
R .. ,

\r 'l.'his paper not to be cited \'li thout prior referenee to the author

,~ International Couneil for
the Exploration of the Sea

C.H.1977/E:14
Fisherics Improvement Committee

RECENT DATA ON POSSIBLE ASSOCIATIONS ,OF
COASTAL/ESTUARINE POLLUTION lVITH FISH AND

SHELLFISH DISEASES

by

, Carl J. Sindermann ....
U. S. Department of Commeree

National Oeeanie and Atmospherie Administration
National Marine Fisheries Service .

Northeast Fisheries Center
Sandy Hook Laboratory

Highlands, New Jersey 07732

SUHl--1ARY

l. \

The signifieanee of envh:onmental. stress from pollutants
is emerging as an important determining faetor in a number of
fish and shellfish diseases. This stress may take the form
of direet ehemieal-physieal,damage to eell membranes or tissues,
modifieation of bioehcmieal reaetions, buildup of faeultative
mierobial pathogens, lm'l envirorimental oxygen levels, and many
others. The presenee of marginal or degraded estuarine/eoastal
environments may be signalied by the'appearanee of fin erosion,
"red sores", and lymphoeystis in teleost fishes, by shell di
sease in erustaeeans, and by eertain neoplasms in bivalve mol
luses, but a elear eause and effeet relationship has notyet
been demonstrated in every ease.

Some eireumstantial evidenee for the role of environmental
eareinogens in indueing neoplasms of fish and shellfish is ae
eumulating, but'at present definitive eonelusions are not justi
fied. A number of viruses have been found in erustaeeans and
molluses in reeent years, and the pathogenie role of two of them
has been demonstrated by inereasing environmental stres~. It
may weIl be that other latent virus infeetions of invertebrates
will be identified by similar experimental methods. The multi
factorial genesis of disease in marine speeies is beeoming ap
parent -- involving environmental stress, faeultative pathogens,
resistanee of hosts, and latent infeetions.
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INTRODUCTION

Arecent review of pollution effects on.fisheries
(Sindermünn, 1976) moved hurriedly through severul examples
of possible üssociations between cou'-stul-estuarine environ
mental pollution und fish and shellfish diseases. Because
the subject is worthy of cureful attention, .particular1y
in the industria1ized nations where coastal pollution is a
problem, a greater attempt was made to assemb1e and interpret
availab1e published information. The fundamental question to
be answered was: "Are there examp1es of specific associations
of pollution with diseases of resource animals?"' Subsidiary
questions concerned the amount and'value of circumstantia1
or experimental evidence for such a relationship, and the
effects (if any) on population size.

A nurnber of generu1 statements canbe made, as a result
of the 'search:

(1) A large amount of data relevant to the subject
are avai1able.

,,.,

(2) Much of the evidence for an association of pollution
and diseuse is circumstantial; but

(3) there are several instances where an association is
rather clear1y indicated by the data.

This paper surnmarizes the recent information, and con
clusions drawn therefrom. It is presented hopefu11y as a
working document, to be scrutinized and.comrnented upon by
those know1edgeable in the subject matter 'areas of pollution
and marine diseases. ,

Disease ·is a constant concornitant of life for any species',
norrnal1y removing individuals from the population continuous1y.
Marine animals are, of course" subject to a wide spectrum of

,diseases of infectious or non-infectious etiology ("disease"
can be defined.in the broad sense as lI any departure from normal
structure or function of the anima1" or as "the end result of
interaction bebl7een a noxious stimulus and a biologica1 system").
Disfunction' and death due to the activity of infectious agents
constitute the narrower, but often predominant concept'of di
sease. Infectious diseases -- caused by viruses, bacteria,
fungi, protozoa and others -- are usua11y prime suspects in
searches for causes of mortalities, sometimes to the exc1usion
of other possib1e causes. Non-infectious diseases inc1ude such
phenomena as environmental1y induced skeletul anoma1ies,
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gcnetic abnormalities, physiological malfunctions due to
chemical environmental factors, metabolic'disorders rc- -
sulting from nutritional dcficiencics, many forms of neo-
plasms, and a host of others. In many instances, it is
probably the combination of an infectious agent and environ
mental stress that eventually causes mortality.

Infcctious disease usually exists in an enzootic form,
weakening or disabling individuals and ~endering them more
susceptible to predators or other environmental stresses.
Occasionally,· though, epizootics and mortalities,comparable
to the great plagues of the !1iddle Ages may sweep·through
animal populations. In marine species we have seen such'mas-,
sive epizootics at work in the great herring mortalitics of
the mid-1950's in the Gulf of Saint Lawrence, and thc exten-
sive oyster mortalities of the 1960's in the !~iddle Atlantic
states.These epizootics are triggered by, a complex inter- tt
play of pathogen; environment, and host populat.ton·~' Con-
sidering only the environmental aspects of such outbreaks,
any departure from normal conditions produces a'degree of ,I
stress on the population, and many'contribute·to an increase',
in prevalence of a pathogen; or of facultative invaders.
Some of these environmental factors are abnorrnaltempe~aturc

change, lack of adequate food, or overcrowding. Resistance
of the host animal to thc disease is of .course intimately
related. .

"

Environmental stress undoubtedly exists, and has been
implicated in a number of fish and shellfish diseases, but
is very difficult to quantify. Even adefinition of stress
can be elusive. Sclye (1950) defined stress as "The'sum of
all the physiological responses by which an animal tries to
maintain or reestablish anormal metabolism in the'face of
a physical or chemical·force." Brett (1956) defined stress
as "A state produced by any erivironrnental or'other factor
which extends the adaptive responses of an,animal beyond the tt
normal range; or which disturbs the normal functioning,to

·'such an extentthat, in either case, the chances of survival
are significantly reduccd."

Human activity has'introduced or has,increased'environ
mental stresses for fish in estuarine and coastal waters. '
lve havei for instance, added pesticides and other synthetic
chemicals which can, even in low concentrations, drastically
affect the physiology of fish and shellfish, and with which
the species may havc had no prcvious evolutionary cxperience.
We have added heavy organic loads, in the form of sewage
sludge and efflucnts, which can produce anaerobic or low
oxygcn environments, and which are often accompanied by other
contaminants such as heavy metals, which interfere with
enzymes of both fish and their food organisms.
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During the past decade, several diseases and abnor
malities of fish and shellfish have been described·that
seem associated with pollutant stresses. These can be
categorized and discussed as:

1. Facultative pathogens related to contaminantO
stress, and the ~pecial case of stress-pro
voked latent infections;

2. Environmentally induced abnormalities; and

3. Genetic abnormalities associated with mutagenic
and other properties of contaminants.

In the first category, a synergistic·activity of chemical
contaminants (or other form of pollutant.stress) and an in
fectious agent seems to be a plausible explanation for at least
some of the observed effects. In categories 2 and 3, it is
sometimes difficult to determine conclusively whether environ
mental contaminants act directly on target tissues or bio- .1
chemical pathways, or if the genetic material .is first affected,
with subsequentchanges in structure and/or function.

During the past several years there havebeen signs of
increasing interest in relationships between marine fish and
shellfish diseases and environmental pollution. Several con
ferences have been held, incl~ding the 1976 "Conference on
Aquatic Pollutants and Biological Effects with Emphasis on
Neoplasia", held by the New York Academy of Sciences; and the
1975 Symposium on "Sublcthal Effects of pollution on Aquatic
Organisms tl

, held as part of the 13th Pacific Science Congress.
Additionally, significant reviews have appeared, notably Rosen
thai and Alderdice (1976) "Sublethai cffects of environment~l

stressors, natural and~pollutional, on marine fish cggsand .
larvae. 1l This paper attempts to summarize the present state
of our knowledge.about possible associations of fish and shell
fish diseases (infcctious and non-infectious) and estuarine/

- coastal.pollution. Much of the evidence for such associations
.is still circumstantia1, and·is presented·as such.

DISEASE CAUSED BY FACULTATIVE PATHOGENS

Fin erosion

Probab1y thc best known disease of fish from.polluted
\'1aters is a non-specific condition known as "fin rot" or "fin
erosion" (Fig. 1), a syndrome which'seems rather c1early as
sociated with degraded estuarine or coastal environments. .
Fin rot has been reported from the New York Bight (Mahoney
et al., 1973;' Ziskowski and l1urchelano, 1975; Hurche1ano,
1975), California (Young, 1964; Southern Ca1ifornia Coastal
Water Research project, 1973; Hearns and Sherwood, 1974).
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Soc.

Figure 1.
(bottom) .
1973) .

Fin erosion in weakfish
(From American Littoral
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Puget Sound (Wellings et a1., 1976), Biscayne Bay in F10rida
(Sindermann, unpub1ished observations), Japan (Nakai et a1.,
1973), .Escambia Bay in F10rida (Couch, 1974a), and the Irish
Sea (Perkins et a1., 1972)

Fin rot seems to exist in at least two types: one
occurring in bottom fish where damage to fins seems re1ated
to direct contact with contaminated sediments; and. a second
in pelagic nearshore species, characterized by predominant
invo1vement of the cauda1 fin; with hcmorrhagic lesions~

Recent quantitative.surveys· a10ng the .Middle Atlantic
.' coast have disclosed high prevalence .(up to 38 percent) of

"fin rot" in sampies of trmvled marine fishes from the New
York Bight. Thus far, 22 affected species have been found.
while bacteria of the genera Vibrio, Aeromonas, and Pseudo
monas were frequently isolated from abnormal fish, adefinite
bacteria1.etiology has not been determined. Fin rot disease
was significantly more abundant in the New York Bight Apex,
the area of greatest environmental damage, than in.any com- •

. parable coastal area from Block Island to Cape Hatteras. .'
An association between.high fin rot prevalence and high coli
form counts in sediments is emerging (r.lahoney et al:, 1973),.
as is an association between high fin rot prevalences and
high heavy meta1 levels. in sediments (Carmody.et al., 1973).
The disease signs can be produced experimenta1ly by exposure
of .fish to polluted sediments';'

. .
The histopathology of fin erosion in winter flounder,

Pseudopleuronectesamericanus, ·from .the New York Bight was
examined by Murchelano (1975). Significant descriptive .
findings were epidermal hyperplasia accompanied by dermal
fibrosis, hyperemia and hemorrhage. Bacterial infections
were not noted, nor was pronounced inflammatory·response.
lIowever, reference was. made to acute fin lesions seen in
summer flounder, .Paralichthys dentatus, in which bacteria
were readily demonstrable. The absence of pronounced in
flammatory response in either species of flounder led
Murchelano to suggest that the necrotic process is not

.primarily microbial, and that activities of a chemical
irritant may be involved. .

.'
'. " Another histopathological.and bacterlological study·
of fin rot in winter flounder of Narragansett Bay, R. I.,
by Levin et al. (1972) described acute ulcerative lesions
as well.as fin erosion, thought to be produced by Vibrio
anguillarum. Acute inflammatory response was also observed
and thc ulcerative phase was reproduced in fish exposed
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experimentally to V. angui'llarum isolates. It is possible
that several poorly'defined disease entities or'generalized
disease signs (one of which is fin erosion) may,be responsible
for thc disparate nature of histopathological findings in this
report.

Fin erosion has also been observed in striped bass over~,

wintering in heated effluents of power plants, in the Middle
Atlantic States. ' '

Fin rot, with associated mortalities, was reported by
Couch (1974a) in croaker (Hicropogon undulatus), and'spot "
(Leiostomus' xantliurus) from Escambia ',Bay, ,Florida. The disease
syndrome and mortalities have been observed for several years
during periods of high temperature and low dissolved oxygen.,
Escambia Bay has been polluted by the PCB,Aroclor 1254, for a
number of years (DUke et al., 1970) '. Aseries of experiments
at the Gulf Breeze '(Florida) Environmental"Research .Laboratory, e
using the spot, Leiostomus,xanthurus, resulted.in experimental
production of fin rot disease followingexposure to 3-5 ~g/l t'
of Aroclor 1254 (Couch, 1974a). Mortalities up to 80% were :
reported.

Information from southern California (SCCWRP, 1973) also
strongly suggests an association'of fin rot'with degraded ,
habitats: relevant statements are: (p. 249)' "The incidence
of fin erosion was high in ar~as with high concentrations of
waste water constituents in the sediments ••• ". (p. 424)
"Although there is adefinite association bebveen fi~ erosion .
and waste water discharges, .the causal,factors are unknown."
(p. 424) "Uearly half of the 72 species caught off the Palos
Verdes Peninsula were affected with this syndrome" (eroded
fins). It is interesting that a histopathological study of
fin erosion in Dover sole, Microstomus pacificus, from the
California coast (Mcarns and Sherwood, 1974) produced findings
very much like those of Murchelano (1975) -- hyperplasia, ..
fibrosis, absence of inflamrnation, 'and absence of microbial ,..
infcction.

Some species seem clcarly more rcsistant to fin erosion.
This was demonstrated in arecent study byWellings et ale
(1976) in a heavily polluted'arm of Puget Sound. Examination

.of over 6000 fish of 29 species.disclosed fin erosion only in
starry, flounder and English sole. Average incidences' were 8%"

,and 0.5% respectively. Histopathological findings were
similar to those ,for cast coast and California,f1atfishes,-
epidermal hyperplasia, fibrosis, resorption of fin rays, and
mucus ce11 changes.
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Recent Japanese publications have mentioned finerosion
in fish from polluted bays. Nakai et al. (1973) found that
as many as 60% of all stargazers (Uranoscopus japonicus)
sampled from Suruga Bay had evidence of disintegration of
caudal and pectoral fins. Six other species also had
abnormal fins.

An increasc in occurrence 'of fin erosion and other epi
dermalIesions (ulcers and lymphocystis) in flatfish from
the Irish Sea since 1970 \vas reported by Perkins et al. (1972). 00

Fin damage, unknown before 1970, was observed in plaice .
(Pleuronectes platessa), und dab .. (Limanda .limanda) ~ The
authors pointed to ocean dumping of toxic~wastes, particularly
of PCBIs, as a possible contributing factor, but no clear
relationship with increased frequency of disease was demon-
strated. , . -

. The possible role ofenvironmental chemical contamination
in the etiology of fin erosion' emerges more clearly as ad
ditional studies are reported. Fish from the New York Bight,! 0

reported in studies by Mahoney. et al o

• (1973), !1urchelano,,, (1975) ,
and Ziskowski and Murchelano (1975), exist in a highly contami
nated area, with chemieals such as heavy metals and petroleum
residues in sediments far above background levels. McDermott
and Sherw09d (1975) found DDT to be significantly higher in
fish with fin erosion, and PCB levels slightly higher in such
fish than in normal individuals. °Wellings et al. (1976) found .
abnormally high concentrations of PCB in English sole and starry
flounders from the Duwamish River in Washington.. .

Several authors have postulated that fin erosion in flat
fish may be initiated by direct contact of tissues with con
taminated sediments., Hearns and Sherwood (1974), for example,
suggested that toxic substances '(sulfides, heavy,metals,
chlorinated hydrocarbons, etc.) could remove or modifythe
protective mucus coat and expose epithelial tissues to the
chemieals. " Sherwood and Bendele (1975) reported that Dover
sole with fin erosion produced much less mucus than normal
fish~

It seems quite likely that the '''fin erosion" syndrome in
fish includes chemical stress, probably acting on mucus and
~pithelium; stress resulting from marginal dissolved oxygen
concentrations, possibly enhanced by a sulfide-rich environ
ment; and secondary bacterial invasion in at least some
instances.
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Arecent report by Overstreet and Howse (1976)pointed
to fin erosion and other abnormalities as indicators of
gradually increasing pollution stress onthe Mississippi
Gulf Coast. Ä~ong otherdisease conditions noted by
Overstreet and Hmvse was "red sore", characterized by hemor
rhagic lesionsbeneath scales and occasionally hyperplasia.
In discussions, the authors indicated that "red sores~ may
now occur in many of the fish in some areas -- a striking
similarity to recent observations in Biscayne Bay, Florida,
where many fish of many species now exhibit the condition
(Figure2), which was unknowna decade ago(Sindermann,
unpublished observations).

It seems quite likely that generalized disease signs,
such as fin rot and "red sores" (and probably.other epidermal
lesions such as ulcerations,. papillomas, and lymphocystis),
are characteristic of fishes resident in degraded habitats,'
where environmentalstresses of,toxic chemieals, low dis
solvedoxygen, and highbacterial populations exist~ The
extent and nature of these external manifestations are
probably variable with resistance of the particular species
and the extent and nature'of environmental degradation.



· .

Figure 2.
Florida.

Hemorrhagic lesions in fish from Biscayne Bay,
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Shell disease of Crustacea

•
Also associated with badly degraded estuarine and coastal

waters is a disease condition in Crustacea commonly referred
to as "shell disease" or "s hell erosion."

Lobsters (Homarus americanus) and crabs (Cancer irroratus)
from grossly polluted,areas of the New York Bight were found to
be abnormal, with appendage and gill erosion a most common sign
(Young and Pearce, 1975). Skeletal erosion occurred prin
cipally on'the tips of the walking legs, ventral sides of cheli
peds,'exoskeletal spines, on gill lamellae, and around areas of,
exoskeletal articulation where contaminated:sediments could ac
cumulate. Gills of, crabs and lobsters sampled at the dump sites
were usually clogged with detritus, possessed a dark brown
coating, contained localized thickenings, and disp1ayed areas '
of erosion and necrosis. Similar disease signs were produced ..
experimentallyin animals held for six weeks 'in aquaria con- " ...
taining sediments from sewage sludge dumping ordredge spoil ,
disposal sites. Initial discrete areas of erosion became con~ '~

fluent, covering large areas of the exoskeleton, and often parts
of appendages were lost. The chitinous covering of the gill
filaments was also eroded, and often the underlying tissues
became necrotic.

Dead and moribund crabs and lobsters have been reported on
several occasions by divers i!1 the Ne\'1 York Bight' Apex, and dis-,
solved oxygen,concentrations near the bottom during the summer
often approach zero (Young, 1973). Low oxygen' stress, when com
bined with,gill fouling, erosion, and necrosis, could readily
lead to mortality.

In a related study"Gopalan and Young (1975) examined
"she11 disease" in the caridean shrimp, Crangon septemspinosa"
an estuarine and coastal,food chain organism on the,east coast
of North America -- important in the diets of bluefish, weak- 4t
fish, flounders, basses, and other economic species. Exami
nations of samples of Crangon from the New York Bight disclosed
high prevalences (up to 15%) of eroded appendages and b1ackened'
erosions of the exoskeleton. The disease condition was only .
'rarely encountered at other collecting sites (Beaufort, N. C.'
and Woods Hole, Mass.). Histologicalexamination of diseased

'specimens produced findings,similar,to those of Young and .
'Pearce (op. cit.) with crabs and lobsters~ All layers of the
cxoskeleton were, eroded; affected portions were brittle and
easily'fragmented; cracking and pitting of calcified layers

-10-
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occurred; and underlying tissues were often necrotic. Labo
ratory experiments using sea water from the highly polluted
inner New York Bight resulted in appearance of the disease
in 50% of iridividuals. Erosion was progressive, 'crippled
individuals were cannibalized, and eroded segments of ap- .
pendages did not regenerate after ecdysis. No disease signs
developed in control animals held in'artificial sea water.

A German study of the effects of industrial wastes
(Schlotfeldt, 1972) on the shrimp, Crangon crangon, dis
closed high prevalence of so-called "black spot disease",
with signs very similar. to .those seen in Crangon septemspinosa
from the New York Bight. Juvenile and adult shrimpsfrom ..the
Föhr Estuary had black areas of erosion on the carapace and
appendages, with necrosis of underlying tissues, and frequent
loss of segments of appendages. The disease condition' varied
in prevalence seasonally, with a peak of 8~9% in summer •
Lesions persisted and worsened after ecdysis. Experimental
exposure to detergent aggravated and hastened the course of
the disease. . t

" .
Shell disease of Crustacea has been observed in many ,

.species and under many conditions, both natural and artificial
(Rosen, 1970; Sindermann, 1970). Actual shell erosion seems
to involve activity of chitinoclastic bacteria, with sub-
sequent secondary infection of underlying living tissue by
facultative pathogens. rnitiäl preparation of the exoskeletal.
substrate by mechanical, chemical, or microbial action probably
is significant; thus high bacterial populations and the presence .
of contaminant chemicals in polluted environments -- as weIl as
extensive detrital and epibiotic fouling of gills -- could
combine to make shell disease a cornmon phenomenon and a sig
nificant mortality factor in crustaceans inhabiting degraded
environments.

• Stress-provoked latent infections

. There are at present published accountsof.two viral di-· .
seases of marine invertebrates which suggest that latent
infections may be provoked into patency by environmental stress.
One, a baculovirus infection of pink shrimp, was first recognized
in stressed laboratory populations (Couch, 1974b, 1974c). The"
other, a herpes-like virus infection of oysters, was discovered
in a population held in a heated power plant effluent in Maine
(Fa~ley et al., 1972).

-11-
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An association of~ disease and low-level chronic exposure
to pollutant chemieals is being explored at the Gulf Breeze
(Florida) Environmental Research Laboratory of the U. S.
Environmental Protection Agency (Nimmo'et al., 1971; Couch,
1974b). A virus disease of pink shrimp reached patent levels
and caused mortalitics of 50-80% in shrimps exposed to the
PCB Aroclor 1254 and to the organochlorine insecticide Mirex
(Couch and Nimmo, 1974; Couch, 1974c). Other experiments in
which the shrimp were crowded, but not exposed to chemicals,
resulted in similar enhancement cf virus infections -- sug
gesting that environmental stress may be an important deter
minant of patent infcctions.

An association of high disease prevalence·or disease
enhancement in fish and shellfish sampled from thermal efflu
ents has been made recently. Farley et ale (1972) described
alethal virus disease of oysters held in heated discharge
water in Maine. The disease, which apparently existed at a
low enzootie level in oysters growing at normal low environ
mental temperatures (12-18°C summer temperatures) seemed to .t
proliferate in oysters at elevated temperatures (28-30 0 C) •.

A third viral infection -- lymphocystis of striped bass -
seems to have some tenuous association with heated effluents •

.Recent unpublished observations by staff members of the Sandy
Hook (N.J.) Laboratory of the.National Marine Fisheries
Service, point to high prevalences of lymphocystis disease
in limited sampIes of striped bass overwintering in the heated ..
effluent ofa Long Island generating station (Northport, N.Y.).
This virus disease is considered rare in striped bass
(Anonymous, 1951; Krantz, 1970), and its unusual abundance
in a localized population may weIl be related to the abnormally
high winter temperature regime in which the population exists,
or to abnormal crowding. As with the oyster.virus disease,
the high temperatures maY'promote survival or transfer of .
the pathogen, or lower resistance of the host, resulting in
grossly recognizable stages of infection. An.additional area
of concern about fish diseases in popUlations overwintering

"in heated effluents isthat a focus of infection'will be
provided for incoming spring migrants.

-12-
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ENVIRONMENTALLY-INDUCED ABNO~mLITIES

Neoplasms (tumors)

The. terms "neoplasia" and "neoplasms" -- particularly
as they concern lower animals -- are difficult to define
precisely. The Oxford Dictionary definition of neoplasm is
"a new formation in some part of the bodYi a tumor." l--1ore
elaborate definitions exist. Narren and Meissner (1966)
defined a neoplasm as "a dfsturbance of growth .character
ized primarily by an unceasing, abnormal, and excessive
proliferation of cells." Although neoplasia has been studied
most in humans, the existence of tumors in fish and shellfish
has been recognized for almost a century (the first oyster
tumor, for exarnple, was reported by Ryder in 1887) •

Circumstantial evidence associating environmental con
tamination·with neoplasms (tumors) in fish arid shellfish has
accumulated from a nurnber of studies: .

Cl) RusselI' and Kotin (1957) found 10 of 353 white
croakcrs (Gcnyonemus lineatus) from Santa .Monica
Bay, California, with papillomas of lips and
mouth. Fish were taken 2 m from an ocean out
fall. No tumors were found in 1,116 croakers
from non-polluted w~~ers 70 km away.

(2) Lucke and Schlumberger (1941) described 166 cat
fish (Ameiurus nebulosus) with'epithelomas of lips
and mouth, taken from the Delaware and Schuylkill
Rivers near Philadelphia. The rivers were grossly
polluted. Tumors of this type may result from
mechanical; infections or chemical irritation.
Catfish from other areas did not have a high pre
valence of tumors. The authors did not exclude
the possibility that the lesions were induced by
chemical carcinogens in waters. The lesions
developcd into epidermoid carcinomas, some of
which were invasive. .

(3) Cauliflowcr disease (epidermal papilloma) has been
increasing in prevalence in the Baltic since 1957.
The pattern of spread and high prevalence suggests
an infectious process (viral arrays have been seen)
or progressive accurnulation of industrial contami
nants such as fuel oil and smelter wastes (known to
contain carcinogenic hydrocarbons such as benzo
pyrene and heavy metals such as arsenic).
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(4) Halstead (1971) found in 1969 that 12% of nearly
16,000 English sole fro~ San Francisco Day had
as many as 33 tumors per fish. Highest inci
dence was in the northern part of the bay where
the greatest concentration of petrochemical
wastes existed.

..

(5) Young (1964) found many small (4-6") Dover sole
.(Microstomus pacificus) from Santa Monica Day
\vith tumors. Fish above 10" long did not have
tumors. Since 1956 nurnerous white croakers from
Santa Monica and Los Angeles-Long Deach were .
found with papillomas of the lips, and papillomas
were observed on tongue sole, cusk eels, and Pacific
sand dabs. Such tumors were never seen on fish from
unpolluted areas.

(6) Carlisle (1969) found "grmvths" frequent on "lhite e
croakers and Dover sole from Santa Monica.

(7) Sindermann (unpublished data) found wart-like tumors
histologically resembling fibromas in mullet from

. Biscayne Bay, Florida, in 1969-1970 (Figure 3).
Other fibrous tumors have been reported since then
by Lightner (1974) and Edwards and Overst:teet (1976).
in mullet from the Gulf of Mexico.

A number of Pacific flatfish species are noted for the
common occurrence of epidermal papillomas. Prevalences are
highest in young fish, reaching 58% in English sole, Parophrys
vetulus (Stich and Acton, 1975); 55% in starry flounders,
Platichthys stellatus (McArn and Wellings, 1971); 15% in.flat-
'head sole, Hippog10ssoides elassodon (Miller and We11ings~

1971); and over 40% in sand sole, Psettichthys melanostictus
(Nigre11i et al., 1965). A relationship.of high frequencies
of such papillomas with'coastal pollution is still.uncertain •
Stich et ale (1976a) state (p. 1998)' "There seems to be a
higher skin tumor frequency among English sole inhabiting
areas of urban contamination (Vancouver) thanamong fish.popu
lations in regions remote from human activities ••• ".

In an extension of this study, Stich.et ale (1976b)
reported prevalences of skin neoplasms in one-year-old English
sole from 20 to 70% in sampies taken near eight cities on the
Pacific coast, while prevalences did not exceed 0.1% in
several sampies taken on the Dritish Columbia coast more
distant from cities. I1o\vever, Oishi et ale (1976) examining
prevalences of similar epidermal papillomas in.flatfish from
relatively unpolluted waters of northern Japan feIt that a
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Figure 3. Wart-like fibrous tumors in mullet from Biscayne
Bay, Florida.
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. possible association existed between high tumor occurrence

(up to 20% in certain sampIes) and parasitization of the
flesh by nematode, Philometra mariae -- but then they sug
gestcd that the involvement of naturally occurring chemical
contaminants as weIl as man-made pollutants roust be con
sidered in 'the ctiology of flatfish neoplasms.

. Thc etiology of skin tumors in English sole from the
Pacific coast of North America was revimved in arecent
paper, by Angell et ale (1975) --.with tbe conclusion that
tbe cause is unknown, and may be multifactorial. No con-,
clusive role of an environmental carcinogen has.been·demon
strated, there seem to be subpopulation differences in di-
sease prevalences, and electron microscopy has disclosed the
presence of virus-like particles in cells of: papillomatous
fish (but attempts to isolate a.viral agenthave been un
successful). Angell et ale do admit, though, that "given .a
the pervasiveness of certairi pollutants, experimental ..
evidence and'further field studies.willbe,necessary to
clarify the relationship between tumorousflatfishes and ~!

pollution."

Arecent study of neoplasms in the Atlantic hagfish,
Myxine glutinosa, by Falkmer and Rappe '(1976) suggested a
possible relationship of PCB contamination and tumor pre
valence. During a five~year ,(1972-1976) study in Gullmar
Fjord, Sweden, neoplasmprevalences -- particularly hepa
tomas -- decreased from 5.8%.to 0.6%. PCB levels in livers
of hagfishwere appreciable (5 ppm), but tbe use of PCB

·was prohibited in 1971. Liver PCB levels in hagfish caught
inside the fjord were five times higher than in those caught
outside.

The role of environmental chemical factors in induction
of neoplasms in shellfish is even less clear than for fishes,
but there is some limited suggestive information. 'Yevich e:
and associates (Barry and Yevich, 1975; Yevich and Barszcz,
1976a, 1976b) have for a number of years examined the oc-
currence of neoplastic growths in soft clams, Mya arenaria,
in relation tO'petroleum contamination. Gonadal and hemato~
poietic neoplasms'wcre observed in animals collectcd from
two chronically contaminated sites on the Maine coast, with
prevalences up to 29% in certain sampIes. The authors state
that "no tumors similar to those.described from the petroleum
contaminated area have been encountered in animals collected
from any other area." They described the scope of their study
as "scveral thousand animals from all coastal areas of the
United States. ll Additional sampIes of clams from a number of
other coastal locations are nceded, as is a more precise
description of thc neoplastic condition.

-15-



..
It is interesting that·a counterpart study of soft-

• shell clams from Rhode Island and Massaehusetts . (Brown ct
al., 1976) reported oeeurrenees of neoplasia, apparently
of hematopoietic'origin, in up to 26%, with the highest
frcqueney in sampies from a 1975 oil spill area near
Bourne, Mas s . .

Other types of cellular abnormalities have been re
ported from soft-shell clams. In earlier studiesby Yevich
and associates (Barry etai., 1971) atypical epidermal hyper
plasia in gills ·and kidney was reported.in up to. 40% of
clams sampled near Providence, R. I. Lesions oecurred more
frequently in large animals, and seasonal ehanges were not
observed. Lower prevalenees were found in limited sampies
from Maine, Maryland, and California. Unlike the oil spill
studies, no assoeiation with environmental faetors was made
by the au:thors.

Yevieh and assoeiates (Yevieh and Barry, 1969; 'Barry and
·Yevieh, 1972) have also deseribed gonadal neoplasms in quahags,
Mereenaria mereenaria, from Narragansett Bay, R. I.. Sampies .
eolleeted in 1968, 1969, and 1970 had tumor frequeneies cf
0.2%, 2.3% and 2.7% respeetively.

Epizootie neoplasms with a possible environmental etiology
were reported from several mo~lusean speeies of Yaquina Bay,

. Oregon (Farley, 1969; Farley andSparks, 1970; Mix et al.,
·1976). 'Blue musseis., Mytilus edulisi native oysters, Ostrea
lurida;.and two species of Macoma were affected, and winter.
mortalities were associated with the disease. Neoplasms h~ve

not'been found in bivalve molluscs srumpled elsewhere on the
Orogon eoast (Mix et al.,· 1976).

In another study (Christensen et al.,1974)similar
epizootie neoplasms (up to 10% prevalenee) were found in a
loealized population of the clam Macoma balthica from a
tributary of Chesapeake Bay. The neoplasms were invasive and
systemie, with initial foei in' the gi11 epithelia. Holding
experiments indicated that the disease was usually fatal •.
The authors suggost,.but do not demonstrate, an environmental
contaminant etiology, possibly associated with bottom detritus.
Other bivalve mollusks in Chesapeake Bay containneoplasms •.
Oysters,' Crassostrea virginica, were found with hematopoietic
neoplasms (Couch, 1969; Farley,1969i Frierman and Harshbarger,
1974). Individual oysters have been reported to contain other
types of neoplasms (Couch, 1970).
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Skclctal Anomalies

•
Skcletal anomalies -- particularly those of the spinal

column -- are commonly observed in fish, and are the subject
of an extensive literature (see llickey, 1972, for arecent
summary) .

Such anomalies may be gcnetic, resulting from mutations
or recombinations; epigenetic, acquired during embryonic
development; or post-embryonic, acquired during larval de
velopment, at metamorphosis, or during juvenile development.
Spinal flexures and compressions, as weIl as vertebral fusions
have been observed in many teleost species, as have head and
fin abnormalities. Evidence exists for a hereditary basis for
some skeletal anomalies (Gordon, 1954, RosenthaI and RosenthaI,
1950), but other evidence points to effects of environmental
factors such as temperature, salinity, dissolved oxygen, tt
radiation, dietary deficiencies and toxic chemicals. For
example, increased percentages of abnormal embryos and larvae
of Atlantic herring , Clupea harengus,' resulted from exposure: l

to sulfuric acid waste watcr (Kinne andRosenthal,1967) .
and to algicide 2,4- and 2,5 dinitrophenol (RosenthaI and ~

Stclzer, 1970).

Recently, incrcased prevalences of skeletal deformities
and .anomalies -- considered to be pollution-associated -
have been recognized in a few fish species from southern
California and Japan. In studies carried. out in California;
skeletal deformities occurred with greater frequency in
sampIes from areas with significant pollutant stress (Valen
tine and Bridges, 1969; Valentine, Soule and Samollow, 1973).
Exposure of fry to very lmv concentrations of DDT (<::. 1 ppb)
produced significant anomalies in fin rays (Valentine and
Soulc, 1973).

Probably the most convincing evidence for environmental e
influences on induction of abnormalities in marine' fish:is
that presented by Valentine (1975). Examining sampIes of
barred sand bass, Paralabrax nebulifer, from the southern
California and Baja California coasts, Valentine found sig
nificantly higher prevalences of skeletal anomalies -- par
ticularly gill raker deformities -- in fish fromthe Cali-
fornia coast (Los Angeles and San·Diego). The anomalies in-

. creased in frequency and severity with increasing size of
the fish and an association \vith disturbed calcium metabolism
was suggested. The author pointed to the high chlorinated
hydrocarbon and hcavy metal levels \vhich characterize the
California coastal area (Schmidt et al., 1971; Galloway,
1972), but emphasized that a causal relationship with in
creased prevalence of anomalies had not been established •.
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However, Valentine's suggestion of a·.possible causal relation
ship between high environmental levels of chlorinated hydro
carbons and heavy metals -~ both of \vhich are known to inter
fere with calcium mctabolism -- and skeletal anomalies in fish.
seems reasonable, in view of experimental evidence from a \vide
range of vertebratcs (Gallmvay, 1972; Peakall and Lincer, 1970;
Pichirallo,. 1971; I-lcCaull, 1971; Ferm and Carpenter, 1967;
Fimbreite et a1., 1970; Lehner and Egbert, 1969) .

. Valentine (1975) referred briefly to additional obser
vations on two other Pacific coastal species -- California
grunion, Leuresthes tenuis, and barred surf pereh, Amphistichus
argenteus -~ in which gil1 raker anomalies increased in frequency
with age, and were virtua11y restricted to samples from southern
California. This finding in three species reduces the 1ike1i
hood that frequency differences cou1d be attributab1e to in
herited subpopulation differences in one of the three species
studied.

lvhile the deformed gill rakers were the most prevalent ,
anoma1ies observed in southern California barred sand bass by'
Valentine, other abrlormalities (pugheadedness, cranial asym
metries, deformed vertebrae, and fin anomalies) occurred, and
vwre associated directly in frequency and. severity with gi1l
raker deformity.

Therc is some evidence f~om studies of a few other fish
species for an invo1vement of environmenta1 stress in the oc
currence of skeleta1 anoma1ies. Gabrie1 (1944) noted anoma1ies
in vertebrae of Fundu1us heteroc1itus due to temperature changes,
and Nott1ey (1937) found anomalies in vertebral number of trout
due to temperature (and possib1y oxygen). Hubbs (1959) found
high preva1ences of vertebral abnorma1ities in Gnmbusia affinis
from Texas warm springs, and concluded that the e1evated
environmenta1 temperature \vas responsib1e.

'Severa1 reports from Japan refer to high and increasing
occurrences of skeleta1 anoma1ies in fish. Komada (1974)
observed increasing numbers of malformed sweetfish, Plecoglossus
altive1is, in rivers and cu1ture farms, and !-latsusato· (1974)
found simi1ar skeleta1 anomalies in a number of coasta1
species.
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GENETIC ABNORMALITIES

The mutagenic properties of a number of chemical con
taminants including heavymetals and pesticides have been
demonstrated in experimental studies \vith terrcstrial
animals (Lon~vell, 1975). Fish eggs can be vulnerable to
contaminant effects from the body burden of the parent
female and from exposure to contaminants in surface water
and/or sediments (depending on \vhere in the \vater column
spawning and.development occur). Sperm cells are sensitive
to contaminants, and eggs are especially sensitive, during
meiosis and early cleavage stages. Furthermore, chemical
mutagens·can reduce the rate of cell division, and can
damage the spindle apparatus. Pelagic eggs may be most
severely damaged, since the surface film of the ocean has
been found to contain high concentrations. ·of contaminants
such as petroleum components, halogenated hydrocarbons and
heavy metals (MacIntyre, 1974).

Some experimental evidence is available. Fish larvae .t
incubatcd in cadmium-polluted water accumulated the metal
(Westernhagen et al., 1974, Rosenthal and-Sperling, 1974),
and eggsincubated in as little as 1 ppm cadmium produced
low percentages of viable larvae <t'1esternhagen et al., 1975).
Some relevant experimental research on radionuclide-induced .
mutagenesis (AEC-TR-7299, 1972i.lvanov, 1967. Romashovand
Belyayeva, 1966) 'has disclosed that many fish embryos \vith
severe chromosomal damage died.during. the transition from
blastula to gastrula. Abnormal post-gastrula embryos con
tained lligher numbers of chromosomal aberrations than normal
embryos, and the abnormal embryos had high mortality just
before hatching. However, even the normal-appearing embryos
with radiation exposure (and consequent genetic disturbances)
had low viability and high mortality at hatching and subsequent
to hatching.

Recently, Lon~vell (1976a, 1976b) reported high pre
valences ·of chromosomal anomalies in Atlanticmackerel· (Scomber
scombrus) eggs and embryos in certain sampIes taken from the
Netv York Bight in 1974. All degrees of chromosomal damage
were found,includingfailure to align at the mctaphase·plate,
incomplcte spindle formation, translocation bridges, chromo
somal "stickiness", losses of portions of chromosomes and
"pulverization." Eggs with at least one chromosome or
mitotic abnormality varied from 13 to 79%. Higher percentages
seemed associated generally with degrees of environmental de
gradation. In addition to chromosomal anomalies, one station
(the one with highest prevalence.of anomalies) was also
charactcrized by significant· (26%) egg mortality.
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The techniques developed by Longwell permitted examination
of historica1 collections of eggs and embryos for chromosomal
damage. A 1imit.~d collection from the same geographie area
(New York Bight)' in 1966 disc10sed a lower incidence of cyto
genetic abnorma1ities than that found in the 1974 collection.

SampIes examined to date from normal and degraded waters
are still insufficient (as Longwell points out) to make
definitive statements aboutthe relationship of pollutants
and extent of damageto genetic material, but the data pre
sented so far are highly suggestive of such a relationship.
Because of the implications of these findings in surviva1 and
abundance of economic marine species, it is particular1y
important that this area of research be pursued vigorously.
It may weIl be that a new and significant rnorta1ity factor
for estuarine and coastal populations -- increased genetic
damage -- may have been introduced with increasing chemical
pollution.

~..
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CONCLUSIONS

In considering pollution-associated diseases of fish
and shellfish, a number of conclusions seem warranted:

"(1) The significance of environmental stress from
pollutants is emerging as an"important deter
mining factor in a number of fish and shellfish
diseases. This may take the form of dircct
chemical-physical darnage to cell mernbranes or
tissues, modification of biochemical reactions,
buildup of facultative microbial pathogens, low
environmental oxygen levels, and many others.

(2)Some circumstantial evidence for the role of
environmcntal carcinogens in inducing neoplasms
of fish and shellfish is accumulating, but at
present definitive conclusions are not justified. ..

(3 )

(4)

The multifactorial genesis of disease in marine "
speciesis becoming apparent -- involving environ- ::
mental stress, facultative pathogens, resistance
of hosts, and latent infections.

The presence of marginal or degraded estuarine/
coastal environments may be signalIed by the
appearance of fin e=osion, "red sores",' and
lymphocystis in teleöst fishes, by shell disease
in crustaceans, and by certain neoplasms in bi
valve molluscs, but a clear cause and effect
relationship has not yet been demonstrated in
every case.

(5) A number of viruses have been found in crustaceans
and molluscs in recent years, and the pathogenic
role of two of them has been demonstrated by in
creasing environmental stress. It may weIl be that
other latent virus infections of invertebrates will
be identified by similar experimental methods.
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