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A B S T R A C T

First reports on cases of grey seal predation on other marine mammals from different parts of Europe have been
published in recent years, but few cases provide sufficient detail. Here we report a case of active cannibalism by
a grey seal, which has been witnessed and recorded in detail on the German island of Helgoland, describing
particular behavioural aspects and lesions. In March 2018, a subadult male grey seal was observed catching,
killing and feeding extensively from a juvenile grey seal. The carcass showed severe cutaneous lacerations,
starting in the head region and following around the trunk in a circular pattern. These results are discussed with
regard to the previously reported cases to form a solid knowledge base for retrospective and future assessments
of carcasses potentially subjected to grey seal predation. The correct assignment of predated seals is important to
determine the potential influence this behaviour may have on seal populations.

1. Introduction

Grey seals (Halichoerus grypus) have been considered to rely on fish
as major prey resource (Hammond and Wilson, 2016) with the excep-
tion of cases where seals have been reported to prey on water birds
(Lucas and McLaren, 1988; Tallman and Sullivan, 2004) as well as two
published reports on cannibalism by a grey seal from Canada (Bedard
et al., 1993; Kovacs et al., 1996). A hitherto unknown behaviour of grey
seals was reported in 2012 and 2013 for the first time suggesting grey
seal predation on harbour porpoises inducing particular lesions in
porpoise carcasses (Bouveroux et al., 2014; Haelters et al., 2012).
During the following years additional reports documented that grey
seals prey on harbour porpoises in a potentially ecological relevant
extent with the cause of death of 17% of stranded porpoises in the
Netherlands being attributed to grey seal predation (Leopold et al.,
2015). Further the predation on harbour seals (van Neer et al., 2015) as
well as the utilisation of individuals of their own species as prey
through active cannibalism was reported (Bishop et al., 2016).

Cannibalism and infanticide have been reported to occur in various
marine mammals (Patterson et al., 1998; Ryazanov et al., 2017; Towers
et al., 2018; Wilkinson et al., 2000; Zheng et al., 2016). Different hy-
potheses on the motivation behind such behaviour have been suggested
such as reproductive advantages, acquisition of food or to influence the

structure of a social unit (Balme and Hunter, 2013; Derocher and Wiig,
1999; Kawanaka, 1981).

Here, we describe a case of active cannibalism by a grey seal bull on
the German island of Helgoland with detailed documentation of the
predatory behaviour shown by the bull and the lesions of the retrieved
carcass recorded during necropsy.

2. Material and methods

On the 26th of March 2018, a case of grey seal predation on a ju-
venile male grey seal was observed and documented with photographs
and video recordings on the island of Helgoland, Germany. Following
the attack, the carcass was retrieved immediately with no scavengers
feeding from it in the meantime. A post mortem examination was
conducted according to Siebert et al. (2007) around 4 h and 40min
after the presumed death of the animal.

The age was determined as described in Lockyer et al. (2010). A
representative spectrum of organ samples including skin from wound
margins was collected during necropsy and immediately fixed in 10%
neutral-buffered formalin, embedded routinely in paraffin wax, cut at
3–10 μm thickness and tissue sections were subsequently stained with
haematoxylin and eosin (HE) for light microscopical examination.
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3. Results

3.1. Behavioural observations

On March the 26th 2018 a five year old male grey seal was observed
preying on a juvenile male grey seal. The male was identified to have
been born on Helgoland in the winter 2012/13 by the number on the
flipper tag which is attached to the animal. A first observation was
made at approximately 09:40 h by a local ranger on the southern beach
of the island Düne close to the shore in about 1.5m water depth. The
grey seal bull was seen holding the body of the juvenile grey seal with
both pectoral flippers parallel to its own body while biting into the
throat of the juvenile and pushing the body of the smaller seal re-
peatedly under water. During the first minutes of the observation, the
juvenile seal managed to free itself from the grip of the older bull but
was immediately captured again and once more held under water. After
around 1min into the observation, low amounts of blood were initially
visible in the water. After around 10min (09:50 h) the surrounding
water was largely turning red, presumably due to extensive blood loss
from the prey's throat (Fig. A.1), accompanied by cessation of move-
ments only 1min later. Following the presumed death of the prey, the
bull changed its behaviour and started feeding from the carcass (Fig.
A.2). In order to gain access to the energy rich blubber tissue the bull
used its pectoral flippers to hold and push away the carcass while biting
into the skin of the head region and pulling back its head. This resulted
in the tearing of the tissue and exposure of the blubber. From what
could be observed, the bull used its lower jaw to scrape pieces of
blubber off the skin, swallowing them whole. The skin of the juvenile
seal was nearly fully detached from the body and turned inside out
exposing the majority of underlying blubber. The bull fed nearly con-
tinuously until 11:20 h (ca. 90min).

3.2. Pathomorphological findings

The total length of the carcass was 128 cm, the weight of the re-
maining body was 25.4 kg, the nutritional status was good and the age
less than one year based on the dental development.

Except for the areas around the caudal end of the body, the pectoral

flippers, as well as the rostral part of the head, the dermis including the
remaining blubber was detached from the body and turned inside out
(Fig. 1B). The detached skin was repositionable and the fully straight,
cut-like wound margin along the torso of the animal could be well
approximated (Fig. 1A & C). Here no skin was missing. The laceration
followed a helical course, starting just ventrally of the right eye, ex-
tending to the throat, circling over the dorsum of the animal to the
ventral mid-point of the body and ending on the left lateral side, just
behind the left pectoral flipper. On the cranial side of the laceration,
hairs extended over the wound margin. In nine of nine skin samples
examined, the vast majority of hair was macroscopically intact (for
example see Fig. A.3).

Around the throat and the lower jaw, pieces of skin including the
subcutaneous fatty tissue were missing (Fig. 1D). The width of the
tissue defect at the start of the helical wound below the right eye was
around 5 cm, which is within the published range of inter-canine dis-
tances reported for male grey seals (Haelters et al., 2012). The right
mandibular bone was partially exposed. Bite/scratch marks were

Fig. 1. Carcass of a juvenile male grey seal, observed being predated by a sub adult grey seal bull. With A repositioned skin of the animal with the helical course of
the laceration; B complete carcass as it was retrieved; C fully repositioned skin indicating no tissue loss; D head injury and several bite and scratch wounds behind the
right eye. Pictures courtesy of Dominik Nachtsheim.

Fig. 2. Right side of the head with several bite/scratch wounds marked with
arrows. Picture courtesy of Dominik Nachtsheim.
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present in the area of the right ear and eye with one perforation of the
epidermis below the ear (diameter: ~ 1 cm, lesion#1 in Fig. 2), as well
as another 5.5 cm long straight superficial laceration ventral to the
above mentioned perforation (lesion#2 in Fig. 2) and a subjacent round
laceration with a diameter of around 1.6 cm (lesion#3 in Fig. 2). The
lateral side of the right eye showed two superficial lesions (lesion#4 & 5
in Fig. 2). Ventrally to the eye, a 2 cm long and rather deep laceration
was visible (lesion#6 in Fig. 2). Macroscopically, scratch and bite
marks do not necessarily show the same straight (cut-like) wound
margin as can be found in the large lacerations. The remaining blubber
tissue of the animal had a diffuse uneven surface with an irregular
blubber depth. The blubber surface of the detached skin showed a
pattern with cobblestone-like appearance with numerous roundish
structures surrounded by areas of reduced blubber depth, likely caused
by the teeth of the bull. Blubber depth along the fringes of the skin flaps
appeared to be reduced compared to the middle areas (Fig. 3). Multi-
focal openings of the intercostal spaces with oligofocal lacerations of
the surrounding muscle tissue were present. Furthermore, parts of the
superficial muscle tissue were missing in the area of the neck, as well as
from a smaller area in the transition between detached and attached
skin. For the latter the missing tissue was found to be still attached to
the respective area of the blubber. The remaining musculature was
intact. The right scapula was partly detached from the underlying
tissue. Skeletal trauma was not detected.

The stomach and small intestine were partially prolapsed due to the
opening of the peritoneal cavity. Besides yellowish foam no stomach
content was present. The liver showed four deep lacerations but no
signs of a removal of tissue. Besides a mild hepatic hyperaemia, mul-
tifocal, superficial, whitish spots were present. The lungs were severely
collapsed and highly oedematous. In the left bronchus up to the bi-
furcation, viscous yellowish fluid was present. All other organs showed
no further relevant gross pathological findings in the context of grey
seal predation. Overall, no significant disease or other abnormalities
were detected.

Histological examination revealed that the wound margins were
slightly irregular with disorganised collagenous fibres. Cellular in-
filtrates were not present in any of the examined skin samples. Within
one of the small circular defects from the head region (lesion#3 in
Fig. 2), multifocal to coalescing haemorrhages within the dermis and
subcutaneous adipose tissue accompanied by marked hyperaemia of
dermal vessels were present suggestive of intravital tissue damage.
Further, a partial, subtotal atelectasis of the lung accompanied by single
proteinaceous coacervates and small numbers of extravascular ery-
throcytes within deeper airways was detected. In addition a severe,
focal, acute, perithyroidal hemorrhage was found. Within the small and
large intestine, a mild to moderate lympho-plasmacytic and eosino-
philic inflammation was diagnosed. Several larval nematodes were
detected in colonic crypts. Comparable inflammatory and reactive

changes as well as remnants of parasitic structures were found in the
liver. The spleen showed a granulomatous and eosinophilic inflamma-
tion as well as a mild extramedullary haematopoiesis. All other in-
vestigated organs (bone, brain, heart, aorta, skeletal muscle, tongue,
oesophagus, tonsils, lymph nodes, stomach, pancreas, pituitary and
adrenal gland, trachea, spinal cord, eye, urinary bladder and thymus)
were histologically unremarkable in the context of this case.

4. Discussion

4.1. Behavioural observations

The behavioural observations described here are in general com-
parable to the observations reported by van Neer et al. (2015) and also
in broad terms to the reports by Bishop et al. (2016) and Kovacs et al.
(1996). On Helgoland, the observation was made close to the beach
with the prey being captured and further handled in shallow water by a
subadult bull. This is in contrast to the reports from Scotland, where the
prey was caught on land within the breeding colony and dragged (and
presumably drowned) in a nearby freshwater pool by an adult male
(Bishop et al., 2016). Results of the retrospective assessment of earlier
events that were recorded throughout the years on the Isle of May
described by Brownlow et al. (2016) suggest though, that it is not un-
common that animals in Scotland are also preyed on in shallow water
close to shore.

With regard to the behavioural observations reported here, it is
likely that the prey died due to either exsanguination (c.f. Fig. A.1) or
due to asphyxiation. In the Scottish cases, the majority (64%) has been
reported to have died of asphyxiation (Brownlow et al., 2016). The
report from Canada also suggests asphyxiation as likely cause of death
(Kovacs et al., 1996), as was also reported by Leopold et al. (2015) for
porpoises. Even though this is feasible, as the calculated aerobic dive
limit of a one year old grey seal has been reported to be 6.1 ± 0.3min
(Noren et al., 2005) and will most likely be less in a stress situation, the
behavioural observations in this case (cessation of movements fol-
lowing the appearance of a larger amount of blood), would rather
support exsanguination as cause of death.

There is similarity among previous described cases of grey seal
predation on seals with the described case in this paper (Bishop et al.,
2016; van Neer et al., 2015), including fairly stereotyped behaviour
with the prey being held with the pectoral flippers and using the jaws to
open up the carcass near the neck and throat area. After opening, flaps
of skin are torn and thus detached from the body by holding the one end
of the strip in the jaws and pulling the head back while pushing the
carcass away with the flippers (Fig. A.2). Blubber is removed by
scrapping it off the detached flaps of skin using the teeth of the lower
jaw (c.f. Bishop et al., 2016).

The time that was spent feeding from the prey was in the case de-
scribed in this study around 90min. Thus, here it is obvious that a
considerable time is spent utilising the prey. It should be noted though,
that an objective quantification of the amount of blubber that has been
removed is difficult to realise practically due to the extensive manip-
ulation and naturally varying depth of the blubber throughout the body
of seals (Mellish et al., 2007). With regard to the reports from Scotland,
it is evident that not all prey items are extensively utilised as in the
reported cases the carcasses are left on average 21min after starting to
consume from the prey (Bishop et al., 2016). This is also comparable to
the earlier report from Helgoland where the animal was observed to
have fed from the prey for at least 24min (van Neer et al., 2015).

In order to assess the energetic gain of such behaviour, we took as a
coarse approximation the average caloric content of seal blubber de-
rived from values published on ringed seals (Phoca hispida) and com-
pared them to e.g. Atlantic cod (Gadus morhua) or Atlantic herring
(Clupea harengus). Following this comparison, a grey seal would need to
consume around 28 g of seal blubber to take up the same amount of
calories as 100 g of herring. Accordingly, 12 g of blubber provides the

Fig. 3. Blubber tissue showing a diffuse uneven surface with an irregular
blubber depth. Picture courtesy of Dominik Nachtsheim.
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same amount of calories as 100 g of cod (for details on used values
please refer to Table A.1 in the supplementary materials). Thus, despite
the risk and energetic cost associated with such behaviour, the net
energetic gain is potentially large and might therefore be reasonable in
light of the prey choice model (Stephens et al., 2007).

It is still unknown, whether the shown behaviour purely resembles
energy acquisition or if any other motivation, like aggression, is in-
volved. Nevertheless, for the case described here, any reproductive or
socially related reasons seem unlikely due to the timing of the shown
behaviour. Grey seals in German waters have their reproductive season
between November and January (Brasseur et al., 2018). March re-
sembles the start of the moulting season on Helgoland, which is a
period of high-energy demand (Paterson et al., 2012), again indicating
a possible energy related motivation. Helgoland is not known to be an
area of acute food shortage and the marine communities throughout the
German bight have not shown considerable changes in the last years
(Neumann et al., 2013). Reproductive success and population devel-
opment of the local grey seals suggest a healthy subpopulation not
suppressed by resource limitation (Brasseur et al., 2018). Thus, even
though acute food shortage seems to be unlikely, this behaviour can
simply resemble a means of acquiring comparably easy to access high-
energy prey in comparison to catching fish offshore.

4.2. Pathomorphological findings

The carcass showed a large tissue defect resulting from the tearing
and thus detaching of the skin as most prominent finding. Similar cu-
taneous lesions have been described in the cases from Scotland
(Brownlow et al., 2016). Lacerations induced by tearing of the skin
showed a single cut-like, smooth and linear wound margin, which fol-
lows in a helical (corkscrew like) manner for one or more rotations
around the body. In contrast to Brownlow et al. (2016), we did not
detect extensive loss of skin but rather well adaptable tissue margins
(Fig. 1C).

By detaching the skin, the predator exposes the energy rich blubber
tissue, which is then subsequently scraped off the skin using the teeth
leaving a distinct uneven pattern in the blubber tissue. In earlier cases
for which the retrieval of the carcass was not possible directly after the
observation (van Neer et al., 2015), the reported extensive loss of
muscle tissue seems to be largely the result of post mortem scavenging
e.g. by birds. This is supported by the case reported here, as well as by
the results presented in Brownlow et al. (2016). The oligofocal altera-
tions of muscle tissue in some areas seem to be the result of detaching
the skin using the jaws as well as holding and pushing the carcass using
the pectoral flippers. It was not observed, that larger quantities of
muscle tissue were actively consumed.

Puncture lesions likely induced by teeth and claws can be found
especially in the area of the head. According to the behavioural ob-
servations, these were potentially inflicted when the animal was held
by the jaws of the predator during the process of catching and killing
the prey. Presumably due to these different mechanical ways of inflic-
tion (tear vs. separation by claw/teeth), puncture and scratch lesions
did not show the same straight (cut-like) wound margin as the long
helical laceration. In contrast to Brownlow et al. (2016), we did not
detect any skeletal trauma, neither in the area of the head, nor in other
areas of the body. While in the area of the single linear lesion caudal to
the head, no skin is missing, the opposite is true for the area around the
head and throat. Here, skin as well as the subcutaneous fatty tissue is
missing and the width of the detected wound of approximately 5 cm
matches with the range of the inter-canine distance of grey seal maxilla
reported before (Haelters et al., 2012). In addition, when comparing the
two opposing sides of the wound margin, largely intact hair extended
over the edge of the wound margin densely. Assessing the condition of
the hair allows for a first evaluation if the documented lesion was in-
duced by tearing or cutting of tissue using a sharp knife. In contrast to
torn tissue, the extending hair in cut tissue often shows structural

damage of the hair shafts (Brownlie and Munro, 2016; Ressel et al.,
2016). For seals, this is only expected on the cranial side of the wound
margin due to the growth direction of the fur.

4.3. Histopathological findings

Histopathological changes indicative for intravital trauma could be
observed within one of the skin samples from the right ear (lesion#3 in
Fig. 2), suggesting that the bull was attacking the head area of the living
prey. This can be supported when considering the behavioural ob-
servations; the recordings also suggest that the initial attack was fo-
cused on the right side of the head. For all other samples taken from the
wound margin of the helical laceration this could not be shown and
might be the result of the quick transition time between life and death
as well as the severe blood loss. Therefore, it is regarded as important
that especially lesions in the head area are sampled for further histo-
logical examination in order to verify the time of infliction (intra-vitam
vs. post-mortem). The extravasation of erythrocytes within the alveoli
of the lung as well as the perithyroidal hemorrhage can be indicative of
both an inhalation of blood as well as a trauma to the throat. The ob-
served inflammatory changes within the gastrointestinal tract, liver and
spleen are most likely caused by the observed parasitic infection but
were not considered as significant.

Histopathological investigation revealed no evidence of underlying
severe disease that could be indicative for a poor general condition of
the prey, making this young seal particularly vulnerable and predis-
posed as an easy prey.

Assessing marine mammal carcasses in order to clarify the origin of
severe trauma is not straightforward. This is due to the possibility of
confusing trauma induced by grey seal predation with e.g. anthro-
pogenic induced trauma or trauma as a result of predation and/or post
mortem scavenging by terrestrial predators (Brownlow et al., 2016;
IJsseldijk and Geelhoed, 2016; Leopold et al., 2015). This differentia-
tion is a common challenge in forensic assessments (de Siqueira et al.,
2016) and even though the amount of literature on the phenomenon of
grey seal predation on marine mammals is steadily growing, reports on
full scale pathological assessments of definite grey seal predation cases
are mainly lacking (only known report on a definite case Brownlow
et al., 2016).

5. Conclusion

There is an increasing amount of information aiding with the post-
mortem examination of potential grey seal predation cases.
Nevertheless, the task of objectively differentiating grey seal predation
as cause from other sources of trauma remains difficult. The findings
described here such as the helical laceration with its smooth wound
margin starting in the area of the head, the detached skin and the
broadly manipulated blubber show extensive similarities to prior find-
ings. Therefore, they should be seen as an important set of indicators for
retrospective as well as future assessments of seal carcasses potentially
subjected to grey seal predation. Further behavioural studies should be
conducted in order to document the underlying mechanisms of this
phenomenon including the processes explaining the origin of specific
lesions as well as better understand the motivation and the ecological
role of this behaviour.

Acknowledgements

We thank especially Katrin Wiese for her observations as well as the
local ranger Michael Janssen and colleagues for their help retrieving the
carcass. We thank also the Ministry of Energy, Agriculture, the
Environment, Nature and Digitalization Schleswig-Holstein Germany
for funding of this work and the necropsy team of the ITAW for their
great effort.

A. van Neer, et al. Journal of Sea Research 148–149 (2019) 12–16

15



Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.seares.2019.03.004.

References

Balme, G.A., Hunter, L.T.B., 2013. Why leopards commit infanticide. Anim. Behav. 86,
791–799. https://doi.org/10.1016/j.anbehav.2013.07.019.

Bedard, C., Kovacs, K., Hammill, M., 1993. Cannibalism by grey seals, Halichoerus grypus,
on Amet Island, Nova Scotia. Mar. Mammal Sci. 9, 421–424. https://doi.org/10.
1111/j.1748-7692.1993.tb00474.x.

Bishop, A.M., Onoufriou, J., Moss, S., Pomeroy, P.P., Twiss, S.D., 2016. Cannibalism by a
male grey seal (Halichoerus grypus) in the North Sea. Aquat. Mamm. 42, 137–143.
https://doi.org/10.1578/AM.42.2.2016.137.

Bouveroux, T., Kiszka, J.J., Heithaus, M.R., Jauniaux, T., Pezeril, S., 2014. Direct evi-
dence for gray seal (Halichoerus grypus) predation and scavenging on harbor por-
poises (Phocoena phocoena). Mar. Mammal Sci. 30, 1542–1548. https://doi.org/10.
1111/mms.12111.

Brasseur, S., Cremer, J., Czeck, R., Galatius, A., Jeß, A., Körber, P., Pund, R., Siebert, U.,
Teilmann, J., Klöpper, S., 2018. TSEG Grey Seal Surveys in the Wadden Sea and
Helgoland in 2017–2018 - More than Ten Years of Growth in the Wadden Sea Area.
Wilhelmshaven, Germany.

Brownlie, H.W.B., Munro, R., 2016. The veterinary forensic necropsy: a review of pro-
cedures and protocols. Vet. Pathol. 53, 919–928. https://doi.org/10.1177/
0300985816655851.

Brownlow, A., Onoufriou, J., Bishop, A., Davison, N., Thompson, D., 2016. Corkscrew
seals: grey seal (Halichoerus grypus) infanticide and cannibalism may indicate the
cause of spiral lacerations in seals. PLoS One 11, e0156464. https://doi.org/10.1371/
journal.pone.0156464.

Derocher, A.E., Wiig, Ø., 1999. Infanticide and cannibalism of juvenile polar bears (Ursus
maritimus) in Svalbard. ARCTIC 52, 307–310. https://doi.org/10.14430/arctic936.

Haelters, J., Kerckhof, F., Jauniaux, T., Degraer, S., 2012. The grey seal (Halichoerus
grypus) as a predator of harbour porpoises (Phocoena phocoena)? Aquat. Mamm. 38,
343–353. https://doi.org/10.1578/AM.38.4.2012.343.

Hammond, P.S., Wilson, L.J., 2016. Grey seal diet composition and prey consumption.
Scottish Mar. Freshw. Sci. 7, 1–28. https://doi.org/10.7489/1799-1.

IJsseldijk, L., Geelhoed, S.C.V., 2016. Fox Scavenging Mutilations on Dead Harbour
Porpoises (Phocoena phocoena). Department of Pathobiology, Faculty of Veterinary
Medicine, Utrecht University & IMARES - Institute for Marine Resources & Ecosystem
Studies.

Kawanaka, K., 1981. Infanticide and cannibalism in chimpanzees: with special reference
to the newly observed case in the Mahale Mountains. Afr. Study Monogr. 1, 69–99.
https://doi.org/10.14989/67979.

Kovacs, K., Lydersen, C., Hammill, M., 1996. Grey seal cannibalism. Mar. Mammal Sci.
12, 161. https://doi.org/10.1111/j.1748-7692.1996.tb00316.x.

Leopold, M.F., Begeman, L., van Bleijswijk, J.D.L., IJsseldijk, L.L., Witte, H.J., Gröne, A.,
2015. Exposing the grey seal as a major predator of harbour porpoises. Proc. R. Soc.
London B Biol. Sci. 282, 20142429. https://doi.org/10.1098/rspb.2014.2429.

Lockyer, C., Mackey, B., Read, F., Härkönen, T., Hasselmeier, I., 2010. Age determination

methods in harbour seals (Phoca vitulina) with a review of methods applicable to
carnivores. NAMMCO Sci. Publ. 8, 245. https://doi.org/10.7557/3.2688.

Lucas, Z., McLaren, I.A., 1988. Apparent predation by grey seals, Halichoerus grypus, on
seabirds around Sable Island, Nova Scotia. Can. Field Natural. 102, 675–678.

Mellish, J.-A.E., Horning, M., York, A.E., 2007. Seasonal and spatial blubber depth
changes in Captive Harbor seals (Phoca vitulina) and Steller's sea lions (Eumetopias
jubatus). J. Mammal. 88, 408–414. https://doi.org/10.1644/06-MAMM-A-157R2.1.

van Neer, A., Jensen, L.F., Siebert, U., 2015. Grey seal (Halichoerus grypus) predation on
harbour seals (Phoca vitulina) on the island of Helgoland, Germany. J. Sea Res. 97,
1–4. https://doi.org/10.1016/j.seares.2014.11.006.

Neumann, H., Reiss, H., Ehrich, S., Sell, A., Panten, K., Kloppmann, M., Wilhelms, I.,
Kröncke, I., 2013. Benthos and demersal fish habitats in the German exclusive eco-
nomic zone (EEZ) of the North Sea. Helgol. Mar. Res. 67, 445–459. https://doi.org/
10.1007/s10152-012-0334-z.

Noren, S.R., Iverson, S.J., Boness, D.J., 2005. Development of the blood and muscle
oxygen Stores in Gray Seals (Halichoerus grypus): implications for juvenile diving
capacity and the necessity of a terrestrial postweaning fast. Physiol. Biochem. Zool.
78, 482–490. https://doi.org/10.1086/430228.

Paterson, W., Sparling, C.E., Thompson, D., Pomeroy, P.P., Currie, J.I., McCafferty, D.J.,
2012. Seals like it hot: changes in surface temperature of harbour seals (Phoca vitu-
lina) from late pregnancy to moult. J. Therm. Biol. 37, 454–461. https://doi.org/10.
1016/j.jtherbio.2012.03.004.

Patterson, I.A.P., Reid, R.J., Wilson, B., Grellier, K., Ross, H.M., Thompson, P.M., 1998.
Evidence for infanticide in bottlenose dolphins: an explanation for violent interac-
tions with harbour porpoises? Proc. R. Soc. B Biol. Sci. 265, 1167–1170. https://doi.
org/10.1098/rspb.1998.0414.

Ressel, L., Hetzel, U., Ricci, E., 2016. Blunt force trauma in veterinary forensic pathology.
Vet. Pathol. 53, 941–961. https://doi.org/10.1177/0300985816653988.

Ryazanov, S.D., Kirillova, A.D., Laskina, N.B., Burkanov, V.N., 2017. Infanticide and
cannibalism in Steller Sea lions (Eumetopias jubatus). Mar. Mammal Sci. 1–8. https://
doi.org/10.1111/mms.12437.

Siebert, U., Wohlsein, P., Lehnert, K., Baumgärtner, W., 2007. Pathological findings in
harbour seals (Phoca vitulina): 1996–2005. J. Comp. Pathol. 137, 47–58. https://doi.
org/10.1016/j.jcpa.2007.04.018.

de Siqueira, A., Cuevas, S.E.C., Salvagni, F.A., Maiorka, P.C., 2016. Forensic veterinary
pathology: sharp injuries in animals. Vet. Pathol. 53, 979–987. https://doi.org/10.
1177/0300985816655850.

Stephens, D.W., Brown, J.S., Ydenberg, R.C., 2007. Foraging: Behavior and Ecology.
University of Chicago Press, Chicago.

Tallman, J., Sullivan, C., 2004. Harbor seal (Phoca vitulina) predation on a male harlequin
duck (Histrionicus histrionicus). Northwest. Nat. 85, 31–32. https://doi.org/10.1898/
1051-1733(2004)085<0031:HSPVPO>2.0.CO;2.

Towers, J.R., Hallé, M.J., Symonds, H.K., Sutton, G.J., Morton, A.B., Spong, P.,
Borrowman, J.P., Ford, J.K.B., 2018. Infanticide in a mammal-eating killer whale
population. Sci. Rep. 8, 4366. https://doi.org/10.1038/s41598-018-22714-x.

Wilkinson, I.S., Childerhouse, S.J., Duignan, P.J., Gulland, F.M.D., 2000. Infanticide and
cannibalism in the New Zealand Sea lion, Phocarctos hookeri. Mar. Mammal Sci. 16,
494–500. https://doi.org/10.1111/j.1748-7692.2000.tb00942.x.

Zheng, R., Karczmarski, L., Lin, W., Chan, S.C.Y., Chang, W.-L., Wu, Y., 2016. Infanticide
in the Indo-Pacific humpback dolphin (Sousa chinensis). J. Ethol. 34, 299–307.
https://doi.org/10.1007/s10164-016-0475-7.

A. van Neer, et al. Journal of Sea Research 148–149 (2019) 12–16

16

https://doi.org/10.1016/j.seares.2019.03.004
https://doi.org/10.1016/j.seares.2019.03.004
https://doi.org/10.1016/j.anbehav.2013.07.019
https://doi.org/10.1111/j.1748-7692.1993.tb00474.x
https://doi.org/10.1111/j.1748-7692.1993.tb00474.x
https://doi.org/10.1578/AM.42.2.2016.137
https://doi.org/10.1111/mms.12111
https://doi.org/10.1111/mms.12111
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0025
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0025
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0025
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0025
https://doi.org/10.1177/0300985816655851
https://doi.org/10.1177/0300985816655851
https://doi.org/10.1371/journal.pone.0156464
https://doi.org/10.1371/journal.pone.0156464
https://doi.org/10.14430/arctic936
https://doi.org/10.1578/AM.38.4.2012.343
https://doi.org/10.7489/1799-1
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0060
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0060
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0060
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0060
https://doi.org/10.14989/67979
https://doi.org/10.1111/j.1748-7692.1996.tb00316.x
https://doi.org/10.1098/rspb.2014.2429
https://doi.org/10.7557/3.2688
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0085
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0085
https://doi.org/10.1644/06-MAMM-A-157R2.1
https://doi.org/10.1016/j.seares.2014.11.006
https://doi.org/10.1007/s10152-012-0334-z
https://doi.org/10.1007/s10152-012-0334-z
https://doi.org/10.1086/430228
https://doi.org/10.1016/j.jtherbio.2012.03.004
https://doi.org/10.1016/j.jtherbio.2012.03.004
https://doi.org/10.1098/rspb.1998.0414
https://doi.org/10.1098/rspb.1998.0414
https://doi.org/10.1177/0300985816653988
https://doi.org/10.1111/mms.12437
https://doi.org/10.1111/mms.12437
https://doi.org/10.1016/j.jcpa.2007.04.018
https://doi.org/10.1016/j.jcpa.2007.04.018
https://doi.org/10.1177/0300985816655850
https://doi.org/10.1177/0300985816655850
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0145
http://refhub.elsevier.com/S1385-1101(18)30336-8/rf0145
https://doi.org/10.1898/1051-1733(2004)085<0031:HSPVPO>2.0.CO;2
https://doi.org/10.1898/1051-1733(2004)085<0031:HSPVPO>2.0.CO;2
https://doi.org/10.1038/s41598-018-22714-x
https://doi.org/10.1111/j.1748-7692.2000.tb00942.x
https://doi.org/10.1007/s10164-016-0475-7

	Behavioural and pathological insights into a case of active cannibalism by a grey seal (Halichoerus grypus) on Helgoland, Germany
	Introduction
	Material and methods
	Results
	Behavioural observations
	Pathomorphological findings

	Discussion
	Behavioural observations
	Pathomorphological findings
	Histopathological findings

	Conclusion
	Acknowledgements
	Supplementary data
	References




