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Abstract: A recent rise in the reporting of diseases in marine organisms has raised concerns that ocean health is

deteriorating. The goal of this study was to determine whether or not there has been a recent deterioration in

marine mammal health by investigating the trends in disease reports over the past 40 years (categorized by the

method of study, the species affected, and the etiology of the disease) and by exploring the changes in frequency

of mass mortality events among marine mammals reported in the United States since 1978. The number of

papers on marine mammal disease published each year has increased since 1966, although the annual publi-

cation rate appears to have stabilized since �1992. Those published in the 1960s and 1970s were largely about

helminth and bacterial disease, those investigating viruses emerged in the late 1970s and increased in the 1980s

and 1990s, whereas protozoal diseases and harmful algal toxins were largely not reported until the 1990s. The

annual number of mass mortality events in the U.S. approximately doubled between 1980 and 1990 but since

2000 has been between seven and eight events per year. Causes of mass mortality events have included

biotoxins, viruses, bacteria, parasites, human interactions, oil spills, and changes in oceanographic conditions.

Events due to biotoxins appear to be increasing, but the change in the frequency of mass mortality events from

other causes over the past 40 years cannot be determined from the available published literature due to changes

in marine mammal abundance, inconsistencies in effort and extent of resources for pathological investigation,

and advances in technology that have allowed improved detection of pathogens and toxins in more recent

years. To ensure future information on the true incidence of marine diseases and their underlying causes is

more reliable, specific and directed marine health monitoring programs, well-equipped stranding networks,

and dedicated diagnostic laboratories are needed.
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INTRODUCTION

A recent rise in the reporting of diseases in marine

organisms has raised concerns among scientists, politicians,

managers, and the public that ocean health is deteriorating

(Epstein, 1996; Geraci et al., 1999; Harvell et al., 1999;

Gardner et al., 2003). Marine diseases, particularly those

that cause large-scale die-offs, can alter population distri-

bution and abundance, and cause major regime changes

within marine communities (Harvell et al., 2004; Kim et al.,

2005). Furthermore, threats to ocean health can directly
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and indirectly impact human health, and many emerging

diseases of wildlife are zoonotic (National Research

Council, 1999; Knap et al., 2002; Knowlton, 2004; Cunn-

ingham, 2005). However, whether the increase in reports

represents a real and widespread degeneration in the health

of marine life is unclear (Harvell et al., 1999; Lafferty et al.,

2004; Ward and Lafferty, 2004). The lack of information on

the true incidence of marine mammal diseases (i.e., the rate

at which new cases of the disease are occurring during a

specified period) and their underlying causes are largely

due to the lack of specific and directed marine health

monitoring (Harvell et al., 2002; Kim et al., 2005). This is

probably a consequence of the historical focus on domestic

animal health rather than wildlife disease, and the emphasis

on farm animal economy rather than conservation.

Marine mammals are particularly difficult marine

organisms to study due to their aquatic, often pelagic, and

non-sedentary life styles, long generation times, large body

size and protected status. However, when marine mammals

do wash ashore (strand) sick or dying, they command

considerable attention and concern. There is, thus, an

interest from the public, as well as from scientists and

managers, to determine the state of marine mammal health

and to identify the anthropogenic influences (such as

exposure to pollutants and terrestrial pathogens, increased

ocean noise and boat harassment) on the well-being of

these animals. The stranding of beaked whales in associa-

tion with navy exercises has raised awareness of direct ef-

fects of human activities on marine mammal health

(Fernández et al., 2004; Cox et al., 2006). Indirect effects are

less obvious, but there is no doubt that overt morbidity and

mortality among marine mammals have resulted from

terrestrial pathogens spreading to the ocean, as well as from

harmful algal blooms and epidemics of virulent viruses and

bacteria (Geraci et al., 1999; Miller et al., 2002). Although

the role of anthropogenic factors and climate change in

these die-offs is uncertain, there is a compelling body of

evidence indicating that persistent organic pollutants can

affect marine mammal immunity (DeSwart et al., 1994;

Ross et al., 1995; Hammond et al., 2005) and the exposure

of individuals to these compounds may have played a role

in some viral mass mortality events (Hall et al., 1992; Ag-

uilar and Borrell, 1994). Furthermore pathogens of terres-

trial origin, such as Toxoplasma gondii and antibiotic-

resistant bacteria are causing disease in marine mammals,

and appear to originate in fresh water run-off (Miller et al.,

2002; Stoddard et al., 2005). Thus anthropogenic effects on

the ocean may be adversely impacting marine mammal

health, causing an increase in disease outbreaks and dete-

rioration in health.

Direct data on conventional indices used to quantify

health in humans and domestic animals (hematology,

serum biochemistry, and immune function markers) are

relatively sparse for marine mammals, and there are

insufficient published data over several decades to assess

changes in health using these reports. Instead, we use

frequency of disease outbreaks as indicators of health

status. Data were used from two sources. Firstly, we

investigate the trends in disease reports published in the

scientific literature over the past 40 years, categorized by

the method of study, the species affected, and the type of

organism or toxin involved; secondly, we explore the

changes in frequency of mass mortality events among

marine mammals reported both in the United States

(U.S.) since 1978, and worldwide. Data on mass marine

mammal mortality events in the U.S. are considered

separately not because this country is representative of the

global condition, but it has a very long coastline, a wide

variety of well-studied Atlantic and Pacific marine mam-

mal species, and, under the auspices of the Marine

Mammal Protection Act, has a formal and structured

response to mass marine mammal mortality events, which

means that effort at reporting these larger events has been

relatively consistent since 1978.

METHODS

Papers on Disease Published in Peer Reviewed

Journals

To investigate and assess the trends in marine mammal

disease, we reviewed 772 papers published in peer reviewed

journals since 1966. Databases searched included PubMed,

Medline, CAB abstracts, Google scholar, and ISI Web of

Knowledge; search terms included marine mammal, pin-

niped, cetacean, disease, health, virus, bacteria, toxin, par-

asite, epidemic. A list of the papers (with their abstracts)

included can be found at http://www.smru.st-and.ac.uk.

Papers were categorized by both authors according to

disease agent investigated, method used to investigate dis-

ease in marine mammals, and by species affected. Papers

described diseases in individual marine mammals, as well as

mass mortality events. Papers were published 1–5 years

after a disease was identified, so these data reflect trends in

disease reporting over time and not the absolute changes in

the true dates that each disease was identified.
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Mass Mortality Events

Reports of mass mortality events worldwide were obtained

from the published literature, and reports of unusual

mortality events in the United States were also obtained

from the administrative records of the National Marine

Fisheries Service (NMFS) Marine Mammal Health and

Stranding Program (Silver Spring, Maryland, U.S.). These

records result from stranding network members detecting

sick or dead marine mammals on the beach and submitting

data on each animal (including date, species, length, age

class, sex, and location) to the regional stranding coordi-

nators of the NMFS. In the U.S., large mortality events

involving marine mammals are referred to in two different

ways. A stranding event, in which animals usually beach

alive, involving more than two marine mammals (other

than mother–calf pairs) are defined as ‘‘mass strandings’’

(Geraci et al., 1999). These mass strandings are most

common on the eastern coastline, typically involve

odontocetes, and the cause is generally not identified

(Geraci et al., 1999). Other mass mortalities are referred to

as ‘‘unusual’’ mortality events as unusually large numbers

of animals die. Furthermore, in an effort to improve re-

sponse and investigation of these unusual mortality events,

a formal federal designation of ‘‘Unusual Mortality Event’’

(UME), also exists, the definition being applied to an

unusual event following the vote of a federally appointed

group of experts that use seven criteria upon which to base

their decisions. These criteria include: (1) a marked in-

crease in the magnitude or a marked change in the nature

of morbidity, mortality, or strandings when compared with

prior records; (2) a temporal change in morbidity, mor-

tality, or strandings is occurring; (3) a spatial change in

morbidity, mortality, or strandings is occurring; (4) the

species, age, or sex composition of the affected animals is

different than that of animals that are normally affected; (5)

affected animals exhibit similar or unusual pathologic

findings, behavior patterns, clinical signs, or general phys-

ical condition (e.g., blubber thickness); (6) potentially

significant morbidity, mortality, or stranding is observed in

species, stocks, or populations that are particularly vul-

nerable (e.g., listed as depleted, threatened, or endangered

or declining); (7) morbidity is observed concurrent with or

as part of an unexplained continual decline of a marine

mammal population, stock, or species. Since 1978, the

administrative record of unusual mortality events has been

relatively consistent, although the formal designation of the

term ‘‘unusual’’ has varied. Thus, for this article, we

examine all records of unusual mortality events, to mini-

mize the effect of changes in nomenclature on our ability to

detect changes in frequency of disease outbreaks. Mass

strandings are not considered here, as these typically have

not been determined to result from disease outbreaks

(Geraci et al., 1999).

RESULTS

Papers on Disease Published in Peer Reviewed

Journals

The number of papers on marine mammal disease pub-

lished in the scientific literature each year has increased

(Fig. 1), although the annual publication rate appears to

have stabilized since �1992. In an attempt to determine

any trends in the etiologies of marine mammal disease, we

categorized the published studies by the agents for the

disease being investigated (viral, bacterial, helminth, fungal,

protozoal, and harmful algal toxins). The trend in the

different disease agents studied (as a proportion of the total

number reviewed, by 3-year categories) is shown in Fig-

ure 2a and b. Those papers published in the 1960s and

Figure 1. Number of papers on disease in

marine mammals published in peer reviewed

journals, 1960–2006. Note: 2006 includes papers

to July only.
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1970s were largely about helminths and bacterial disease;

those investigating viruses emerged in the late 1970s and

increased in the 1980s and 1990s. Fungal disease, particu-

larly lobomycosis in dolphins, seems to have been partic-

ularly studied in the late 1970s and early 1980s, whereas

protozoal diseases and the effects of harmful algal toxins on

marine mammals were largely not reported until the 1990s

(Fig. 2b). Although the studies must be interpreted in the

light of the type of investigation and may, to some extent,

be biased by any delay in publication, they appear to reflect

our increased ability to detect and identify more fastidious

pathogens, such as small bacteria, protozoa, and algal

toxins in more recent years. As novel laboratory techniques

have been introduced, the number of publications on the

agents that the techniques can detect increased. For

example, the introduction of polymerase chain reaction

(PCR) as a routine diagnostic tool for detecting viruses in

the late 1980s was associated with an increase in reports of

virus infections in marine mammals, and use of high per-

formance liquid chromatography for the detection of bio-

toxins was not common until the 1990s.

The scientific approaches used to study the occurrence

of disease have also changed over time. Most studies are

investigations on individuals and 12% of the publications

were case studies, reporting disease on one animal. Few

studies have included sufficient individuals to be able to

make inferences about impacts of disease at the population

level, with the exception of the effect of mass mortalities.

Figure 3a and b shows how the proportion of each sam-

pling method reported (of the total number of papers) has

changed since 1966. The number of studies using harvested

and captive animals has steadily declined (Fig 3a). Studies

where only animals by-caught in fishing nets were included

are not seen until the late 1990s, but studies on stranded

animals will include by-caught animals as well as those

found washed ashore. Studies on stranded animals have

increased, and constitute approximately 57% of the papers

reviewed (Fig. 3b). Studies from live stranded and reha-

bilitated marine mammals have also increased, with few

studies on these animals prior to 1985. Papers on mass

mortalities, compared with studies on individually stranded

animals, peaked in the early 1990s. This peak reflects re-

ports from the high profile morbillivirus outbreaks in the

U.S. and Europe in the late 1980s. A second peak occurs in

the 2005–present year group, largely as a result of publi-

cations on the 2002 European phocine distemper virus

(PDV) outbreak.

The vast majority of published studies have been

carried out on the harbor seal (Phoca vitulina), with the

bottlenose dolphin (Tursiops truncatus) the most com-

monly studied cetacean. This probably reflects the rela-

tive abundance and near-shore distribution of these two

species and the fact that bottlenose dolphins have often

been kept in captive display facilities where case studies

(particularly on lobomycosis) have been carried out.

Harbor seals have also been subject to mass mortalities

in recent years and harbor porpoises (Phocoena phocoe-

na), which also feature high on the list, are often

stranded or by-caught. Interestingly, the distribution is

about equal between seals and cetaceans, but it is clear

that almost nothing has been reported about diseases in

some species.

Temporal and Spatial Trends in Unusual Mortality

Events

The total number of unusual mortality events reported over

time in the U.S. is shown in Figure 4a. The annual number

of events approximately doubled between 1980 and 1990

but, since 2000, it has remained at between seven and eight

events per year. Causes of mortality events have included

biotoxins, viruses, bacteria, parasites, human interactions,

oil spills, and changes in oceanographic conditions

Figure 2. Proportion of the total number of papers by 3-year

categories, relating to (a) viral, bacterial, or helminth disease; (b)

fungal, protozoal disease, or harmful algal blooms.
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(Fig. 4b). Prior to 1996, when a manatee die-off was caused

by brevetoxin, only five mass mortality events were asso-

ciated with exposure to biotoxins from harmful algal

blooms. Since then, 12 of 31 events in the U.S. have been

associated with exposure to biotoxins (Fig 4c), and events

caused by domoic acid on the West coast of the U.S. and

brevetoxin on the East coast are increasing in frequency.

This reflects a true increase in the frequency of harmful

algal blooms around the U.S., especially over the last decade

(Van Dolah, 2000).

Frequency of unusual mortality events from other

causes has not obviously changed in recent years. Inter-

estingly, influenza virus was the cause of two mortality

events in 1979 and 1982, but in more recent years, influ-

enza epidemics in seals have not been detected and

morbillivirus epidemics have been the more common

causes of virus-associated mass mortality events.

Some other types of mortality events, such as those

along the California coast associated with El Niño and

leptospirosis, also occur at regular intervals. Mortality

events in the U.S. have been most frequent in Florida and

California, and have been most frequently reported in

bottlenose dolphins, California sea lions (Zalophus califor-

nianus), and manatees (Trichechus manatus latirostris).

Figure 4. Marine mammal unusual mortality events in the U.S.

(data from National Marine Fisheries Service database as listed in

Table 1) by 2-year categories in (a) total number of marine mammal

mortality events in the U.S. by year; (b) by identified causes, 1978–

2005 (HAB = harmful algal blooms; other = human interaction, oil

spills, and changes in oceanographic conditions); (c) in different taxa,

1978–2005.

Figure 3. Proportion of the total number of papers by 3-year

categories, using (a) by-caught, harvested, captive, or wild captured;

(b) individual strandings and mass mortalities; (c) rehabilitated

marine mammals to study the occurrence of disease.
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iñ

o
G

re
ig

et
al

.,
20

05

19
99

H
ar

b
o

r
p

o
rp

o
is

es
P

h
oc

oe
n

a
ph

oc
oe

n
a

(2
16

)
M

ai
n

e,
M

as
sa

ch
u

se
tt

s,

M
ar

yl
an

d
,

V
ir

gi
n

ia
,

N
o

rt
h

C
ar

o
li

n
a,

U
.S

.

O
ce

an
o

gr
ap

h
ic

fa
ct

o
rs

su
gg

es
te

d

[H
o

h
n

,
p

er
so

n
al

co
m

m
u

n
ic

at
io

n
]

M
ar

in
e

M
am

m
al

C
o

m
m

is
si

o
n

,

A
n

n
u

al
R

ep
o

rt
to

C
o

n
gr

es
s

20
00

C
as

p
ia

n
se

al
s

P
h

oc
a

ca
sp

ic
a

(1
0,

00
0)

C
as

p
ia

n
Se

a
C

an
in

e
d

is
te

m
p

er
vi

ru
s

(C
D

V
)

K
en

n
ed

y
et

al
.,

20
00

20
00

B
ea

ke
d

w
h

al
es

B
ah

am
as

A
n

th
ro

p
o

ge
n

ic
so

u
n

d
E

va
n

s
an

d
E

n
gl

an
d

,
20

01

20
00

Se
a

o
tt

er
s

E
n

h
yd

ra
lu

tr
is

(1
00

)
(C

o
rd

o
va

)
A

la
sk

a,
U

.S
.

P
ar

as
it

es
in

ge
st

ed
at

a
fi

sh
p

ro
ce

ss
in

g

p
la

n
t

w
it

h
d

is
ca

rd
ed

w
as

te

M
in

u
te

s
o

f
U

M
E

W
o

rk
in

g
G

ro
u

p
m

ee
ti

n
g

20
01

19
99

–
20

00
B

o
tt

le
n

o
se

d
o

lp
h

in
s

T
u

rs
io

ps
tr

u
n

ca
tu

s
(1

15
)

F
lo

ri
d

a
(P

an
h

an
d

le
),

U
.S

.
B

re
ve

to
xi

n
M

as
e

et
al

.,
20

00

19
99

–
20

01
G

ra
y

w
h

al
es

E
sc

h
ri

ch
ti

u
s

ro
bu

st
u

s
(6

51
)

C
al

if
o

rn
ia

,
O

re
go

n
,

W
as

h
in

gt
o

n
,

A
la

sk
a,

U
.S

.;
C

an
ad

a;
M

ex
ic

o

U
n

kn
o

w
n

.
St

ar
va

ti
o

n
in

vo
lv

ed
G

u
ll

an
d

et
al

.,
20

05
;

M
o

o
re

et
al

.,
20

01

20
00

C
al

if
o

rn
ia

se
a

li
o

n
s

Z
al

op
h

u
s

ca
li

fo
rn

ia
n

u
s

(1
78

)
C

al
if

o
rn

ia
,

U
.S

.
L

ep
to

sp
ir

o
si

s
G

re
ig

et
al

.,
20

05

20
00

C
al

if
o

rn
ia

se
a

li
o

n
s

Z
al

op
h

u
s

ca
li

fo
rn

ia
n

u
s

(1
84

)
C

al
if

o
rn

ia
,

U
.S

.
D

o
m

o
ic

ac
id

G
u

ll
an

d
et

al
.,

20
02

20
00

H
ar

b
o

r
se

al
s

P
h

oc
a

vi
tu

li
n

a
(2

6)
C

al
if

o
rn

ia
,

U
.S

.
U

n
kn

o
w

n
.

V
ir

al
p

n
eu

m
o

n
ia

su
sp

ec
te

d
M

in
u

te
s

o
f

th
e

U
M

E

W
o

rk
in

g
G

ro
u

p

m
ee

ti
n

g
20

01
,

N
M

F
S

142 Frances M. D. Gulland and Ailsa J. Hall



T
ab

le
1.

C
o

n
ti

n
u

ed

Y
ea

r
Sp

ec
ie

s
an

d
n

o
.

af
fe

ct
ed

L
o

ca
ti

o
n

C
au

se
an

d
co

m
m

en
ts

R
ef

er
en

ce
s

20
01

B
o

tt
le

n
o

se
d

o
lp

h
in

s
T

u
rs

io
ps

tr
u

n
ca

tu
s

(3
5)

F
lo

ri
d

a
(I

n
d

ia
n

R
iv

er

L
ag

o
o

n
),

U
.S

.

U
n

kn
o

w
n

.

Sa
xi

to
xi

n
p

re
se

n
t

in
p

u
ff

er
fi

sh

B
ar

ro
s,

20
01

[u
n

p
u

b
li

sh
ed

];

L
ei

gh
fi

el
d

,
20

02
[u

n
p

u
b

li
sh

ed
]

20
01

H
ar

p
se

al
s

P
h

oc
a

gr
oe

n
la

n
d

ic
a

(4
53

)
M

ai
n

e,
M

as
sa

ch
u

se
tt

s,
U

.S
.

U
n

kn
o

w
n

H
ar

ri
s

et
al

.,
20

02

20
01

H
aw

ai
ia

n
m

o
n

k
se

al
s

M
on

ac
h

u
s

sc
h

au
in

sl
an

d
i

(1
1)

H
aw

ai
i

(N
o

rt
h

w
es

t

H
aw

ai
ia

n
Is

la
n

d
s)

,
U

.S
.

M
al

n
u

tr
it

io
n

A
n

to
n

el
is

et
al

.,
20

01

20
02

H
ar

b
o

r
se

al
s

P
h

oc
a

vi
tu

li
n

a
(�

25
,0

00
)

N
o

rt
h

er
n

E
u

ro
p

e;
U

.K
.

P
h

o
ci

n
e

d
is

te
m

p
er

vi
ru

s
Je

n
se

n
et

al
.,

20
02

20
02

M
u

lt
is

p
ec

ie
s(

C
o

m
m

o
n

d
o

lp
h

in
s

D
el

ph
in

u
s

d
el

ph
is

;

C
al

if
o

rn
ia

se
a

li
o

n
s

Z
al

op
h

u
s

ca
li

fo
rn

ia
n

u
s;

se
a

o
tt

er
s

E
n

h
yd

ra
lu

tr
is

;
�

50
0)

C
al

if
o

rn
ia

,
U

.S
.

D
o

m
o

ic
ac

id
M

az
et

et
al

.,
20

05

20
02

H
o

o
ke

r’
s

se
a

li
o

n
P

h
oc

ar
ct

os
h

oo
ke

ri
N

ew
Z

ea
la

n
d

K
le

bs
ie

ll
a

pn
eu

m
on

ia
e

D
u

ig
n

an
et

al
.,

20
03

20
02

B
ea

ke
d

w
h

al
es

(1
4)

C
an

ar
y

Is
la

n
d

s,
Sp

ai
n

G
as

em
b

o
li

sm
,

so
n

ar
Je

p
so

n
et

al
.,

20
03

;
F

er
n

án
d

ez
et

al
.,

20
04

20
02

F
lo

ri
d

a
m

an
at

ee
s

T
ri

ch
ec

h
u

s
m

an
at

u
s

la
ti

ro
st

ri
s

(3
4)

F
lo

ri
d

a
(W

es
t

co
as

t)
,

U
.S

.
B

re
ve

to
xi

n
F

le
w

el
li

n
g

et
al

.,
20

05

20
03

M
u

lt
is

p
ec

ie
s(

C
o

m
m

o
n

d
o

lp
h

in
s

D
el

ph
in

u
s

d
el

ph
is

;

C
al

if
o

rn
ia

se
a

li
o

n
s

Z
al

op
h

u
s

ca
li

fo
rn

ia
n

u
s;

se
a

o
tt

er
s

E
n

h
yd

ra
lu

tr
is

;
�

50
0)

C
al

if
o

rn
ia

,
U

.S
.

D
o

m
o

ic
ac

id
M

in
u

te
s

o
f

th
e

U
M

W
E

W
o

rk
in

g

G
ro

u
p

an
n

u
al

m
ee

ti
n

g
20

04

20
03

Se
a

o
tt

er
s

E
n

h
yd

ra
lu

tr
is

(6
9)

C
al

if
o

rn
ia

,
U

.S
.

E
co

lo
gi

ca
l

fa
ct

o
rs

D
ra

ft
re

p
o

rt
to

U
M

E
W

o
rk

in
g

G
ro

u
p

,
N

M
F

S

20
03

B
el

u
ga

w
h

al
es

D
el

ph
in

ap
te

u
s

le
u

ca
s

(2
0)

C
o

o
k

In
le

t,
A

la
sk

a,
U

.S
.

In
cr

ea
se

d
d

et
ec

ti
o

n
,

ec
o

lo
gi

ca
l

fa
ct

o
rs

V
o

s
an

d
Sh

el
d

en
,

20
05

20
03

L
ar

ge
w

h
al

es
(1

6
h

u
m

p
b

ac
k,

1
fi

n
,

1

m
in

ke
,

1
p

il
o

t,
2

u
n

kn
o

w
n

)

M
ai

n
e,

U
.S

.
U

n
kn

o
w

n
.

Sa
xi

to
xi

n
an

d

d
o

m
o

ic
ac

id
d

et
ec

te
d

in
2

an
d

3
h

u
m

p
b

ac
ks

,
re

sp
ec

ti
ve

ly

D
ra

ft
re

p
o

rt
to

U
M

E
W

o
rk

in
g

G
ro

u
p

,
N

M
F

S

20
03

–
20

04
H

ar
b

o
r

se
al

s
P

h
oc

a
vi

tu
li

n
a;

M
in

ke
w

h
al

es
B

al
ae

n
op

te
ra

ac
u

to
ro

st
ra

ta

G
u

lf
o

f
M

ai
n

e,
U

.S
.;

E
xc

lu
si

ve
E

co
n

o
m

ic

Z
o

n
e

(E
E

Z
)

U
n

kn
o

w
n

T
o

u
h

ey
[p

er
so

n
al

co
m

m
u

n
ic

at
io

n
]

20
03

F
lo

ri
d

a
m

an
at

ee
s

T
ri

ch
ec

h
u

s
m

an
at

u
s

la
ti

ro
st

ri
s

(9
6)

F
lo

ri
d

a
(W

es
t

co
as

t)
,

U
.S

.
B

re
ve

to
xi

n
M

in
u

te
s

o
f

th
e

U
M

E
W

o
rk

in
g

G
ro

u
p

an
n

u
al

m
ee

ti
n

g
20

04

20
04

B
o

tt
le

n
o

se
d

o
lp

h
in

s
T

u
rs

io
ps

tr
u

n
ca

tu
s

(1
07

)
F

lo
ri

d
a

(P
an

h
an

d
le

),
U

.S
.

B
re

ve
to

xi
n

D
ra

ft
re

p
o

rt
to

U
M

E
W

o
rk

in
g

G
ro

u
p

;

G
ay

d
o

s
[i

n
p

re
p

ar
at

io
n

];
F

le
w

el
li

n
g

et
al

.,
20

05

20
04

Sm
al

l
ce

ta
ce

an
s

(6
7)

V
ir

gi
n

ia
,

U
.S

.
U

n
kn

o
w

n
B

ar
co

,
re

p
o

rt
to

W
o

rk
in

g
G

ro
u

p

20
04

Sm
al

l
ce

ta
ce

an
s

N
o

rt
h

C
ar

o
li

n
a,

U
.S

.
U

n
kn

o
w

n
H

o
h

n
[p

er
so

n
al

co
m

m
u

n
ic

at
io

n
]

20
04

C
al

if
o

rn
ia

se
a

li
o

n
s

Z
al

op
h

u
s

ca
li

fo
rn

ia
n

u
s

(4
05

)
C

al
if

o
rn

ia
,

O
re

go
n

,

W
as

h
in

gt
o

n
,

U
.S

.;
C

an
ad

a

L
ep

to
sp

ir
o

si
s

R
av

er
ty

et
al

.,
20

05

Marine Mammal Health Changes 143



DISCUSSION AND CONCLUSIONS

This survey of the peer reviewed literature on marine

mammal diseases and reports of marine mammal mass

mortality events suggests that there has indeed been an

increase in the frequency of marine mammal die-offs

resulting from exposure to harmful algal blooms over the

past 40 years. The evidence for changes in frequency of

other types of diseases is difficult to interpret, particularly

in recent years for a number of reasons. These include

changes in investigation effort, improved methodology for

detection of disease, biases associated with sources of ani-

mals for detection of disease, and changes in the population

density of some coastal marine mammal populations that

are more easily studied.

Effort aimed at identifying disease has changed due to

the underlying increasing global trend in the reporting of

marine mammal disease in the literature and in the docu-

menting of mass mortalities associated with a general in-

crease in scientific research and in the number of

researchers in this field. This latter increase was previously

noted by Lavigne et al. (1999) and attributed to changing

attitudes to marine mammals. For example, the member-

ship of the Society for Marine Mammalogy, since its

inception in 1981 to its most recent conference in 2005, has

increased approximately threefold from �780 to �2300.

Over the last 40 years, many marine mammal popu-

lations have increased significantly, due to changes in

hunting and harvesting pressure and possibly to changes in

food availability where ecosystem regime changes have

occurred. This not only will influence the availability of

carcasses for detection, but can allow density-dependent

diseases to increase in prevalence. If a certain proportion of

a population dies due to environmental changes and further

selective pressures result in malnutrition, large increases in

marine mammal populations may result in clusters of

malnourished animals dying, increasing the likelihood of

their detection by humans. Mass mortality events associated

with starvation are reviewed in Geraci et al. (1999). Den-

sity-dependent diseases will increase as marine mammal

populations recover. Epidemiological models of PDV sug-

gest the population of harbor seals in Europe is not large

enough to sustain the disease as endemic, epidemics only

occurring when the pool of susceptible seals is over a critical

threshold (Grenfell et al., 1992) and the disease will fade out

between outbreaks. The first epidemic of PDV in European

harbor seals in 1988–1989 was unexpected and requiredT
ab
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considerable effort to identify its etiology (Kennedy et al.,

1988). However, disease modeling exercises predicted that

another epidemic was likely after approximately 10 years

based on knowledge of morbillivirus epidemiology and

harbor seal population dynamics (Grenfell et al., 1992).

Another epidemic of PDV occurred in European harbor

seals in 2002, and although many details of the epidemic are

still unclear (Harkonen et al., 2006), these recurring epi-

demics at approximately a decade interval do not suggest a

change in harbor seal health over this period, but reflect

changes in population immunity. A much longer dataset

(i.e., 100 years) would be needed to detect changes in fre-

quency of morbillivirus epidemics in seals at this inter-

epidemic interval. Nothing is known about the diseases that

may have been introduced into many marine mammal

populations prior to 1960, but which did not establish

themselves because populations were historically too small

for the disease to propagate between individuals.

The change in methodology used to study marine

mammal health and disease can also influence the fre-

quency of novel disease detection. The change from

studying harvested and by-caught animals to studying

stranded and rehabilitated animals will result in a higher

detection of diseased animals. An increase in the numbers

of individuals stranding in a location can indicate an in-

crease in mortality rate (Heide-Jorgensen et al., 1992;

Harkonen et al., 2006), although stranding rates and

numbers often do not correlate directly with mortality rates

due to a variety of factors influencing carcass deposition

and detection (Eguchi, 2002; Thompson et al., 2005).

Documentation of stranding events has improved globally

over the last 40 years, with the earliest organized attempts

originating in the United Kingdom (U.K.) (Fraser,1934,

1946, 1953, 1956; Geraci, 1978; Sergeant, 1982; Dierauf and

Gulland, 2001).

Stranded animals are a useful source of information on

diseases occurring in marine mammals, as they are more

readily available to pathologists than free-ranging animals.

A number of emerging disease entities, suites of lesions and

infectious agents in marine mammals were first identified

in stranded animals, after which their presence in the free-

ranging population was confirmed. Pathogens identified

through stranding programs include phocine distemper

virus (PDV) that caused the death of over 18,000 harbor

(Phoca vitulina) seals in Europe in 1988 and over 20,000 in

2002 (Osterhaus et al., 1988; Kennedy et al., 1988; Jensen

et al., 2002; Harkonen et al., 2006), phocine herpesvirus

(PhHV1) isolated from stranded harbor seals in 1985

(Osterhaus et al., 1985), and Brucella marinus in a variety of

species (Ross et al., 1996; Garner et al., 1997). Stranded

animals can also alert us to diseases that are present in the

more inaccessible wild animals that would be difficult to

detect in random samplings of such populations. For

example, 17% of sexually mature California sea lions

(Zalophus californianus) that stranded and died along the

northern coast of California showed neoplasia when

examined postmortem (Gulland et al., 1996b). In com-

parison, only one case of neoplasia has been observed in

California sea lions at rookeries on San Miguel Island (CA)

where there are more than 100,000 sea lions [Spraker,

personal communication]. The study of neoplasia patho-

genesis is thus more readily performed on stranded sea

lions than on those in rookeries, and stranded animals

essentially serve as sentinels for their wild con-specifics.

Animals in rehabilitation also provide a highly significant

sampling method for the study of marine mammal disease.

Indeed, the discovery that domoic acid produced by

harmful algal blooms of Pseudo-nitzschia australis was

causing mortality and seizures in California sea lions was

entirely as a result of a comprehensive rescue and reha-

bilitation program for the affected region (Scholin et al.,

2000).

Stranded animals, however, do not constitute an ideal

system for the study of disease, as they do not represent the

entire population (Aguilar and Borrell, 1994). In addition,

samples of stranded animals are rarely age and sex struc-

tured, and biological data such as individual life histories,

feeding habits, reproductive success, or disease progression

are not typically available. Examination of both live and

dead strandings are useful for detecting disease but are

limited when the objective is to assess the prevalence of a

disease and its impact on a host population, since the

sample will be skewed towards those likely to come ashore.

Decomposition is also a problem for obtaining an accurate

diagnosis and good histology among dead strandings, while

human concern and intervention can interfere with re-

search on live stranded animals.

The examination of stranded cetaceans has also al-

lowed the detection of a novel suite of lesions, termed ‘‘gas

bubble disease’’ (Jepson et al., 2003). Animals with these

lesions stranded in association with navy exercises, but

whether the frequency of mortality of cetaceans from these

lesions is changing over time in association with increasing

levels of ocean noise cannot be determined due to the lack

of a systematic time series on pathology of stranded ceta-

ceans worldwide. The few case studies on this syndrome are
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a result of the fortuitous proximity of skilled veterinary

pathologists, fresh stranded cetaceans, and publicly acces-

sible information on naval activities. To determine the

extent of this problem and whether its frequency is

changing, improved facilities and logistic support for

examining dead marine mammals thoroughly are needed

along coastlines throughout the world.

It is possible that prior to the recent interest in ocean

health, some marine mammal disease outbreaks may have

been missed. However, high numbers of dead animals are

difficult to ignore—there have been reports of seals suf-

fering ‘‘epizooty’’ in the literature from the 1700s (see

Harwood and Hall, 1990)—so it is unlikely that epidemics

would have been missed prior to the first of the recent

events in the 1980s. Events are more likely to be docu-

mented in the peer-reviewed literature when the causes

were identified and can be acknowledged retrospectively,

than events with no identified causes. Thus, there may have

been a number of marine mammal mortality events of

unknown etiology between 1978 and 1992 that are not

recorded in the published literature reviewed here. As

technology advances, so have methods to detect toxins and

pathogens from smaller samples of less well-preserved tis-

sues. This has resulted in the changes in frequency that

etiological agents have been described in the published

literature (Fig. 2). There is also variability worldwide in the

availability of more advanced laboratory techniques for

examining marine mammal tissues, as well as a lack of

diagnostic tests validated for marine mammals. To prevent

this bias from continuing to impair our ability to detect

changes in marine mammal health, dedicated laboratories

for marine mammals are needed.

To determine whether marine mammal health is in-

deed changing, a concerted effort is needed worldwide to

coordinate investigations into marine mammal die-offs, to

investigate associations between disease and ecological

variables, to share data on methodology used for investi-

gations and laboratory studies, and to document the

stranding response effort. Over time, we will be able to use

geographic information systems (GIS) and spatial epide-

miological studies to investigate temporal trends in marine

mammal disease. In 1988, the first dramatic PDV epidemic

that killed over 18,000 harbor seals in Europe raised

awareness of the need for contingency plans to investigate

marine mammal die-offs, and for long-term monitoring of

strandings (Heide-Jorgensen et al., 1992; Thompson and

Hall, 1993). In 1989, the Department of the Environment

(now the Department for the Environment, Food and

Rural Affairs) in the U.K. established a national program to

investigate marine mammal mortalities, and to coordinate

responses. In the U.S., three specific events triggered the

development of a legal framework that addressed marine

mammal unusual mortality events. The first was a strand-

ing of 14 humpback whales (Megaptera novaeangliae) off

Cape Cod, Massachusetts, in 1987 (Geraci et al., 1989). The

second was a bottlenose dolphin die-off along the Atlantic

seaboard between 1987 and 1988 (Geraci, 1989), and the

third the Exxon Valdez oil spill in Prince William Sound,

Alaska, in 1989 (Loughlin, 1994). As a response to the in-

creased concerns over these die-offs and the potential for

environmental degradation, the Marine Mammal Health

and Stranding Response Act was established, and became

Title IV of the Marine Mammal Protection Act (MMPA)

with a provision for responses to marine mammal unusual

mortality events. There are four aims of these responses: (1)

to minimize death and suffering, (2) to determine the cause

of the event, (3) to determine the effect of the event on the

population, and (4) to identify the role of environmental

variables in the event; only the first two of these have been

significantly addressed since the UME program was estab-

lished in 1992. Efforts to minimize death and suffering have

improved as an increasing number of stranding network

facilities employ veterinarians to advise on medical care of

stranded marine mammals, and the field of marine mam-

mal medicine has developed considerably over the last 10

years. Identification of the cause of mortality events has

been achieved in just over half (56%) of the investigations,

some of these resulting in the detection of novel disease

syndromes in marine mammals (Geraci et al., 1989; Lips-

comb et al., 1994; Bossart et al., 1998; Scholin et al., 2000).

Identification of novel diseases requires significant re-

sources and collaboration, thus achieving this through

investigations of mortality of wild mammals is a consider-

able accomplishment. However, trends in the frequency of

these diseases, the impact of environmental change on these

diseases, and the effects of these mortality events on host

populations cannot be determined from the data currently

available. The available data are adequate to identify an

increase in frequency of marine mammal die-offs in the

United States due to poisoning by harmful algal blooms, but

other changes in marine mammal health worldwide cannot

be determined in this study. Without this additional

information, the status of marine mammal health and the

impacts of anthropogenic activities and environmental

factors, such as climate change, cannot be assessed. To

improve our understanding of marine mammal health and
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determine the impacts of human activities on these animals,

improved programs for disease surveillance, emergency re-

sponse, laboratory diagnosis, and research into contributing

factors are needed, with international collaborations to

address marine mammal health in ocean ecosystems with-

out national boundaries.
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