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CEREBRAL AND CEREBELLAR INVOLVEMENT OF TREMATODE
PARASITES IN DOLPHINS AND THEIR POSSIBLE ROLE
IN STRANDING

SAM H. RIDGWAY, Marine Bioscience Division, Ocean Sciences Department, Naval Undersea
Center, San Diego, California 92132

and
MURRAY D. DAILEY, Biology Department, California State College, Long Beach, California

Abstract: Seven dolphins (Delphinus sp.) that were found stranded near Point Mugu,
California between 1966 and 1970 were given complete necropsy examinations. In
all seven cases a similar pathological picture was observed. The findings included
adult trematodes in the bile and pancreatic ducts, severe liver damage, and massive
brain necrosis due to the presence of numerous trematode ova in the brain tissue. We
suggest that the stranding and subsequent death of all seven animals resulted from

this disease.

INTRODUCTION

From time to time various cetaceans
are found on beaches in most parts of
the world. A single individual is more
frequently encountered but at times there
may be a large group. Such cetaceans
are generally termed stranded animals.
Often the specimen is found alive and
well-meaning individuals will sometimes
exert considerable personal energy in
towing the beast out to sea, only to have
it come back on shore again.

Aristotle' about 2,300 years ago appar-
ently observed that dolphins were air-
breathing mammals quite different from
the fish of the sea. In addition, he was
probably the first to publish a report on
stranding: “It is not known why they
sometimes run aground on the sea shore;
for it is asserted that this happens rather
frequently when the fancy takes them
and without any apparent reason.” Even
today strandings have still not been ex-
plained to everyone’s satisfaction. A com-
plete review of the literature on the

stranding phenomenon is beyond the
scope of this paper, but a few of the
more recent theories and findings should
be mentioned.

At the First International Symposium
on Cetacean Research in 1963*, Dudok
Van Heel' advanced a theory that strand-
ings are the result of the animal having
its echolocation system fail because of
the acoustic conditions near a sloping,
sandy beach. He suggested that sloping,
sandy beaches would reflect echoes less
efficiently than rocky shoreline. Thus the
animals blunder onto the beach because
they do not know where the shore is.
Backus and Schevill (quoted by Norris')
questioned the acoustic basis of Dudok
Van Heel’s theory.

Breland and Breland*** advanced a
more comprehensive theory that took
into consideration the idea that cetaceans
evolved from land-dwelling mammals.
The ancestors of the Cetacea probably
lived along the shore, and at first might
well have retreated to the beach if danger

*Held in Washington, D.C., and sponsored by the American Institute of Biological Sciences and

The United States Office of Naval Research.

**This theory was first advanced by Keller Breland and F. G. Wood at a Symposium held at the

University of Florida in 1961.

This paper was presented at the Conference of the International Association of Aquatic Animal
Medicine, University of Guelph, Guelph, Ontario, Canada, April 29-30, 1971.
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threatened from the sea. Thus if an ani-
mal or animals were badly frightened or
perhaps ill, they might have fled to what
was for their ancestors a safe retreat.

Wood (quoted in Norris'') mentioned
several cases of stranded animals that he
had observed. He pointed out that the
animals almost invariably came back to
shore and refused to accept freedom
when they were pushed back into the
water. When the animals were put into
tanks after stranding they thrashed
against the wall as if trying to get out
of the water.

Disease is also thought to play a part,
especially when lone individuals are
found stranded. Fraser, quoted in Norris,"
pointed out that the pterygoid sinuses of
cetaceans are frequently infested with
nematodes and that their skulls very often
show evidence of inflammation and ab-
scesses. He suggested that as a result of

the isolation of the essential organs of
hearing the animal might lose its sense of
direction and run aground. Reysenbach
De Haan'" and Caldwell and Caldwell®
alsc mention parasites found in the middle
ear cavities of singly stranded cetaceans.

Ridgway (quoted in Norris'') reported
finding a stranded Pacific common dol-
phin, Delphinus bairdi and upon exami-
nation of the brain found large necrotic
areas containing unidentified ova. This
case, including histopathology, was more
fully reported by Ridgway and Johnston."
Norris'' found about half a handful of
flukes around the spinal cord at the
foramen magnum of a stranded pilot
whale.

MATERIALS AND METHODS

Between August 1966 and late July
1970 we collected seven common dol-
phins (Fig. 1) that came to the Los

FIGURE 1.

Stranded Delphinus sp. at Oxnard, California.
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the animal swam back and forth just
outside the zone of breaking surf. Finally
it got into the breakers, and a large wave
simply rolled the animal on shore much
as a log or piece of driftwood would
come in. One of these dolphins survived
overnight in captivity and the other sur-
vived for 2 days. In both of these cases
the animals swam aimlessly and were
rolled on shore. They did not appear to
swim actively ashore and they were not
left high and dry by an outgoing tide as
the word stranding suggests. The term
“cast ashore™” as sometimes employed by
Fraser,""" and by Nishiwaki' is probably
more appropriate to these strandings.

There are three additional cases of
direct observation of strandings of cap-
tive or domesticated cetaceans. In 1966
a large, old, male Pacific bottlenose dol-
phin (Tursiops gilli) that had been in
captivity in land based pools at Point
Mugu for about 9 months was released
in Mugu Lagoon. The Lagoon is a natural
stretch of ocean water over a mile long
and several hundred yards wide that
opens to the Pacific Ocean through a
narrow inlet. The second day after the
dolphin was released it was found stuck
in a shallow mud flat at one end of the
lagoon in water 25 cm deep. It was pulled
free and turned into deep water where it
remained for another 24 hours, after
which it beached itself on fairly rocky
shore adjacent to the pools from which
it had been taken. The dolphin was then
transported back to one of the pools.
The second event involved a highly train-
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ed female Pacific white-striped dolphin.
It had been captured in 1964 about 5
miles off Point Mugu. In 1968 and carly
1969 it was being trained for diving
experiments that required it to be com-
pletely free in the open ocean. During
one of the training sesions, about half a
mile off shore, it abruptly left the train-
er's boat and very rapidly swam for shore
and somewhat to the trainer’s amazement
swam right up to the beach. The trainer
radioed the Marine Bioscience Facility
and a truck was dispatched to retrieve
the dolphin from the beach. She was
simply dusted off and put in a pool.
Subsequent examination and blood tests
indicated that she was in normal health.
The only explanation that the trainer
could give was that he had seen some
migrating gray whales nearby and he
thought that perhaps his dolphin had
been frightened by one of them.’

The third instance occurred in a fenced
lagoon where dolphins and small whales
are kept for an oceanarium show. A pilot
whale was given a sedative injection and
it later beached itself on a small sand
beach at one end of the lagoon enclosure
(D. Kenney, Personal comm., 1965).

All of the stranded dolphins that we
found were examined by necropsy as
soon as possible after death save two
which were omitted from our list (Table
1) because neither brain lesions nor
trematodes were demonstrated. One ani-
mal was found after it had apparently
been on the beach for at least several
weeks. The other was found dead on the

TABLE 1. Dolphins that were stranded near Point Mugu and given complete necropsy.
Date stranded Sex Length Weight Remarks
Case no. 1 8 August 1966 d 213cm  90kg Died on beach
Case no. 2 12 April 1967 d 194cm  76kg Died on beach
Case no. 3 1 August 1967 d 162cm  40kg Died on beach
Case no. 4 26 July 1969 4 210cm  85kg Lived 36 hours in tank
Case no. § 5 March 1970 d 229cm 105kg Died on beach
Case no. 6 20 April 1970 d 191cm  77kg Lived 24 hours in tank
Case no. 7 10 July 1970 d 196cm  67kg Lived about 10 hours
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beach and stored in a freezer for about 6
months prior to examination. Autolysis
was too advanced for an adequate exam-
ination of the brain. In neither of these
cases could the presence of trematodes
or ova be confirmed or denied. The post
mortem results were similar in the re-
maining seven of Delphinus sp. cases
(Table 1). There was a generalized
jaundiced appearance that was especially
apparent in cases 1, 4, 6, and 7. On gross
examination the liver appeared congested
and slightly swollen. Liver section reveal-
ed moderate to severe fibrosis surround-
ing the bile ducts. Adult flukes were
found in the bile ducts of case 1 and in
both the bile and pancreatic ducts of
cases 4 through 7. In cases 2 and 3 the
adult flukes were either absent at the
time or necropsy or overlooked.

Adult flukes from the liver and pan-
creatic ducts were identified as Campula

rochebruni. Ova from the brain and ova
within the adult flukes were found to be
identical.

The mesenteric lymph nodes in the
region of the pancreas and liver showed
a mottled or peppered appearance with
black dots and splotches apparent over
their surface. Slicing the nodes revealed
these same black spots throughout. On
one occasion similar black spots were
also seen in thoracic lymph nodes.

In some cases large dark areas (Fig. 2)
were apparent on the surface of the
cerebrum and/or cerebellum. Slicing the
brain into 1 cm sections revealed numer-
out dark areas ranging in diameter from
0.1-0.4 cm. Lesions were most numerous
in the cerebellum and in the posterior
half of the cerebral hemisphere. No
lesions were found in the anterior one-
third of the cerebrum.

FIGURE 2.

Gross view of a cerebral hemisphere of one of the common dolphins showing a

dark necrotic area containing numerous aggregations of ova.
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Histopathologic examination of sec-
tions of the cerebral and cerebellar lesions
revealed areas of focal necrosis showing
extensive liquefaction with numerous
polymorphonuclear leucocytes and large
foamy cells resembling macrophages.
Often there was focal hemorrhage and
perivascular lymphocytic and polymor-
phonuclear leucocytic infiltration in the
adjacent brain tissue. The most striking
finding in the necrotic areas was numer-
ous yellow to golden brown triangular-
shaped ova (Fig. 3). On the periphery
of the necrotic areas were numerous
hemosiderin-laden macrophages and Hor-
tega cells that appeared to be cleaning
up debris. There was gliosis and peri-
vascular cuffing by lymphocytes. Some of
the astrocytes were large with deep acido-
philic cytoplasm. Cholesterol clefts were
sometimes seen as a by-product of fatty
necrosis that resulted from the presence
of large numbers of ova (Fig. 4).

The livers had prominent portal fibro-
sis with large numbers of ova often found

FIGURE 3.

in the fibrotic areas. The fibrotic areas
also contained focal lymphacytic aggre-
gations. Biliary hyperplasia was very
prominent. Most of the remaining hepatic
parenchyma, however, was normal.

In the pancreas there was hyperplasia
of the pancreatic duct. Other pathologic
features included interlobular fibrosis,
limited inflammatory cell infiltration and
areas of lobular necrosis. Generally the
lesions involved no more than 25% of
the total gland and probably adequate
amounts of viable pancreatic parenchyma
remained.

The mesenteric lymph nodes near the
pancreas coalesced, forming a large mass.
The node capsules were thickened and
contained foci of pigment deposition
adjacent to cortical sinuses. This pigment
was also seen within macrophages and in
intercellular spaces. The pigment was
dark golden brown — apparently hemo-
siderin. This was the apparent cause of
the black dotted or peprered appearance

SE SR T
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Cva in the brain of a common dolphin with attendant fatty necrosis. (x 75).
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of the lymph nodes observed on gross
examination.

Case 8 was a 95kg female Lagenor-
hynchus obliquidens that was captured in
late December, 1968 along with four
other animals of the same species. This
particular animal adapted very rapidly
to taking food from the keeper’s hand. It
would also come to the side of the pool
and allow the attendant to stroke or rub
it. This behavior is not usually shown
until the dolphin has been in captivity
for several months. One day, about 2
weeks after capture, this dolphin sudden-
ly began showing signs of incoordination
and tended to list to one side. It died
during the night.

Necropsy revealed numerous necrotic
brain lesions with massive numbers of
ova scattered throughout the cerebrum
and cerebellum. In this case the ova were
round in cross-section rather than tri-
angular (Fig. 5). No trematodes have

been reported from this species of dol-
phin. Since the ova were round in cross-
section, it is suspected that they are from
the genus Zalophotrema, the only mem-
ter of the family Campulidae with ova
of this type.

In cases 4, 6, and 7, the animals
reached the Marine Bioscience Facility
alive. Blood was taken for hematology
and blood chemistry. The values are
presented in Table 2. In each of these
cases the plasma appeared icteric. The
plasma enzyme and bilirubin values for
the stranded dolphins are high compared
with values from three dolphins that were
sampled soon after capture at sea. The
elevated plasma values no doubt reflect
the liver lesions that were observed.
Hematology values were different only in
the differential analysis. Segmented neu-
trophils were increased in the stranded
animals and the other cells were decreas-
ed (Table 2).

FIGURE 4. Showing cholesterol clefts and ova in the brain of a common dolphin. (x 75).
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FIGURE 5. Section of the white-striped dolphin’s b-ain showing trematods ova that are round

in cross-section. (x 250).

TABLE 2. Blood chemistry values for normal and stranded common do!phins (Delphinus sp.)

OCT GPT GOT Bilirubin

Three normal dolphins
captured at sea S 94+60 184+46 0.3+0.2
Case #4 325 520 1600 43
Case #6 8G1 680 2280 4.8
Case #7 105 1120 1350 5.0
Hematology of Normal and Stranded Common Delphins
T o WBC P(EV ;VSeg 7 Stab Lymph VMono Eos Baso
Three normal dolphins
captured at sea 6.8+9 50%x3 63x5 2+1 25+4 4+1 5=*2 1
Case #4 6.3 48 85 — 14 1 — —
Case #6 6.9 S0 84 — 14 2 — —
Case #7 7.9 S1 90 — 9 1 — —
* Abbreviations:

OCT = ornithine carbamyl transferase Stab = Stab cells

GPT = glutamic pyruvic transaminase Lymph. = lymphocytes

GOT = glutamic oxalacetic trensaminase Mono. = monocytes

WBC = white blood cells Eos. = eosinophils

PCV = packed cell volume Baso. = basophils

Seg. — segmented cells
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Case 7 had extensive bite marks over
the trunk of the body and the tail (Fig.
6). Casual observers would probably
have concluded that this animal’s strand-
ing was the result of a shark attack.
However, when a blood sample was
drawn, the rapid sedimentation rate and

41

yellow color of the plasma gave a clue
that there were more important reasons.
Adult flukes were found in the bile and
pancreatic ducts as well as numerous
necrotic foci in the cerebrum and cere-

bellum.

. £
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FIGURE 6. Case 7, a common dolphin had been attacked by a large shark. The bite marks
were probably produced by a large mako (Isurus oxyrhynchus) since the lesions produced are
in accord with the shape and spacing of the mako’s teeth.

DISCUSSION

Woodward et al.** reported finding
trematode ova in areas of cerebral necro-
sis in an Amazon river dolphin (/nia
geoffrensis). This animal was unable to
swim and floated with its left side up. In
this case the adult flukes Hunterotrema
caballeroi were found in the major bronchi
of the lung. Again it was not clear how
the ova were transported to the brain.
Woodard et al.* suggest that the ova
could have been deposited in the brain
tissue by a wandering fluke or they could
have been deposited in the circulation at
some distant point (lung). Our studies
with microspheres of approximately the

same size as the ova indicate that if the
ova were placed in the blood stream
near the liver or pancreas they would end
up in the lungs rather than in the brain.
Ova deposited in a pulmonary vessel
would be in a better position to get into
the brain.

Wood et al.*' have noted that commer-
cial fishermen along the Florida coast
sometimes refer to porpoises and sharks
as the “dogs and cats of the sea”, and tell
of seeing battles between the two, with
blood staining the sea red. As Wood et
al.” suggest, many of these shark-porpoise
battles may have involved sick animals
such as our case 7.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



42

Journal of Wildlife Diseases Vol. 8, January, 1972

There appear to be four possible ex-
planations for the presence of ova in the
brain, but we do not have enough evi-
dence to prove any of these. First, the
migrating adult flukes could go into the
brain tissue, lay their eggs, and leave or
die and become absorbed. Despite careful
gress examination of the entire brain no
adult flukes have been found. Microscopic
examination of numerous affected areas
has failed to reveal any extensive tracts
like those produced by other parasites
migrating through the central nervous
system,"” although in some instances the
ova appear to be lined up as if deposited
by an adult fluke migrating through.
Second, the ova could somehow get into
the circulation after being shed by adults
in the liver or pancreas and could be
carried to the brain by the circulation, in
some way bypassing the lungs. The struc-
ture of the circulation is altered some-
what during diving." Dolphin’s lungs
collapse during deep diving.” Thus it
appears possible that circulatory changes
occurring during the rapid pressure
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