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ABSTRACT

1 established a database of insect succession on buried carrion in two
biogeocjli_matic zones of British Columbia over a 16 month period beginning June
1995 Pig (Sus scrofa L ) carcasses were buried immediately after death, buried 48 h
after death, and buried then subsequently disturbed, in the Coastal Western Hemlock
and Sub-boreal Spruce biogeoclimatic zones of British Columbia Buried pigs
exhibited a distinct pattem of insect diversity, relative abundance and succession fr»\om
that which occurred on abave-ground carrion Insect communities on buried carrion
exhibited greater species richness and evenness compared with above-ground carrion
The species composition and time of cojlonjzation for particular species differed
between the two zones Therefore ideally, a database of insect succession on buned
carnion should be established for ea\gch major biogeoclimatic zone 1 did not observe
maggot masses on anv of the buned carcasses, therefore the presence of maggot
masses may indicate a delaved burial Soil temperature was a better indicator of
internal buned carcass temperature (r’=0 92. P- 0 000 1) than Was ambient air
temperature (r'=0 60, P<0 0001), thus soil temperature should be used to detemline’
developmental rate§ of insects for determination of the post-mortem interval by a

forensic-entomologist
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Poor soul, the centre of my sinful earth,
these rebel powers that thee array,
Why dost thou pine within and suffer death,
Painting thy outward wills so costly gay?

Why so large cost, having so short a lease,
Dost thou upon thy fading mansion spend?
~ Shall worms, inheritors of this excess,

Eat up thy charge? is this thy body's end?

Then soul, live thou upon thy servant's loss,
And let that pine to aggravate thy store;

- Buy terms divine in selling hours of dross;
Within be fed, without be rich no more:

So shalt thou feed on Death, that feeds on men,
And Death once dead, there's no more dying then.

William Shakespeare, Sonnet 146
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1. INTRODUCTION

Decomposing bodies constitute a }apidly changing habixtat, After death, carrion
undergo rz;pid physical, chemical and biologica] chan.ges during the decomposition
process At each stage of decomposition, carrion is attractive to different species of
insects Timese insects colonize the remains in a predictable sequence, so tl{at an
analysis of the anhropoc;s ona humaln'homicide, victim, weeks or months after death,
can lead to an accurate estimgtg of elapsed time since death This information may be
vital in a homicide investigation (Anderson and VanlLaerhoven 1996)

The succession of insect spe“cies on carrion varies accordiné to temperature,
habitat and geographic locétién (Reed 1958, Payne 1965, Denno and Cothran 1976,
Goddard and Lago 1‘98*5‘, Greenberg 1985, Goffer al 1986, Goff and Odom ‘]98%,

Gofferal 1988, Goff 1991, Goff and Flynn 1991, Anderson and VanLaerhoven

1“’1'"'996)'"'~Ilus,,ygq§§ion occurs on both above-ground and buried carcasses,(Rodnguez

and Bass 1985, Smith ]986)but the Tocation of the remains influences the time
required for insects to locate a carcass, the sequence of colonization and the rate of
decomposition (Payne er a/ 1968, Rodriguez and Bass 1985, Smuth 1986) This
variation makes extrapovlationA of insect succession databases between habitats and
geographic locations extremely difficult However, it 1s hypothesized that once insects
locate buried remains, they will feed and develop normally, and will colonize in a

predictable sequence

vv/'
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No expenimental research into ansect succession on buried corpses has-been )
done in Canada. In fact, there has been no published experimental research on insect .
succession on buried corpses which accurately mimics a homicide scenario anywhere

in the world

1.1 OBJECTIVES
This research was designed to mimic three homicide scenarios accurately
immediate buﬁal, delayed bunal (many perpetrators do not dispose of the body

immediately), and disturbed burial (perpetrators often return to and disturb the site of .

a forensic bunial)

The specific objectives were ‘

1) to examine the qucessionaJ biodiversity in insect species on immediately buried T L

carmnon in tv&) biogeoclimatic zones, the Coastal Western Hemlock ( CWH) and
Sub-boreal Sprug:_é (SBS) ;or;&es of Bntish Columbia (Meidinger and i)ojar 1991),

2) to determine the effect of delayed burial on the successional biodiversity of insect
species on buried carnon,

3) to determine the effect of disturbance on the successional biodiversity of insect

Ry,

species on buned carrion, and
4) to establish a database of insect succession on buned carrion in both the CWH and
SBS zones (charactenstic of the Vancouver and Canboo Regions, respectively) of

British Columbia for use in homicide investigations

tJ
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1.2 RESEARCH AREAS

Experimental areas were located in the CWH zone within the Vancouver
Forest Region and the SBS zone within the Cariboo Forest Region. Most of the
research was concentrated in the CWH zone since most buried corpses are found there
(Anderson 1995) Only immediately buried and disturbed carcasses Were studied in
_the SBS zone in conjunction with extensive exposed carcass experiments conducted at
the same time (Dillon 1997). TheJ research areas were located in the University of
British Columbia’s (U B C ) Alex Fraser Research Forest, Gavin Lake Block just east
of Williams Lake in the Cariboo Forest Region and in U.B C.’s Malcolm-Knapp
Research Forest in Maple Ridge in the Vancouver Forest Region, where above-ground
carcass experiments had been conducted in 1994 (Dillon and Anderson 1995) Both
areas were chosen on the basis of representative soil type and vegetation

Two weeks before carcass placement, 250 mL glass jar pitfall traps containing
soapy water were placed at each planned carcass site and at three contrp!,;gi;es (no
carcass), at least 15 m from.the carcass sites After bunal, the pitfall traps weré ﬁlaced
iﬁ the soil abové the carcasses to trap a sample of the insects attracted to or leaving the
remains The control pitfall traps remained at their original sites

At each site graves were dug with a shovel on the same day, deep enough to
allow the upper surface of a carcass to lie approximately 30 cm below the forest floor
All graves were at least 15 m away from the next grave or above-ground carcass, so

that olfactory orientation of insects to each carcass was mimimally influenced
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1.3 EXPERIMENTAL PROTOCOL

1.3.1 Experimental Carcasses

Twenty-three kg (50 1b) pigs (Sus scrofa L) were used as surrogate human
'models, as these are considered to be excellent models for human decomposition
(Catts and Goff 1992) A 15 cm pin gun shot to the head was used to kill all the pigs
To allow insertion of temperature probes, the carcasses were shot a second fime, in
the side of the thorax using a .22 caliber rimfire bullet This produced a small entrance -
wound just wide enough te allow insertion of the probe, but dig not produce an exit
wound Because‘ clothing influences insect succession (Dillo'nhand Anderson 1995)

and most homicide victims are clothed or have cloth associated with the body

A

-

(Anderson pers com ), each carcass was identically clotv’hed with underwear, a T-
shirt, blouse, shorts and socks For immediate and disturbed burial treatments, a
freshly killed pig was ;;laced n e;c:h grave within hours of d,ea',t,h and the grave was
filled to ground level with loosely packed soil The top of each grave was disguised
with branches, leaves and rocks Pigs in de1a§ed burial treatments were identica]ly‘
buried 48 h after death Above-ground c&rcassés were protected from large scavenger
attack by wire mesh (4"’x2”, 12 S gauge) staked to the ground over the entire carcass

Buned carcasses were protected by wire mesh staked down over the grave



1.3.2 CWH zone

On 17 June ]995, 15 pigs were bunied immediately after death (within 5 h of
deathj Three of;these pigs were exhumed at each of 2 and 6 weeks and 3, 1] and 16
months after death Nine pigs were buried 48 h after death  Three of these pigs were
exhumed at 2 aﬁd 6 weeks, and 3 months after death Three control pigs were left

above ground and were examined at the same time as the exhumed pigs
\ ,

~

1.3.3 SBS zone

On 10 June 1995, 12 pigs were buned immediately after death (within 8 h of
death) Three of these pigs were exhumed at each of 2 and 6 weeks. and 3 and IC;
months after death Three pigs exhumed at 2 weeks after death, were ré-bun’ed after
sampling to determine the effect of disturbance They were again exhumed at 6 weeks
after death and compared with the three pigs exhumed for the first time at 6 weeks
after death Three control carcasses were left above ground and were examined at 2
weeks after death They were then consumed by a large scavenger and could not be

sampled again

1.3.4 Temperature and Biomass Loss Measurements

Internal carcass temperature was taken from one above-ground carcass and
one buned carcass (the last to be exhumed) within each biogeochmatic zone Ambient
arr and soil temperature (from soil adjacent to the buned carcass) was recorded 1n both

zones Temperatures were recorded using two types of dataloggers Double channel
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dataloggers (SmartReader“’lE, Young Enyironmental Systems, Richmond, B .C))
'mé%asured the temperature every 30 min. Single ghamel dataloggers (Hobo®, Hoskins
Scientific, Va¥ncouv‘er, B.C.) measured the temperature every 90 minutes. Failure of
all but one ﬁobof and several SmartReaders” grecluded recording of additional
internal carc:E‘aAssj ambient air or soil temperaw;és. Ambient air temperature data in the
CWH zone Were losi due to these failures, thus ambient air temperature data were
taken from an Environment Canada weather station in the Malcolm-Knapp Research
Forest, 2 km south of the research si;g |

Biomass loss was measured by biacing an exhumed carcass on a mesh platform
and weighing it using a 70 kg (150 Ib) scale on a pulJey system Above-ground

carcasses were not weighed, because the disturbance could have affected the

succession pattern since the carcasses were not on mesh platforms

1.4 SAMPLING METHODS

At each sampling date, insects in each pitfall trap were separated from the
soapy water by the use of a small tea strainer and placed in 70% ethanol in a sterile
100 mL vial Fresh soapy water was then placed in each pitfall trap Insect species

that were collected in equal abundance from control and carcass sites were excluded

Ed

because these were considered to be endemic species that are not associated with

carrion

O

~



The buried carcasses were exhumed carefully, in the manner of gﬁme scene
investigations and examined for insectg The exhumation consisted of three
components. data recording, on-site collection and'ﬁeld morgue collection. When
insects were sampled, 10-20 individuals per species were routinely 'cdllectéd. All

individuals of less numerous species were also collected’

1.4.1 Data Recording

Extensive photographic records during all stages of exhumation were
supplemented by written notes of all observations. These were made with reference to

a Ix1 m grid, with four 50 cm® quadrats, laid out before the excavation

1.4.2 On-Site Collection

Colléction of insects began with careful removal of surface plants They and
the exposed ground were examined visually for insects. Next, soil was removed

systematically, one quadrat at a time moving from the outermost to the innermost area

&3
5

(Skinner and Lazenby 1983) Soil was ﬁ)ngé’by hand and visually inspected for

pos

insects, samples of which were collected. When the entire corpse was exposed,
photographs were taken and notes made, then the carcass was lifted out of the-grave

and moved away on a mesh platform  Soil in the bottom of the grave was examined

visually and samples of all insect species were collected



1.4.3 Field Morgue Coﬂgction
e fhe entire exhumed carcass, as well as all areas of the clothing, including

pockets, were examined and sampled for insects using forceps or gloved fingers The
ca;cas)s was then placed in a plastic bag and later disposed of by incineration Half of
the larval'Diptera were preserved in 70% ethanol in ;crew cap vials, while the rest
were kept alive in sterile 250 mL wvials containing some beef liver or pork with a paper
towel lid affixed by an elastic band These were reared to adulthood in the laboratory,
facilitating identification Adult insects were pinned and larval insects were labeled and
preserved in 70% ethanol for later identification

All larval Calliphoridae and Muscidae were examined under a binocular
microscope to determine instar by number of spiracular shts (Smuth 1986) Insects
were identified using keys and comparnisons with verified specimens in the Simon
Fraser University forensic insect reference collection Specimens that were difficult to
identify were sent to the National Identification Service in Ottawa for identification
and to provide voucher specimens for our reference collection

Above-ground control carcasses were sampled in a similar manner on each
exhumation day, but on a lesser scale because above-ground succession can be

determuned from the established database (Dillon 1997)



1.5 QUANTITATIVE ANALYSES

Only insects collected from the grave soil or on the carcasses were used in the
quantitative a:nalyses Therefore.insects collected in pitfall traps were only used in the
succession table Simpson’s index of diversity (1-D) (Krebs 1989), defined as 1- (the
probability of picking two organisms that are the same species) or

1-D=1-Z(p, )
where p, = the proportion of individuals of species i in the community, was calculated
using the relative abundance of each species within the different treatments This
index gives a measure of diversity of insect species, in which a score approaching 1
indicates hjgﬁ diversity

I compared the similanty or diﬁ“ergnce in species composition between
* treatments using average linkage clustering (Minitab 1994) Treatments that are most
similar in species compesition have the highest scores and are clumped closest
together in the cladogram A score of 100 means that the two treatments being
compared had ideﬁtical species compositions Using average linkage clustering. the

3

distance between two clusters (or treatments) is the mez;n distance between a vanable
(species a) in one cluster and the same vanable in the other cluster (Minitab 1994)

" Therefore, two treatments composed of identical species will have no distance
betweeh them on the cladogram and will have a similarity of 100 The distance matrix

(dm) 1s calculated by

dm, = (NWGy, ~ ™Ndy) ' N

»



»

where Ni, N;, N, = the number of vanables in the clusters k, 1 and m
The correlation distance is calculated by
d,=1-p,
where p, = the Pearson product moment correlation between vanables1and j.

I used Microsoft Excel (Microsoft 1985) to calculate the linear regression
equations predicting internal carcass temperature from ambient air temperature and
soil temperature and predicting soil temperature from ambient air temperature The
temperature data for the first three days after death were omitted to elimnate the

effect of algor Moruis

10



2. RESULTS

2.1 TEMPERATURE

Differences were observed between the ambient air and grave soil temperatures
and between the internal carcass temperatures of buried and above-ground pigs.
These trends held true for carcasses in both study sites. In both zones, buried carcasses
did not show the same internal temperature spike experienced by above-ground,
ca}casses (Figure 1). Dunng the winter months i.n the SBS zone, internal buned
carcass temperature did not fluctuate with ambient air temperature (Figure 2).
However, during the winter months in the CWH zone, the internal buried carcass
temperature (estimated by grave temperature' because the datalogger féiled) dici
fluctuate significantly (r’ = 0.73, P'< 0.0001) with the ambient air temperature
, recorded at the Malcolm-Kngpp Research Forest weather station (Figure 2)
| There was less ﬂuctuation in soil than in ambier}t air temperature overall, as
illustrated by data collected in the SBS zone (Figure 3). After algor mortis was
complete, there was little difference between grave temperature and internal carcass
temperature In botﬁ zones, diurnal fluctuations were much greater in the ambient air
temperature, than in the internal buried carcass temperature, as illustrated by data

collected in the CWH zone (Figure 4) |

" The use of grave temperature 1s justified by the strong relauonsf\;’fp between internal carcass and
" grave temperatures recorded for 262 davs from the SBS zone (r'=0 92. P <0.0001),

1]



‘Figure 1. Mean daily internal temperature of above-ground and buned pig carcasses
measured every 90 min in the Coastal Western Hemlock (CWH) and in the
Sub-boreal Spruce (SBS) biogeoclimatic zones of British Columbia Ambient
air temperature in the CWH zone was recorded twice daily from the Malcolm-
Knapp Research Forest weather station, 2 km from the research site  Ambient
air temperature in the SBS zone was measured every 90 min at the research

site.
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Figure 2. Mean daily internal buried pig carcass temperature in the Coastal Western

Temperature in °C

Hemlpck (CWH) and Sub-boreal Spruce (SBS) biogeoclimatic zones of British
Columbia (estimated by grave temperature in the CWH zone) measured every
90 min from November 1995 (159 days since death) to October 1996. Ambient
air temperature in the CWH zone was recorded twice daily from the Mal¢olm-

'Knapp Research Forest weather station, 2 km away from the research site.

Ambient air temperature in the SBS zone was measured every 90 min at the

research site.
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Figure 3. Mean daily ambient air temperature, ambient grave tempefature and internal
buried pig carcass temperature measured every 90 min for the first 90 days
after death in the Sub-boreal Spruce (SBS) biogeoclimatic zone of Bntish
Columbia. Day 0 = 10 June 1995 ,
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" Figure 4. Maximium and minimum ambient air temperatures recorded twice daily
- from the Malcolm-Knapp Research Forest weather station and maximum and
minimum internal buried pig carcass temperatures measured every 90 min for.
the first 90 days after death in the Coastal Western Hemlock (CWH)
biogeoclimatic zone, British Columbia Day 0 = 17 June 1995
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Weather station ambient air'iempera’ture was not a gooc? predictor of the
internal temperature of above-ground ;:arcas:ses in the CWH zone, although it was a
good predictor of the internal temperaturé of above-ground carcasses in the SBS zone
before the action of the maggot masses increased the internal temperatu;e (Table 1)
Soil temperature was an excellen;,pfgdictor of internal buned carcass temper;ture n
the SBS zone (Table 1) Mean and minirpum ambient air temperatures were also
acceptable predictors (r* > 0 5) of internal buried carcass temperature in the SBS zone,
but only in the spn'i]g, summer and fall months (Table 1) In contrast, ambient air
temperature taken from a weather station 2 km away was not é good predictor (r'<

0 5) of internal buried carcass temperature in the CWH zdne, likely due to small -

sample size, although it was an acceptable predictor of grave iemperature (Table 1)

2.2 DECOMPOSITION RATE

The rate of decomposition of buried carcasses was considerably slower than
for the above-ground carcasses Although dec‘oméosition is continuous, Payne er al-
(1968) recognized five stages of physical decomposition, which I have adapted to

characterize the experimental carcasses.

2.2.1 Fresh Stage

This stage began at death and continued until bloating of the carcasses was

visible This stage was not observed after the initial placement of the carcasses since

16
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both above-ground carcasses and buried carcasses had passed beyond this stage by

two weeks after death (Table 2)

2.2.2 Bloat Stage

By 2 weeks after death above-ground carcasses had passed the bloat stage
(Table 2), characterized by the accumulation of gases within the body as anaerobic
bactena within the gut begin to digest the carcass Tk:js was evidenced by the deflated
nature of the carcasses However, buﬁéd bodies decompose at a much slower rate.
allowing charactenzation on the basis of disarticulation By 2 weeks after death,
buried carcasses had entered a primary bloat stage (Table 2), charactenzed by both
the bloated appearance and the lack of disarticulation By 6 weeks afier death. buned

carcasses were in a secondaryv bloat stage (Table 2), still bloated. but with the limbs

disarticulated

2.2.3 Active Decay

This stage was charactenized by the deflation of the carcass and disarticulation
of the head Flesh and skin were sull present By 2 weeks afier death. the above-
zround carcasses were in this stage (Table 2). with large maggot masses rapidix
consurmung flesh The buned carcasses were in this stage by 3 months after death
i Table 21 No maggot masses were present  The abdomen was coliapsing with the

~ead and lews disaruculated The carcasses were very wet with a strong odour once

caen et temoned rom the grave



. < 3
Table 2. Decompositional stages of pig carcasses baried immediately, buried 48 h ’
after death, buned then disturbed, and left above ground in the Coastal
Western Hemlock (CWH) and Sub-boreal Spruce (SBS) biogeoclimatic zones
of British Columbia.

Time taken to reach each stage of decomposttion (days)

Fresh ~ Prnimary Secondary Active Advanced Dry/

Zone Treatment bloat bloat decay decay  remains
7
CWH Immediate burial 0 <14 <45 <90 <335  +490
Delayed bural 0 <14 < 45 <90 n/a n/a
Above-ground 0 stage not observed <14 <45 <080
SBS Immediate burial 0 <14 < 45 <90 < 490 + 400
Disturbed bunal 0 n/a <45 n/a n/a n/a

Above-ground 0 stage not observed <14 n/a n/a




2.2.4 Advanced Decay Stage

At this point, most of the flesh had been removed, but skin, bone, fat and
:armlage remained on above-ground carcasses, which had reached this stage by 6
weeks after death in%he CWH zone (Table 2) The above-ground carcasses in the SBS
zone had been eaten by a large scavenger by this time. By 11 months afier death, the
turied carcasses in the CWH zone had reached the equivalent of this stage (Table 2)
Some flesh remained. although some of it had turned to adipocere tissue, formed by
the conversion of soft tissue tothydrolyzed fat in the presence of cool moist soil or

water (Spitz and Fisher 1973) and the abdomen had collapsed The carcasses were

13

—

sull fairly wet  Ak16 months after death, the buried carcasses in the CWH zone were

still in this stage (Table 2), with the remaining flesh turned to adipocere tissue and the

WA

nbcage collapsed, giving the carcasses a flattened appearance Buried carcasses in the
SBS zone had reached the advanced decay stage by the time the expenment was
terminated at 16 months after death (Table 2) They resembled the buned carcasses

exhumed in the CWH zone at 11 months after death

2.2.5 Dry/Remains Stage
By 11 months after death, the above-ground carcasses had entered this final
I
stage with only bone, cartilage and some skin remaining (Table 2) Buts of clothing and

bones were the only remaining evidence of these carcasses



2.3 BIOMASS LOSS

Biomass loss in buriea carcasses was slightly faster in the CWH zone than in
the SBS zone (Figure 5). However, buried carcasses in both zones lost biomass much
more slowly than above-groimd carcasses in the shade in the spring of 1994 in the
CWH zone (Dillon and Anderson 1995). The slower rate of decomposition and

decreased rate of biomass loss lengthens insect succession on buried carcasses

2.4 INSECT DIVERSITY

Diversity of insect species consists of both the species richness and the relative

abundance of each species Examining the dominance-diversity plots (Krebs 1989)

(Figure 6) for above-ground carcasses in both the CWH and SBS zones, it is

immediately apparentﬂihﬁt fhéé;e communities have low species richness compared pvith
A

that on buried carcasses, and are dominated by a few species of high relative '
& /,fhf

abundance Although it appears that the above-ground communﬁ%i%e SBS zone 1s
much less diverse than in the CWH zone, this was due to the small sample size since
the carcasses were removed by a scavenger Therefore, all the later species of insects

that would have colonized these carcasses could not be included in the diversity

calculation Buried carcasses appear to have a more diverse community than above-

2

: ‘ &
ground carcasses, with greater species richness and evenness Although it appears that

disturbed burial carcasses have less species richness, this is'due to the much-smaller

sample size compared with the other bunied carcasses There is no apparent difference

X

e
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Figure 6. Species abundance (dominance) compared with species nchness (diversity)
plots of insect communities on pig carcasses in the Coastal Western Hemlock

(CWH) and Sub-boreal Spruce (SBS) b{ogeoclimatic zones of Bntish
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in relative abundance of sp;ecies between the different buria'l treatﬂrlnerﬁlts_ This is
cqnﬁrmed by Simpson’s index of diversity (Table 3)

Examining the relative abundance of the ﬁve most abundant spegies in bunal
and above-ground commupnities collected from carcasses (Figure 7), it is apparent that
the community on the above-ground carcasses in the SBS zone is dominated by one
speciés, Phormi‘a regina (Meigen). The other three communities exhibit more
evenness, although the community on the above-ground carcasses in the CWH zone is
co-dominated by Phormia regina and Lucilia illustris (Meigen)

All four communities are composed of insects from two orders Diptera and
Coleoptera (Figure 8) The species richness within different families from these orders
is higher in the two communities on buried carcasses, thankin the two above-ground
carrion communities (Figure 8)  Species richness is high in the family Staphylinjdée
(Coleoptera) for all four communities However, in the two buried carrion and in the
above-ground CWH communities, other coleopteran families also have relatively hig}'i
species richness The same trend is true with the dipteran families The Qiﬁteran family
Calliphoridae plays a dominant role in the species richness of three communities, but
not in the immediately buried CWH comhunity Unlike the two above-ground

communities, in the buried carrion communities, the family Muscidae is dominarit

ArES Kas e

There appears to be very little difference in the species richness of different families *-

between the CWH and SBS-zones Although the SBS above-ground



Table 3. Simpson’s index of diversity, comparing the relative abundance of each
insect species collected on pig carcasses after death, in the Coastal Western
Hemlock (CWH) and Sub-boreal Spruce (SBS) biogeoclimatic zones of British
Columbia An index approaching 1 indicates a highly diverse community,

~ while an index of zero indicates a community with no diversity

Zone Treatment Simpson’s index (1-D)

" SBS Above-ground 01
Buried Q9 _

Disturbed 09

CWH  Above-ground 07

Buried 09

Delayed 09




collected from pig carcasses in the Coastal Western Hemlock (CWH) and Sub-

right) of the five most abundant species within four communities of insects
boreal Spruce (SBS) biogeoclimatic zones of British Columbia

Figure 7. Relative abundance (ranked in order of increasing diversity from left to
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community appears to have less species nchness than tHe-other three communities,
this is due to small sample size. -

However, there is a difference in th; species composition of the communities in
the CWH and SBS zones when the differem communities are compared using average
linkage clustering (Figure 9), based on the presence and absence of the different
species coll;cted during different sampling dates. The communities in the SBS zone
are more similar to each other in species composition, than they are to the
" communities in the CWH zone and vice versa. Both treatment and time since death
appear to influence the degree. of similarity in species composition between different
communities Within the CWH zone, the communities of insects collected from '
immediately and delayed buried carrion at 6 weeks after death are mor/e similar to each
other than they are to the community collected from above-ground carrién' at 6 weeks
after death (Figure 9) Itis ir;teresting to.note that CWH and SBS communities of
insects collected on above-ground cérrion at 2 weeks after death were more similar to

each other than to any other community, likely due to the dominance of blowfly

species on these carcasses

2.5 INSECT SUCCESSION

2.5.1 Immediate burial vs. above-ground

The following successional data are based on insects collected both through

exhumation and pitfall trapping At two weeks after death, the buried carcasses in both

28



Figure 9. Average linkage clustenng of insect communities, based on the presence
and absence of species collected from carcasses in the Coastal Western
Hemlock (CWH) and Sub-boreal Spruce (SBS) biogeoclimatic zones of British
Columbia.
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zones were in the primary bloat stage (Table 2) | co‘“ected adu.ks of several species
of blowfly (Calliphonidae) from pitfall traps m both zones, but only Calliphora
vomitoria (L ) and Luul:é tllustris larvae in the SBS zone on buned carcasses (Table
4) Adults of the families Mus@cidae,» Sphaerocenidae, Phoridae and Sarcophagidae
were collected from pitfall traps above buned carcasses in both zones Adults and.
pupae of Fanma canmcularis (L ) (Fannndae) were collected in the SBS zone on
buried carcasses and in pitfall traps. but only adults were collected in the CWH zone at
this time I collected adult Staphylinidae, Silphidae and Leiodidae on buned carcasses
and in pitfall traps in vboth zones Larval Staphylinidae and Histendae were collected
in the SBS zone on buried carcasses Nasoria vitripennis (Walker) (Pleromalidae)
and Camponotus herculeanus (L ) (Formicidae) adults were collected on buried
carcasses and in pitfall traps in both zones

The immediately buried carcasses were in the secondary bloat stage by six
weeks after death (Table 2) I collected pupae of Lucalliphora lutifrons (Hough)
(Calliphondae) and Ophyra leucostoma (Wied ) (Musciciae) from the immediately
buried carcasses in the SBS zone (Table 4) Pupae of Hvdrotava sp and Morellia sp
(Muscidae) as well as larvae. pupae and adults of /. carucularis were collected from
buried carcasses in both zones Dohrmphora sp (Phondae) larvge were collected
from buned carcasses in the CWH zone 1 collected adults of these species in pitfall

-

traps above the buned carcasses at the same time
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The b%xﬁed carcasses did not reach the active decay stage until 3 months after
death, but the abové—ground carcasses had reached this stage by 2 weeks after death
(TaBie 2). Phormia regina and Protophormia terraenovae (Robineau-Desvoidy)
immatures (Table 4)_ were found in large masses on the above-ground carcasses in
both zones. L. llustris larvae and pupae were collected only from above-ground
carcasses in the CWH zone, although adult L. i/lustris were collected from pitfall traps
above buried pigs in the CWH zone and beside above-ground carcasses in the SBS
zone ICollected adult Hydrataea sp Leptocera sp. (Sphaeroceridae), Dohrniphora
sp. and fannia cdmncularis in pitfall traps beside above-ground pigs in the SBS zone
Staphylinidae and‘ Silphidae were ‘collected fromh above-ground carcasses and pitfall
traps in both zones I collected adult Catags basilaris Say (Leiodidae) and larval \
Staphylimdae from pitfall {raps and above-ground carcasses in the CWH zone

Leptocera sp., whose pupal cases closely resemble those of the Piophilidae,
we‘re collecte:d as pupae on buried carcasses in both zones at 3 months after death,
during the active decay stage (Table 4) I collected Heleomyzidae larvae from buried
carcasses in the SBS zone 1 did net observe maggot masses on any of the buried
carcasses in either zone |

Buried carcasses in the CWH zone had entered advanced decay by 11 months
after death and were still in this stage at 16 months after death (TablE2) Burnied
carcasses In the SBS zone were‘al\so in this stage when ]Lexhuméd them at 16 months

after death (Table 2) I collected very few insects on buned carrion at this time
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However, larval Histenidae were collected from buried carcasses at this point (Table
a) | d

Above-ground carcasses in the CWH zone had entered the advanced decay
stage by 6 weeks after death (Table 2) Adult Leprocera sp., Sphaeridium
bipustulatum (F ) and Ctenicera comes (Brown) (Elateridae) were collected from the
above-ground cafcasses and pitfall traps, as well as adult and immature 7. cannicularis
and Stearibia nigriceps (Meigen) (Piophilidae). [ also collected larval Necrophilus sp.
(Argyrtidae) from above-ground carcasses Since thesabove-ground carcasses in the -
SBS‘zone were eaten by a large scavenger, no further data were available

By 3 months after death, above-ground carcasses in the CWH zone had
entered the dry'f/rémains stage (Table 2) Larval and adult Leptocera sp were collected
on the ;bove-ground carcasses (Table 4) This was the first time that 1 collected larvae
of this species on above-ground carcasses Throughout the study, I observed the ant
Camponotus herculeanus and silphids Nicrophorus defodiens Mannerheim and

&

Nicrophorus investigator Zetterstedt feeding on carcasses

2.5.2 Immediate vs. delayed burial

‘lmmediately buried carcasses and carcasses buried 48 h after death all went
through the fiecompositionél stages at the same rate, with no measurable d‘iﬁ"erences
between the two rtreatments (Table 2) However, | observed some ditferences in insect
successipn Although blowfly adults of various species were collected pnt:all traps

~

above carcasses trom both treatments, | collected onlv prepupal larvae of /' t/lusiris
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on the delayed bunal carcasses (Table 4) By 6 weeks aﬁe; death I collected pupae of
the blowfly species £. larifrons and the muscid species (. leucostoma from carcasses
buned 48 h after death, but not from immediately buried carcasses (Table 4). At 3
months after death I collected immature Heleomyzidae and Necrophilus. sp._from the
delayed burial but not the immediately buried carcasses (Table 4). The study of

&

carcasses buried 48 h after death was terminated at this point

2.5.3 Immediate vs. disturbed burial

I observed differences in the presence of laryal Calliphondae and Muscidae
between the two treatments at 6 wk after death. Pupae of the blowfly L. illustris and
the muscids Hyvdrotaea sp , O. /eucgstoma and More{lz’a sp were collected from the
undisturbed éarcasses, but were not present on carcasses in the disturbed treatment

-

(Table 4) However, I collected pupae of L. i/lustris on these carcasses when they
were orniginally exhumed at 2 weeks after déath (Table 4) Leptocera sp , Boettcheria
sp (Sarcophagidae) and Neobelleria cooleyr (Parker) adults were collected in pitfall
traps above the undisturbed carcasses but not in pitfall traps above the disturbed
carcasses The Coleopferan family Histeridae was representéd in both treatments with
Hister dispurator éay present on undisturbed carcasses and S. bipustulatum preéent

only on disturbed carcasses Larval Histeridae were present only on the undisturbed.

carcasses (Table 4)
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3. DISCUSSION

3.1 DIVERSITY IN EPHEMERAL HABITATS

Ephemeral habitats, such as carrion and dung are often very rich in species In
order for these insect species to survive, they must be mobile enough to cg!oMze
empty habitats rapidly, in order to compensate for; local population extinctions‘ (Hanski
1987) The higher gpeciés richnes§ on buried than above-ground carmon (Figure 6)
contradicts the findings of Smith (1986) and Leclercq (1969) In contrast, the greatér
evenness between speéies on buriegd/ than above-ground carnon is supported by other
authors (Leclercq 1969, Smith 1986) |

Competition for resources could explain the low diversity of insect species on
above-ground carcasses The‘ carcasses were completely consumed, a frequent
occurrence t:or both carrion and dung This has been observed to result 1n reductions
in larval, pupal and adult biowfly size (Hanski 1986. Hanski 1986) Colonization by
tens or hundredg of species may occur (Payne 1965, Hanski 1986, Anderson and
VanlLaerhoven 1996) The hredomjnanvce of i‘alhphoridae larvae on above—ground-
carcasses (Figure 7) suggests that competition for resourc'es by blowtly maggot masses
may have prevented other species from establishing 1t 1s also possible that | missed
collecting som:ebdipteran spectes due to the overwhelming abundance of a tew species

within the maggot masses on above-ground carcasses  On buried carcasses, there

)
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were no such maggot masses and little apparent competitioh by the few insects

present

As postulated in the equilibrium theory of island biogeography (MacArthur and
Wilson 1972), species ﬁchness should be highest m large carrion habitats which are |
near other simlar habitats an’d Jowest in small, isolated habitats (Hanski =“17987,
Hewadikaram and Goff 1991) Because the carcasses in this study were all the same
size, bun'zil of a carcass would have been equivalent to increasing the distance a
colonizing insect had to travel to reach it However, in contrast to the theory, the
species richness was greatest in the buried carcasses (Figure 7, Table 3), possibly due
to competition in the above-'groqnd carcasses precluding the successful colonization
by more species : .

Differences in species composition between the CWH and SBS zones (Figure
9) may reflect differences in the range of .carrioq-inhabiting speéies However, t‘he
characteristics of the soil would also have influenced which species were present in the
soil and av;ilable to colonize buried carcasses In additi;)n, the physi'éal characteristics
of the soil after digging would determine which non-soil dwelling species could reach
the buried carrion (Kevan 1968) The presence of immature Calliphora vomitoria and
Luczﬁha lustris on buried carcasses at the two week exhumation in the SBS zone and
Lucilia il/ustrtg immatures only on carcasses buried after 48 h in the CWH zone at the
same time period (Table 4) was likely due to differences in soil composition The soil

in the SBS zone site was predonﬂnafely clay which formed large coarse fragments
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after excavation, allowing easier access to the buried carcasses Calliphora and Lucilha
spp. (Table 4) (Fuller 1932) and species in the fan%ly Phoridae (Lundt 1964,
Nuorteva 1977),eg Dohrniphora sp. (Table 4) are capable of burrowingv(Lord etal
1992) Nuorteva’s (1977) statement that the presence of blowfly and Piopﬁilidae
larvae on a buried body indicated that the body was kept unburied for a poﬂ{én of
. ] time was evidently erroneous
However, an alternative explanations also possible Itrained during the
placement of carcasses in the CWH zone,’preventing any fly activity In the SBS zone,
it was warm and sunny during the 8 h it took to bury all the carcasses Some blowflies
could Have been attracted to the carcasses and oviposited before burial, but the
presence of younger instars still indicates that some penetrated the soil to reach the
carcasses |
The rapid development of insects on the above-ground carcasses during the
early stages of decay (Table 4) was undoubtedly inﬂuencéd by action of maggot
masses.which can increase the interglal temperature of a ,carcass up to 40 °C, although
this fluctuates considerably during a 24 h period (Anderson and VanLaerhoven 1996)
Because soil acts as a temperature sink, there was much less fluctuation in temperature
within the soil than in ambient air temperature (Figure 3) as \also observed in other
studies, especiallgy as depth within the soil increases (Kevan 1968, Wallwork 1970,

Wallwork 1976, Rodriguez and Bass 1985) The resulting consistently cooler

temperatures than in above-ground carcasses would have retarded the development of
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carrion-inhabiting insects Any differential effects of low (CWH) and freezing (SBS)
temperatures during the winter were not evident in this study, despite a shght
difference in the rate of decomposition due to the winter soil conditions in the SBS
zone |

The slower decomposition of buried than above-ground carcasses (Table 2)
has also been observed in other studies (Lundt 1964, Payne .1 965, Payne et a/
1968) The rate of decomposition of btiried carcasses in both biogeochmatic zones was
much slower than in South Carolina (Payne er a/ 1968) The slow rate of
decomposition of burieé carnon explains the similarity of the communities ofins'ecxs !

A

collected at 3. 11 and 16 months after death in the CWH zone (Figure 9)
g

3.2 SUCCESSION
3.2.1 Immediately buried carcasses

3.2.1.1 Diptefan carrion fauna
a3,

Numerous speéies of Diptera were predictably the most common inhabitants of
buned carcasses in this study The collection gfimmature Fanrma carmucularis on
buned cafcasses in both biogeoclim.atic zones (Table 4) is consistent with the common
occurrence of this §pecies in the soil (Peterson 1951), as well as on carnon 1n later
stages of succession (Anderson and VanLaerhoven 1996) Its ea;ly role 1n the
sgccession on buried carrion is possibly due to the moisture associated with buried

3

carcasses, since this species prefers moist habitat {Smith 1986)
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The sequence in the SBS zone of Calliphora vomitoria larvae and pup;ae
during primary bloat (2 weeks after death), then Hydrotaea sp , Morellia sp and
Ophyra leucostoma pupaé duning secondary bloat (6 weeks after death) follows a
similar successional pattern to that found by Megnin (1894), who found a succession
of insects on buried carrion that began with (. vomutoria and Muscina stabulans soon
after death, followed by Ophyra anthrax Q. leucostoma were also collected from dog
cadavers bunied in coffins at 2 months after death in Washington, D C (Motter 1898)
In British Columbia, immature Hydrotae;a sp were collected from 5 days to 10 months
after death on buried human bo'd_ies (Anderson 1995) Muscids have previously been
collected from buried carrion, but their time of colonization w;;s not known (Lundt
1964, Nuorteva 1977) My collection of Neobelleriu cooleyi (Sarcophagidae) adults
in pitfall traps above buried carcasses in the primary bloat stage. in the SBS zone 2
vweeks after death agrees with the finding of this species on bunied human bodies 20

_cﬁys after death in the,Pn’nyce George Forest Region (Anderson 1995)

In the only experimenta! study that used buried human cadavers, Calliphoridae
and Sarcophagidae were collected from the cadavers but were identified only to the
family level (Rodriguez and Bass 1985) Other studies have been done on human
bodies exh:med from actual homicide cases, or from anthropological studies tMegnin
1894, Motter 1898, Lunvdt 1964, Gilbert and Bass ’1967, Leclercq 1969, Stafford

1971,‘Nuoneva 1977, Lord et al  1992) The study by Rodnguez and Bass (1985)

utilized six cadavers each buned at a different time of vear Unfortunately this work
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My collection of adult Leprncru sy
(Phoridae) in pitfall traps above bloated buried carcasses in bz~ zones and ne
recovery of larval Dohrniphora sp from buried carcasses dunng secondan bioat in
the CWH zou';e and pupal of Leprocera sp. from buried carcasses dunng the active

-

stage in both zones (Table 4) agrees with the results of Payne (1968) who collected

i3

adult Leptocera sp ‘and Dohrmiphora incisuralis (Loew) during the bl}oa‘t stage and
larvae of these two species at the onset of the active stage in North Céarcnina Motter
(1898) stated that Phoridae colonized buried dog carron at 2 months after death, but
Megnin (1894) did not find Phora atérrima on buried carrion until a year after death -
Nuorteva (1977) and Lundt (1964) noted the presence of Phpridae on buried bodies,
but did not indicate a time of colonization The occurrence of larval Heleomyzidae on
buried carcasses in t‘he SBS zone during the activé decay stage, at 3 months after
death (Table 4) is in agreement with Lundt’s (1964) documentation of heleomyzids on

Suned camon
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3212 Coleopteran carrion fauna

I P | SR

Staphylinidae beeties are commoniy found on buned carmon (Lusds Tt
Nuorteva 1977, Rodriguez and Bass 1985) In the Vancouver, Canboo and Prumee
Rupert Forest Regions of British Columbia. vanous species of Staphyhinidac were
collected from buried human bodies from 5 days to 5 months after death ¢ Anderson
1995) They were the predominant beetles collected on buned carmon in both zones
throughout ‘the 16 month penod (Table 4) I found adult Phrlonthus sp at pnman
bloat, much earlier than observed by Megnin (1894), who stated that #hlonthus
ebeninus did not armve on buried bodies until two years after death in France In Nonth
Carolina, Staphylinidae were not present on buried pigs until the active stage (Pavne ¢!
al 1968), also later than in my study Other prominent beetles were the silphids
Nicraphorus defodiens and Nicrophorus imvesngator (Table 4) 1 initially collected
them from'buried carcasses duning the primary bloat stage. in both zones These
results contradict a previous report that silphids could not locate carrion buned gnder

4 ¢cm of sand (Shubeck 1985)

3.2.1.3 Hymenopteran carrion fauna

The carpenter ant Camponotus herculearnus was the. most common
hvmenopteran | collected It occurred during the primary bloat stage, on buned ~
carcasses 1n both biogeoclimatic zones (Table 4) In North Caroii”n’a‘ Payne et al
(1968) collected other ant species duning the fresh and bloat stages from a pig carcass
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in a simulated coffin. Perpetrators rarely bury homicide victims in coffins and this

scenario would influence the ability of insects to reach the carcass.
~,

3.2.2 Carcasses buried after 48 hours

It has often been assumed that the presence of blowfly larvae, pupae or pupal
cases indicates that a body has remained above ground for a period of time prior to
bunal (Gilbert and Bass 1967, Nuorteva 1977: Vanezis et alr 1978, Heath 1982)
This assumiption 1s contradicted byvpublished evidence (Lord ef a/ 1992), as well as
data from this study (Table 4) Nuorteva (1977) stated that the presence of Histenidae
indicated that the body was left unburied for at least 2-3 days and that the presence of
Piophilidae indicated that the body was left unbuned for at least a week However 1
collected Hister dispurator adults and histend larvae from immediately buned
carcasses in the SBS zone 1 did not collect piophilid larvae from fmmediately buried
caréasses, but adults' were caught in pitfall traps above immediately buried carcasses in
tﬁe SBS zone, implyir:g that they were attracted to the buried remains It is possible
that immature Piophilidae larvae were not collected from buned carcasses in this
experiment due to the conversion of fatty tissue into adipocere, removing the favored

food of Piophilidae (Smuth 1986) Thus, none of my results can be used to indicate

conclusively whether or not delayed bunal has occurred
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3.2.3 Disturbed burial

Simularly, there: was no evidence that exhumation and re-bunial allowed
coloﬁization by species not typically found on buried c;rcasses or that 1t gave species
that were incapable of penetrating 30 cm of soil a chance to reach a buried carcass
Howéver; my study is hampered by small sample §ize In the United States, times of
disturbance as well as elapsed time since death have been determined using insect
evidence (Anderson pers com ) Since this effect is likely to be site specific, 1t 1s
important to be aware of this possibility More research is required to determine under

what ecological conditions this effect may be observed

3.3 Ecological Roles of Carrion Fauna

During heterotrophic succession, entomophagous insects tend to increase as
the succession continues (Mohr 1943, Payne 1965) The most common predators in

¥

the soil are beetles in the famulies Carabidae and Staphylinidae (Kevan 1968, -*
Wallwork 1976) Although the great majonty of insects collected in this study were
saprophagous, generalist predatory carabid, histend and "staphylinid beetles, as well as
ants and wasps were well represented on both above-ground and buried carcasses in
both zones, prc')bably feeding on dipteran eggs and larvae 1 also collected.elaten'd
beetles but this family has both carnivorous and saprophytic rﬁembers (Kevan 1968,

Wallwork 1976). Predaceous dipteran larvae, Ophyra leucostoma and Hvdrotaea sp

- were collected on buried carcasses, the former in the SBS zore and the latter in both
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ones Nasosua vitripennss and 4tractodes sp | both parasitoids of immature

ans were atfracted 10 both above-ground and buned carcasses

.

3.4 FORENSIC IMPLICATIONS

3.4.1 Elapsed Time Since Death

The major use of forensic entomology has been to determine elapsed time since
death The elapsed time since death can be used to confirm or refute a suspect’s alibi
and to aid in the identification of unknown victims by focusing an investigation into the
correct time frame This informfmon can be vital in 2 homicide investigation
(Anderson and VanLaerhoven 1996)

There are two methods of determining elapsed time since death using insect
evidence (Goff 1993) The first uses magg(;{ age and developmental rates  Since
blowflies usually arrive and begin laying eggs within minutes after death (Andersan
and VanlLaerhoven 1996), an analysis of the oldest insects present will give a
minimum post-mortem interval This -reqﬁires accurate collection of the oldest insects
and accurate temperature records The second method uses the succession of insects
on a decomposing corpse An entomologist can predict a window of time in which
death occurred by analvzing the presence and absence of spectes on a body  Although
SOme species may no longer be present. pupal cases can indicate 4 mimmimum post
mortem intersal This method requires an accuraie database of insevt suceesston My

results show that insect succession ditfers between above wround and Puried arcasses



and between biogeochmatic zones in B C |, indicating that databases for partigular B
zones and scenarios must be established before entomological evidence can be used s j

» . . -

© accurately

3.4.2 Temperature ‘ . ’ Cm

In the case of a crime scene, the temperature of the body prior to discovery

must be predicted.in order to determine the minimum post-mortem interval using

maggot developmental rates. This i is usually done by companng temperature data

I

taken at the scene, with data from the nearest weather station dunng the same trme

period. If there is'a good correlation between the two, then’ the weather statron data

e "*f - P A i
can be used to predrct what the temperature at the. Scene ‘was pnor to drscovery of the )

-

body. This technrque assumes that there is a good correlatron between-the ambrent P

. s O - -

temperature at the scene and the intemal,-tsmperature of the body. In m}:’ study, there .
was a poor correlation bétween thesweather station ambient ‘air temperature and the -

internal temperature of ab0ve—ground carcasse§ in the CWH zone'(Table’»i’), probably{ e N /
due to maggot mass act1v1ty rarsrng the mtemal carcass temperature and for .- ,
’ mrcrometeorologrcal differences between the weather statronand the research srtes R

<

Support for these causes are found in the excellent correlatlon between ambrent arr and B
internal above-'gr,ound carcass temperature in‘the SBS zd"i'rf_e»(Tabie ,l)befcl).reﬁma'ggdt -
mass activity raised the internal carcass temperature and when the.two temperatures

a

were recorded within 1 m of each other. Since there were no maggot masses on any

of the buried bodies, it is not surprising that-ambient air temperature was well”
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correlated (Table 1) with internal buried carcass temperature, at least dunng the
spring. summer and fall in the SBS zone Duning the winter in the SBS zone, ambient
air temperature continued to fluctuate, but internal temperature of the buried carcass in
the frozen ground did not, resulting in no correlation (Table 1)

Because soil temperature was the best predictor of internal buried carcass
temperature (Table 1), it would.be best to establish soil temperatures at scenes of
buried victims. The strong relationship between soil and weather station temberatﬁi’és
in the CWH zone (Table 1) indicates that soil temperature can be correl_éted ‘with‘
weather station :temperature data after discovery of a!bun'ed cadaver- Soil temperature '
has beeﬁ used .in at least one case, to determine blowfly development rates (L;)rd et al

1992) -

3.43 lndicator species
The occurrence of certain species of insects on buried carcasses at predictable

times in the succession suggests that these species can be used as indicators of the

elapsed time since death of a bu_riéa homicide victim

3.4.3.1 Family Calliphoridae
} »-The:developmemd rates of calliphonid flies are kno§~'n for a vanety of - . .

% &

N Lt o . . a, .
temperatures (Nuorteva 1977, (sreenberg 1993) making them extremely useful
m-dlcatorrsl@f the post-i‘nortem interval Third instar larvae of ( aliphora vomitoria and

l‘uu/u} tlll;wm were present by the exhumation at 2 weeks after death in the SBS
p ) !

by

_cﬁﬁ.‘ s

abl



zone Using the soil temperature and the stage of development, 1t is possible to -

~

determine how long it took these flies to reach third instar, which was the oldest stage

-

collected at 2 weeks after death Using Greenberg’s developmental data for .
voritoria at 12 5°C (1993), death occured on or before 15 June 1997 Using
Nuorteva’s developmental data for L. i/lustris at 15°C (1977), death Qccured on or-

before 16 June 1997 Because both these estimates use a temperature higher than was

actually found at the scene (mean internal buried carcass temperature of 11 6°C), death

must have occured earlier than 15 June 1997 This is a-conservative estimate because
this assimes that the larvae had just entered third instar, when in actuality, they likely
had been in that stage for a few days The actual date of death was 10 June 1997

In the CWH Zone_, prepupal L. illustris were collected from carcasses buried 48
hours after death Using the soil temperature and the stage. of development, it is

7

possible to determine how long it took these flies to reach the pfe
B v L ? -,

was the oldest stage collected at 2 weeks after _déath Using Wuorteva’s developmental
data for /. tlustris at 15°C (1977), death g;cchre'd on or before 21 June 1997

Because this estimate uses a temperature higher than was actually found at the scene

(mean internal buried carcass temperature of 2 2°C), death must have occured earlier

than 21 June 1997 This is a conservative estimate because this assumes that the larvae

had just entered the’prepupal. when in actuality, they could had been in that stage for a

Ll

few days The actyal date of cieath was 17:June 1997

\
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' 3.4.3.2 Family Muscidae ,
| The family Mu;s“c'ivdae contains some potential indicator spécies that could be
7used to calculate the elapsed time since death. At 6 weeks after death, pupal
Hydrotaea sp. and Morellia sp. were collected from buried carcasses in both zones,
and pupal Ophyra leucostoma Qere collected from buried carcassesv in the SBS zone
(Table 4) If the developmental rates for these three muscids were known at particular

temperatures, the time taken for immatures to reach the pupal stage could be

calculated, thus giving a minimum post-mortem interval

3.4.3.3 Family Fanniidae

F&nﬁiid'ﬂies are usually considered to colonize cadavers late in the succession
of insect species However, pupal Fanma cannicularis were collected from buried
carcasses at 2 weeks afier death in the SBS zone and larval and pupal £ cannicularis
were collected from buried carcasses at 6 weeks after iéath‘in the CWH zone, possibly
due to the wet condition of the buried carcasses which is preferred by members of this
family Therefore, when using this species to predict a minimum post-mortem interval,
1t 1s important to note its early arrival on buried carrion, as well as the difference in

arrival times between the two zones
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3.4.3.4 Family Phoridae

Larvae of Dohrniphora sp were collected on buﬁed carcasses in the CWH
zone at 6 weeks after death The presence of immatures of this species gives a

minimum post-mortem interval of > 2 weeks after death and < 6 weeks after death

3.4.3.5 Family Sph aeroceridae

Pupae of Leptocera sp were collected on buried carcasses in both zones at 3
months after death The presence of immatures of this species gives a minimum post-
mortem interval of > 6 weeks after death and < 3 months after death Pupal*cases of
Leptocera sp were collected on buried ‘carcasses in the CWH zone at 11 months after

death The presence of pupal cases of this species gives a minimum post-mortem

interval of > 3 months and < 11 months after death

3.4.3.6 Family Heleomyzidae

Larvae of this family were collected on buned carcasses in the SBS zone and
on carcasses buned after 48 hours in the CWH zone at 3 months after death (Table 4)

This family 15 also a later successional species, since the presence of immatures gives a

minimum post-mortem interval between 6 weeks and 3 months after death

3.4.3.7 Coleopteran Families -

Since most of the coleopteran species;collected on the buried carcasses are

general predators, they cannot be used to determine a post-mortem interval
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3.4.4 - Recommendations

1.

th

When using the succession of insect species to determine the elapsed time since
death of a buried homicide victim, it is important to have a database of insect
succession for that particular ecosystem Therefore ideally; a successional
database» for each major biogeoclimatic zone should be established

Since dipteran species other than those from the family Calliphondae could be used
as indica}br species, more studies on the developmental rates of these species |
v\“ould allow the estimation of a more precise post-mortem interval

When using the ‘developmental rates of éarly' successional diptéran species to
determine the elapsed time since death of a buried homicide victim, a dataloggerr
should be placed in the soil for comparison to the nearest weather station If the
weatfier station recordvs soil temperature, this should be used instead of ambient air |
temperature

Since disturbance can potentially change the succession of insect species on a

~ buried homicide victim. more research should be done to determine under what

ecological conditions this effect may arise and how to determine when this
disturbance has.occurred

Although depth of bunal was not examined in this st\udy, it probably affects the
succession of insect species on the carcasses Therefore, more research should be

done to determine how the depth of bunial influences insect succession
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6. Because no maggot masses were observed on any buried carcass, the presence of
maggot masses, large numbers of blowfly pupae or blowfly pupal cases on a buried
homicide victim is a probable\indicator that the body was not buned immediately )

This is a possible indication that the cime scene and the death scene are not the

same, therefore investigators should determine where the body was after death, but

«

prior to bunal
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