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Abstract
Decomposition and faunal colonization of a carcass in the terrestrial environment has been well
studied, but knowledge of decomposition in the marine environment is based almost on
anecdotal reports (Haglund & Sorg 2002, Hobischak and Anderson 2002 Di Maio and Di Maio
1993, Teather 2013). Body parts of pig (head, heart, liver, two legs) were deployed in Het Twiske,
a fresh water in shore lake, for a period of six months. At a depth of eleven meters the
decomposition and temperature was observed by first daily, then weekly dives. Because of the
silty bottom the parts were rapidly covered with sediment. At the first day the head was
colonized by Planaria, and the liver was nibbled on. Then during 30 day almost no change
occurred. Some algae and fungi appeared but only marginally. At day 66 the soft tissues heart
and liver were gone. After day 47 the skin of the head and the legs started to deteriorate.
Expected was a much faster deterioration. Some explanations of this slow development are that
before placing the body parts, they were deep frozen for a few weeks, that killed all the bacteria
in the body parts, so there started no decomposition inside the body parts. Another reason is
that the fauna had no interest in scavenging the body parts, because there was enough fresh food
available in the surrounding. Another possible is the low oxygen content of the water, in
combination with an acid content, caused by the peat in the bottom. This caused a conservation
of the body parts.
These data will be valuable in forensic investigations involving submersed bodies, indicating
types of water conditions to which the body has been exposed, indentifying post-mortem
artifacts and providing realistic expectations for recovery of submersed bodies, and estimating
the postmortem interval.

Introduction
This study was developed in order to start an understanding of underwater body decomposition
process and the factors that impact it. There is already done a lot of research on body
decomposition on land, but for submersed bodies there is still a lot of unknown territory to
explore (Haglund & Sorg 2002). Factors influencing the postmortem interval are the absence of
gut bacteria, caused by deep frozening of the body, water temperature, salinity of fresh water,
fauna and flora, and other environmental factors (Teather 2013). The research of decomposition
in aqueous environments is challenging, but with well trained divers, and sophisticated
equipment, more insight provided is in this complex subject. Although this study is restricted to
only five body parts of a pig, it still can make accurate generalizations about estimating the
postmortem interval in aqueous environments. Further study will be necessary to provide more
accurate evidence for the process of submerged body decomposition.

Materials and methods
Ethics Statement
The field studies did not involve endangered or protected species. Pig was euthanized by
electrocution by a licensed butcher and were received after death. No live vertebrates were
involved. Body Parts were placed in the freshwater lake Het Twiske, Oostzaan. Permission was
granted by the trustee.
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Research Site
Het Twiske is an inshore freshwater lake, with no inflow or outflow. The maximum depth is 35
meters. It has a high faunal diversity and abundance. It is a popular lake, used by fisherman,
divers, swimmers, and sailers. The site of the body parts placements was at a depth of 10,4
meters. The placement site substrates were mud (table 1).

parameter

head

Time of death
Time of submergence

Heart

liver

2 legs

21/5/2015
4/8/2015

21/5/2015
4/8/2015

30/6/2015
4/8/2015

30/6/2015
4/8/2015

Weight
3,992 kg
Method of euthanasia Electric
shock
substrate
Mud
Location
Twiske
depth
10,4 m
weights
In cage
with chain
deployment
Placed by
divers
water
Fresh

0,414 kg
Electric
shock
Mud
Twiske
10,4 m
In cage
with chain
Placed by
divers
Fresh

1,734 kg
Electric
shock
Mud
Twiske
10,4 m
In cage
with chain
Placed by
divers
Fresh

1,552 kg
Electric
shock
mud
Twiske
10,4 m
In cage
with chain
Placed by
divers
Fresh

Table 1. body parts deployment

Observatory instruments
The instruments are described in table 2. The camera was used take both still and video images.
Physical measurement included temperature.

FR EQ UE N CY

D EP TH
(M)

LO CA TI ON

D IS TA N CE
OB J EC T
(M)

IN S T RU ME N T

ME A S E RE M EN T
( UN IT S)

Go Pro 3+
camera

Video and still
images

variable

10,4

Twiske

0,4

Uwatec bottom
timer

Depth (m)
Temperature (°C)

Every dive

10,4

Twiske

1

Table 2. instruments used in this study
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Body parts deployments
Five body parts (head, liver, heart, two legs) were deployed in high summer to late winter over a
six month period. Table 1 summarizes the deployments. Body parts of a pig were used as human
proxies as these have been accepted in forensic entomology research as good models for human
decomposition. The parts were from free-range pigs, so no drugs were administered to the
animal. Also, work in freshwater habitats has shown that submerged pigs decompose similarly to
humans in aquatic environments. The head and the heart were from a pig euthanized at 21 of
may. The liver and two legs from a pig euthanized at 30 of June. They were then deep frozen at a
temperature m-42 °C at the cold storage room at the butchery. On the date of 4 of august they
placed (still frozen) in the water. The body parts were placed in four metal cages connected with
a chain to a metal grating on the bottom. This was done to deter scavengers to take away the
parts, and to prevent that fishing line from fishermen would remove the parts. Another purpose
was to prevent that the parts would sink away in the sediment. There were openings in the cages
so animals could reach the parts. The parts were also attached with tie-wraps to the cages, to
prevent floating.
Once the body parts were in position, they were not disturbed or physically accessed by humans
until the experiment was terminated. The day of submergence was listed as day 0.
Figure 1 shows the construction as it was placed under water.

Figure 1 cage construction with body parts
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Figure 2 shows the two legs

Figure 2 two legs

Figure 3 shows the head

Figure 3 head
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Figure 4 shows the heart

Figure 4 the heart

Figure 5 shows the liver

Figure 5 the liver

Observations
Each body part was observed and photographed during and immediately subsequent to
placement and, from then on, several days a week, for a period of six months. Observation
periods were kept to a minimum to avoid unnecessary light pollution and stirring up of
sediment. Observations were usually made at 0800 h and 2000 h Central European time.
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Results
With all the five body parts it was anticipated that the parts would be observed until no soft
tissue remained. However, on day 66 the liver and heart were gone, so could not be observed
after this time. The head and two legs were observed until all soft tissue and cartilage had been
removed. After day 180 the experiment was terminated.
At these depth, there is no visible light and any observations required dive lights to be turned on
briefly. It was anticipated that these lights would impact the fauna and either attract or repel
different species, as earlier experiments using divers with lights showed that many animals were
attracted to the lights. Some animals would suddenly disperse when the lights were turned on
(gudgeons, stickleback, pike, pike-perch, eel), but ventured back very rapidly, although most
fauna did not appear unduly affected by the light. Nevertheless, lighting was kept to a
minimum.
In all cases the biomass was removed due to scavenging activity, decomposition (putrefaction,
skin slippage and advanced decay). Table 3 tabulate the decomposition and fauna of all the body
parts as well as temperature.
DA Y

H E AD

HE AR T

LI VE R

2 LE G S

0
4/8/15, 20.00 h
T 18 °C

No observation
Total silt out

No observation
Total silt out

No observation
total silt out

No observation
total silt out

1
5/8/15, 1800 h
T 18 °C

Planaria
(Platyhelmintes),
silt on head

Silt on heart

Edge of liver
grazed, silt on
liver

Silt on legs

2
6/8/15, 1800 h
T 18 °C

Three more
Planaria, no
change

No change

No change

No change

3
7/8/15, 1200 h
T 18 °

No change

No change

No change

Stickleback
(7cm) swimming
round legs

4
8/8/15, 1400 h
T 18°C

No change

No change

No change

No change

5
9/8/15, 1200 h
T 18°C

No change

Small algae
growing

No change

Small insects,
algae growing

6
10/8/15, 2000 h
T 18°C

Algae growing

Algae growing

No change

Algae growing

8
12/8/15, 2000 h
T 18°C

Algae growing

Algae growing

Red colored
algae growing

Algae growing

9
13/8/15, 1900 h
T 18°C

Algae growing

Algae growing

Algae growing

Algae growing

10

Algae growing

Algae growing

Algae growing

Algae growing
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14/8/15, 1100 h
T 18°C
12
16/8/15, 1100 h
T 18°C

Algae growing

Algae growing

Algae growing

Algae growing

13
17/12/15, 1700 h
T 18°C

Algae growing

Algae growing

Algae growing

Algae growing

15
19/8/15, 1400 h
T 18°C

Algae growing

Algae growing

Algae growing

Algae growing

16
20/8/15, 1800 h
T 18°C

Algae growing

Algae growing

Algae growing

Algae growing

17
21/8/15, 1000 h
T 18°C

Increasing
sediment

Increasing
sediment

Increasing
sediment

Increasing
sediment

19
23/8/15, 1700 h
T 18°C

Increasing
sediment

Increasing
sediment

Increasing
sediment

Increasing
sediment

21
25/8/15, 1700 h
T 18°C

No change

No change

No change

No change

22
26/8/15, 1700 h
T 18°C

No change

No change

No change

No change

24
28/8/15, 1100 h
T 18°C

Fungi on ears
increasing

No change

Covered in
sediment

No change

25
29/8/15, 1200 h
T 18°C

More fungi

No change

Covered in
sediment

No change

26
30/8/15, 1800 h
T 18°C

No observation
possible, total
silt out

No observation
possible, total
silt out

No observation
possible, total
silt out

No observation
possible, total
silt out

27
30/8/15, 2000 h
T 18°C

Increasing
sediment

Increasing
sediment

Increasing
sediment

Increasing
sediment

28
1/9/15, 1930 h
T 18°C

No change

No change

No change

No change

29
2/9/15, 1700 h
T 18°C

No change

No change

No change

No change
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31
4/9/15, 1200 h
T 18°C

No change

No change

No change

No change

32
5/9/15, 1300 h
T 18°C

No change

No change

No change

No change

33
6/9/15, 1000 h
T 18°C

No change

No change

No change

No change

38
11/9/15, 1000 h
T 18°C

Increasing fungi

Deteriorating

Liver fallen
apart, pieces
outside

Increasing fungi

39
12/9/15, 1300 h
T 18° C

Increasing fungi

No change

More pieces
fallen apart

No change

40
13/9/15, 1000 h
T 18°C

No change

No change

No change

No change

47
20/9/15, 1000 h
T 16°C

Skin falling apart

Eaten by animals

Almost gone

More fungi

59
02/10/15, 1100 h
T 16°C

Gudgeon on
skin, skin further
deteriorating

Laying on
ground, almost
gone

Small rest on
ground

Skin falling apart

66
09/10/15, 1400 h
T 16 ° C

Skin rapid
deteriorating,
bone visible

gone

gone

Further
deteroriating

74
17/10/15, 1400 h
T 12 °C

More holes,
stickleback,
gudgeon

-

-

Bone visible

88
31/10/15, 1300 h
T 12 ° C

Ears gone

-

-

More fungi

102
14/11/15, 1400 h
T 11 ° C

Skin almost gone

-

-

No change

108
20/11/15, 1300 h
T9°C

Fish on bone

-

-

No change

150
01/01/16, 1000 h
T9°C

Fish on bone

-

-

No change

174

Fish in bone

-

_

No change
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24/01/16, 1100 h
T 7° C
180
30/01/16, 1500 h
T 7° C

Sediment

-

-

sediment

Red colored means taken pictures/movies.
Table 3. comparison of decomposition of all parts over time, together with temperature and observation time

Figure 6 document the progression of decomposition and scavenging of the head which was
observed from 5/8/2015 till 31/1/2016. Figures from left to right: day 1, day 47, day 59, day 66, day
88, day 108, day 150, day 173, day 180.
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Figure 7 document the progression of decomposition and scavenging of the heart which was
observed from 5/8/2015 till 9/10/2015. Figures from left to right: day 1, day 8, day 40, day 59.

Figure 8 document the progression of decomposition and scavenging of the liver which was
observed from 5/8/2015 till 9/10/2015. Figures from left to right: day 1, day 8, day 38, day 59.
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Figure 9 document the progression of decomposition and scavenging of the legs which was
observed from 5/8/2015 till 31/1/2016. Figures from left to the right: day 1, day 40, day 47, day 59,
day 66, day 173.
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The first day it was impossible to make any observations, because there was a total silt out, due
to the placement of the objects. Only at the second day it was possible to start the observations.
At the head of the pig there were Planaria spotted (see figure 10 and 11), and the liver was nibbled
on (see figure 12).

Figure 10 planaria removed from the head of the pig.
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Figure 11 planaria on pig’s head.

Figure 12 liver nibbled on (in the red circle)
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After day 5 there started some algae growing on the soft tissue parts. At day 8 on the liver red colored algae appeared,
and also on the other parts.
From day 25 on the ears of the head fungi started to grow.
From day 38 the liver and the heart started to deteriorate. And were gone at day 66.
From day 47 the skin of the head and the legs started to fall apart, and fish appeared more continuously.

Discussion
Because of the muddy bottom, there was a stirring up of sediment when placing the body parts.
It took some time before this decreased. It is possible that small organisms were in the sediment,
but it is not clear if they created any effect on the body parts. Remarkable was on day 1 the
presence of Planaria (Platyhelmintes) on the head. Also special was the nibbling on the liver.
From day 1 algae were growing, but it is possible that these came from the sediment. From day 3
there were small stickleback swimming around. It is possible that they were investigating the
body parts, but it is more likely that the cages offered them shelter and protection for larger
predators. On day eight there was a red colored algae growing on the liver, that was not detected
on the other parts. From day 17 sediment was increasing, and a reason can be that the bottom
was stirred up by divers, or that fishermen with their fishing line tangled up on the objects in the
surrounding (a few meters away from the cages lies a wreck of a catamaran, and it happens
regularly that some fishing line get stuck on the wreck). On day 24 fungi started to grow on the
soft parts of the ears. On day 38 the fungi increased on the ears and the legs, and the liver fell
more apart. On day 47 the skin of the head started falling apart. The heart was eaten by
scavengers, and the liver was almost gone. On day 59 a gudgeon was observed on the head. The
heart lay on the ground and was almost gone. Of the liver only a small piece was found. The skin
of the legs started falling apart. On day 66 the skin of the head was rapidly deteriorating and the
bone became visible. The heart and the liver were gone, so further observations were not
possible on these two body parts. On day 74 more holes appeared in the head, and stickleback
and gudgeon used the head as a shelter (by approaching of the diver, they swam in the head).
The bone of the legs became visible. On day 88 were the ears gone and more fungi appeared on
the legs. On day 102 was the skin of the head almost gone, and the legs stayed the same. On day
108, 150 and 174 fish on the head were detected and the legs didn’t change. From day 180 the
sediment started to cover the head and legs. This was the last day of the observation, because
than it was a period of six months, and no changes were observed.
Conclusions
The experiments described here showed the impact of submergence and faunal and floral
scavenging on pig body parts in a hypoxic, aquatic environment at a depth of 11 meters. There
was a clear difference in deterioration in the body parts with hard tissue (head and legs) and the
body parts with soft tissue (heart and liver). The softer parts were easier to scavenge, and were
gone after a period of 66 days. Most remarkable was that it took almost 33 days, before visible
changes were detectable on the body parts. There are some possible explanations for this
development. The first explanation is that because of the long time of staying in the freezer, the
body parts weren’t attractive for the scavengers, and that all the bacteria responsible for body
deterioration were absent. Another reason may the composition of the water and the bottom,
mainly peat, so the acidity has some influence. Another reason is that there was so much other
food available that there was no interest in these body parts. To exclude some explanations,
further research will be necessary, but it is clear that these experiments provide valuable
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information for underwater death investigations, describing conditions of the impact of different
variables on a submerged body. This information can be used when forensic investigators
conduct investigations on bodies that maybe victim of a crime.

Supporting information
Video
Day 1. Body parts covered with sediment. Liver nibbled on.
https://youtu.be/nwlNXphSuy8

Video
Day 40. Head covered with sediment, ears starting to lose the skin. Liver mutilated and parts
removed outside the cage.
https://www.youtube.com/watch?v=s4N5ifB0xxU

Video
Day 74. Bone visible on head. Skin on ears almost gone. Legs covered with fungi and sediment.
https://www.youtube.com/watch?v=bm9nNDhVBFY

Video
Day 88. Growing fungi on head and legs. Ears disappeared.
https://www.youtube.com/watch?v=ItsNbjIpw1A
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