. vicina at peak of feeding and af ter  preservat ion .  Exposure  of larvae to boil ing water  
or 70% e thano l  actually increased the length of the crop, whereas  the o the r  solut ions 
caused shr inkage.  The A N O V A  for larval crop size in different  fluids was highly signif- 
icant (F = 12.9; df = 8: P = <0.0001) .  The  a m o u n t  of shr inkage,  however ,  does  not  
exceed what  normal ly  occurs in the first 3 h af ter  the larva stops feeding [1], so the effect 
of the di f ferent  solut ions on crop length is not  useful for forensic purposes .  

It is obvious  from our  results tha t  the kind of solut ion in which maggots are killed or 
p reserved  has a significant effect on thei r  length and therefore  thei r  es t imated  age, and  
hence  can lead to a miscalculat ion of the pos tmor t em interval.  There fore ,  we suggest 
that  boil ing water  should  be used by criminal  invest igators ,  medical  examiners ,  forensic 
pathologis ts ,  coroners ,  and forensic en tomologis t s  as a s tandard  killing solution for mag- 
gots of forensic impor tance .  The  larvae can then be preserved  in 70% ethanol .  Boiling 
appears  to great ly lessen autolysis by dest roying digestive enzymes and the gut flora. 

TABLE 3--Effect of killing and preservative solutions on body length of young third instar larvae 
of P. terraenovae. 

Mean larval Deviation 
length Range Larval from 

Treatment N" (mm) = SD (ram) % shrinkage age (h) ~ control ( - h )  

Boiling water 15 10.4 _+ 0.5 10.0- 11.5 Control 81.6 Control 
XA 15 8.5 -+ 0.5 8.0-9.5 18.3 74.4 7.2 
70% ETOH 15 5.6 _+ 0.6 5.0-7.0 46.2 57.6 24.0 
San Veino 15 5.5 _+ 0.5 5.0-6.5 47.1 57.6 24.0 

"Number of larvae examined. 
hLarval age was determined from a growth curve generated from multiple rearings at 23 ~ _+ 0.5~ 

data derived from maggots killed in boiling water. 

TABLE 4--Effect of killing and preservative solutions on body length of young third instar larvae 
of C. vicina. 

Mean larval Deviation 
length Range Larval from 

Treatment N" (ram) _+ SD (mm) .c/c shrinkage age (h) h control ( - h )  

Boiling water 15 10.8 _+ 0.5 10.0-12.0 Control 64.8 Control 
XA 15 10.2 m 0.7 9.0-11.0 5.6 62.4 2.4 
70% ETOH 15 9.1 _+ 0.8 8.0- 10.0 15.7 57.6 7.2 
San Veino 15 7.0 _* 0.4 6.0-8.0 35.2 50.4 14.4 

"Number of larvae examined. 
hLarval age was determined from a growth curve generated from multiple rearings at 22 ~ +_ 0.5~ 

data derived from maggots killed in boiling w~ater. 
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TABLE 5--Effect of killing and preservative solutions on crop length in third instar larvae of 
C. vicina at peak of feeding. 

Mean crop 
length Range % extension 

Treatment N ~ (ram) • SD (ram) or shrinkage 

Live 12 7.7 m 0.3 7.5-8.2 Control 
Boiling water 14 8.7 _+ 0.5 7.9-9.8 13.0 ~ 
70% ETOH 8 8.0 _+ 0.6 6.8-9.0 3.9 b 
Kerosene 10 7.5 • 0.9 6.7-9.0 2.6 c 
Pampel's fluid 6 7.4 • 0.5 7.0-8.0 3.9 c 
Formalin 6 7.3 • 0.5 7.0-8.0 5.2 c 
San Veino 7 7.3 • 0.5 6.7-8.0 5.2 c 
Benzene 10 7.2 • 0.4 7.0-8.0 6.5 c 
XA 7 6.3 • 0.5 6.0-7.0 18.2 C 

aNumber of larvae examined. 
bExtension. 
cShrinkage. 

This procedure improves precision in still another  way. Maggots that are first killed in 
solutions such as 70% ethanol  retain some elasticity and extensability of the cuticle. This 
can lead to further error in measuring body length, whereas maggots killed in boiling 
water  are fully extended and rigid. Hot  water can be brought to the crime scene in a 
thermos and can be boiled on site by means of a sterno can or an electrical heating device 
plugged into a car 's ignition or  some other  source of  electricity. If dry ice is available, 
larvae should be cooled (not frozen) until they are returned to the laboratory and then 
killed in boiling water. If none of these alternatives are available, X A  can be substituted 
for boiling water,  taking into account later, about 4% shrinkage for mature third instars, 
and more for younger larvae, in this fluid. The use of San Veino and other  solutions 
containing formalin for killing larvae should be avoided. It is noteworthy that preserv- 
atives including formalin and alcohol have no effect on opiates, cocaine or barbiturates 
which may be sequestered by larvae. Mari juana is degraded, only at pHs below 4 and 
above 93, in all the stated procedures it is understood that,.in addition to preservation, 
a sample of larvae will be kept alive and reared to the adult stage for species confirmation. 
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