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Abstract Decomposition of carrion in the marine envi-
ronment is not well understood. This research involved
the decomposition of pig carcasses in Howe Sound in
British Columbia. Freshly killed pigs were submerged at
two depths, 7.6 m and 15.2 m. The carcasses were tethered
so that they could float or sink, but not drift away. Obser-
vations were made from May until October. Decomposi-
tion was more greatly influenced by sediment type of the
sea floor and whether the carcass remained floating, than
by depth. Decomposition stages were modified in the ma-
rine environment from that seen on land, or in freshwater
and were similar to those reported in human death inves-
tigations in the marine environment.
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Introduction

The stages of decomposition and the sequence of arthro-
pods that colonize a corpse in a terrestrial environment are
generally well understood, with considerable research be-
ing conducted in many areas of the world [1, 2].

These data are not only ecologically valuable, as car-
rion is a nutritionally rich but ephemeral resource, but can
also be used in forensic death investigations. When local,
seasonal data are available, the sequence of insects colo-
nizing a homicide victim can be used to determine the
elapsed time since death. However, decomposition of car-
rion in the marine environment is not well studied [3].
The majority of information in this area is confined to re-
ports of individual cases, rather than structured research
[4, 5, 6, 7, 8, 9]. This paper reports on the decomposi-
tional changes seen in pig carcasses over time in the ma-
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rine environment of Howe Sound, close to Vancouver,
British Columbia, Canada.

This paper will discuss primarily the decompositional
changes and artifacts created by fauna, as reports of the
faunal sequence of colonization and differences in micro-
habitats will or have already been published separately
[10].

Materials and methods

The research site was in Howe Sound close to a small private is-
land. A total of 6 sites were established prior to carcass deposition,
3 at a depth of 7.6m and 3 at 15.2m (plus or minus natural tidal
fluctuations). Each site was separated by at least 100 m. A heavy
concrete anchor was placed at each site, with 2 m of nylon rope at-
tached. The experiment began in May and was completed 6 months
later in October.

Pig (Sus scrofa L.) carcasses were utilized as the carrion as
most terrestrial decomposition studies have utilized pig carcasses,
allowing direct comparisons. As well, they are frequently used as
models for human decomposition, so data gathered from them may
be used in forensic investigations. Pigs have similar skin and gut
fauna to humans and are considered to be an excellent model for
human decomposition [11]. The 6 pig carcasses weighing 20-25 kg
each, and which had been killed using a pin-gun, were immediately
transferred to the research site by boat. Divers attached the car-
casses to each anchor and tethered them with the length of rope,
which allowed each carcass to float or sink naturally, depending on
decompositional stage.

Divers examined the carcasses at varying time intervals depend-
ing on decompositional rate, diver availability and boat accessibil-
ity. In the early postmortem interval, the carcasses were examined
every few hours, then every few days, then every 2—-3 weeks, when
little remained of the carrion. At each examination, underwater
video and still photographs were taken and samples were collected.
In some cases, carcasses were put into a plastic container and then
brought to the surface for a more thorough examination. Experi-
ments were terminated when only scattered bones remained.

Results

In terrestrial environments in British Columbia, pig car-
casses and human bodies pass through easily recognized
stages, such as fresh, bloat, active decay, advanced and



207

Table 1 Comparison of decomposition between carcasses submerged in the marine environment, still and running freshwater (mod-
ified from [15]) and those decomposed on land (modified from [12])

Stage

Marine, shallow

Marine, deep

Freshwater, standing

Freshwater, running

Terrestrial coastal
western Hemlock
Zone

Fresh

Bloat

Active

Advanced

Remains

0-3 days ETSD
Body floated at first,
head towards ground,
then sank after ~18 h.
Feeding from small
crustacea and fish all
over body, not just at
wounds

3-11+ days ETSD
Bloat appeared to start
at day 3, with silt
building up and areas of
active decay, with
possible adipocere
formation. This stage
seems to overlap with
active decay. Animals
feeding at all areas of
body. Bone exposed in
places. Bloat still
present in some
carcasses for more than
11 days

>11-30+ days ETSD
Parts of carcass com-
pletely skeletonized, or
missing, but stomach
and intestine still
bloated, so carcass still
floating in some cases.
Decomposition stage
includes advanced and
active decay, but still
has appearance of bloat.
By 30 days, mostly just
skeletonized, but still
some flotation

No delineation clear
between active and
advanced decay

40+ days ETSD
Adipocere tissues
present by 47 days.
Mostly skeletonized,
but still floating due to
gases in intestines in

1 case at 47 days.
Remains still present
and recovered at 140
days ETSD in 2/3
cases. Some fauna still
associated with remains

0-3 days ETSD

Body floated at first,
with head towards
ground, then sank after
18-28 h. Lividity
visible on some.
Feeding damage on
unbroken skin

3-11+ days ETSD
Bloat appeared to be
starting at 3 days,
areas of body showing
active decay with
muscles and bone
exposed in some
cases, even when bloat
persisted. Silt building
up, legs removed in
some cases, hair
falling off. Bloat still
present in most
carcasses for more
than 11 days

>11-30+ days ETSD
Parts of carcass com-
pletely skeletonized,
or missing, but stom-
ach and intestine still
bloated, so carcass still
floating. Ribs, skull
and spine ex-posed.
Some hair still present
on one

No delineation clear
between active and
advanced decay

40+ days ETSD
Internal organs ex-
posed, if present. Bones
exposed. Adipocere
tissue formed. Solid
organs exposed in
stomach wall. Scaveng-
ing injuries on neck
areas. Bodies still
floating in 2/3 cases
until 47-54 days. Re-
mains still present and
recovered at 140 days
ETSD in 2/3 cases.
Some fauna still as-
sociated with remains

0-9 days ETSD
Mostly submerged.
Larval caddis flies
colonizing
submerged areas

9-35 days ETSD
Still partially
floating, exposed
skin hardened.
Coleopteran and
Dipteran coloniza-
tion on exposed
tissue and under
clothing. Aquatic
colonization sub-
merged areas

42-105 days ETSD
Hair and skin
sloughing off.
Adipocere formation
throughout. Still
appears a little
bloated, probably
due to hardened
outer tissue.
Terrestrial insects no
longer present.
Exposed skin
mummified

105-280 days ETSD
Partially exposed.
Submerged parts
shredded by inverte-
brates. Torn tissue
colonized by aquatic
organisms. Submerged
extremities and head
skeletonized. Algal
formation on sub-
merged skin
280-336 days ETSD

Skeletonization by
aquatic organisms

0-9 days ETSD
Mostly submerged, but
some parts exposed.
Fly eggs laid at edge
of clothing where
exposed

9-35 days ETSD

Still partially floating,
exposed skin pale in
colour, submerged
skin dark. No colon-
ization at orifices.
Adipocere formation
on head. Coleopteran
and Dipteran colon-
ization on exposed
tissue and under
clothing. Terrestrial
vertebrate scavenging,
resulted in sinking

42-105 days ETSD
Hair sloughing.

Some terrestrial
insects present at first.
Adipocere formation,
outer skin hardened
and mummified where
exposed. Some further
terrestrial vertebrate
scavenging

105-182 days ETSD
Few organisms visible.
Some disarticulation.
Adipocere still present

280-336 days ETSD
Totally submerged.
Typical benthic fauna
now present

0-1 days ETSD

No odour or sign of
bloat. Wound sites
and natural orifices
colonized first.
Lividity and rigor
present

2-10 days ETSD
Gases inflate
abdomen, then
entire carcass

11-16 days ETSD
Gases released,
carcass deflates.
Carcass very wet.
Maggot masses
present, large quan-
tities of tissue
removed.
Decomposition
concentrated near
wound, orifices and
gut

17-42 days ETSD
Most flesh
removed. Bones
exposed. Maggots
have left body but
still extensive insect
activity present

43+ days ETSD
Only skin, bones
and cartilage
remain. Experiment
terminated 271 days
ETSD. Only dry
bones and
incidental insect
species present

Marine carcasses were submerged at two depths, shallow (7.6 m) and deep (15.2 m). Time is given in days elapsed since death (ETSD).
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dry or remains stages [12]. These stages were present but
modified in freshwater experiments [13, 14]. In the ma-
rine environment, clear decompositional stages were pre-
sent, but different in duration and appearance from those
seen in the previous environments (Table 1). Traditional
bloat was a clear stage, although the carcasses appeared
bloated and were elevated by the presence of gases in the
intestines for many weeks after death, which could be
mistaken for true bloat. The decomposition stages on land
are relatively clearly delineated, but in the marine envi-
ronment, only the first and last stages were discrete, with
carcasses showing clear signs of bloat, active and ad-
vanced decay at the same time.

There were few consistent differences between car-
casses submerged at 7.6 m versus those submerged at 15 m
(Table 1). Greater differences were observed between de-
composition of carcasses which floated versus those that
had contact with the sediment for the majority of the ex-
periment. Also, a difference was noted between carcasses
that had contact with rocks versus those that sank onto
sand. The area was a mixture of rock and sand, so the type
of surface the carcass rested on was coincidence. How-
ever, those carcasses that rested on sand were scavenged
much faster than those on rock, presumably due to the more
abundant and greater diversity of animals which lived
within the sand.

The only wound deliberately inflicted on the carcasses
was the death wound, a small round wound in the skull,
caused by the butcher’s pin-gun. However, several of the
carcasses had other injuries, including a cut ear, prolapsed
bowel, and sores on the shoulders and hind quarters.
Within hours, a species of whelk, the wrinkled amphissa,
(Strongylocentrotus droebachiensis), was attracted to the
head wounds. However, other than this early colonization,
the wound sites were no more attractive to fauna than non-
wound sites. Abraded and non-abraded skin was equally
attractive to animals, and many species created openings
or abraded areas in the skin. The sunflower sea star (Pyc-
nopodia helianthoides) in particular, caused large abraded
areas, which in some cases, abraded the tissue down to
muscle and tendons. In some cases, whelks bored into the
skin and muscle, creating artifacts that, in a human death
investigation, might be mistaken for premortem wounds.

Discussion

Typical decompositional characteristics associated with
aquatic habitats were observed including lividity, bloat-
ing, marbling, hair shedding, skin sloughing, scavenging,
adipocere formation, flesh decaying, exposure of internal
organs, algae accumulation, silting, disarticulation of bones,
and algae staining on bones [1, 10, 13, 14, 15, 16].

The bloat stage ended in carcasses on land due primar-
ily to the activities of Calliphoridae larvae (Diptera: Cal-
liphoridae) which penetrated the carcass [12]. However,
in both the marine and freshwater environments, no such
penetration occurred. Even when the marine carcasses were
almost skeletonized, gases caught in the intestine still al-

lowed the carcasses to float. This extended bloat period
was also seen in the freshwater environment, but the ap-
pearance of bloat lasted for weeks longer primarily due to
the hardening of the exposed tissue due to adipocere for-
mation, rather than gas presence. Whether the marine car-
casses sank or floated may have had a major impact on
decomposition rate and faunal colonization, as carcasses
that float are only accessible to organisms which float or
swim. Many predators, such as crustaceans are primarily
associated with sediment, therefore, they would not feed
on remains that were not in contact with the ground. It
was noted that carcasses which sank and stayed in contact
with the sediment, were much more scavenged and more
rapidly skeletonized than those that floated. In freshwater
experiments, terrestrial vertebrate scavengers were attracted
only to the exposed regions of floating carcasses in run-
ning water [15]. Once the freshwater carcasses were scav-
enged, they sank and were then colonized by a much greater
number and diversity of aquatic organisms than those that
floated [15], presumably again due to the presence of
large numbers of benthic organisms in the sediment.

Many variables impact the decomposition of carrion in
the marine environment [3]. In this study, the simple fact
of either sinking or floating, and the surface that the car-
cass had contact with, had a greater effect on decomposi-
tion and scavenging than did depth of submergence. In
freshwater experiments, whether the water was running,
such as in a stream, or still, such as in a pond, had an im-
pact on the decompositional stages and faunal coloniza-
tion. Sorg et al. list a variety of independent variables that
can impact the postmortem condition of a human body in
the marine environment, including access to the water sur-
face, water and air temperature, clothing, energy of water
movement, biodiversity, sea floor substrate, sea floor ge-
ology, time of death, and water chemistry [3]. Sea floor
geology and substrate had the most impact on decomposi-
tion in this experiment; however, greater differences in
depth may have a greater influence.

Carcasses in the marine environment were allowed to
float or sink, but were not allowed to rise to the surface.
Decomposition would probably have been quite different
had the remains surfaced. The position of a body in rela-
tion to the water line will affect the rate and sequence of
soft tissue decomposition and eventual disarticulation of
bones [1, 10, 13, 14, 15, 16, 17, 18]. The formation of
adipocere tissue was obvious on several of the marine car-
casses around 40 days after submergence. This is consis-
tent with that reported in many human cases in the marine
environment [7, 18], and also with the onset of adipocere
in freshwater environments in B.C. [1, 10, 13, 14, 15].
However, a recent B.C. study of human cases did not re-
port adipocere formation until 105 days post-submer-
gence [16]. This may reflect the small sample size, or the
variability of this phenomenon.

Haglund and Sorg [18] presented a table of the tapho-
nomic modifications seen in human bodies submerged in
aquatic environments. Many of the features described in
humans were clearly evident in the pig carcasses including
bioerosion (corrosive processes by organisms), decompo-



sition changes, disarticulation, scavenging and fragmenta-
tion.

On land, insects are usually the main colonizers of car-
rion, and the first to arrive are usually the blow flies
(Diptera: Calliphoridae) [12, 19, 20, 21]. These are at-
tracted to a wound site first, or if no wounds are present,
the natural orifices [12, 19, 22]. However, in both these
experiments, and those in freshwater [1, 10, 13, 14, 15]
the wounds were not found to be particularly attractive to
animal scavenging. In fact, many animals fed directly on
the intact skin and created artifacts that could be miscon-
strued as a premortem wound.
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