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PREFACE

Incidental capture of cetaceans in fishing nets, funher
refened to as "by-catch", occurs wherever cetaceans and
fisheries operations are found together. In some pafs of the
world a great deal of effof has been sp€nt studying this
problem, and it is therefore surprising how little has been
published about the lesions that occur as a result of by-catch,
and their pathogenesis. For example, it is still not clear
whether cetaceans inhale water or not when they are trapped
underwater in a fishing net.

When a cetacean is found entrapped in fishing gear, the
cause of death is easily established, although even then one
must ascertain that it did oot die from another cause prior to
being captured. However, if a cetacean, after having been
trapped in a net and dying, falls out of the net or is released
by fishermen, and is subsequently found floating at sea or
washed up on shore, it is more difficult to determine its
cause of death. To do this, one has to know the lesions
associated with by-catch. Being able to diagnosis by-catch in
standed cetaceans is important because it may provide the
first indication that the problem exists in a given area. In
regions where fishermen do not repon by-catches and there
are no observers on fishing vessels, it may even be the only
available evidence, and therefore one needs to be able to
make the diagnosis with confidence.

The lack of established criteria to diagnose by-catch became
evident in the late eighties and early nineties, when there
was an increased effort in marine mammal strandings
programmes in several European counúies. To address this
issue, the European Ceiacean Society pathology working
group organized a workshop at the society's annual
conference in Montpellier, France, in March 1994. At tbis
workshop, the postmortem findings of suspected and known
by-catches from projects in Denmark, the Netherlands,
Germany, the Ukaine, France, and the British Isles were
summarized. In addition, the gross and histological findings
of dolphins known to have died from underwater entrapment
in the USA were presented, and the microscopical
examination of bronchial fluid for diatoms as a possible
method to diagnose by-catch was discussed. Afterwards, the
criteria for the diagnosis of by-catch in cetaceans were
reviewed. To illustrate these criteria, various members of the
working group contributed photographs which are
reproduced here in colour.

It is hoped that these proceedings will be useful to those
people carrying out necropsies on cetaceans. In addition, by
showing the gaps in our knowledge, it is hoped that fufher

studies into the pathology of cetacean by-catch will be

stimulated.

It would not have been possible to organize this workshop
or edit the proceedings without the assistance of a number
of individuals and institutes. I am panicularly grateful to
Jean-Michel Bompar and Hélène Petit for organizing the

venue of the workshop in Montpellier, to the European

Cetacean Society for funding my travel to France, and to
Ted Leighton and Ian Shirley and others in the Department
of Veterinary Pathology, University of Saskatchewan, for
allowing me to work on the proceedings and assisting in
many ways in its production.

Thijs Kuiken
Saskatoon. Februarv 1996.
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Diagnosis of by-catch in cetaceans:
Proceedings of the second ECS workshop on cetacean pathology

Montpellier, France, 2 March 1994

Pathologic findings in dolphins known to have died
from underwater entrapment

Thomas P. Lipscomb, Department of Veterinary Pathology, Armed Forces Institute of Pathology,
Washingron, D.C., 20306, U.S.A.

Introduction

There is little information in the scientific literature on
determination of cause of death of cetaceans in cases of
suspected entrapment beneath the surface of water. The
reliable recognition of mortality from this cause is important
in determining the impact of fisheries on cetacean
populations (Kuiken et al. 1994). In an attempt to determine
diagnostic criteria for this cause of death, the marine
mammal archive of the Armed Forces Institute of pathology
was searched for cases of fatal underwater enúapment of
cetaceans. Only cases in which this cause of death was
known with certainty were included. Four such cases (Cases
I to 4) \rere identified. The affected animals were all
Atlantic bottlenose dolphins (Iarsiops truzcatrs). Necropsy
reports and histologic sections from these animals were
reviewed. Findings in an additional bottlenose dolphin (Case
5) were similarly reviewed for comparison. Necropsy
protocols, tissues collected, and completeness of necropsy
reports varied among cases.

Case I

This 170 kg, l9-year-old caprive male dolphin strayed from
his handler during a taining session in a bay, became
cntangled in a net and was rendered unconscious.
Resuscitative efforts that included endotracheal intubation.
intermittent positive pressure ventilation with 10070 oxygen,
external cardiac massage, intravenous and intracardiac
injection of epinephrine, and direct current cardiac counter
shock were unsuccessful. At necropsy, multiple superficial
linear abrasions were found along the cranial surfaces of the
dorsal fin and both fluke blades. An irregular abrasion of
the skin of the upper beak was also present, The upper
respiratory tract and bronchial tree were filled with blood-

tinged foam. Mucus súands were evident throughout the
small diameter airways. Patchy submucosal hemonhages
were present in the trachea. The lungs were congested and
firm. Mediastinal and sternal ìymph nodes were edematous
and exuded clear fluid when incised. Scattered ecchymoses
were found on the surface of the pancreas. The forestomach
contained approximately 1.5 Ì of liquid ingesta and fish
bones while the pyloric stomach contained 0.5 I of liquid
ingesta. Significant histologic findings were diffuse mild
pulmonary congestion with multifocal acute in[a-alveolar
hemonhage, diffuse mild perivascular cerebral edema,
diffuse mild congestion ofthe cervical spinal cord with acute
perivascular hemorrhage, and moderate edema of a lymph
node.

Case 2

The teeth of a 29-year-old captive female dolphin became
entangled in the netting of her pen during a storm, Wben
found, she was unconscious. Resuscitative attempts, which
were not described, were unsuccessful. The trachea
contained fluid. Lungs were dark purple and heavy,
interpreted by the prosector to represent pulmonary
congestion and edema. The forestomach contained partially
digested fish. Histologic findings included diffuse mild
pulmonary congestion with multifocal intra-alveolar edema
and multifocal acute intra-alveolar hemorrhase.

Case 3

A captive female dolphin was found dead underwater within
a bell-sbaped structure used in training seals. It was
believed that she swam into the structure but was unable to
back out. The trachea and bronchi were filled with large
quantities of a white foamy material. Histologically, there
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TABLE 1: Summary of findings potentially relatéd to death by underwater entrapment in bottlenose
dofphins (Tursiops truncatusl known to have died from this cause

Case Circumstanc€s of death Resuscitativo
no. €fforts

Gasùc
conlenls

Gross findings Histologic findings

Captivg dolphin; caught
in net accidentally

Liquid ingesta
and lish
bon€s

Partially
digesled fish

Not indicated

Partially
digested fish

Yes Linear ab€sions; blood tinged
loam in upper respiratory tract
and pulmonary airways

Fluid in trachea; lungs dark
purple and heavy interpreled
as congeslion and edema

Trachea and bronchi filled with
white foam

None related to death by
underwater entrapment

Mild pulmonary congestion
with intra-alveolar
hemorhage

Mild pulmonary congestion
with intra-alveolar edema and
intra-alveolar hemorrhage

Mild pulmonary congestion
with intra-alveolar edema

Mild pulmonary congestion
with intra-alveolar edema

Captìve dolphin; teeth Yes
caught in net
accidentally

Captive dolphiî; Not indicated
trapped underwater in
"bell-shaped structure'

Free-living dolphin; died Nol indicated
during capture after
being caught in net

was diffuse mild congestion with multifocal intra-alveolar
edema.

Case 4

A mature freeJiving dolphin died after being trapped
undenvater in a net during an attempted capture carried out
as pan of an investigation of increased dolphin mortality.
The forestomach contained partially digested fish. The liver
and pancreas were fibrotic. Raised pale areas were present

on the lip margins and an uìcer was present on the upper lip.
Histologic findings included diffuse mild pulmonary
congestion and rnultifocal intra-alveolar edema. Generally
mild inflammatory lesions that were not considered to havc
played a significant role in the immediatc cause of death
affected skin, spinal cord, skeletaì muscle, air sinuses,

trachea, lung, pyloric stomach, intestines, pancreas, liver,
kidney, and oviduct. Sections of lung and lymph node tcsted
for morbillivirus antigen by an immunoperoxidase technique
(Kennedy €t al. l99l) were negative.

Case 5

A free-living aged female bottlenose dolphin appeared to be

attempting to beach herself. Swimmers tried unsucccssfully
to direct her to deeper water. \ryhile being supported in
shallow water, she died. At necropsy, pale yellowish to
white froth exuded from edges of the blowhole. Trachca

and bronchi were filled with frothy, watery fluid. When the

lung was gently compressed, liquid was expelled from cut

surfaces. Approximately 200 ml of fluid resembling sea

water was found in the forestomach and 100 ml of similar
fluid and about a dozen squid beaks were present in the

second stomach. A tentative diagnosis of drowning was

made by the prosector pending histologic studies. Histologic
cvaluation revealed cxtensive necrotizing and suppurative

meningoencephalitis caused by Aspergillus sp. fungus, a

minute focus of pneumonia that contained similar fungus,

and areas of pulmonary congestion and intra-alveolar edema.

Results

A summary of the findings potentially related to death by

undcrwater cntrapment from each of Cases I to 4 is

prcscnted in Table l. Only in Case I were traumatic lesions

directly caused by entrapment described. In no case was

water dcscribcd as being present in airways, lungs, stomachs,

or other internal locations. Either white or blood-tingcd
foam that filled airways was present in two of four cases.

Partially digested fish were fbund in the stomachs of two of
four dolphins. Histologically, lungs of all four were mildly
congcstcd. Additionally, two of lour had intra-alveolar
edcma. one of four had intra-alveolar edema and intra'
alveolar hemorrhage, and one of four had intra-alveolar

hemorrhage.

Discussion

It is surprising that thcre were no descriptions of traumatic

lesions dircctly caused by entrapmenî in necropsy reports of
three of four dolphins that died from underwater entrapment

Either such lesions were not present, were present but not

observed or were present and observed but not recorded.

The third possibility is considered more probable Animals

trapped underwater struggle violently (Karpovitch 1933) and



consequently are likely to sustain traumatic injuries. Since
entrapment of these dolphins was observed, documentation
ofevidence ofentrapment such as cutaneous injuries directly
caused by entrapment may have been considered
unnecessary.

Abundant foamy liquid that fills upper and lower air
passages and often exudes from the mouth is considered an
imponant sign of death by drowning in humans (Giertsen
1977; Spitz 1993). Resuscitative efforts are unlikely to
create abundant foam (Spitz 1993). Thus, the presence of
foam filling airways of half of the dolphins that died from
underwater entrapment indicates that this finding may be
common in dolphins that die by this mechanism. However,
as illustrated in Case 5 in which the cause of death was
fungal encephalitis, airway foam may be found in dolphins
that died of causes other than underwater entrapment.
Aspiration of sea water may have been a terminal event in
this case. Similarly, microscopic findings of congestion,
intra-alveolar edema, and intra-alveolar hemorrhage are
nonspecific although associated with death by underwater
entrapment. Case 5 also demonstrates the necessity of
complete necropsy and histopathologic studies in determining
the cause of death. If the brain had not been thoroughly
examined, th€ correct diagnosis would not have been madc.

Crireria for the diagnosis of death by underwater entrapment
derived from this study are:
l) evidence of altemonem entrapment;
2) foarn in airways and/or histologic findings of pulmonary
congestion and edema;
3) absence of evidence of another cause of death aftcr
complete necropsy and histopathologic studies.

The necropsy finding of foamy fluid within airways and
histologic findings of pulmonary congestion and intra-
alveolar edema and./or hemorrhage are compatible with this
cause of death, but these lesions may be found in dolphins
that died of other causes. Thus, other types ofevidence are
essential in the correct diagnosis of death by underwatcr
entrapm€nt. If death is not observed, evidence of
antemonem entrapment, such as parallel linear cutan€ous
abrasions accompanied by hemorrhage in the underlying
tissue, must be present. Complete necropsy and complete
histopathologic studies are necessary to exclude other causes
of death.
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Diagnosis ol by-catch in cetaceans:
Proceedings of the second Ecs workshop on cetacean pathology

Montpellier, F@nce, 2 March 1994

Microscopical examination of bronchial fluid from harbour porpoises
(Phocoena phocoena L.) for the presence of marine flora and fauna and

mineral grains as a possible method to diagnose by-catch

Birgitte Heje Larsen, Claus Nars Holm, DK-3520 Farum, Denmark

Introduction

Drowning in terrestrial mammals (rabbits and dogs) and
humans is usually not a simple asphyxia due to obstruction
of the air passages and lungs by water, but a complicated
process in which violent disturbances of the body fluids and

chemicals take place (Abdallah et al. 1985; Swann and

Spafford l95l; Rushton l96l). Prolonged submersion may
lead to laryngospasm until asphyxia ultimately rclcascs the
glottis and the lungs become flooded with water (Fuller
I963; Imburg and Hanney 1966). Within some minutes after
total submersion, oxygcn is severely dcpleted, and pulsc and

respìration cease. Some indivìduals already die before this
due to shock, hean failure, or from almost pure asphyxia due
to unrelenting glottic spasm (Swann et al. 1947; Rushton
l96l).

During drowning, water can pass through the alveolar-
capillary interface and enter the circulation (Brouardel and

Vibert 1880; Pearn 1985). [t may contain chemicals, algae

and all sorts of detritus (Gordon 1972; Abdallah et al. 1985;

Kobayashi et al. 1993; Timperman 1972) which can be

found in the bloodstream. In most instances there is
inhalation of largc volumes of water (Di Mayo and Di Mayo
1989).

After death, it is only possible in favourable circumstances

to make traccs of water and suspended matter pass into the
lungs, and water does not penetrate into the circulation.
AIso, the deep and extensive penefation of watcr into thc

body that commonly occurs in drowning cannot bc produced

by any reasonable artificial means after death (Rushton

1957).

"Dry drowning" is said to occur in l0-157o of all drownings
in humans. Hcre, thc fatal cerebral hypoxia is caused not by

the occlusion of the airways by water but by a laryngeal
spasm. Thick mucus, foam, and froth may develop,
preventing the water from entering the lungs (Di Mayo and

Di Mayo 1989).

The diagnosis of drowning is based on the history, lasions

found at necropsy, and evidcnce of the inhalation of water.

Blood-tingcd frothy fluid in the air passages, bulky or

ballooned lungs, drowning water in thc stomach, and bloody
fluid in the pleural cavity arc common intcrnai
macroscopical findings of drowned humans, dogs and rabbits

(Funayama et al. 1987; Gordon 1972; Pcabody I980; KniSht

1991). In dogs, pulmonary edema occurs in many forms of
anoxia including the obstruction of the respiratory passages

in drowning (Swann 19ó0). The lungs are water-logged and

float heavily, i.e. not at the surface (Gordon 1972; Knight
1991). However, it has been stressed several times that such

anatomical signs only have a limited usefulness in

determining evidence of drowning (Gordon 1972; Peabody

1980i Knight l99l ).

The penetration of water with its specific componcnts lnto

thc peripheral alveoli can be ascertained by direct

examination of fluid obtained by maceration of the lung, or

by chemical digestion of thc lung tissue, which will leavc

thc acid rcsistant diatoms (Timperman 1972). Diatoms which

have entered thc circulation during drowning may be

transport€d to targct organs such as liver, kidneys, brain, and

bone marrow. Thcy can be found in the blood after liltration
or chemical digestion, or in the tissucs aftcr acid digestion
(Timperman 1972; Peabody 1980; Knight l99l)



The use of diatoms as a diagnostic tool in drowning cases is

a confusing and contradictory subject (Peabody 1980).
Hendy (1973) $uggests that diatoms may be present in thc
living body. They can appear in the tissues, both from
ingestion and from inhalation (Knight 1981). Some forensic
pathologists believe in the reliability of the diatom test (Auer
l99l; Auer and MÒttónen 1988; Matsumoto and Fukui
1993), while others, using the acid digestion method, have
claimed that diatom findings are not proof of drowning
b€cause diatoms are ubiquitous and have been found in
human carcasses which were not drowned, and that in some
cases they w€re not found in humans who were known to
have drowned (Foged 1983; Geissler and Gerloff 1966).
However, using direct examination, Terazawa and Takatori
(1980) were able to find diatoms in lung tissue from rats
which were drowned by inhalation of water containing only
a few diatoms.

HoÌden and Crosfill (1955) conclude from their drowning
experiments on rabbits that "Do firm opinion can be
expressed from the presence of foreign bodies in the lung,
whether ìife was or was not present when the body became
immersed, unless therc is a wide, generalized dissemination
of foreign material in the lung helds. This finding will not
be present unless the body was drowned in water with a
suspension ofsome density". They found diatoms thoughout
the lungs, even in the marginal alveoli, of rabbits drowned
in water containing diatoms. However, only few diatoms
were fbund in the lungs, and none in the marginal alveoli, of
rabbits killed with Nembutal and subsequently submerged in
water containing diatoms. No diatom fragments were found
in the lungs of three rabbits drowned in pure tap water
before they were submerged for one week in water
containing diatoms. The authors concluded that it is less
likely for foreign bodies to penetrate the froth barrier
produced by drowning in pure tap water than an air barrier.
"When a lung section is found to contain a mass of detritus
and paniculate matter generally disseminated throughout the
lung fields, including marginal alveoli, it is safe ro assume
that this was a vital phenomenon and a true inhalation had
taken place. But if only scanty foreign material is present in
the lung section, no conclusions can be drawn." They also
mentioned that death from "shock" might occur without any
respiration effort under water, so that a massive penetration
of water into the lungs may not take place.

Based on quantitative and qualitative analyses of diatoms in
the diagnosis of drowning using the acid procedure on 107
cases of drowning, Auer and Mòttònen (1988) proposed that
cases be regarded as canying evidence ofdeath by drowning
when diatoms are found in both lungs and other organs. If
diatoms are found only in the lungs, numerous or moderate

c

occunence of diatoms denotes drowning, whereas lower
numbcrs are insufficient to permit a rigid conclusion of
drowning.

The need to locate the diatoms topographically in the

peripheral lung structure has been emphasized, so as to
exclude their eventual postmortem penetration, €ven though
it b€ limited (Timperman 1972). Various methods exist to
detect diatoms in tissues or blood. During acid digestion of
tissue, organisms with walìs or skeletons of cellulose (e.9.

algae and invertebrates), and proteinaceous and calcareous
substances dissolve, and only diatoms which are surrounded
by silica frustules are left. On the contrary, the methods of
Terazawa and Takatori (1980) and Kobayashi et al. (1993),

using direct examination or enzymatic digestion of the tissue

or the blood are likely to reveal marine organisms other than
diatoms. Besides diatoms, the trachea, bronchi and alveoli of
persons who were drowned or near-drowned may contain
other substances such as sand or shell particles which are

ordinarily found in the medium in which drowning occurred
(Gordon et al. 1953i Bonilla-Santiago and Fill l9?8).

Cetaceans have a different respiratory system than terresldal
mammals (Harrison and Bryden 1988). Also, it has been

debated at workshops of the International Whaling
Commission (B. Clausen, personal communication) and of
the European Cetacean Sociely (second European Cetacean

Society workshop on cetacean pathology, 1994) whether
cetacean by-catches, i.e. cetaceans that are trapp€d under
water in nets, die with a terminal inhalation of water, like
most terrestrial mammals (Fuller 1963; Imburg and Hartney
1966; Rushton 1961), or not. Therefore it may be incorrect
to extrapolate the above findings on drowning in tenestrial
mammals to cetaceans.

The purpose of the present study is to repoÍt on the pÍes€nce
of marine fauna and flora in the lungs of by-caught harbour
porpoises (Phocoena phocoera L.), and to discuss their
possible usefulness in the diagnosis of by-catch.

Material and methods

From July l99l to October 1997, 16l harbour porpoises
taken as unintended by-catch in the Danish fisheries in the
North Sea, the Skagenak, the Kataegat and the inner Danish
waters excluding gresund and the Baltic (ICES areas IVb,
Illan, IIIas, and IIIc, respectively) were landed and frozen
until necropsy. Of these specimens, 97.570 were taken in set
nets (Clausen and Kinze 1993). The target species for these

fisheries are ttrrbot (Schophtalmus mctximus L.), hake
(Merluccius merluccius L.), and cod (Gadus morhus L.)
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(Flintegfud 1986; Flintegàrd, personal communication).
Assessment of the health status and basic population
parameters were carried out at the Danish Environmental
Institute, at the Zoological Museum of Copenhagen, and at
the National Veterinary Serum Laboratory (Clausen and

Kinze 1993, Dietz and Henriksen 1992). At the autopsies of
50 of the above specimens, caught from Novembcr l99l to
October 1992, samples were taken from the lower air
passages.

The surface of the carcass was washed in tap water, and the
whole lungs and heart were removed and washed (Knight
1991) in tap water to prevent accidental contamìnation ofthe
samples. With a clean knife the distaì part of onc lung was

cut off at the level of an interlobular bronchus. In this way

the upper airways were avoided, into which sea water may

have entered after death. One sample of liquid was taken

from each animal with a new disposable pipette, or it was

squeezed directly from the cut surface into a tube, preserved

with l09a Lugol (Hansen and Larsen 1989), and stored at 4

'C until examination four months later. Of each sample, 200

to 400 gl was diluted with an equal volume of distilled
water and examined by use of a light microscope. Any
marine organisms, parts of marine organisms, and mineral
grains in the sample were identified (Atkinson l97l; Barnes

1968; Hansen and Larsen 1989; von Jarke l9ól; Munay
l97l; Tikkanen and Willén 1992) and measured.

Resulls

Macroscopically, froth was found in the air passages of
every specimen.

Numerous marine organisms were found on microscopical
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FIGURE 2i Examples of dinoflagellates
(Dinophyceael tound in bronchial fluid samples of
by-caught harbour porpoises (Ph ocoena phocoena)

examination of 49 of the 50 samples. Diatoms (Figure l)
were found in 45 samples. The individual diatom cells were
7.5 pm or more in diameter, and up to 260 Fm long. In 12

of ttrese samples diatom colonies up to 205 x 20 pm and
557 x 3.6 Um were present- Dinoflagellates (Figure 2) were
found in 20 samples. Foraminifera (Figure 3) were present
in five samples. One of these was agglutinated, and the rest
were calcareous. Pafs of the lhallus of larger algae (Figure
4) were found in l3 samples. Other marine organisms found
were a coccolithophorid (one sample), sponge spicules (nine
samples), ossicles from holorhurians (two samples), a whole
crustacean (one sample) and crustac€an antenna€ (two
sampresJ.

Numerous quartz grains and some mica flakes with a
smallest diameter larger than l0 pm were found in 36
samples.

One sample contained neither marine organisms nor mineral
srains.

145 X 80 Fm

45X20pm

165 X 90 pm

FIGURE 3: Examplès of foraminilera found in
bronchial fluid samples of by-caught harbour
porpoises (Phocoena phocoenal

Discussion

As all the porpoises were in good health at the time of death
(Clausen and Kinze 1993), they are considered to have been

entangled in the nets while alive. The presence of marine
plankton and mineral grains in distal lung samples of 49 of
50 animals suggests that they inhaled water terminally
(Holden and Crosfill 1955). Other possibilities are that sea

water entered the lungs after death, that the particles entered
the lungs ftom the digestive tract via the circulation, or that
the paficles found are normally present in porpoise lungs.

It is unlikely that the marine organisms and grains appeared
in the samples after death. In cetaceans, the blowhole(s), the
nasal plugs, the muscle inside the bony meres, and the
larynx ring muscle preyent entrance of water into the lungs
during diving (Harrison and Bryden 1988). If these are
closed in the relaxed state after death, entrance of water into
the air passages is not possible. On the conuary, if they are

opened, either in the relaxed state, or during rigor mortis,
passive entrance of water may be possible, but only into the
upper air passages, and not into the distal part of the lungs,
from where the samples for this study were taken.

Diatoms may enter the body through the walls of the
dig€stive tract (Peabody 1980; Knight l98l), and from this
source they could reach the lungs via the circulation.
However, it is improbable that marine organisms as large as

dinofl agellates, coccolithophorids, foraminifera, pieces of
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FIGURE 4: Examples of parts of thallus of green algae found in bronchial fluid samples of by-caught
harbour porpoises (Phocoena phocoena\

arthropods and thallus from larger algae could have reached
the lungs by this route. In addition, calcareous matter and
protoplasm would partly dissolve in the gastro-intestinal
ract.

It is also unlikely that the quantity and type of particles
found are normally present in porpoise lungs. As they spend

their entire life at sea, porpoises may inhale some diatoms
and other small plankton species with the spray on the sea

surface and these may reach the marginal alveoli. However,
it is improbable that they would inhale a large amount of
mineral grains (Gordon 1972) or pieces of algal thallus and
arthropods in this way. The only way to confirm this is to
carry out control studies on lungs from cetaceans that are

known not to have died under water, for examples animals
taken in drive fisheries and killed ashore.

No marine organisms or mineral grains were found in the
bronchial fluid sample of one porpoise. This animal may
have died under water without inhaling water, and so bc a

true case of "dry drowning". Alternatively, the copious
production of tìoth in the air passages may havc prcvcntcd
the entrance of water into the dead body further than the

upper air passages (Di Mayo and Di Mayo 1989; Holden
and Crosfill 1955). An apparent "dry drowning" in humans

or in dogs may not be dry at all (Knight l99l; Di Mayo and
Di Mayo 1989; Swann and Spafford l95l ), as glottic spasm

cannot be demonstrated at autopsy (Di Mayo and Di Mayo
1989), and the fluid overload may have been absorbed by
the circulation (Peam 1985). Even a completely negative

analysis for diatoms does not rule out the possibility of
drowning in humans (Foged 1983; Di Mayo and Di Mayo

1989).

In conclusion, the presence of marine flora and fauna and

mineral grains in 49 of 50 bronchial fluid samples suggests

that these by-caught harbour porpoises may have inhaled
water terminally. However, control studies on cetaceans that
have not died under water need to be carried out to exclude

the possibility that these particles are normally present rn the

lungs during life. Only then will it be possible to determine

if analysis of bronchial fluid of cetacean carcasses lbr
marine organisms and mineral graìns is a useful method to
help to make the diagnosis of by-catch.
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This cont bution is mainly intended to give a view on
cetacaan by-catches ftom the point of view of an observer
on a fishing boat.

Materials and methods

Observers from the Cornwall Trust for Nature Conservation
completed 45 trips on gill-netters amounting to over 200
days. By-catches were examined externally for lesions. All
carcasses were marked with a strong nylon locking cable tie
around the tail stock, with a tag carrying a reward messagc

and phone number, and thrown back into the sea without any
amputations or opening of body cavities.

The gill-netters fish for hake (Merluccius merluccius) and
other species,60 to 300 km offshore in the Celtic Sea at

depths of up to 200 m, and sometimes more. The giìl nets

used in this fishery are set on the bottom. Th€ fine
monofilament polypropylene n€t mainly used has a mesh of
ó cm squares. However, the mesh size is usually given as

the distance between two opposite corners of a rnesh whcn
it is stretched maximally, in this case about 12.5 cm.
Headline and footline ropes are made of much heavier
polypropylene rope. The headline has floats so that the net

stands as a wall, and a boat of about 30 m length will sct

about 12 km of net. The net meshes are often deliberately
broken by hand to release fish and nets quickly acquire
many large holes and tears, paficularly if they are set over
wrecks. Nets are left down for less than 24 hr because thc

fish they catch die ìn the net and deteriorate quickly.

Occasionally tangle nets are used. Tangle nets have a mesh

of l0-20 cm squares, and have no beadline floats. Therelbre
they lie on the bottom and catch different species, including

lobsters, which are less likely to die in the n(]t and

consequently these nets are left down for three or more days.

Results

Over 29 harbour porpoises (Phocoena pfutcoena) were

caught, although this species was thought to be uncommon

in the area. The by-catches were evenly distributcd in
relation to depth, but there was a bias towards immaturc
animals. One common dolphin (Delphínus delphis) was

caught.

About half of the by-caught porpoises secn did not comc on

to the boat at all. They were cither seen floating dead nearby

during net hauling, seen falling from the net as they brokc

surface and were no longer buoyed up by thc watcr ("drop-

outs"), or dislodged from the net by the fishemtcn stopping

thc net hauler and shaking the net by hand ("shake-outs").

Some carcasscs came to the surface with snrall crustacean

scavengcrs, lsopods, probably of the genus ltlotea, proscnl in

arcas of tissuc loss or inside the blowhole. Thcsc crustaceans

resemble woodlice and are about 1.5 cm long. They are

abundant in some areas of the Celtic Shelf and can removc

all the flesh from a large fish within the 18 hr that a nct is
immersed. One porpoise which had been entanglcd in a nct

left down lbr three days had extensivc loss ol tissue around

thc cyc. the resulting cavity had smooth cdgcs. the

undcrlying bone was cleanly exposed, and lhc globc of the

eye was still intact.

All carcasses had cxternal signs of ìnjury lnjurics in order

of prcvalence wercì
l) narrow cuts in cdges oî fins;



FIGURE 1: Diagram of a gaff hook as used on gilt-
netters. Gafs are used on gilt-netters to retrieve fish that lall out ol
the net close to tho boat. They usually consist of a bamboo pole
about 2 cm thick and 2-4 m long with a steel hook lastened by
adhesive tap€ to thg end. Some havs three hooks set at 120 deorees
to each other. The aim is get the hook into the tish s gi s whére il
leaves no visible damags to the fish, and then lift the lish into the
boat. The hook has a sharp point with no barb, and the gaff curve has
a diameter of about 6 cm. lt is not very strong and when used to pull
cetaceans an, for the b€nelit of observsrs, it may be straightened out
by the slrain. In the absence of observeÍs it may be used on
cetaceans in the ngt to pull them to the side of lhe net hauler outside
the boat to help disontangle it, or it might be used to mov€ a floating
cetacean away from th6 net in the water

2) fine dark linear marks on convexities, sometimes with
laceration of skin; these were common€st around the mouth,
eyes and head;

3) slices of skin removed from edges of pectoral fins; these
were I to 3 cm across and in one case went through the
whole thickness of rhe posterior edge of the pectoral fin; the
above injuries (l-3) appeared to have come from the fine
monofilament net;
4) foam coming from the blowhole if this was pressed to
open it or without such pressure; foam was also seen coming
from the mouth of one porpoise;
5) gaff marks: these were deep penetrating pos(monem
wounds that came from use of a small ó cm radius saff
(Figure ltto help pull the por?oise into lhe boar for rhe
benefit of the observer, or to pull it to ttre side of the net
hauler to bring it into the boat more easily;
6) rope marks around the tail stock; these were acquired by
some porpoises which were temporarily secured with a rope
to prevent it sliding around the deck while the observer
examined it; ropes around the tait might be used on heavier
cetaceans to allow lifting with a hoist or hauler in order to
get the carcass overboard;
7) deep cuts with substanrial crushing of adjacent tissue;
these appeared to have come from headline or footline ropes
as the porpoise came over the nel hauler;

t1

8) tissue loss to scavengers.

One porpoise caught in a tangle net had, as one might
exp€ct, a combination of extensive scavenger damage and
encircling marks of large circumference,

After the carcasses were thrown back into the sea, about half
immediately sank ("sinkers") and about half floated
("floaters"), although this may not haye been be for very
long as they were quickly lost from view. None of the
carcasses returned to sea were subseqùently teported
stranded.

Discussion

The above observations suggest that:
I ) animals recovered by a gill net fishery may be those with
particularly tight entanglement and their net injuries may not
accurately represent the total of by-caught porpoises;
2) recording by-catches without watching the net emerge
from the sea at all times will result in an underestimation of
by-catch rates;

3) as a dead porpoise is likely to be less buoyant at the
bottom of the sea where it is under pressure it is likely that
all are "sinkers" at this depth, and that those animals that
spontarìeously drop out of the net at depth during hauling
will never be seen nor counted.
4) strandings around th€ Celtic Sea are not representative of
offshore by-catches to any m€aningful extent.

There is a strong case for tagging and disca.rding by-catches
in observer programmes rather than trying to bring them all
back for pathological examination. Tagging and discarding
could allow us to discover how many by-catches of different
species in different locations are represented in the
strandings record- It would also enable us to measure the
prevalence of the by-catch features under discussion in this
workshop in stranded cetaceans known to have been by-
causnt.
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Complexities of by-catch diagnosis in Black Sea cetaceans

Alexei Birkun, Jr., BREMA Laboratory, Simferopol, Crimea 33372O, Ukraine

Introduction

In the ex-USSR countries c€taceans may die in nets under a

variety of circumstances: l) during captur€ of wild cetaceans

for dolphinaria in so-called "aloman" nets ("aloman" is a

Turkish name for a type of purse seine net); 2) in captivity
as a result of entanglement in the walls or partitions of neG

cages; and 3) as incidental by-catches during commercial
fishing operations.

Death in "aloman" purse seine nets

These nets are 200 to 250 m long and 40 to 60 m high, anrl

have a mesh size of 100 x 100 to 150 x 150 mm. Eleven of
38 harbour porpoises (Phocoena phocoena) caught in spring

1982 for Soviet navy and academic dolphinaria perished

because they were unable to come to the surface to breathe.

The dead individuals w€re not entangled, but were found in

wide underwater pockets in the net formed by local sea

currents, at a depth of 1.5 to 2 m. All animals had the

following lesions, consistent with acute respiratory and

circulatory failure (Birkun and Oleinik 1984):

- unclotted blood;
- spastically obsbucted small bronchi and bronchioles;
- zones of pulmonary atelectasis and emphysema;

- large haemorrhages in lungs and adrenal glands;

- multiple petechiae ìn internal organs and serous

memDranes;

- irregular congestion of internal organs;
- oedema of connective tissue throughout the body.

The blowhole was always closed and the respiratory tract did

not contain watcr-like fluid. No skin marks caused by

entrapment in the net were found.

D€ath in net-cages

Birkun and Oleinik (1985) examined l6 captive bottlenose

dolphins (îarsicrps truncotus) that died in a USSR navy

oceanarium before 1985 because of entrapment ln the net-

cage's partition ( l5 animals) or under the false bottom (one

animal). These net-cages had an area of 4 x ó to 10 x 25 m,

and the underwater patt was 2.5 to 6 m high' with a mesh

size of 60 x 60 mm. Thc dolphins were found at less than 5

m depth. The gross and histopathological findings (Table I )

were very similar to those described above for harbour

porpoises in "aloman" purse seine nets, and indicated that

the dolphins had died of asPhyxia.

The asphyxia found in these dolphins ("dolphin underwater

asphyxia") differed considerably from types of asphyxia

known in humans and other terrestrial mammals lt differed

from:
-the classical lypc of drowning. becausc there was no

aspirated \rater in the respiratory tract;
-laryngo-spasm induced asphyxia. because there was no

spasmodic contraction of the sphincters in the upper

respiratory tract;
-asphyxia caused by hanging, by thúottling, or by

compression of the ohest and abdomen; the circumscribing

skin wounds caused by the meshes of the net were on the

jaws, tail stock or tail flukes, so that the net did not dir€ctly

obstruct the passage of air or breathing movements.

Except for the circumscribing skin wounds, the lesions in the

above dolphins could have been confused with other

diseases. such as septicaemia. intoxtcation. or heavy slress

Therefore the diagnosis of asphyxia would have been

difficult lo make on a cetacean carcass with no known

history found slrandcd on a beach

Suspect€d by-catches of commercial fishing

Between 1989 and 1994 285 harbour porpoises, 82 common

dolphins (Delphinus deLphis),34 bottlenose dolphins, and 7l
dolphins of unidentified species were found stranded on the
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TABLE 1: Gross and histological lesions in 16 captive bottlenose dolphins (Tursiops truncatus) that died
of asphyxia in net-cages

Lesron Number ol animals
(n=16)

Closed blowhole
Circumscribing abrasion or incision wounds in skin
Unclotted dark blood
Blood clots in largg vesssls
Viscous acidophilic contonts in bronchi and trachea
Sloughing ol bronchial epithelium
Spaslic conslriclion of bronchial muscles
Puhonary atelectasis and emphysema
Vsnous congestion and blood stasis inl

liv€r
-heaÍt muscle
-run9s

-kidneys
-aorenats
-spreEn
-pancreas
-mesEntery
lymph nodes
-dura maler

Pulmonary oedema
Cerebral oedema
Skomal oedema in:

-heaft
-kidneys
-pancreas

-spleen
Transudale in:

-pericardial cavity
'abdominal cavity
-pleural cavity

Haemorhages (most otten petechiae) in
-rungs
-adrenals
-epicardium
-peritoneum
-pleura
-kidneys
-heart skoma
liver
-Dratn
-slomacn mucosa
-spleen capsul€
lymph node capsule
-sKtn

Cell degeneration and ngcrosis in:
-myocardrum
-kidney tubule epiihelium

Acute gastric ulcers
Regurgitation of lood into oral cavity
Presence ol urine in the bladder

't6
't5

15
3
6
7'

7'

't1

8
7'
7',
5'

3',
1-

11

3'
I'
1'

5
3

5'

4
3
3

1'
t-

7'
6'
5'

1

15

'Histopathological examination was undenaken in seven cases
"Skull and brain were dissected in two cases
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Ff GURE 1: Strandèd bottlènose dolphin ( fursiop s truncatus) with chopped-off tail flukes (Photo: S.

Krivokhizhin)

Crinean coast (Birkun et al., in press). Nevertheless it was
not possible to make an indisputable diagnosis of by-catch
in any of these cases. Typical net-marks in the skin wcrc
never observed, possibly because of postmortcm sìoughing
of the epidermis. Other possible signs of asphyxia may also

have been masked by posùnortem changes in intemal organs

or were explained by other causes.

There were only 24 suspected cases of by-catches of fìshing
operations, because these carcasses had traces of hunran

meddling (S. Krivokhizhin, personal communication) (Tablc

2). Some of the lesions - such as stab wounds and linear
incision wounds in the skin, incision wounds penetrating the

abdominal cavity, and chopped off fins or jaws - may have

been caused by fishermen attempting to frcc the entangled

carcass without damaging their nets (Figure l). However,
damage to the carcasses caused by thc partial or total

removal of the blubber and musculature must have had other
reasonS.

By means of interviewing it was determined that some

Crimean inhabitants use blubber from stranded dolphins to
prepare folk medicine, and use musculature k) fccd domestic

animals. Moreover, there are two known cases of dolphin

flesh sold as human food. Tail flukes and skulls may be used

as souvenirs, and some children get pleasure from games

with knives on dolphin carcasses. Therefore, marks on

cetacean carcasses caused by human meddling are not very

reliable as criteria for by-catch diagnosis, io any case in thc

Crimea.

Two stranded common dolphins with lesions of asphyxia had

foreìgn bodies (fishes, sea grass) ohstructing trachca and

main bronchi (Krivokhizhin and Birkun l99l) (F'igurc 2).

They had regurgitated tlreir stotnach contcnts and

subsequently aspiratcd thcm, which was possiblc bcciìusc oi
the dislocation ol the larynx.'I'his situation may have been

caused by sevcrc strcss, possibly associated with cntrapment

in fishing gear.
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TABLE 2: Man-mado damage in 24 cetacean carcasses found stranded on the Crimean coast betwoen f989
and 1994

Numbar of animals

Type ol damage PP
(n=s)

DD
(n=13)

IT
(n=6)

Stab wounds in th€ sid€ ol the trunk

Siab wounds into lhe abdominal cavity

Linear incision wound into the abdominal cavity

lncision wounds in the blubber of the back lorming a rectangle

Removal of rectangula. pieces of blubbgr lrom th€ back or abdomen

Removal of all th€ blubber on the trunk

Removal ot all the blubbqr from tho carcass

R€moval of all the blubbet and musculature from lhs carcass

Removal of lail fluk€s

Removal of upper jaw, fins, and abdominal wall

Internal organs without rEst ol carcass

Head without resl ol carcass

Foroign bodi€s in respiratory tfact

1

'|

1

I

1

I

1

Tl - Bottlenose dolphin lTursiops truncatus)
DD - Common dolphin (Delphinus delphis)
PP - Harbour porpoise (Phocoena phocoena)

FIGU.RE 2 Sprat (Sprattus sprattus) obstructing the main bronchus of a common dotphin (frerpt rhus
derphis) (Photo: S, Krivokhizhin)
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Introduction

Marine mammals have undergone a series of adaptations

related to the long periods of breath-holding and the pressure

changes associated with diving. Basic mechanisms of
adaptation to diving, as for instance diving bradycardia, are

inherent to probably all higher vertebrates (Scholander

1963). Cetacaans, however, have undergone the most

astonishing and unique adaptations by apParently having lost
the direct reflex link between blood-gas chemoreceptors and

the central nervous system, e.g. between increased blood

carbon dioxide concentrations and the breathing reflex
(Ridgway 1972). If this was the only breath-regulating
mechanism, a cetacean trapped under waîer - with a blood
carbon dioxide level increased beyond a critical point, would
not involuntarily inhale water in a reflex as would a

terrestrial mammal. The latter is referred to as "drowning".

In contlast, in death by "suffocation", that is when no

involuntary final breath is taken, water does not penetrate the

airways. At prcsent, it is unclear whether dolphins trapped

underwater in fishing gear die by drowning or by

suffocation. This, however, is of particular interest to
pathologists who want to esablish or rule out the diagnosis
"by-catch" in dead odontocetes found stranded, as

pathological proof of drowning is mainly based on the

presence or the effects of water in the lungs. Suffocation is

much more difficult to prove.

Some theoretical aspects of the diagnosis of death by
accidental entrapm€nt in nels

1 . Breathing control and hypoxemra

Breathing in non-diving mammals is regulated by a series ol

complex mechanisms. The most important mechanism is thc

rcgulation by the partial pressures of oxygen and carbon

dioxide in blood, leading to continuous breathing, mainly by

causing inspiration by reflex. In this case, the increasc in

blood carbon dioxide is more important than hypoxemia.

Breathing activity in non-diving mammals is also influenccd

by a number of other mechanisms:

-stimulation of peripheral sensors in the aorta (Glomus

aorticum) and in the carotid altery (Glomus caroticum),

which are sensitive to oxygen, carbon dioxide, and pH

There is a direct reflex link between thesc sensors and the

central nervous sYStem.

-stimulation of central sensors on the anterior side of the

medulla oblongata, which are in contact with the cerebral

liquor, and are sensitive to carbon dioxide and pH. Levels of

both carbon dioxide and pH arc similar in blood and liquor.

-Blood pressure can influencc breathing activity
-stimulation of higher, so called "emotionaì" brain centrcs

such as the limbic system, hypothalamus and pons can

influence breathing activity and influence overall breathing

regulation. This may be the case in panic when becomlng
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TABLE 1 : Measurements of a middle-sized net (5472
mèshes) ol a midwater trawl (from: De Boer 1984)

Section of the
net

Codend

entangled.

In contrast to non-diving mammals, stimulation of peripheral

sensors in cetaceans seemingly does not cause rcflex
inspiration, and, given this, respiration of dolphins is

believed to be largely voluntary. Howevcr, to the present
knowledge of the authors no detailed information is available
on the rol€ of the other mechanisms listed above in
regulating the breathing activity in cetaceans. The question
whether cetaceans have exclusively voluntary breathing, and,
consequently, the question whether dolphins will inhale
water when trapped under water, still remains to be solved.

2. Sensory ahilities

Cetaccans have sensory abilities - such as echolocalion,
vision, mechanical, chemical and thermal receptors, and

receptors for magnetic and electric fields - which enablc

them to detect fishing gear. However, they may not be able

to detect pa icular types of netting, such as fine
monofilament nylon nets. Furthgrmore, detection alone may

not be sufficient to deter the animal from approaching a net.

3. Types oÍ entrapmenî

Various types of entrapment have been described (Perrin

1991), although most evidence is anecdotal. Entrapment ol
the head, mouth. pectoral fins, flukes and dorsal fin has been

reponed, mainly reflecting the fact that the body

protuberances of these streamlined, smooth-skinned creatures

are the most likely parts to get caught. Complex-fashion
entrapment occurs as well.

ln the Netherlands. sranded cetaceans have been found with
remains of nets around their pectoral fins and flukes (M.

García Hartmann, unpublished data). There is anecdotal

evidence from Dutch fishermen that dolphins get caught by

their flukes when turning to avoid the net at short distancc
(S.J. De Groot, personal communicatiort). Greek fishermen

of lhe small-scale set gill net fishery in the Ionian Sea report

that dolphins usually break through their nets,

Length
(m,

Average mesh Twine
size (cm) diameter (mm)

Wings

Front pari

Middle part

1280-1160

1r40-r 080
1040-780
720-180

180
80
40
20

8

4

85

45
55
36

22
20
20
10
6
8

64

10

10
8
6

4

4
4
4
4

TABLE 2: Expected lesions of cetaceans trapped in different types of fishing gear

Fishing gear Mesh
size
(cm)

Twine Net size (height Expected lesions
diameter by width)
(mm) (m)

set gill net

Beam lrawl
(also shrimp trawl)

Midwater trawl

+l5

7.5- 10

Table 1 Table 1

1.5

4

i3 by 1s0

0.6-0.8 by 4-12
(net opening)

25-60 by 60-200
(net opening)

-sharp traumata by twine

-blunt traumata by beam and chains

-severe blunt lraumala by shearing and
contracting forces
-bone fractures caused by dropping lhe
carcass onlo the stern of the boat
-scralches caused by spines of fish during
pumping
-tail lesions from entanglement in the front
part of the net
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TABLE3:Presenceol|esions,consideredasevidencéforby-catchincommondo|phins(Delphinus
derprris) (Kuiken et al. 1994), i.'uv-"urght cetacean cafcasses óotained difectly from Dutch fishefies' or

lound stranded on the Dutch coast

Lesion
Presence of lesion in by-caught cetaceans:

Obtained directly Found stranded

from fishing vessel on the coast

Sharp traumata 
yes

Cleanly cut-ofl fin or tail f luke

lncision wound in abdominal cavity no

Circumscribing skin abrasion on beak, f in, or tail f luke yes

Multiple evenly spaced parallel incision wounds in Îhe skin yes

Linear skin cuts- Yes

Blunt tnumata
Subcuîaneous haemorrhage:
-occipital Yes

-other locations Yes

lntramuscular haemorrhage no

Subpleural haemorrhage no

Parathyroidal haemorhage. Yes

Skull fractures (including jaws) yes

Lesions from death bY suffocation
Eoicardial Petechiae no

Fine oersistent froth in the bronchi yes

Bullae in the lung Parenchyma Yes

Incomplete collapse of the lungs' yes

Na, K, Cl, and total protein concentrations
i"iàrlirià"i bronchial f roth- inconclusrve

Evidence ot recent feeding
Remains of partly digested or undigested prey

in the cardiac settioÀ of the stomach yes

Cnyte in tne lymph vessels of the intestinal mesentery yes

Cnvte in ttre ductus thoracicus' yes

General findings
èooo uooy 

"o-ndition 
and lack of (peoacute disease. yes

Very low incidence of parasitism' yes

Absence of severe disease unrelated to by-catch' yes

Combination of absence of severe disease unrelated to by-caÎcn

àno pr"."n"" of other criteria indicative of by-catch yes

-criîerion not listed by Kuiken et al' (1994)
..also found in a white-beaked dolphin (Lagenorhynchus atbirosttis') which suffocated as a resull of a fish stuck In

Il','Í?# n"roou, porpoises (Phocoena phocoena\,.parasitism "19^dl::*"t 
unrelated to by-catch were tound'

urtÀàuén to a lower degree than in porpoises stranded for other reasons

yes
no
yes
yes
yes

yes
yes
yes
yes
yes
yes

no
yes"
yes"

inconcluslve

yes
yes"'

yes

yes
yes



PLATE l: CETACEAN BY-CATCH CRITERIA: CUTS lN EDGE OF MOUTH OR FIN

rqq /rqK

2 4

1. Harbour porpoise (Phocoena phocoena) found stranded, suspected by-catch. A sliver of skin
has been cul from halfway along the upper lip, leaving a smooth-edged oval wound with blood
exuding from the surface. Ad,acent to this wound, there is a fresh narrow incision wound in the
lower lip. Photo: Thijs Kuiken

2. Harbour porpoise (Phocoena phocoena) obtained from fishing boat, known by-catch in
monofilament net. There are two fresh narrow incision wounds in the leading edge of the pectoral
fin. Photo: Nick Treoenza
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PLATE ll: CETACEAN BY-CATCH CRITERIA: ENCIRCLING LESTONS AROUND HEAD

'1. Harbour porpoise (Phocoena phocoena, obîained from fishing boat, known by-catch in
monofilament nel. There is a narrow black abrasion wound encirclinq the head about
halfway along lhe snout. Photo: Nick Tregenza

2. Common dolphin (Delphinus delph,9 found stranded, suspected by-catch. There are several
abrasion wounds encircling lhe beak and the melon. Photo: Victor Simpson



PLATE lll: CETACEAN BY-CATCH CRITERIA: BRUISING AND PERSISTENT FBOTH lN AIRWAYS

1 . Common dolphin (Delphinus delphls) found stranded, suspected by-catch. The skin from
the lower jaw has been removed, exposing extensive subcutaneous haemorrhage. photo:
Thijs Kuiken

2. Harbour porpoise (Phocoena phocoena)lound slranded, suspected by-catch. The lungs
are oedematous. There is abundant, partly blood-tinged, froth in the lumina of the trachea
and main bronchi, which have been cut open. Photo: Thijs Kuiken



PLATE IV: CETACEAN BY.CATCH CRITERIA: DAMAGE DURING RELEASE FROM NET

1. Harbour porpoise /Phocoena phocoena). known by catch in rnonofj ament tangle net. The net

hauler caused severe darnage to the tail stock when the net was taken in. Photo: Nick Tregenza

r4i!
, '*_".i

2. Common dolphtn (Delphinus delphis)found stranded. suspected by-calch.
There is a broad abrasion wound encircling the tal stock at the lnsertion
of the ta lflukes. whrch may have bpen caused by a rope tred there to ft
lre carcass up Pholo \rct T'egen./a
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TABLE 4: Analysis of undigested or partly digested food remains in the stomachs ol cetaceans lrom Dutch
fishing vessels in 1993, in comparison with the targeted and actual catch of those fishing vessels

Cetacean
species

Fishing gear Target Actual
species species

caught

Stomach contenls

Species Number Length (cm)

D. delphis

D. delphis

D. delphis

D. delphis

L. acutus

L. acutus

L. albirostris

P. phocoena

P. phocoena

P. phocoena

P. phocoena

pelagic trawl

pelagic trawl

pelagic trawl

pelagic trawl

pelagic trawl

pelagic trawl

pelagic trawl

shrimp trawl

set gill net

set gill net

beam trawl

A&F
A&F

A&F
A&F
A&F

unknown

unKnown

unknown

unknown

AA
1

12

1

+.t

a
I

J

A

none

none

F

F

none

none

E

F

F

F

A

A

B

D

D

H

+2O

35-40

30-40

25

30-40

A: Horse mackerel (Trachurus trachurus)
B: Shrimp (Crangon sp.)
C: Herring (Clupea harengus,
D: Cod (Gadus morhual
E: Whiting (Me angius merlangus\
F: Mackerel (Scomber scombrus)
G: Pilchard (Sardina pilchardus\
H: Plaice (Pleuronectes platessal
l: Poorcod (Trisopterus minutus)
J: Squad (Seplordae)

for by-catch diagnosis is compared between carcasses
obtained directly from Dutch fishing trawlers, Dutch
strandings diagnoscd as "probably by-caught, and common
d,olphins (Delphínus delphis) stranded on the English coast
(Kuiken et al. 1994) (Table 3).

These criteria were categorized as follows:
-sharp traumata;
-blunt traumata;
lcsions from death by suflbcation;
-evidence of recent feeding;

-general findings.

In contrast to Kuiken et al. (1994), we found no incision
wounds in the abdominal cavity nor epicardìal petechiae in
any of the by-catches examined. Intramuscular and
subpleural haemonhages were found in the beached
carcasses, but not in tha carcasses obtained directly from
fishing vessels. In addition to the crireria listed by Kuiken er
al. (1994), we found that linear skin cuts, parathyroidal
haemorrhages, incomplete collapse of the lungs, chyle in the
ductus thoracicus, a good body condition, and absence of
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lesions of other severe disease were also suggestive of by-
catch.

The stomach contents of the by-catches obtained directly
from fishermen were analysed and compared to the targct

species and actual specìes caught of the fishery involvcd
(Tablc 4 ). Partly or undigested food remains werc presenl in

the stomachs of sevcn of eleven (ó4olo) by-calches. ln four
of the five cases where the actual catch of thc involvcd
fishing vessel was known, at least ()ne the fish species

caught was also found in the s(omach of the cctacean

trapped by that lìshing vcssel.

Discussion

Unfortunately, neither the presence nor absence of any single

criterion described above (Table 3) is pathognostic of death

by submersion in cetaceans. At prcsent, only a presumptive
diagnosis of "by-catch" can be made, based on the pr€sence

or absence of a number of criteria. The more of these

criteria occur together, the more certain the diagnosis is.

Still, as many of these criterìa arc of a general nature and

not exclusive to by-catches, expericnce in general ce(acean

pathology and knowledge of the lesions tha( occur in
cctaceans that dic of other causes is esscntial to increase thc

reliability of thc diagnosis.

The seasonal distribution of a cetacean species and its social

bchaviour, e.g. group formation, will be oî significant

influence on the numbers and characteristics of the animals

to become entangled, as well as on the typc of fishing gear

to become entangfed in. All the harbour porpoises (Phocoena

phocoena) in this study were caught in coastal fisheries,

whereas the white-sided (lngenorhynchus 4cr,r!.t), whìte-

beaked (L. olbirostris) and common dolphins (Delpftinas

delphis) were caught by midwater trawlers (Table 4) This

matches the general distribution of these species, and

suggests that the chance of interaction with a Particular
fishing method varies pcr species. As the type of fishing
gear probably determines the lesions in by-caught anlmals

(Table 2), the pattem of by-catch lesions in coastal species,

such as the harbour porpoise, will most probably differ from

that in pelagic species caught in midwater trawls. This

knowledge may help in the interpretation of cartain cases.

For example, interaction with midwater fisheries may be

ruled out as the cause of lesions in an animal known to

occur only on th€ coast. As in most cases when dcaling with

wild animal species, the chances of a correct diagnosis are

rncreased hy integrating the available inftrrmatton ,rn the

species' life history with the results of pathological

examlnatlon.

Apart from pathological fìndings, other findings may be

more or less typical for by-catches. Among these is the

presencc ol signs of reccnt fèeding and digestion. Thc

comparison bctwccn stomach contents of cctacean carcasses

and the typical targct spccies antl ac(ual catch of certain

fisherics may provide additional clues in susPected cases ol'

by-catchcs, but further rcscarch on this question is needed.

prclerably with a largcr samplc size of known by-catches of

one cctacean specics in onc particular lishery method With

thc several ongoing programmcs on cetacean pathology in
thc Nethcrìands, we will hopefully be able to carry out such

research in thc future.

Many questions remain to be solved in order to allow a

reliablc pathological interpretation of cetaoean caroasses and

to increase our knowledge of by-catches Do juvenile'

inexperienced dolphins become entangled more often than

adult animals, as has been suggested for seals l Is the health

status of by-caught cetaceans really as impeccable as is often

assumed? And - most important - do fisheries pose a threa(

to the survival of cetacean populations, and if so, which

fishing methods threaten which cetacean species, and how

does thc number of by-catches in a givcn arca relate to thc

size of the local population l

With so many important factors still unknown' thc by-catch

problem and the threat that it may pose to the survival ol'

cetacean species in Europcan waters has been neglected far

too long.
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APPENDIX 1: Sèt gill net and other nets (from: De Boer 1984)



25

APPENDIX 2: Beam trawler (from: De Boer t9g4)
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APPENDIX 3: Midwater trawler (from: De Boer 1984)
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Postmortem examination of by-catches from German fisheries and of
suspected by-catches found on the coast of Germany
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Introduction

lncidental capture of cetaceans in fishing gear has become
a severc, worltl-wide problem due to the increase oî
commercial fishing and the improvement of fishing methods
and gear (Gaskin 1984). An unknown number of cetaceans
is by-caught every year in thc North and Baltic Seas (Króger
I986; Creenpeace 1989; Moreno 1993). Becausc the
cooperation ol fishcrmen is lacking in mos( cases, it is
important to be able to determine if cetaceans lbund stranded
on the coast have becn by-caught or not.

To find out if thcre arc any lesions that might be
characteristic lb. cetaceans that have dicd from underwater
cntrapmcnt in fishing ners, the pathology reports were
rcvicwed of 3l harbour porpoises (P&ocoena phocoena)
from thc Baltic and North Seas, dissected in l99l and 1992.

Material and Methods

Of the 3l harbour porpoises, 26 were by-catches from the
Baltic Sea handed in by fishermen. Their cooperation is
cspecially ìmportant for this region because the population
density of harbour porpoiscs is very low (Heide-Jorgcnsen
et al. 1992, 1993) and srrandings are very rare (Benke and
Bohlkcn 1993). Most of rhe carcasses, which were freshly
dcad, were caught in bottom-set gill nets, and a Icw in
pound nets. The rcmaining five carcasses were found
stranded on tho German coast of the North Sca and were
identified as suspected by-catches by the net marks on their
skin. Thcy were freshly dead or moderately decomposed.

The carcasses were measured and weighed, and four teeth
were rcmoved for age determination. Pathological
cxamination was carricd out according to Kuiken and García
Hartmann (1993). In summary, the carcasses were examined
for external lesions, especially net marks. The nutritional
statc was judgcd by the thickness of blubber measured in
four different locations and by the state of the musclcs. All
tissues were examined and sampÌes for routine histological
examination were taken from each organ. The stomach
contents of each animal were collected, and any fish
carcasses or otoliths present werc counted and identified.
Representative samples of any parasites were collected, fìxed
in 70% ethanol and identified. In addition to any lesions
suspected to be caused by bacterial infection, the following
organs were submitted for routinc bacteriological
examination: lung, liver, kidney, spleen, intestine, and

mesentcric lymph node. Thc lungs of l2 harbour porpoises
were examined immunohistologically for the presence of
morbillivirus antigen (Baumgàrtner et al. 1989).

Results

Eighteen porpoises were less than one year old, ten were
between one and three years old, and three were oldcr than
three years old. There were 15 males and ló females. Two
animals were emaciated, and the rest were in moderate to
good nutritional state.

Net marks werc found on all by-catches from the Baltic Sea.

The suspected by-catches from the North Sea were identified
as such by net marks. Net marks were found on the front of
thc pectoral flipper, the dorsal fin and the tail fluke, and on
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TABLE 1: Pathological lindings of the respiratory
system of 31 by-caught harbour porpoises
(Phocoena phocoenal from the Baltic and North
Seas

TABLE 2: Pathological findings ot the gastro-
intestinal system of 31 by-caught harbour
porpoises (Pt ocoena phocoenalltom the Baltic and
North Seas

Number of animalsNumber ol animals

TotalBaltic North
Sea Sea

Baltic Norfl
Sea Sea

total

Pulmonary ogdema

Pulrnonary congestion

Parasites

Pneumonia

Amniotic ff uid aspiratjon

Flatfish in pharynx and nasal
cavities

the entire head. The skin lesions were about 2-4 mm wide
and 3-5 mm deep. Haemorrhage, necrosis, and inflammation
of the blubb€r were only found in three animals. One
harbour porpoise had the lower jaw of a garfish embedded
in the epidermis and blubber.

All by-catches had marked pulmonary oedema, and 15 had
pulmonary congestion (Table l). Lungworms (Pseudalius
inflexus and Torynurus convolutus) were found in 22
animals, mainly in the bronchial tre€ and the pulmonary
blood vessels. The presence of these parasites was associated
with pneumonia, usually catarrhal-suppurative or
suppurative-necrotizing, and which varied in severity and
extent. The parasites in the pulmonary blood vessels caused
chronic thromboaferitis with fibrotic organization and

calcification of thrombotic material. Two new-born harbour
porpoises had incomplete inflation of lung tissue and
numerous desquamated keratinized cells in the alveolar
spaces. These findings are consistent with aspiration of
amniotic fluid. One harbour porpoise had a 27 cm long
flatfish stuck in the pharynx and the nasal cavities.

In 15 cases the gastro-intestinal system had an infestation
with Anisakis simplex or D ip hy I lobothrium
stemmacephalum), or both (Table 2). In some cases there
were nodules, ulcerations or inflammatory lesions associated
with these parasites.

In nine cases trematodes (Campula oblongc) were found in
the liver and associated parasitic nodules or abscesses (Table
3). In eight animals this was associated with cholangitis and

pericholangitis and in three cascs with periportal fibrosis.
Three harbour porpoises had traumatic scars of the liver
capsule.

In one case the pancreas contained trematodcs (Canryula
oalonga) associated with chronic pancreatitis and chronic
inflammation of thc pancreatic ducts. Two by-catches had

congestion of the kidney, three had parasites (Stenazrs

minor) in the Eustachian tube and the tympanic cavity and

one had a focal pcriostitis of the scapula. No lesions were

found in the cardiovascular, central nervous, rcproductive or

endocrine system. The lymphoid tissue only had lesions in
the pulmonary and mesenteric lymph nodes, associated with
lesions in th(j respiratory and gastro-intestinal systcm. No
generalized changes of the lymphoid tissue were observed.

Routine bacteriological examination of28 by catches yielded
no bacterial growth in l2 cascs and non-specific mixed
bactcriai llora in l6 cases.

Only five harbour porpoises had undigested or partly

digested fish in thc first stomach compartment (Table 4).

Ninetccn animals had otoliths and two ncwborn anirnals had

milk in the lìrst stomach, while the rest had an cmpty
stomach.

Discussion

The by-caught harbour porpoises were mainly subadults and

weanlings. This suppols the hypothesis that cctaceans learn

to avoid bottom-sct gill nets with ìncreasing age (Kinze

1990).

26531

14 1 15

18 4 22

18 4 22

112

101

Parasites

Parasitic nodules

UlcErs

Catarrhal esophagitis

Catarrhal gastritis

Catarrhal enteritis

3

1

1

1

2

0

0

0

1

0

13

3

1

0

I



TABLE 3: Pathological findings of the liver of 31 by-
caught harbour porpoises (Phocoena phocoena,
trom the Baltic and North Seas
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TABLE 4: Stomach contents ot 31 by-caught
harbour porpoises (Phocoena phocoenal from the
Baltic and North Seas

Numb€r ol animals Type of stomach contenls Number of animals

TotalBallic Norùl
Sea Sea

Baltic North
Sea Sea

Total

Parasites

Parasatic nodules

Cholangitis/Pericholangitis

Periportal fibrosis

Abscésses

Trauma

415
't6 3 19

505
'1 12

909

707

819

213

202

213

None

Ololiths

Partly digested or undigested fish

Mitk

often too decomposed. Also, there are types of nets that do
not cause net marks in by-caught cetaceans. This means that
with our present state of knowledge of cetacean pathology,
only a small propotion of by-caught cetaceans that are
found stranded on the coast can be diagnosed confidently as

by-catch, and other m€thods, such as observers on fishing
vessels, are needed to provide realistic numbers of by-
catches to the government and the public.
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Introduction

As pal of a long-term Project to investigate marine mammal

strandings in England and Wales, 72 harbour porpoises

(Phocoena phocoena) found stranded on the coast of
England between 1990 and 1993 were examined. In eight

cases by-catch was diagnosed, that is, incidental capture in

fishing gear. The objective of thts report is to describe and

discuss the lesions on the basis of which this diagnosis was

mad9.

Materials and methods

The eight carcasses of harbour porpoises (Table l) were

examincd according to a standard protocol (Kuiken and

Bxker 1994). ln shon. the c.ucasses were measured.

wcighed, and examined carefully for external lesions All the

major tissues were examined, both superficiaìly and on

cross-section, and palpated. Samples for routine histological

examination were taken from the major tissues and any

visible lesions. An immunoperoxidase test for the Presence
of morbillivirus infection (Kennedy er al. 1992) was applied

to lung or urinary bladdcr samples. Routine bacteriological

cxaminations were made on lung, liver, and kidney samples'

and on any lesions suspected of bacterial disease. Any
parasites found were fixed in 70 per cent ethanol and

identified.

Results

The eight carcasses were freshly dead, in good body

condition, and were kept cool but not frozen undl necroPsy

was carried out. Exceptions were case I' which had been

stored frozen prior to examination, and case 6, which was tn

moderate body condition The diagnosis of by-catch was

made on the basis of the following findings

Circumscribing skin abrasions of the head were found in two

cases. ln case 4 a I mm wide black abrasion wound nearly

completely encircled the snout 5 cm from its tiP It did not

cut into the skin. A similar wound started from the throat,

passed over the left eye and just behind the blow-hole, and

ended at the extemal opening of tbe right ear' In case 7 a

0.5 mm wide black abrasion wound started at the left upper

lip, 3.5 cm from the tip of the snout, passed over the dorsal

pafl of the snout, and ended at the right corner of the mouth'

Incision wounds in the lip were found in four cases ln case

4 a sliver of skin had been cut from about halfway along the

left upper lip, lcaving a smooth-edged oval wound about 3

cm long, I cm wide, and 0.5 cm deep, with blood exuding

from its surface. In case 6 there was a 3 cm deep fresh
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TABLE 1: Date and location found, sex and length
of eight harbour porpoises (Phocoena phocoenal
stranded on the coast of England, and diagnosed
as by-catches

In most of the cases (2, 3, 4, 6, and 7) the trachea and
bronchi were filled with white foamy fluid, which exuded
from the blow-hole in cases 3 and 4. None of the cases had
gross evidence of sea water in the lungs, nor were diatoms
or other particles indicative of sea water found on
histological examination of lung tissue.

Undigested or partly digested fish were found in the cardiac
section of the stomach in all cases except number 8. In case
4, food rernains were also found in the oesophagus,
oropharynx, and oral cavity, and muscle tissue, interpreted
as fish remains, was seen in the airways on histological
examination. Whitc opaque fluid, interpreted as chyle, was
noted in the lymphatics of the mesenteric lymph node and
intestinaf mesentery in cases 4,6, and 7.

Except for the above lesions, which were considered to be
associated with by-catch, no lesions were detected indicatins
another cause of death. All cases tested ncgative for lh;
presence of morbillivirus, except cas€ 1, which was not
tested.

Incidental lesions included scars in the fundic (1, 3,4) and
pyloric (7) section of the stomach, and duodenurn (4),
associated with Pholeter gastropÀllas infection, subacute to
chronic bronchopneumonia associated with Torynurus
convolutus and Pseudalius inflexus infections (3, 4, 5, 6, 7,
8), chronic perichofangiris associated w ith Campula oblonga
infection (4, 5, 6, 7, 8), chronic pancreatitis associated with
Canpula obk>nga infection (6, 7), ulcers in thc cardiac
scction of the stomach associated with Anisakis siuplet
infection (4, 6, 8), Pseudalius inflexus infectìon in the righr
ventricle of the heart and pulmonary artcries (1, 4, g),
Stenurus ninor infection of the tympanic bulta (4, 7), and
Diphylktbothríun s te mmocephaLum infection of thc intesrine
(ó).

Vibrio dansela (2) and Aeromonas hldrophita (3. 7) were
isolated from the lungs, a,îd Proteus vulgad.r (7) liom the
kidney. However, these isolatcs werc nol associated with
gross or histological lesions and were considercd to have
invaded the tissues after death.

Discussion

The above-describcd lesions which were used to make the
diagnosis of by-catch may have been caused in the following
manner.

Encircling lesions around the head could havc been the result
of the head becoming wedged in the mesh of a net, and

Sex Length
(cm)

I

6

7

8

09/90

1?,90

oz9l

03/91

03/91

04/91

01/93

03/93

Tyn€ and W€ar

Cornwall

Cornwall

Humberside

Cornwall

lsle ol Wight

Northumberland

Tyne and Wear

M

F

M

M

M

125

13'l

132

't51

152

144

119

incision wound which cut into the left lower lip at an angle.
Many teeth were missing and the resulting tooth sockets
were filled with blood: (eeth l-3 and l0 in rhe left upper
jaw, aeeth l-5 and l0-ll in the right upperjaw, and reeth I-
3 in the right lower jaw. In case 7 there was a I mm wide
and I mm deep fresh incision wound in the tip of the upper
Jaw, and a sliver of skin had been cut off from the iisht
upper lip 7 cm from úre rip of lhe snout, resultins in a
smooth-edged oval wound 6 mm long and 3 mm wide. In
case 8 there were seyeral fresh incision wounds about I mm
wrde and l0 mm deep in both upper lips.

Fresh incision wounds were also found on the anterior or
posterior edge of the pectoral fins (cases 4, 6, and 7). on the
anterior edge of the dorsal fin (cases 4 and g), on the dorsal
ridge of the tail stock (case 4), and on the anrerior or
posterior edge of the tail flukes (cases 4, 7, and g). These
wounds varied from 0.5 to 5 mm in width, from 2 to l0 mm
in depth, and one to seven in number at each location.

Case 5 bad large gashes across the back and side of tbe
body that penetrated into the thoracic and abdominal
cavities.

The outer ó cm of rhe right tail fluke of case 6 was rnissins.
leaving a red rough-edged wound. ln case 7 the lefl Declor;l
fin was missing except for a 2 cm long stump.

Case 2 had shattered mandibìes with no associated
haemorrhage. Case 5 had a fractured skull: tbe presence or
absence of associated haemonhage was not recórded.



TABLE 2: Comparison bètwe€n the prevalence of
by-catch criteria in I harbour porpoises (Phocoena
phocoenal end 38 common dolphins (Delphinus
delphisl, found stranded on the English coast and
diagnosed as by-catches. Data on common
dolphins are from Kuiken et al., 1994

By-calch cdterion Pr€valence (o/d

of criterion in:

Cleanly cut-off lin or tail lluke

Incision wound in abdominal cavity

Circumscribing skin abrasions on beak, lrn

or taìl fluke

Multiple evenly spaced parallel incision
wounds in the skin

Incision wounds in the edges of lips, lins,
flukes, and tail stock

Subcutaneous, intramuscular, or subploural
haemormage

Skull fractur€

Epicardial petechiaé

Fine persistent froth in the bronchi

Bullae in the lung parenchyma

Remains of undigested or partly digesled
prey in the cardiac stomach

Chyl€ in the lymph vesssls of the intestinal
mesentery

PP - Harbour porpoise (Phocoena phocoena\
DD - Common dolphin lDelphinus delphis)

incision wounds in the edges of lips, fìns, flukes, and tail

stock may have been the result of the taut line of a nct

cutting into the relatively soft skin. The ìoss of teeth in case

6 may have been caused by the mesh of a net catching

behind the spade-shaped crowns of the teeth and pulling

them out.

Once it was trapped underwater in a net, a porpoise would

not be able to risc to the surface to breathe, and therefore it
would die. In five of the eight cases the airways werc filled
with a white frothy fluid, which was probably caused by

hypoxia. Hypoxic lung tissue loses its ability to maintain

membrane integrity, and protein and e.ythrocytes leak into

the alveoli (Davis and Bowerman 1990). It is the presence

of this protein, churned by the respiratory excursions, which
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is responsible for the fine persistent froth which is described

in drowning and other types of asphyxia in humans and

otber terrestrial mammals (Camps and Cameron l97l). The

food remains in the airways of case 4 may have been

aspirated after the porpoise vomited in its death agony. This

is a common finding in drowned humans (Davis and

Bowerman 1990).

There was no gross or histological evidence of sea water in

the airways or lung parenchyma of these porpoises. This

suggests they did not inhale sea water after prolonged

immersion, as would have been the case for humans and

other terrestrial mammals under similar conditions (Davis

and Bowerman 1990; Camps and Cameron 1971). It also

indicates that the presence of sea water in the respiratory

tract cannot be used as a criterion for the diagnosis of by-

catch in harbour porpoises.

The absence of haemorrhage associated with the shattered

mandibles in case 5 indicates that this damage occurred after

death. Such damage, and also the skull Íìacture in case 2,

may have occurred due to trauma white hauling aboard the

carcass, although any blunt postmortem trauma would result

in similar damage.

To disentangle a porpoise carcass from a net, a fisherman

might cut off all or part of a fin or fluke. This may explain

the severed pectoral fin and tail fluke tip in two of these

porpoises. There is also anecdotal evidence that fishermen

sometimes make cuts in accidentally neÎted cehceans to

expose the thoracic and abdominal cavity, so that they sink

more readily aftcr being thrown overboard Such cuts were

found in case 5.

The presence of undigested or partly digested fish in all

cases but one indicates that these por?oises had fed recently

beforc death. The presence of chyle, which is produced

during fat absorption (Smith and Hamlin 1982), provides

further evidence that these porpoises had fed recently These

findings conespond with Rae (1965), who found food in the

stomachs of 43 of 52 by-caught harbour porpoises, and with

Baker and Manin (1992), who found full or nearly full

stomachs in all len harbour porpoises diagnosed as by-

catches, while those that had died of other causes had empty

stomachs.

In table 2 the prevalence of findings associated with by-

catch in thcse 8 harbour porpoises is compared with that in

38 common dolphins (Delphínus delphis) found stranded in

Cornwall in 1992 and diagnoscd as by-catches (Kuiken et al'

1994). Although the small number of harbour porpotses

PP DD
(n=8) (n=38)

16

25 18

03
758
03
88 61
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makes valid comparison difficult, it is interesting to note the
much higher prevalence of circumscribing skin abrasions and
of persistent froth in rhe bronchi of the harbour porpoises,
and the absence of subcutaneous, intramuscular. or
subpleural haemorrhage in the harbour porpoises. Also, the
presence of incision wounds in the skin (€xcept when they
were multipìe, parallel, and evenly spaced) as a criterion for
by-catch was not used in the study of the common dolphins.

Besides the obvious fact that they were two distinct species,
the differences between these two groups may be partly
explained by the following differences. Firstly, all g harbour
porpoise carcasses were fresh, whereas this was only the
case for 14 of 38 common dolphin carcasses. Because
postmonem sloughing of skin is rapid in cetaceaos, it was
therefore not possible to detect subtle skin lesions in the
majority of the common dolphins. Secondly, there may be a
difference in fishing gear involved. Kuiken et al. 0994\
provided evidence suggesting that the common dolphins had
been caught in small-meshed ners, such as trawl or ourse
seine nets. In contrast. the location of the circumscrìbins
lesions and the narrowness of the incision wounds in thi
harbou porpoises suggest a wide-meshed Det made of fine
line, such as a monofilament gill net or tangle n€t. Further
studies on known by-caught cetaceans from different
fisheries are recommended to determine the differences in
by-catch lesions with more certainty.
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Between 1989 and 1993 dead cetaceans stranding on the

coast of Wales, together with a small nurnber of animals

accidentally caught in fishing gear in Welsh waters, have

been subjected to detailed postmortem examinations as part

of a research project iovestigating disease, pollution and

related topics. In this paper the findings in cases of by-catch
and suspected by-catch will be discussed and compared with
lesions found in animaÌs which died of other causes.

Twenty-five of 136 cetacean carcasses examined in total

were known or suspected to have been by-caught (Table l).
Known by-catches were animals that had been found in
fishing nets. The diagnosis of a suspected by-catch was

madc on thc basis that the animals were in excellent or good

bodily condition with partly digested or undigested food in
the cardiac section of the stomach, and that there was no

other cause of death following detailed postmortem

examination including histology, bacteriology, toxicology
and examination of the lungs for morbillivirus infection. The

numbcr of animals which were suspected to have been by-
caught may be ìess than the actual number of by-catches,

because dctailed postmortem examination was not always

possible: some anirnals were decomposed, and others missed

largc parts of the carcass due to thc activities of scavengers.

One harbour porpoise (Phocoena phocoena) not in the table

had large postmortcm cuts on various parts of the carcass

but too littlc of the body was left to determinc if this had

been done when the animal was rcmoved from a net.

A retrospective analysis of the postmortem reports was made

and the findings in known cases of by-catch, suspected cases

of by-catch and in animals dying of other causes wcre
compared with the list of lesions that Kuiken ct al. (1994)

found in by-caught common dolphins (Delphinus delphís)
(Table 2).

In addition to the above lesions listed by Kuiken et al

(1994) three known by-caught harbour porpoises and six

suspected by-caught porpoises and two striped dolphins
(Stenella coeruleoalba) had a considerable quantity ofblood-
tinged watery fluid in the airways; such fluid was not found

in the animals which had died of other causes Also, one

common dolphin washed ashore had a mass of nonofilament
gill net around the tail stock; the animal had no evidence of
drownìng but had a dislocation at the atlanto-occipital joint

with partial severance of the spinal cord, indicating that not

all animals caught in fishing gear drown.

Baker (1987) examined 36 grey seals (Halichoerus grypus)

which were caught and killed in tangle nets. Thesc animals

showed patchy collapse of the lungs when the chest was

opencd, with some arcas of the lungs being congested and

others normal. This was not a consistent feature of the by-

caught cetaceans described here although it was occasionally

seen.

Assuming that cetaceans inhale sea water when they drown

and that the blow-holcs of cetaceans, whether they have died

from drowning or from another cause, remain closed afier

death, it was thought that the presence of sea water rn the

airways might be diagnostic for drowning. Therefore, any

fluid found in the airways was collected and tbe chloride

concentration was determined. As sea waîer has a chloride

content of approximately 550 mmoi/l comPared with

approximately 140 mmol/l in serum, a high chloride

concentration would indicate the presence of sea water' The

chloride concentration of airway fluid in the first three cases

in which this was done ranged from 248 to 321 mmol/l and

the mcthod was thought to have value However' when

further animals, both known and suspected by-catches' were

tested, levels as low as 43 mmom were obtained Overall

the results were extremely variable and of no diagnostic
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TABLE 1: Known and susPected by-catches of cetacèans from around the coast of Wales, examined
between 1989 and 1993

Species Tolal examined Known by-catches Suspected by-
calcnes

Harbour porpoise (Phocoena phocoena)

Common dolphin (Delphinus detphis)

Striped dolphin (Stenella coeruleoalba\

Bottlenose dolphin ( Iursiops truncatusl

Risso's dolphin (Grampus griseus\

White-sided dolphin (Lagenorhynchus acutusl

Minke whafe (Balaenoptera acutorostrata\

Blainville's beaked whale (Mesoptodon densirostris\

111

11

6

16

0

0

0

0

0

0

6

1

0

0

0

0

U

0

1

1

value. Probably the assumption that the blowhole remains
closed after dearh is faulty. A dolphin trainer nored in
conversation that one of his animals which died had an ooen
blow-hole during rigor motis. whereas before and after rieor
mortrs it was closed.

It will be seen fiom the above thar the lesions described by
Kuiken et al. (1994) in common dolphins were not
particularly frequent in the porpoises and common and
sLriped dolphins described here, alrhough their pr€valence in
the two surveys was broadly comparable. Taking Kuiken et
al.'s figures and those in the cunent work, it would appear
that skin wounds, haemorrhages, froth in the trachea, anJ the
presence of undìgested or partly digested fish in the stomach
are the most consistent findings in the animals killed in
fishing gear. Almost nothing is known about the tyDes of
fishing gear associaled with these lesions and the drowninp
of the animals in the prescnl survey.

A number of other points need to be bome in mind. The
finding of an animal in fishing gear does nol necessarily
imply that this was the cause of death: one animal found in
trawl gear proved to have been dead for many days. The
finding of net and rope marks on an animal are again
inconclusive: healed or healing net wounds have been found
on anrmals which have died of other causes. If bodies arc
carried from the beach in a net marks may result, and on
occasion marks due to other types of injury can mimic net
and rope marks.

If an animal has been discarded at sea, eventually to wash
up on the coast, there appears to be no absolutely conclusive

way of finding out if it was killed in fishing gcar. However,
if an animal is found on a beach with some of rhe followins
features. onc would be jusrificd in assumrng ir had died ii
this way. The features of death from such a cause are qood
bodily condition, encircling cuts or deprcssions in thelkin
around the hcad, cuts on the fins and flukes, cspecially on
the leading edges, fish in the stomach, cleanly cut-off fins or
flukes, large amounts of froth in the airways, the body
entangled in a net and the absence of other diseasc
conditions.
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TABLE 2: Presence of criteria considered as evidencè lor by-catch (Kuikèn et al. 1994) in harbour porpoises
(Phocoena phocoena), common dolphins (Derpt inus derptris), and striped dolphins (Stenella coeruleoalbal
from Wales, that were known or suspected by-catches, or died ot other ceuses

Crilerion Percentage of animals with lesions

Common Known
dolphins from by-
.1992 die-otf- calches

(n=38) (n=7)

Suspected Animals thai
by-catches died of other

(n=18) causes
(n=93)

Traumatíc lesions specific for capture in fishing gear

Cleanly cutoff fin or f lukes

Incision wound in abdominal cavity

Circumscribing skin abrasion on beak, f in or f luke

Multiple evenly-spaced parallel incisions in skin

Traumatic lesions not specific for capture in fishing gear

Subcutaneous, inlramuscular or subpleural
haemorrhages"'

Skull fracture

Lesions consistent with death lrom immersion

Epicardial petechiae

Fine persistent froth in the bronchi

Bullae in the lung parenchyma

Evidence of recent feeding

Partly digested or undigested prey in the cardiac
section of the stomach

Chyle in mesenteric lymph vessels

3

5

21

5

0

0

0

0

57

0

0

17

6

33

0

0

2"
0

8

'I

2

14

0

6

11

0

29

14

86

.t

I

t)l

16

100

--- not recorded ----

From Kuiken et al. (1994)

These animals had healed lesions of the beak suggesting that they had been in fishing gear but had either

escaped or been released
Kuiken et al. (1994) recorded haemorrhages at all these sites but they \î,/ere seen only subcutaneously In

the current work
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Montpellier, France, 2 March 1994

Review of the criteria for the diagnosis of by-catch in cetaceans

Thijs Kuiken, Depafment of veterinary Pathology, university of saskarchewan, 52 Campus Drive,
Saskatoon SK S7N 5B4, Canada

If a cetacean carcass is found stranded on the coast or
floating at sea and nothing is known about its circumstances
of death, it is very difficult to determine by posrmorrem
examination if it died as a result of incidental caDture in
fishing nets or not. In the first place. many lesions associated
with this cause of death could also have other causes.
Secondly, the lesions are often masked or even obliterated as
a result ofposùnonem autolysis. Even in carcasses that have
distinct lesions and other signs associated with incidental
capture in fishing nets, it is rarely possible to be certain
about this diagnosis: a( best, one can conclude that the
pathological findings are consistenr with death caused by
incidental capture. This problem is not unique to rhe
diagnosis of incidental capture in celaceans. Forensic
pathologists encounter similar difficulties when confronted
wrth a human found dead in the water. To ouote from
Camps and Cameron (l97la): "proof thar dearh was due to
drowning may constitute one of thc most difficult problems
in forensic medicine."

There are few publications on the criteria that can be used
at necropsy to help determine the above diagnosis (Hare and
Mead 1987; Haley and Read 1993; Kuiken et al. 1994b).
Therefore, the members of the European Cetacaan Society
pathology working group thought it worthwhile to lisr the
criteria they use, and to discuss the significance and
probl€ms associated with each of them from a pathologist's
point of view. The usefulness of this information is limited,
because it is not based on research directed specifically to
analyze these criteria, but on the general experience gained
by carrying out cetacean necropsies. For this reason, the
European Cetacean Society pathology working group
recommends that research is canied out on by-caught
cetacean carcasses from different types of lìshery,
specifically to idenrify, describe, and quantify the criteria
that are associated with incidental capture in fishing nets.

The criteria described below are valid for cetaceans that
have bcen captured accidentally in static or mohile fishing
ncts, and have died directly due to trauma or lack of oxygen
as a result of capture in the net or hauling the n€t onto the
fishing vessel. In the following text the rerm "by-catch" will
be used interchangeably with "incidental capture in fishing
nets". Excluded ar€ cetaceans that have survived caDture in
fishing nets and die some time afterwards as result oi lesions
(e.9. capture myopathy, skin wounds, amputated fins or
flukes, skull fractures, aspiration pncumonia) caused by the
encounter. Also excluded are other types of interaction with
fisheries operations, e.g. entanglement in the buoy rope of a
lobster pot, or ingestion of fishing hooks.

In tablc l, an overview is given of the criteria described and
our estimation of their significance for the diagnosis of by-
catch.

I. CRITERIA ASSOCIATED WITH HEALTH STATE

A, EXCLUSION OF OTHER CAUSES OF DEATH

The probable diagnosis of "death from by-catch" is made on
the basis of the presence of criteria consistent with by-catch,
together with the exclusion of other causes of death. To be
able to exclude other causes of death, the carcass must bc
relatively fresh, and a full pathological examination on all
organ systems must be carried out by a person, trained in
pathology and with knowledge of cetacean diseases. If the
carcass is too autolysed, not all organ systems are examined,
or the person is not competent, the cause of death may be
overlooked.
A simple example of a harbour porpoise (Phocoern
phocoena) that died of a haemorrhage from a stomach ulcer
can be used to illustraie these poinls. The lesions found in
such a case are an ulcer in the cardiac section of the
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TABLE 1: The estimated significance of thè presence or absence of criteria for the diagnosis of by-catch

CRITERIA PRESENCE ABSENCE

L Health state
A. exclusion of other causes of death
B. good nutritional condition
C. evidence of recent feeding

ll. Contact with fishing gear
A. superlicial skin lesions

'1 . cuts in edge of mouth, f in, or tail
2. encircling lesions around exlremity

B. bruises
C. skull fractures

lll. Lack ol oxygen (hypoxia)
A. oedematous lungs
B. persistent lroth in the airways
C. bullous emphysema in the lungs
D. epicardial and pleural petechiae

lV. Damage during release from net
A. amputated fin, f luke or tail
B. penetrating incision into body cavity
C. rope around tail stock
D. gaff mark

+
+
+

+
+

+
+

+

++

0
0
0
0

0
0
0
0

Legend:
++ consistent with by-catch
+ by-catch possible
0 no significance for diagnosis
- by-catch less likely

- by-catch unlikely

stomach (a common lesion caused by the stomach parasite

Anisakis simplex\, black intestinal contcnts (digcsted blood),
and pale liver, kidneys and spleen due to lack of blood. In
a sevcrely autolysed carcass, the bÌackness of the intestinal
contents and the palencss of the other organs is masked due

to postmortem discolouration. If the intestines are only
examined superficially, the colour of their contents is

missed. If the person canying out the nccropsy is not trained

in pathology, the signifìcance of the lesions may not be

recognized. In all thrce scenarios, the diagnosis would be

mlsscd.

B. GOOD NUTRITIONAL CONDITION

A cetacean in good nutritional condition has well-developed

musculature, a thick blubber layer, and a rim of fat along the

ventral edge of the lungs. In an animal in poor nutritional

condition, the musculature is atrophied, the blubber layer is

thin, and the rim of fat on the lungs is absent

Generally, by-caught harbour porpoises are in good

nutritional condition, whereas porpoises that haYe died due

to a chronic disease or due to starvatlon are ln poor

nutritional condition (Kuiken et al. 1994a) Presumably this

is also true lor olher cetacean species.

However, not too much importancc should be placed on this

criterion, as it is possible that a thin cetacean is caught in a

fishing net, or that a fat cetacean dies ftom another cause

Also. the nutritional condition is difficult to judge, because

there is a physiological variation with many factors, such as

age, sex, reproductive state, season, and region
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C. EVIDENCE OF RECENT FEEDING

Evidence of recent feeding can be found by examination of
the gastro-intestinal tract. When a dolphin or porpoise is
feeding on fish, these collect in the cardiac secúon of the
stomach. Digestion takes place rapidly: bottlenose dolphins
(Tursiops truncatus) in captivity empty the cardiac section
of the stomach within a few houn. Different stases of
digestion of fish in the car.diac section can be observeJ. First
the skin disappears, then the muscle, and the last part of the
fish to b€ digested is the skeleton. Aqother criterion tbat can
be used is the presence of chyle (fat-rich lymph) in the
lymphatics of the intestinal mesentery. This indicates that
active absorption of food was taking place at the time of
death. An advantage of this criterion is that it remains visible
even in advanced autolysis.

Evidence of recent feeding is a useful criterion, because it
indicates that the cetacean was not suffering from a severe
chronic disease or from starvation, and was healthy enough
to catch fish shonly before it died. However, a healthv
dolphin could still have an empry sromach. By-caughr
dolphins and porpoises often, but by no means always, have
stomachs filled with undigested or only slightly digested
fish. In contrast, cetaceans that have died of an infectious or
parasitic disease or of starvation usually have empty
stomachs, except for a few fish bones.

One of the reasons by-caught cetaceans often have fish in
their stomach may be because interactions are more likely to
occur where fishermen are fishing for the same specìes that
cetaceans are feeding on at that time. In these by-catches one
may expect a predominance of the target species of thc
fishery involved in the stomachs of the by-caught cetaceans.
An example of this is the trawl fishery for mackerel in rhe
North Atlantic, where by-catches of common dolphins
(Delphinus delphis), among others, occur (Warins er al.
1990),

In other cases, int€raction between fisheries and cetaceans
takes place where the target fish of the fìshery and the prey
species of the cetaceans are different, This occurs in the
Gulf of St Lawrence, where harbour porpoises are caught in
static nets set for cod and have mainly capelin and herring
in their stomachs (Larrivée et al., in press).

II. CRITERIA ASSOCIATED WITH CONTACT WITH
FISHING GEAR

In thjs section traumatic lesions are described, that may
occur as a result of the €nrapment of the cetacean in a

fishing net under water, or of hauling up an entrapp€d
cetacean aboard the fishing vessel. As stated above, we are
only dealing with cetaceans that die S!!Igq!y as a result of
by-catch. Therefore, any trauma associated with this fatal
encounter must have occurred soon before or around the
time of death.

Usually, the age of a lesion can be determined by
pathological examination. For example, a skin lesion caused
around or just before death is characterized by haemorrhage
and oedema in the surrounding tissue. After a few hours
infiltration of inflammatory cells is visible. After a few days
granulation tissue begins to form, and when a lesion is a few
weeks old it becomes a firm scar. A lesion that is caused
after death has no reaction around it at all. Unfonunately,
sucb pathological evaluation becomes more difficult as

autolysis of the carcass advances.

A. SUPERFICIAL SKIN LESIONS

Ì. Cuts in edge of nrouth, fin, or tail

A fishing net may cause cuts wherever it comes into contact
with the skin of a cetacean and is under high tension. This
is most likely to occur at thc edges of the extremities of rhc
body: head (Plate I-l), pectoral fins (Plare I-2), dorsal fin,
tail stock, and tail flukes. The following description is based
mainly on the examination of harbour porpoises caught in
monofilament nets, but we have some evidence that similar
lesions occur in othcr species caught in monofilament nets.
The incision wound may vary in depth up îo about 2 cm and
is usually straight. In freshly dead carcasses, blood may be
seeping from the wound and there may be haemorrhage in
the surrounding tissue, but otherwise thcre is no
inflammatory rcaction. In lip cuts, the gum of the adjacenr
tooth is often also cut and sometimes the toorh is missing.
Occasionally thc ner cuts into the skin ar one localion and
comes Out aî another, removing a small semicircular flap of
skin in the process (Plare I-l).

The carcasses of harbour porpoises, known to have bcen
entangled in slatic monofilament nets, sometimes have no
visible skin lcsions from the net. Therefore the absence of
typical skin cuts in a cetacean carcass does not mean it was
not by-caught.

In multifilament nets, that have meshes made of thicker
multifilament line, one may expect that any cuts in thc skin
are wider and shallower.

The examination of the skin for the above-mentioned lesions
becomes more difficult the longer the cetacean has been



dead, because of peeling of the skin and other autolytic
changes. In addition, one must be careful not to confuse skin
cuts caused by a fishing net with damage to the skin after
death, due to for example scavenging animals, abrasion
against rocks and sand, and handling of the carcass. For
example, the substrate (fishing net, mat, plastic bag) on

which a catacean carcass is laid may produce impressions in
the skin that closely resemble net marks.

2. Encircling lesíons around beak, head, fn, or fluke

When a cetacean puts its beak or - if the mesh size is

adequate - its head through the mesh of a fishing net, this
wiìl cause an encircling lesion where the beak or head

becomes entrapped (Plate II-l and ll-2). Depending on the

applied pressure and the thickness of the line, the skin lesion

may vary from a barely detectable impression to an incision
wound. There may be haemonhage in the underlying tissue.

The location of the encircling lesion provides information
about the mesh size of the fishing net. Harbour porpoises,

by-caught in static monofilament nets, may have such lesions

around the head at the level of the eye. Wc have found

common dolphins, presumably caught in trawl or purse seine

nets, with encircling Iesions halfway along the length of the

beak.

Similar encircÌing lesions may be found around a fin or
fluke.

Finding such encircling lesions in a cetacean carcass

provides strong evidence it was by-caught, as it is unlikely
that they could have been caused in another way. Howcver,
as mentioned above for typical skin cuts, their absence in no

way means that by-catch did not occur.

B. BRUISES

A bruise is haemorrhage in the subcutaneous tissue -

between the blubber layer and the muscle - and is a result of
rupture of blood vessels due to trauma. During by-catch

bruises may occur when the cetacean is trapped under water

or when it is being hauled up onto the fìshing vessel.

Usually they are fbund under the lower jaw (Plate III-I),
around the blow-hole, and around the insenion of the

pcctoral fins, but they may also develop in oiher parts of the

body. One must be careful to distinguish bruises, by their

swelling and larger size, from postmortem seepage of blood
into the subcutaneous tissue.

Bruising may be caused by any kind of trauma, for example

due to predation, collision with a vessel, or dystocia, and ìs

ccrtainly not specific for by-catch, Furthermorc, not all by-

4'l

caught cetaceans have bruising.

C. SKULL FRACTURES

Skull fractures have been found both in harbour porpoises

oaught in static monofilament nets, and in common dolphins,

presumably caught in trawl or purse seine nets. Possibly

these fractures occur due to trauma when the fishing net is

being hauled aboard or when the cetacean is dropped on

deck. Ha€morrhage in the sunounding tissue indicates that

the trauma occuned before or around the time of death. If
there is no surrounding haemorrhage, the fracture occurred

after death, for example during transpon of the carcass

As for bruises, other causes of trauma may also cause skull

fractures and only few by-caught cetaceans have fractured

skulls.

III. CRITERJA ASSOCIATED WITH LACK OF

OXYGEN (HYPOXIA)

When humans and other terestrial mammals drown' they

usuaìÌy inhale a considerable amount of water, which can be

fbund in the respiratory tract at necropsy. We have rarely

found sea water in the airways of cetacean carcasses that

were known to have been by-caught and in microscopical

sections of the lungs of these animals, we have rarely found

diatoms or other particles indicating sea water had been

inhaled. For the time being we therefore assume that

cetaceans keep their larynx closed and do not inhale water

when they are held under water too long, and that the

presence of sea water in the airways cannot be used as a

criterion in the diagnosis of by-catch. However, research

specifically directed at this question is needed to resolve it
with more certainty.

A. OEDEMATOUS LUNGS

Most by-caught cetaceans have oedematous lungs (Plate III-
2): they are heavy, voluminous, and form pits after pressure

has been applied. Microscopically the alveoli are filled with

oedema fluid, in which there are eryth.rocytes and gas

bubbles. This oedema probably occurs due to hypoxia, which

causes loss of membrane integrity in the lung tissue, so that

proteinaceous fluid mixed with erythrocytes leak into the

alveoli (Davis and Bowerman 1990).

Pulmonary oedema is not specific for by-catch, as it may

occur as a result of various diseases, for example

cardiomyopathy.
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B. PERSISTENT FROTH IN THE AIRWAYS

Most by-caught cetaceans have a fine, persistent, white-
yellow, blood-tinged froth in the trachea and bronchi (Plare
III-2). Sometimes it is also present in the blow-hole. It may
still be present after the carcass has b€en frozen, but
disappears as postmortem autolysis advances. In humans,
this froth develops as a result of yiolent respiratory
movements, that whip the proteinaceous fluid in the airways
- a result of the pulmonary oedema - into a tenacious faam
(Polson et al. 1985). It is not known whether the froth in
celaceans is produced by similar respiratory movemenr.s.
albeit with a closed pharynx, or by another process.

As for pulmonary oedema, this lesion is not specific for by-
catch.

C. BULLOUS EMPHYSEMA IN THE LUNGS

Bullous emphysema in the lungs is the presence of large
cavities filled with air in the lung parenchyma. In drowning
humans, these bullae may develop due to forced expiration
against a closed airway, Ieading to rupture of alveolar walls
and interlobular septa (Camps and Cameron l97la).

This lesion is rarely observed in by-caught cetac€ans, but if
present, is consistent with by-catch. However, it may also be
found in other diseases in which the airways are blocked.
such as bronchitis.

D. EPICARDIAL AND PLEURAL PETECHIAE

These petechiae are a manifestation of ruptured capillaries.
In human srangulation, such petechiae may occur where the
effective capillary pressure is raised by increased negative
pressure in the chest from inspiratory effons made in an
attempt to overcome the obstruction to the air passages
(Camps and Cameron l97lb). A similar pathophysiological
process may occur rn by-caught c€taceans, which probably
keep their upper respiratory tract closed when trapped under
water.

Epicardial and pleural petechiae are occasionally found in
by-caught cetaceans, but are rapidly masked by postmortem
autolysis. Their presence is consistent with the diagnosis of
by-catch. However, they may occur whenever there has been
any respiratory effort prior to death (Camps and Cameron
l97lb), and in a number of other situations. for examole
septicaemia and certain poisonings.

IV. CRITERIA ASSOCIATED WITH DAMAGE
DURING RELEASE FROM NET

If a live cetacean is brought up in a net, most fìshermen will
attempt to release it alive. However, if it is dead, it will
usually be disentangled from the net and discarded at sea.

The following criteria relate to damage caused to the dead

cetacean by fishermen during this process (Plate IV-l and

IV-2). Similar if not ìdentical damage can bc caused by
people who find a cetacean carcass floating at sea or on the
beach. They may make cuts in the carcass or cut pieces from
the carcass for various reasons, lbr example out of curiosity,
to obtain a souvenir, or to obtain a sample for scientific
analysis. Ropes may be tied around tail stocks to move the
carcass. Thereforc one must be able to exclude these
possibilities, before associating such damage with release
from fishing nets.

A, AMPUTATED FIN. FLUKE OR TAIL

To make it easier to release a cetacean carcass from a
fishing net, a fisherman may cut off a dorsal or pectoral fin,
a taii fluke, the tail, or part of these structures. Such knife
cuts are fairly straight and have no inflammatory response
around them, having been caused after death.

B. PENETRATINC INCISION INTO THORACIC AND/OR
ABDOMINAL CAVITY

In an attempt to make the carcass sink, a long cut may be
made into the thoracic cavity, abdominal cavity, or both.
Again, such cuts have straight edges and no inflammatory
response around thgm.

C. ROPE AROUND TAIL STOCK

If a cetacean ìs entangled in a relatively fragile net, such as

a monofilament net, it may not b€ possible to haul the net up
onto the fishing vessel without breaking it. In such cases, a
thick rope may be tied to the carcass, usually around the tail
stock where the flukes are attached, to haul it up together
with the net (Plate IV-2). Once the carcass has been
disentangled, it may be released into the sea by curring the
rope off above the knot. In this case the carcass may be
found with this rope still attached.

D. GAFF MARKS

Gaffs may be used to manoeuvre a cetacean carcass
entangled in a net aboard, and cause deep stab marks
anywhere in the trunk of the c€tacean.
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