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FOREWORD

The Symposium in which the communications, as they were called during the meeting, comprising
this volume were presented was held at the Zoological Institute of the Academy of Sciences of the
U.S.S.R. in Leningrad during 13 to 16 October 1981. Conducted as part of the cooperative program of
the U.S.A.-U.S.S.R. Working Group on Biological Productivity and Biochemistry of the World Ocean,
the Leningrad meeting was sponsored by the Academy of Sciences of the U.S.S.R. (the Zoological Insti-
tute) and the Ministry of Fisheries of the U.S.S.R. (The Scientific Council on Fish Diseases of the
Ichthyological Commission). It was an extremely interesting and successful Symposium, offering all
participants the opportunity to describe the results of their studies and reviews during the course of the
formal presentations and direct interchange between scientists during breaks in the program and the
organized and casual social activities. The facilities provided by the Zoological Institute were quite ade-
quate and the assistance offered by its Director, O. A. Scarlato and his staff in organization, logistics, and
translation was excellent. Several of our Soviet colleagues presided over the proceedings, as did 1. All
were businesslike and efficient, yet graceful and accommodating. To O. N. Bauer fell the brunt of pro-
grammatic detail and follow-up. He bore his burdens well and, with Director Scarlato and his staff, in-
cluding A. V. Gussev and others of the professional and technical staffs of the Zoological Institute,
helped make our stay pleasant and the Symposium productive. These organizations and individuals
deserve much credit and praise as well as the thanks of their American and British colleagues.

William J. Hargis, Jr.
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Parasitology and Pathology of Marine Organisms of
the World Ocean

Proceedings of the U.S.A.-U.S.S.R. Symposium conducted within the program
‘“Biological Productivity and Biochemistry of the World Ocean’’ held at
the Zoological Institute of the Academy of Sciences of the U.S.S.R.,
Leningrad, October 13-16, 1981!

WILLIAM J. HARGIS, JR. (Editor)?

INTRODUCTION
Background of the Symposium

In 1973 the President of the United States of America and the
Premier of the Union of Soviet Socialist Republics signed an
agreement establishing the common interest of the two countries
in the phenomena and problems of the World Ocean and calling
for cooperative studies. The resulting joint activities, which in-
volved programs in a number of scientific areas, were placed in
the hands of a combined U.S.A.-U.S.S.R. Committee to provide
general guidance and oversight and maintain high-level communi-
cations. The different disciplinary or operational segments of the
several programs were assigned to the control of several joint
U.S.A.-U.S.S.R. subcommittees called Joint Working Groups.
That portion of the programmatic activity dealing with nonfish-
eries biological phenomena and processes was placed under the
Joint Working Group on Biological Productivity and
Biochemistry of the World Ocean. Early on, the Chairmen and
members of the Joint Working Groups met to arrange mutually
suitable activities, which included exchanges of scientists, jointly
sponsored symposia, conferences, or workshops as well as coop-
erative publications, expeditions, and other projects of mutual in-
terest. These programs and projects were solemnized in formal
working agreements or protocols which included lists of the activ-
ities planned for the period in question. The overall program, due
to expire in 1981, has been extended for three more years, until
1984.

The last formal protocol of the Working Group on Biological
Productivity and Biochemistry, developed and signed in Tallin
(Estonia) U.S.S.R. in 1979, called for two companion symposia on
parasites and pathogens of marine organisms of the World Ocean.
One was to be held in each nation to affort maximum opportunity
for participation by scientists of each and for significant inter-
change of information.

For various reasons the first symposium did not take place until
fall of 1981 in Leningrad, U.S.S.R. We hope that the second or
reciprocal meeting in the United States will be convened within a
year or two.

!'Contribution No. 1170 from the Virginia Institute of Marine Science, College of
William and Mary, Gloucester Point, VA 23062.

Professor of Marine Science, The School of Marine Science and The Virginia
Institute of Marine Science, The College of William and Mary in Virginia; and U.S.
Co-Chairman of the U.S.A.-U.S.S.R. Working Group on Biological Productivity and
Biochemistry of the World Ocean.

The 1981 meeting, hosted by the Zoological Institute of the
Academy of Sciences of the U.S.S.R., involved over 45 Soviet
scientists along with 4 from the United States and 1 from Great
Britain. Pretranslated or instantaneously translated reports were
presented by most participants. It was agreed that acceptable
papers would be published in both languages in the respective
countries.

The Symposium was extremely productive. The program in-
volved about 50 oral communications or papers on a wide variety
of subjects related to the general topic—marine parasitology and
pathology. In accordance with the publication plan, the Soviets
have already or are now presenting the reports in their national
language through the normal publication channels open to them.
Many were published in a single appropriately titled volume
printed and released in Leningrad in 1981 (Bauer et al. 1981).
Communications not included in that volume are being published
in appropriate journals in the Soviet Union.

The volume at hand, designed to provide English-reading audi-
ences with the results of the Symposium, includes all of the
communications or papers whose authors have agreed to their
publication and made them available. It is hoped that it will serve
to indicate the wide variety of topics discussed and demonstrate
the extent and productivity of Soviet workers in this important
field of biological oceanography or marine ecology. Only five
non-Russian scientists were able to participate, for various
reasons. Their contributions, though noteworthy and valuable,
were overshadowed by those of the numerous Soviet speakers, as
would be expected.?

But the Soviet contributions were impressive in more than
number or bulk. They reflected the emphasis that Soviet marine
science places upon parasites, pathogens, and diseases of sea and
marine organisms. They also indicated the magnitude of the
Soviet biological and fishery research efforts in the World Ocean.
Personnel of their numerous fishery reconnaissance and fishery
research vessels, biological research ships, and the many elements
of their world-ranging fishing fleet have assisted in this work by
making parasitological collections themselves or by providing
collecting and research platforms for many of the specialists
involved.

3Several Soviet participants and our Welsh colleague (Jack Llewellyn) chose not

to have their communications presented here, otherwise the number of papers
presented in this volume would be greater. Also some who apparently did want their
papers included did not or could not answer my plea for translations, abstracts, and
references. In such cases the papers are presented as they were available, with ap-
propriate editing or as we were able to translate and fill them out ourselves.



Without disparaging the significant and valuable efforts of
other countries, including our own, the magnitude of Soviet
research activity in the parasites, pathogens, and diseases of
marine organisms, especially those of direct or indirect economic
importance, is impressive. Russian scientists have made major
contributions in fundamental and applied parasitology and pathol-
ogy of the World Ocean as well as of their own coastal waters and
interior seas. Thousands of individual hosts were involved in
many of their faunistic and zoogeographic studies—some projects
used many thousands apiece. Hundreds of host species have been
studied and many are reported in this volume. Our Russian col-
leagues deserve much credit for their great interest, activity, and
productivity in this vital field.

In preparing the papers for this volume every effort has been
made to remain faithful to the first translations provided or to the
originals where translations have been made locally. In many in-
stances extensive editing was required to make them readily intel-
ligible to English readers. In these presentations the editor’s inter-
pretations of the meaning of obscure or unusual words or phrases
(to American readers) has been included in brackets after the
words or phrases in question in order that the author’s words could
be retained. I regret and apologize to the original authors or
translators, where their versions are significantly different from
those presented herein (and I hope there are few), for any diver-
gences from original meaning which may have been introduced in
the extensive editing process.

It is hoped that this volume will convey to the reader the scope
and detail of the communications contributed by Soviet colleagues
as well as our own and will prove a useful addition to the world
literature of parasitology and pathology.

Organization of the Volume

Developing a suitable organization for this volume was diffi-
cult. The papers presented during the symposium were varied in
topic, scope or range, emphasis, and extent. Some were historical,
dealing with past and current activities in research on parasites
and pathogens. Some were reviews. Some presented findings in
general fashion. Others were quite specific in treating results of
recent research. A few dealt with the practical aspects of fishery
parasitology and disease studies such as the effects on perishabil-
ity (shelf-life), attractiveness, and marketability of fishery prod-
ucts and even their possible effects on the health of humans.
Several presented discussions of the effects of diseases and
parasites on fish and invertebrates under culture and techniques of
dealing with them. A larger number dealt with parasites as bio-
indicators, useful in studies of paleogeography, zoogeography, and
phylogeny of their hosts. Zoogeographical topics are significant in
a number of them. A few treated quite different aspects such as the
influence of parasites on the physiology of their hosts, and one
dealt with the possible use of pigmented macrophage accumula-
tions as indicators of fish health or of stress from anthropogenic
pollution. Certain presentations focused on single major taxo-
nomic groups (mostly classes) of parasites and pathogens, while
others dealt with a number of different classes or even phyla in a
single paper. The largest number of presentations (communica-
tions) treated fish as hosts, with those dealing with mollusk and
crustacean hosts ranking as distant seconds and thirds, respective-
ly. One paper, which had to be translated from the Russian to be
included here, dealt with parasites of marine mammals.

With such a diversity of presentations as were made during the
Symposium, any selection of organizational arrangement for this

publication could only be somewhat arbitrary. As shown in the
Contents, general or historical papers are presented first (Items
under II); those dealing with parasites and pathogens of fish are
second (Items under III); and those treating invertebrate hosts are
third (Items under IV). One of the papers (Infectious Diseases of
Fish Involved in Marine Aquaculture in the Soviet Far East, by
Potievski et al.) treated both fish and mollusks now under culture
in northeastern Russia and is interposed as a “bridge” between
those offerings dealing with fish hosts on the one hand and inver-
tebrate hosts on the other. The single paper on marine mammals is
included under V.

There are two major categories—Parasites and Pathogens of
Fish, and Parasites and Pathogens of Invertebrates. Within the
first category, which is the larger, the organization into sub-
categories is as follows: 1) Mixed major parasitic taxa, 2) indivi-
dual major taxa (i.e., protozoans, digeneids, monogeneids,
cestodes, acanthocephalans, nematodes, and crustaceans, which
may, along with viruses and bacteria, all be included in the “mix-
ed major parasitic taxa” subcategory mentioned above), and 3)
miscellaneous. The miscellaneous parasite topic or subcategory
includes the pigmented macrophage accumulations offering of
Wolke et al. as well as the Russian offering dealing with pathogens
of salmon and mollusks in the ““aquatoria” of the Soviet far east
(Potievski et al., cited above).
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Present State and Perspectives of Soviet
Investigations on Marine Parasitology

O. N. BAUER! and Yu. I. POLIANSKI?

ABSTRACT

Soviet investigations in marine parasitology are reviewed. During the first half of this century the parasites
of fishes living in inland rivers, lakes, and ponds, and, to a lesser extent, those of fishes of the inland (Aral and
Caspian Seas) and adjacent seas were studied. At the end of the 1950’s, long-term studies of marine organisms in
different parts of the World Ocean were undertaken. Less work has been done on parasites and diseases of
cultured sea organisms because mariculture is as yet poorly developed in the U.S.S.R.

Investigations of parasites and diseases of sea fishes in the
Soviet Union were begun in the early 1930’s. This happened after
the organization of the first department on fish diseases by our
prominent zoologist and parasitologist, Professor Valentin Dogiel.
The first expeditions of this department were to the Aral Sea in
1930 and to the Caspian Sea in 1931-32. The materials gathered
were not only faunistic. Data on the biology of the parasite fauna
and on the influence of the environment on the fish contributed to
the development of ecological parasitology. The influence of
salinity on parasitic infection of fishes was discussed thoroughly
in the publications by Dogiel and Bychovski (1934, 1938) based
upon these data. It has been shown that the parasite fauna of fishes
of the Aral Sea is truly freshwater in nature. But in the Caspian
Sea brackish and sea (marine) elements have been found. The use
of parasites as indicators of local fish stocks was discussed for the
first time.

During the second half of the 1930’s, parasitological data were
gathered from Black Sea fishes. The paper of Osmanov (1940)
dealing with these data is especially noteworthy.

Investigations of fish parasites from the Pacific region had been
undertaken earlier by Layman (1930). In 1937 an expedition of
Leningrad University, headed by V. Dogiel, began investigations
of the parasites of fishes and invertebrates of the Sea of Japan. Yu.
I. Polianski, M. M. Isakova-Keo, and A. V. Gussev participated.
Materials dealing with parasitic Protozoa of fishes (Dogiel 1948),
Mollusca and Echinodermata (Polianski 1951a, b), and parasitic
Copepoda (Gussev 1951) from this expedition were published in
postwar years. Interesting data on the parasite fauna of Leuciscus
brandti, a migratory cyprinid, were also published by Isakova-Keo
in 1952.

In postwar years investigations of marine parasites increased. A
long-term survey of parasites of fishes and shellfishes of the
Barents Sea was accomplished by Polianski (1955) and his pupils,
Uspenskaya (1960) and Chubrik (1966). The fish parasites of the
White Sea were thoroughly investigated by Schulman and
Schulman-Albova (1953). Helminths of fishes of Pacific seas
[bights, bays or basins—coastal waters] were studied by Zhukov
(1960), Strelkov (1960),.and Oshmarin et al. (1960). A summary
of all these materials was made by V. A. Dogiel in 1954. Many

1Zoological Institute of the Academy of Sci

of the U.S.S.R., Leningrad,

US.SR.
2Leningrad State University, Leningrad, U.S.S.R.

papers on Monogenea of Pacific fishes were published by B. E.
Bychovski.

As can be seen, until the 1950’s and 1960’s, the chief work in
marine parasitology had been done in the continental and adjacent
seas of the Soviet Union.

At the end of the 1950’s our country began a long-term pro-
gram to increase catches of fish and other sea products in the open
parts of the World Ocean. These catches increased up to 20
million tons in 1975. At the beginning of the program it was
discovered that fish stocks of several species in some parts of the
World Ocean are heavily infected by parasites and could not be
used for consumption. Since then the problems of marine parasi-
tology have been recognized to be of economic importance, and
the need for special departments has been emphasized. The
Department of Marine Parasitology of the Institute of Biology of
Southern Seas in Sevastopol headed by V. M. Nikolaeva became
the first such department. It began its investigations in 1958.
Later, similar departments were organized in the Research Insti-
tute of the Ministry of Fisheries. In 1966 [two were established],
one in the Pacific Institute (TINRO)—headed by Yu. V. Kuroch-
kin—and the other in the Atlantic Institute (AtlantNIRO)—
headed by A. V. Gaevskaya, and others. At the beginning of this
program, work on helminths dominated. Since then attention has
been given to other groups of parasites—Protozoa (especially
Myzxosporidia) and Crustacea (both Copepoda and Isopoda). Dur-
ing the last 20 yr an enormous amount of materal has been
gathered. Summaries of much of this work will be presented in the
contributions to this Symposium.

We now have trained and experienced scientists with expertise
in different groups of parasites who can solve problems of
theoretical and economic importance. Some examples of the last:
Of great economical value are the investigations of the TINRO
parasitologists on how to trim carcasses of teragra, Theragra
chalcogramma, that are heavily infected by tetrarhynchids. Scien-
tists of the Zoological Institute and AtlantNIRO have worked out
recommendations connected with pelagic fishes infected by
Myxosporidia—Multivalvulea of the genus Kudoa. This parasite
causes muscle lysis in stored fish.

Less research has been done on parasites of shellfishes but dur-
ing the last several years it has increased. Several papers of this
Symposium will be devoted to this problem. An example is the
research in the Barents and White Seas on ecology, histology, and
physiology of some trematodes heavily infecting fish and seabirds.



The parthenogenetic stages of these species infecting mollusks
have been thoroughly studied using cytochemical and electron-
microscopical (ultramicroscopical) methods. Such methods help
us to understand the host-parasite relations of the system. The
results of this research, done by A. A. Dobrovolski, K. V. Galakti-
nov, and I. A. Tichomirov, have shown that recent ecological
parasitology, marine parasitology included, must be done not only
on the organismal but also on cellular and molecular levels.

Until now little has been done in our country in the culture of
fish and shellfish in coastal waters. But during recent years more
attention has been given to this area. Experience of other coun-
tries, especially the United States, Japan, and England, has shown
that such culture is often accompanied by mass diseases, the
causative pathogens of which are not only parasites of animal
nature, especially those lacking intermediate hosts (i.e., Protozoa,
Monogenea, and parasitic crustaceans), but of others in different
systematic positions such as bacteria, viruses, and fungi. During
the last decade a large number of such diseases of marine and
anadromous fish have been described. Many are of great
economic importance in mariculture.

In our country the earliest experience in such diseases was ob-
tained when culture of salmonids was begun in the coastal waters
of the Baltic Sea. Vibrio anguillarum was the first pathogen of
economic importance studied. BatNIRKH and its branch in
Tallin [Estonia] have studied this disease and employed methods
of control, including immunoprophylaxy. Vaccines from the Ger-
man Democratic Republic and the United States have been exam-
ined with good results. However, an increase of such research in
mariculture is greatly needed.

It is also noteworthy that the experience of Soviet fish parasi-
tologists in seafish culture has shown that even widely distributed
parasites, which are described as harmless, can act as pathogens.
Scientists of the Zoological Institute have described mortalities of
young White Sea herring infected by only a few specimens of
trematodes such as members of the well-known Lecithaster and
Brachyphallus genera. Fish parasitologists from other countries
have also described such cases. The same will be said when we
discuss the culture of shellfish.

By the end of the 1960’s, the urgency of coordinating research
in parasitology and pathology of sea organisms was clearly recog-
nized. In 1970, the first All Union Symposium on Parasitology
sponsored by the Council on Fish Diseases of the Ichthyological
Commission was held in Sevastopol with great success. The sec-
ond took place in Kaliningrad in 1976. Now we are gathered for
the third time, but this time with our colleagues from the United
States and one from Great Britain. During the first two Symposia

little attention was paid to pathology of marine organisms,
especially cultured ones. We hope that this problem will be
thoroughly discussed at this Symposium.
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Recent Studies on Marine Fish Parasites and Diseases

CARL J. SINDERMANN!

ABSTRACT

Progress in research on marine fish diseases and parasites in the United States can be discussed in three
categories: Diseases and parasites in natural populations, disease in degraded habitats, and disease in marine
aquaculture. Principal interest is in the effects of diseases on wild or cultured pop of ec ic impor-
tance, but there are subsidiary interests in diseases and parasites as indicators of environmental changes, in
public health aspects of fish diseases and parasites, and in effects of parasites on market quality of fish products.

Studies of natural populations of fish have concentrated on pathogens and parasites which occur at
epizootic levels. Important here are viral diseases, particularly viral erythrocytic necrosis, some bacterial
diseases, such as that caused by Pasteurella piscicida, and a sy ic fungus disease caused by Ichthyophonus
hoferi. Attempts to quantify the effects of di on fish abundance have increased, and there is growing accep-
tance of the | that disease-related mortality is a significant environmental factor in the sea.

Recent emphasis has been placed on di: which may be associated with estuarine/coastal pollution in the
vicinity of human population centers. Several diseases and disease signs. bly integ| I lesions such as
ulcers, fin erosion, papillomas, and lymphocystis—have been associated (some only circumstantially) with envi-
ronmental degradation. Chr 1 lies and de P tal abnormalities (skeletal malformations)
have been studied also, from the viewpoint of increased prevalences in polluted zones. An important role for
facultative microorganisms—particularly bacteria of the Vibrio, Pseud. ,Aer group—has emerged.
Evid is lating for localized effects of pollutants on fish populations, and for the utility of certain
disease signs as indicators of environmental stress.

The slow but conti develop t of marine aquaculture in the United States has been accompanied by
increasing attention to diseases and disease control. Sea cage rearing of Pacific salmon (genus Oncorhynchus) on
both coasts has been possible only by control of vibriosis (principally Vibrio anguillarum). Effective polyvalent
vaccines now limit the problem, but other diseases, such as bacterial kidney disease (BKD) and furunculosis
(caused by Aeromonas salmonicida) persist. Additionally, certain sal id virus di seem of trans-
mission and of causing mortality of salmon in seawater.

Parasites which reduce market quality of marine fish include the histozoic myxosporidan Protozoa and
larval helminths, particularly larval nematodes. Few of these are of public health concern, but many result in
rejection of infected fish as food.

With the impetus provided by declining marine fish stocks, increasing coastal pollution, and developing
aquaculture, fish disease research has expanded in recent decades. There is still a need for quantification of
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disease effects on population abundance.

INTRODUCTION

Many parasitological and pathological problems concerning
marine fish are being addressed by scientists in a number of coun-
tries. Interest is focused logically on those which affect survival,
either in natural or cultivated populations. Of the many topics
which might be considered, I have selected the following four for
discussion in this paper: 1) Vibriosis, 2) the emerging role of
viruses in marine fish—especially IPN-like viruses, 3) blood Pro-
tozoa, and 4) fungus (Ichthyophonus) epizootics.

In discussing these categories, I will try to emphasize results
obtained since 1970, recognizing that a number of the disease
entities have been known and examined well before that date.

After this consideration of examples of progress in disease
research in natural and cultivated fish populations, I would then
like to consider pollution-associated diseases, and our present
understanding of the relationship of estuarine/coastal pollution
and fish diseases.

'Northeast Fisheries Center Sandy Hook Laboratory, National Marine Fisheries
Service, NOAA, Highlands, NJ 07732, U.S.A.

VIBRIOSIS OF FISH

Vibriosis of marine fish has had a long history of attention by
fish pathologists—beginning over half a century ago with “red
disease” of eels caused by Vibrio anguillarum (Bergman 1909).
Vibriosis has occurred at epizootic levels in wild populations as
well as cultivated ones. Juvenile saithe, Gadus virens, have ex-
perienced repeated mortalities on the Norwegian coast due to V.
anguillarum outbreaks, the most recent being 1967 and 1974
(Anonymous 1975). Vibrio anguillarum has also been identified as
a pathogen of winter flounder, Pseudopleuronectes americanus,
from the western North Atlantic (Levin et al. 1972).

With the continued development of marine aquaculture, the
genus Vibrio has emerged as probably the most important
pathogen group for fish and invertebrates (Sindermann 1977).
Vibrio infections and Vibrio-caused mortalities have been reported
for virtually every species which has been cultivated extensively
in saltwater. Vibriosis has been characterized as a haemorrhagic
septicemia, with lesions attributable to both exotoxin and endo-
toxin (Bullock and Conroy 1971; Umbreit and Ordal 1972;
Harbell et al. 1979).

Probably nowhere have Vibrio infections been of greater conse-
quence than in saltwater culture of salmonids. At times it seemed
as if the continued existence of seawater cultivation of salmon



depended on successful solution of the vibriosis problem, and
some aspects of the problem still exist today, even though remark-
able advances have been made in disease control, particularly
through immunization.

Sea pen culture of Pacific salmon of several species, but parti-
cularly of coho salmon, Oncorhynchus kisutch, began on the west
coast of the United States in the early 1970’s, and mortalities due
to vibriosis were noted almost immediately (Harrell et al. 1975).
Initial approaches to control emphasized antibiotic treatment, but
oral and other types of immunization developed rapidly. Immuni-
zation by injection of juveniles with killed pathogens was effec-
tive but labor-intensive. This method has now been replaced by
hyperosmotic spray and bath immunization, augmented when
necessary by antibiotic treatment or use of furanace (where per-
mitted) (Egidius and Andersen 1979). Oral immunization has also
been demonstrated to be effective (Fryer et al. 1978). Polyvalent
bacterins have been produced, and vibriosis, while still a problem,
is now considered a controllable factor in salmon cultivation in
the Pacific Northwest and in European waters. Vaccination is now
part of the standard protocol for cultivation of Pacific salmon in
sea cages in the northwestern United States.

Experience with vibriosis in cage culture of Atlantic salmon,
Salmo salar, in the northeastern United States and in northern
Europe has profited from advances made in the Pacific. The
disease, for example, has been a threat to Norwegian cage culture,
particularly in coastal areas where vibriosis epizootics have also
occurred in wild populations of saithe.

An emerging phenomenon, both in North America and in
Europe, is the appearance of new strains or serotypes of V. anguil-
larum, which must be incorporated into the immunization pro-
tocol (Sawyer and Towle 1976; Egidius and Andersen 1978).
Bacterins of west coast origin have been augmented with fractions
reactive with additional strains of Atlantic vibrios to control
disease in U.S. east coast stocks. The probability of a large number
of serotypes complicates bacterin production, and requires con-
stant vigilance to detect new forms of the disease. Some cross-
protection is provided by various vaccines, but not enough and not
consistently.

Another emerging phenomenon is the appearance of some of
the well-known salmonid diseases, such as furunculosis (caused
by Aeromonas salmonicida), bacterial kidney disease (caused by
Renibacterium salmoninarum), and Viral Hemorrhagic Septicemia
(VHS)—which have been and continue to be serious hatchery
problems—and causes of mortality in seawater as well (Frantsi et
al. 1977; Castric and deKinkelin 1980; Paterson et al. 1981).
These diseases may be carried in a latent state from fresh to salt-
water, but furunculosis and VHS have been transmitted from fish
to fish in seawater (Scott 1968; Novotny 1975; Castric and
deKinkelin 1980). Novotny, for example, cited instances of mor-
talities in sea cages of chinook salmon, Oncorhynchus tshawytscha,
of up to 80% in 5 mo, caused by simultaneous epizootics of furun-
culosis and vibriosis. The furunculosis organism in this study
proved to be salt-tolerant, as well as sulfa- and oxytetracycline-
resistant.

Other halophilic Vibrio species (V. parahemolyticus, V. algino-
Iyticus, and V. cholerae) have also been involved, along with V.
anguillarum, in diseases of cultivated shrimps, crabs, and mollusks
in several countries (DiSalvo et al. 1978; Liebovitz 1978; Brown
and Losee 1978). Vibriosis affects larval and juvenile stages in
particular. Additionally, vibriosis was also responsible for high
mortalities in juvenile turbot (Scophthalmus maximus) being farm-
ed in the United Kingdom (Horne et al. 1977).

VIRUSES IN MARINE FISH

IPN-Like Viruses

Knowledge of viral diseases of marine fish has increased
remarkably in the past decade. Much recent attention has been
given to the so-called IPN viruses. A disease of salmonids known
as Infectious Pancreatic Necrosis (IPN) was first described by
McGonigle (1941) and its viral nature demonstrated by Wolf et al.
(1960). Resembling a reovirus, the pathogen has since been
described from a wide range of vertebrate and invertebrate hosts
(including several species of mollusks) (Hill 1976; Underwood et
al. 1977). Probably the most interesting recent finding in the
United States is that a highly lethal and common disease of Atlan-
tic menhaden, Brevoortia tyrannus, long known as ‘‘spinning
disease,” has been associated with infection of the central nervous
system by an IPN-like virus (Newman 1980; Stephens, Hetrick,
and Newman 1980; Stephens, Newman, Zachary, and Hetrick
1980).

The reports represent a satisfying conclusion to decades of
uncertainty about the cause of annual mortalities of menhaden
which have occurred at various locations on the U.S. east coast—
and for which records of mass deaths extend back to the 18th cen-
tury. The disease was transmitted by intraperitoneal injection;
typical spinning signs were produced, and the virus was reisolated
from experimental fish. The virus was antigenically similar to
IPN. Subsequent exposures of menhaden and American shad,
Alosa sapidissima, to water seeded with virus also produced infec-
tions. It is relevant that some gross signs of IPN infection are
similar in menhaden and salmonids. The spinning behavior,
exophthalmia, and heightened pigmentation are similar, but
menhaden do not usually exhibit visceral hemorrhages.

Additionally, severe outbreaks of IPN-like virus have been
reported in eels (Anguilla japonica and A. anguilla) from Japan
(Sano 1976; Pilcher and Fryer 1980). The virus, antigenically
related to IPN, and called EVE, has produced extensive annual
mortalities in eel culture ponds. It has been transmitted directly
and by inoculation in juvenile eels, producing mortalities of 55 to
60% of experimental fish. The virus was reisolated from mori-
bund fish, and seems distinct from other viruses isolated from the
blood of European eels with stomatopapilloma (cauliflower
disease).

From these and other studies, it seems that the former narrow
concept of IPN virus of salmonids must be broadened to include
an entire array of IPN-like viruses from fish and invertebrates,
and from freshwater, anadromous, catadromous, and marine
fishes.

Viral Erythrocytic Necrosis

Among the blood parasites of fishes, much attention has been
paid during the past decade to a disease known as “Piscine Ery-
throcytic Necrosis” (PEN). Viral etiology has been indicated in
some studies, so the disease has been redescribed as “Viral Ery-
throcytic Necrosis” (VEN). Cod, Gadus morhua, have been found
to be infected on both sides of the Atlantic (Laird and Bullock
1969; Reno and Nicholson 1980; Smail and Egglestone 1980).
Other Atlantic species of commercial importance—herring
(Clupea harengus), alewife, Alosa pseudoharengus, American eel,
Anguilla rostrata, and rainbow smelt, Osmerus mordax—have
been found to be infected (Doyle 1970; Sherburne 1973, 1977).
Additionally, the disease has been recognized in Pacific salmon.
Bell and Margolis (1976) reported a VEN-like agent associated



with an epizootic of cultured pink salmon, Oncorhynchus gor-
buscha, in sea pens at Nanaimo, B.C., transmissible by injection to
chum salmon, O. keta, and to other pink salmon. Subsequently the
disease was found in several other species of salmonids (Evelyn
and Traxler 1978) and in Pacific herring, Clupea harengus pallasi,
in prevalences up to 59% (MacMillan and Mulcahy 1979). Heavi-
ly infected fish had surface hemorrhages.

The usual VEN disease signs—intracytoplasmic inclusions and
nuclear changes, often with accompanying anemia—may occur in
high prevalences. For example, up to 50% of the blood cells of cod
were found to be infected in one study (Smail and Egglestone
1980). VEN has not been definitely associated thus far with mass
mortalities, but infected chum salmon were found to be more
susceptible to vibriosis, less resistant to oxygen depletion, and
with decreased osmoregulatory ability (MacMillan et al. 1980). It
may well be that the disease has a greater effect on fish popula-
tions than was formerly believed.

BLOOD PROTOZOA

In addition to recent attention to the blood disease called Viral
Erythrocytic Necrosis (VEN), other blood parasites of fish have
been reexamined from the viewpoint of mortality. The hemo-
flagellate Trypanoplasma bullocki, found in a number of marine
fishes from the U.S. east coast, has been implicated in extensive
mortalities of young-of-the-year summer flounder, Paralichthys
dentatus (Strout 1965; Daily 1978; Newman 1978; Burreson and
Zwerner 1982). Field and experimental evidence suggest that
infections are lethal during the colder months of the year. The
finding of 100% infection in trawled samples from Chesapeake
Bay led to the possibility that the pathogen could have a severe ef-
fect on survival of entire year classes of juvenile summer flounder
(Burreson and Zwerner 1982).

In other recent studies of hematozoa of fishes, a trypanosome
was found in high prevalences (up to 94%) in cod, Gadus morhua,
from the Canadian Atlantic coast (Kahn et al. 1980). Infestation
varied markedly among the stocks of cod sampled.

Another group of blood-inhabiting Protozoa, the haemogre-
garines, are among the most common of blood parasites of fish.
Long considered as benign and widely distributed, their potential-
ly pathogenic role in aquaculture was recently demonstrated
(Kirmse 1980). Cultured turbot, Scophthalmus maximus, raised at
elevated water temperature, were found to be infected with
Haemogregarina sachai, which caused gross tumorous lesions of
the musculature and viscera, in addition to severe blood parasit-
emias with marked anemia. The lesions were found in up to 6% of
cultured populations (Kirmse 1978; Kirmse and Ferguson 1976).
This seems to be an excellent example of the potentially patho-
genic role which may be assumed in aquaculture by parasites con-
sidered benign in wild populations—in which mortalities, debili-
tation, decreased resistance to other pathogens, and reduced
market value may result.

ICHTHYOPHONUS EPIZOOTICS

A pathogen (or pathogen complex) with a remarkable world-
wide distribution, in fresh and saltwater, is the systemic fungus
parasite Ichthyophonus hoferi. It is of interest to us here because of
repeated and extensive epizootics in a number of marine species
in several parts of the world. New information about the pathogen
has been developed in North America and elsewhere. Originally
described as a parasite of rainbow trout in Europe (Plehn and

Mulsow 1911), it has subsequently been reported in outbreak pro-
portions in mackerel in coastal waters of the British Isles
(Sproston 1944); in Atlantic herring on the east coast of North
America (Sindermann 1970) and at present in haddock and plaice
in waters north of Scotland (McVicar 1980). Furthermore, it has
been reported in high prevalence in yellowtail flounder, Limanda
ferruginea, from the offshore fishing banks of Canada (Powles et
al. 1968; Ruggieri et al. 1970), from farmed rainbow trout in
Australia (Munday 1976), and from rainbow trout in Japan
(Miyazaki and Kubota 1977). Epizootics in cultivated salmonids
have been traced repeatedly to use of raw marine fish in diets
(Rucker and Gustafson 1953; Munday 1978).

One of the most interesting aspects of this disease is its ap-
parent periodicity—with six recorded epizootics in herring of the
western North Atlantic (Fig. 1). The most recent outbreak in
herring and mackerel of the Gulf of St. Lawrence occurred in
1954-56, with effects on population abundance that extended well
into the 1960’s. In its acute form the disease is rapidly fatal, and it
was estimated that almost half the spring-spawned herring of the
Gulf were destroyed by the epizootic—an estimate that was
supported by statistics from the fishery. For the 5-yr period
preceding the most recent outbreak, average landings in the south-
ern Gulf of St. Lawrence were 10,800 t; for the 5-yr period imme-
diately following they were only 6,700 t—a decrease of almost
40%, with no apparent change in fishing effort (Fig. 2).

Growth rate increascd immediately following the mortalities,
and larval abundance declined drastically. Some recovery was
noted beginning in 1960-61 (Tibbo and Graham 1963), and
longer term effects on herring stocks have been described recently
in the Canadian literature (Parsons and Hodder 1975). Reduction
in competition and larval predation seemed to provide conditions
favorable for production of good year classes—and the 1958 and
1959 year classes were very strong. Abundance of these two year
classes as juveniles from 1959-62 and as adults in 1963-68 may
have contributed to poor survival of young for almost a decade.

In this example of environmental stress from epizootic disease
can be seen a mechanism which tends to increase the amplitude of
population fluctuations—positively as well as negatively—and
even to provide some clues about stock recruitment. Man’s inter-
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Figure 1.—Reported epizootics of Ichthyoph hoferi in herring of the western
North Atlantic. The 1940 outbreak is included on the basis of newspaper
accounts only.
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Figure 2.—Herring landings in the southern Gulf of St. Lawrence.

vention here, if any, may have been a positive one—to reduce
population size by overfishing beginning in the mid-1960’s (Fig.
3), thereby reducing density-dependent factors which increase
vulnerability of the population to future epizootics. It is possible
that outbreaks may actually be delayed by this mechanism.

The most recent Ichthyophonus outbreak—in haddock, Melano-
grammus aeglefinus, and plaice (Pleuronectes platessa)—occurred
and still persists in waters north of Scotland. Presence of the
fungus was noted as early as 1971; prevalences in haddock from
1976 to 1980 reached 85% in some samples. Prevalences were
lower in plaice, not exceeding 25%, but the disease was consider-
ed terminal in that species because of the acute nature of the
infection and inefficient host responses. Effects of infection, in
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Figure 3.—Recent trends in herring catches in the western North Atlantic.

addition to mortality, include spoilage and decay of flesh of heavi-
ly infected haddock, and often extreme emaciation and jellylike
flesh of infected plaice (McVicar 1980).

POLLUTION-ASSOCIATED DISEASES

The important and timely matter of pollution-associated
diseases of marine fish can be discussed in five categories: 1)
Disease caused by facultative pathogens: Fin erosion and ulcers;
2) stress-provoked latent infections: Shrimp baculovirus, oyster
herpes virus, herpes-virus disease of turbot, and lymphocystis; 3)
environmentally induced abnormalities: Neoplasms and skeletal
anomalies; 4) genetic abnormalities: Egg and larval genetic
damage; and 5) experimentally induced lesions. Each of these
categories can be examined here very briefly, with examples
drawn in part from our ocean pollution research in the western
North Atlantic.

Disease Caused by Facultative Pathogens

Our best candidate in this category is fin erosion or “fin rot” of
fish, which is probably the best known but least understood
disease syndrome of fish from polluted waters. It has been found
in the New York Bight, the California coast, Puget Sound, Bis-
cayne Bay, Escambia Bay, Irish Sea, Tokyo Bay, and the French
coast. It occurs in two types: 1) Site-specific—especially in
demersal fish; probably from contact with contaminated sedi-
ments; and 2) generalized—found especially in pelagic fish; with
involvement of all fins but especially the caudal, occasional
bacterial infections are found.

In the New York Bight, fin erosion has been found in 22 species
of fish, and has been demonstrated in flounders to be statistically
more abundant in that highly polluted zone than in other compar-
able coastal areas. It has a statistical association with high coli-
form and high heavy metal levels in sediments.

In another U.S. coastal area, southern California, fin rot has
been found in many species, and is clearly associated with prox-
imity to ocean outfalls of sewage systems. Wherever studied, fin
rot disease signs include: Epidermal hyperplasia, dermal fibrosis,
hyperemia, occasional hemorrhage, no consistent bacterial infec-
tion, and no pronounced inflammatory response.

The possible role of environmental chemical contamination in
the etiology of fin erosion emerges more clearly as additional
studies are reported. Fish from the New York Bight, reported in
studies by Mahoney et al. (1973), Murchelano (1975), and
Ziskowski and Murchelano (1975), exist in a highly contaminated
area, with chemicals such as heavy metals and petroleum residues
in sediments far above background levels. McDermott and Sher-
wood (1975) in California 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 abnor-
mally high concentrations of PCB in English sole and starry
flounders with fin rot from the Duwamish River in Washington.

Several authors have postulated that fin erosion in flatfish may
be initiated by direct contact of tissues with contaminated sedi-
ments. Mearns and Sherwood (1974), for example, suggested that
toxic substances (sulfides, heavy metals, chlorinated hydrocar-
bons, etc.) could remove or modify the protective mucus coat and
expose epithelial tissues to the chemicals. Sherwood and Bendele
(1975) reported that Dover sole from California with fin erosion
produced much less mucus than normal fish.

It seems quite likely that the “fin erosion” syndrome in fish in-
cludes chemical stress, probably acting on mucus and epithelium;



stress resulting from marginal dissolved oxygen concentrations,
possibly enhanced by a sulfide-rich environment; and, secondary
bacterial invasion in at least some instances.

A second disease possibly related to pollution and effects of
facultative pathogens is ulcer disease—which is, next to fin ero-
sion, probably the commonest abnormality in fish from polluted
waters. It appears to be usually of bacterial etiology. Systemic in-
fections with V. anguillarum have been associated with ulcers in
New England and Europe. Last year, at a special meeting on
diseases of marine fish and shellfish held in Copenhagen, ulcer
disease of cod was described from Denmark, the Irish Sea, and the
northern coast of France—associated with areas of severe pollu-
tion. Vibrio anguillarum was the most common isolate, but Danish
workers have also identified two viruses in ulcerated fish.

Beginning in 1979, pathologists at our laboratory in New Jersey
have recognized an ulcer disease of red hake, Urophycis chuss. The
disease appears soon after the late winter inshore migration of that
species (Murchelano and Ziskowski 1979).

So, for this first category, diseases caused by facultative patho-
gens, there is much room available for study at the boundary be-
tween infectious and noninfectious diseases. This is the area
where environmental stress and facultative microorganisms are
important; where high bacterial populations in eutrophic waters
interact with exposed or injured or chemically modified surface
membranes; and where nonspecific pathologies such as fin rot and
ulcers can occur in epizootic proportions.

Stress-Provoked Latent Infections

It is generally recognized that certain salmonid diseases in
freshwater—such as kidney disease and furunculosis in latent or
carrier states—may be provoked into patency by environmental
stress. Recent work suggests that latent infections in marine
species may be provoked into patency by pollutant stress. We
have found, for example, that lymphocystis disease of striped bass,
Morone americanus—normally a rare disease in natural popula-
tions—can occur in high prevalences (up to 25%) in fish over-
wintering in heated effluents of electric generating stations
(Sindermann 1979). Also, a disease caused by a herpes-type virus
was reported from turbot in Scotland in 1978. The flatfish were
being raised in a fish farm using warmed seawater from a nuclear
power plant. One-year-old fish died in large numbers from the
disease. Viral arrays were seen in wild fish, but not mortalities—
suggesting that the infections were enzootic and latent in the wild
turbot population.

Additionally, another herpes-type virus has been found to cause
mortalities in oysters on the New England coast, and a baculovirus
produced experimental mortalities in penaeid shrimp of the Gulf
of Mexico when exposed to PCB’s. The conclusion must be that
pollutant stress can give us very important clues about the role of
carrier states and later infections in the epizootiology of marine
diseases.

Environmentally Induced Abnormalities—Neoplasms
and Skeletal Anomalies

We have at least 40 yr of circumstantial evidence—beginning
with Schlumberger and Lucke’s (1948) description of catfish epi-
theliomas in grossly polluted rivers, through the spread of cauli-
flower disease (Blumenkohlkrankheit) of eels in northern Europe
since the 1950’s, and the extensive work with flatfish of the
Pacific coast of North America (Stich et al. 1977)—for a possible
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relationship of fish neoplasms and environmental pollution. An
extensive literature has been developed in the United States and
elsewhere, but a direct causal relationship has not been
demonstrated.

Skeletal anomalies, particularly those of the spinal column of
fishes, are the subject of an extensive literature. Included are
spinal flexures and compressions, vertebral fusions, and head and
fin anomalies. Recent studies in California have reported increas-
ed prevalences of skeletal deformities, considered to be pollution
related. Valentine (1975) presented the most convincing evidence
for environmental influences on induction of abnormalities in
three species of fish from the southern California and Baja
California coasts. He found significantly higher prevalences of
skeletal anomalies, especially gill raker deformities, from Los
Angeles and San Diego than from Baja. He suggested a relation-
ship with high heavy metal and chlorinated hydrocarbon levels in
California, but stopped short of stating a direct causal relation-
ship.

Genetic Abnormalities

The mutagenic properties of a number of chemical contami-
nants, including pesticides and heavy metals, have been
demonstrated in experimental studies with terrestrial animals. Re-
cent work suggests high percentages of chromosomal anomalies
and high prevalence of dead fish eggs in polluted areas of the New
York Bight (Longwell 1976). All degrees of chromosomal damage
have been found, and higher percentages of anomalies seem
associated statistically with the degree of environmental degra-
dation. It may well be that a new and significant mortality
factor— increased genetic damage—may have been introduced
with increasing chemical pollution. These genetic disturbances
fall clearly within the definition of disease.

Experimentally Induced Lesions

There is a vast and almost unmanageable literature abou
induced lesions in fish after experimental exposure to chemical
contaminants. Fortunately, a number of good reviews are avail-
able on pathological effects of heavy metals, pesticides, and petro-
leum. Some generalizations that may be drawn are:

Increasing dosages, beyond a threshold, produce increasingly
severe tissue abnormalities;

particular contaminants often exert effects on specific target
tissues, but specific lesions cannot usually be described as charac-
teristic of any group or class of chemicals;

much histopathology is nonspecific response to stress or infec-
tion;

effects that may be of chemical origin may be obscured by
stress-provoked infections with facultative pathogens; and

principal target tissues and organs seem to be gills, liver (or
invertebrate hepatopancreas), and neurosensory cells.

Much experimental evidence exists, but it has numerous flaws:

Dosage levels are often beyond maximum observed environ-
mental levels;

usually single chemicals are tested, ignoring synergisms and
antagonisms;

often the tests are static acute and not chronic flow-through;
and

experimental animals are often under stress from the mere act



of confinement—they may be injured, sick, or dying at the begin-
ning of the experiment.

These and other flaws reduce some of the value of the experi-
mental evidence, but a great pool of such information exists and is
of value because of its volume.

It. is, of course, necessary to be conservative in conclusions
about associations of pollution and disease, but evidence for such
associations is increasing.

SOME EMERGING CONCEPTS IN MARINE
FISH PATHOLOGY

Disease is a significant factor in survival of fish and shellfish.
Information about the role of pathogens in marine populations is
accumulating at an accelerating rate. Among the emerging con-
cepts in marine pathology are the following:

1) The effects of parasites and diseases on marine fishes are
quantifiable. In those few instances where quantitative studies of
disease-caused mortalities have been made (such as the examina-
tion of Ichthyophonus epizootics) significant reductions in popu-
lation size have been observed or inferred.

2) Some of the diseases of salmonids, such as furunculosis and
bacterial kidney disease, long considered as problems in fresh-
water hatcheries, are emerging as problems and causes of mortali-
ty during marine phases of host life cycles. Conversely, vibriosis,
characteristically a marine problem, can be transported to fresh-
water by species such as eels.

3) Virus diseases, in latent or patent form, have been identified
in marine fish, particularly during the past decade. Some of them,
such as lymphocystis and eel stomatopapilloma seem relatively
benign, while others, such as the IPN-like virus of menhaden, are
lethal to the host.

4) Studies of diseases in marine aquaculture have shown that
some parasites, such as the haemogregarines, long considered
benign, must be reassessed as potential pathogens and causes of
mortalities.

5) In considering pollution-associated diseases of fish the
following conclusions seem warranted:

a) The significance of environmental stress from pollutants is
emerging as a possible determining factor in a number of fish
diseases. This may take the form of direct chemical-physical
damage to cell membranes or tissues, modification of biochemical
reactions, and buildup of facultative microbial pathogens.

b) Some circumstantial evidence for the role of environmental
carcinogens in inducing neoplasms of fish and shellfish is accum-
ulating, and is suggestive, but definitive conclusions are not
justified at present.

c) The presence of marginal or degraded estuarine/coastal envi-
ronments may be signalled by the appearance of fin erosion,
ulcers, lymphocystis, and skeletal anomalies in teleost fishes. A
clear cause and effect relationship has not yet been demonstrated
in every instance, but some statistical associations have been
made.

d) A number of viruses have been found in fish, crustaceans,
and mollusks within the past decade, and the pathogenic role of a
number of them has been demonstrated by increasing environ-
mental stress. It may well be that other latent virus infections will
be identified by similar experimental methods.
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Applied and Scientific Aspects of Marine Parasitology

Yu. V. KUROCHKIN!

Parasitism is widely distributed among marine animals. At
present about 15,000 species of parasitic organisms are reported
from marine ecosystems. But even the most understated calcula-
tion shows that on the average not more than 25% of living
marine parasite species have been described. Practically all
species of free-living marine animals are also involved in
parasitism, serving as hosts of the appropriate stages of parasites
from different systematic groups.

The parasite fauna of marine fishes and invertebrates is
extremely rich and diverse and has the largest total biomass. This
is primarily due to the numerous helminth larvae (which usually
have wide specificity) and the peculiar and very rich fauna of
parasitic copepods and isopods (Table 1). Many dozens of species
of parasites are usually reported from those fish species which
have been extensively studied by parasitologists. Numbers of
parasites per host individual in fishes, and especially in marine
mammals, may reach hundreds of thousands or even millions.
Many parasites are highly pathogenic to their hosts. They can
cause diseases and affect the population sizes of marine animals.
The role of parasites in natural marine ecosystems is undoubtedly
very important. Besides, as is generally known, some marine
parasites can be dangerous for human health. Ultimately, the
immensity of the seas and oceans; the great diversity of the
ecological conditions due to the wide range of abiotic and biotic
factors (such as temperature, depth, movement of the water
masses etc., the abundance of marine vertebrates and inverte-
brates and their parasites, and the great biocenotic diversity); the
numerous food species of marine invertebrates and vertebrates,
often with very abundant stocks; the highly developed coastal and
offshore fisheries; and, hence, the huge economic losses [which
can be] caused by parasites—all these features of applied marine
parasitology provide a boundless field for diverse trends of applied
and fundamental investigations.

Table 1.—Approximat ber of sp in some main groups of
parasites of marine animals.’
Systematic group Number of species Probable number of
of parasites described to date living species

Trematodes 3,000 15,000-30,000
Monogeneans 2,200 9,900-13,000
Cestodes 800 2,000- 2,500
Nematodes 500 1,500- 2,000
Acanthocephalans 200 300- 500
Parasitic copepods 2,500 2,500-28,000
Parasitic isopods 900 2,000- 3,000

!Calculations were made by Manter (1966) on trematodes [digeneans],
Lebedev (in litt.) on monogeneans, and Kazachenko (in litt.) on parasitic
copepods of marine fishes.

!Pacific Research Institute of Fisheries and Oceanography (TINRO), Vladivostok,
US.S.R.
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The principal trends of the development of marine parasitology
(as in any other branch of the science) are determined, on the one
hand, by the volume and level of knowledge accumulated in the
field and prospects based upon it. On the other hand they depend
on the development of research techniques, the general develop-
ment of adjacent scientific fields and, especially, on today’s urgent
needs of industry. In marine parasitology such practical require-
ments arise from the experience and prospects of the marine
fisheries.

Taking into account available data on the above-mentioned
conditions, I shall try to review the most important and promising
directions of applied marine parasitological investigations and
some of the fundamental scientific aspects involved.

One must bear in mind that the volume and content of applied
branches of aquatic parasitology are very different depending
upon the aquacultural, natural freshwater, and natural seawater
conditions. Each of these three branches has its own problems, its
own strictly definite possibilities, and its own methodology
(Kurochkin 1979a). In this paper I shall discuss the applied and
scientific aspects of marine parasitology itself, giving no attention
to the problems of parasitology in mariculture.

Marine aquacultural parasitology, of course, is a very important
branch of marine parasitology and it needs special consideration.
However, marine aquaculture in our country has not yet reached
the necessary level of development, and problems of control of
diseases of cultured marine animals are not so acute for us as com-
pared with some other countries. It is a future problem for us
(though we are working on it now). Today’s most important ap-
plied and, accordingly, scientific problems of marine parasitology
are not in the field of parasitology of the few marine fish and
invertebrate species under culture. Rather they are in the subject
of parasitology of the mass of commercial and the trophically
important noncommercial species of animals of the natural
marine ecosystems connected with them.

I must add here that in natural marine ecosystems, contrary to
marine aquaculture, it is not the objects of microbiology (i.e.,
viruses, bacteria, and fungi) but the multicellular (helminths,
parasitic crustaceans, and some protozoan parasites) that are of
the greatest practical importance. The direct economic losses in
these cases are not caused by the diseases themselves (as a factor
reducing the abundance of commercial animals) but by the
parasites which damage the food and its technical qualities and
thereby reduce the marketability of commercial marine fishes and
invertebrates. Practically speaking there is no possibility (at least
for the present) of employing therapeutic or prophylactic methods
to control diseases and parasites in natural marine ecosystems (in
contrast to marine aquaculture). Here we must use quite different
methods to reduce economic losses.

Based upon our experiences, I shall consider below the most
significant principal directions [problem areas] of applied marine
parasitology and the fundamental aspects directly connected with
them. Six principal directions [problem areas] are enumerated
below:



1. The correct determination of the taxonomic (specific) posi-

tion of parasites.

Unfortunately, the importance or significance of this thesis
sometimes still needs to be proved (Willmott 1976), but it is quite
impossible to carry out any applied or fundamental investigations
or to accomplish any practical measures without an exact identifi-
cation of the parasites involved.

In marine parasitology, identification of the parasites is
especially important and often is connected with certain specific
difficulties. Here, unlike medical and veterinary parasitology (and
the parasitology of freshwater aquaculture), only a relatively small
portion of living parasite species (probably from 10 to 60% in
general systematic groups) are known at this point. The number of
species of marine parasites, as already stated, is extremely great,
but their systematics is still imperfect. In treating parasitological
collections one often has to describe new species of parasites or
create new taxa of higher rank. At times economically important
parasites appear to be new species. An example is the copepod
Pennella hawaiiensis Kazachenko and Kurochkin, 1974, affecting
the commercial fish Pentaceros richardsoni. (Some information on
this case will be given below.) Another example is the trematode
Gonocerca oshoro Shimazu, 1970, which was originally described
by Shimazu (1970) from a few specimens of trematodes from a
single fish. Parasitologists of TINRO soon discovered that these
trematodes are often found in the ovaries of their fish hosts (Cory-
phaenoides pectoralis) in great numbers. As a result the hard roe of
parasitized fish becomes inedible and has to be discarded. Obvi-
ously, this trematode, Gonocerca oshoro, may also have adverse
effects on the reproduction of the host.

Often it becomes necessary to identify not only mature para-
sites but also their larval stages, of which only their remains or
even traces may persist. We (Kurochkin 1969; Kazachenko and
Kurochkin 1974) have described a case where the marketing of
commercial catches of the fish Pentaceros richardsoni was tem-
porarily prohibited until the origin of [obvious] dark formations
in the muscles of the fishes was identified. First, the marketing of
36,000 tons of this fish was delayed, then as many as 133,000
tons. It is clear that the economic losses due to the delay of the
marketing of such a large amount of fish (even if one takes into
consideration only the cost of the electrical energy spent for the
freezer storage of this quantity of fish) are rather high. The ban
was removed only after some months, after our parasitologists had
found and proved that the above-mentioned dark formations in
fish muscles are the remains and traces of a new copepod species
(Pennella hawaiiensis) which is not dangerous to man.

Correct determinations of the taxonomic position of parasites
and, in particular, the elaboration of specific methods of identify-
ing them, as is necessary for the fisheries, are impossible without
further development of a certain complex of fundamental trends
of marine parasitology. Primarily, I mean the systematics and tax-
onomy (with nomenclature) based on morphology (where study-
ing the individual, age, hostal and geographical variability of
parasites is especially important) and then corresponding aspects
of the ecology, biology, physiology, and biochemistry of parasites
and some aspects of their phylogeny. Preparation and publication
of systematic catalogues and monographs and keys for the deter-
mination of different groups of parasites are also of great practical
importance.

2. Studies of the spatial distribution of the infection of marine
commercial animals by important species of parasites, with
due regard for the age, seasonal and long-term quantitative
and qualitative changes.
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This complex of investigations provides the parasitological
characteristics of the commercial marine animals and fishing
areas. These characteristics, if sufficiently complete and detailed,
allow, in many cases, the planning beforehand of the proper kind
of processing of the catches which otherwise could not be utilized
properly because of Ligh infestation by certain parasites. Some-
times it becomes possible for us to avoid significant economic
losses by not sending the fishing vessels to those areas where
catches could not be utilized properly because of high infestation
by certain parasites. Of course, parasitological investigations
concerning new commercial species or new fishing areas must be
accomplished ahead of the development of a commercial fishery.
But the accumulation of parasitological data in well-exploited
fishing areas over many years has to be accomplished also, by
means of necropsies of largz numbers of fishes obtained from
commercial fishing vessels.

It takes parasitologists a long time and much trouble to collect
the materials and data necessary for the above-mentioned pur-
poses, and it is almost impossible to do so without special research
vessels. For example, the Laboratory of Parasitology of Sea
Animals of the Pacific Research Institute of Fisheries and Ocean-
ography (TINRO), Valdivostok, U.S.S.R., (as well as other labora-
tories of this Institute) has a large research fleet at its disposal.
During the 15 yr of the existence of this laboratory (1966 to 1981)
its parasitologists have employed the research vessels of the Insti-
tute heavily. The duration of these expeditions totals up to more
than 36 yr! More than 70,000 fishes, 500,000 invertebrates, and
6,000 marine mammals were dissected by parasitologists, who
also carried out some experimental investigations. Besides, a large
number of fresh and frozen marine fishes and invertebrates were
studied by our parasitologists during numerous coastal parasit-
ological expeditions and in the laboratory in Vladivostok. Our
investigations in the direction [problem area] under discussion
have often yielded good practical results. For example, the utiliza-
tion of our proposals based on the above-mentioned investiga-
tions, regarding only the Alaska pollock, Theragra chalcogramma,
in 1977 allowed our fishing industry to produce an additional
200,000 tons of food (Kirillova et al. 1979). As a result of our
work during the last 5 yr, our country has received over 1.5
million tons extra of food production from Alaska pollock.

To develop this, one of the most important directions [problem
areas) of applied marine parasitology, it is useful and necessary to
develop a certain complex of fundamental investigations with the
main purpose of understanding the general mechanisms and fac-
tors governing the spatial distribution of infestation of marine
animals by parasites. It is very important to have knowledge of the
permissible limits of extrapolation of some parasitological data in
this field. It is also necessary for the purpose of developing the
ability to forecast future changes in the distribution of infestation
and in the quantitative and qualitative indices of invasion. There-
fore, the relevant aspects of the parasitofaunistic, ecologicopara-
sitological, parasitocoenological, and zoogeographical studies as
well as investigations in the fields of population biology and
population ecology of parasites are of great practical importance.

3. Studies of the distribution of the important parasite species
within the bodies of marine fishes and other commercial
marine animals.

Here I do not mean the generally accepted registrations [record-
ings] of the localization [location] of parasites (gills, stomach and
intestine, etc.). These data are not very useful for most practical
purposes. Usually relatively few species of parasites, mainly from
muscles and other edible parts of the host’s body, are of practical



interest. In some cases very detailed and reliable statistical infor-
mation about the topospecificity of these parasites are needed.
Obtaining such information demands much labor, especially if we
must consider the possibilities of age and seasonal changes in the
distribution of parasites.

Data thus obtained allow us to advise on methods of utilization
of catches of some fish species or the most suitable kinds of
processing for these fishes. Also these data can be used as the basis
for working out the rational geometry of dressing-out (cutting)
fishes or other commercial animals in order to remove the highest
possible number of parasites, or their remains. Sometimes we,
ourselves, are able to propose new types of industrial processing
based on the data obtained. More often we use our information to
check new types of processing proposed by workers of the fishing
industry.

To illustrate the practical importance of investigations of this
direction [problem area], I shall give some figures of the econom-
ical losses which we hope to eliminate using our proposals. Using
the rejection of large amounts of tinned saury because of invasion
and infections by bright red or orange acanthocephalans of the
genus Rhadinorhynchus as an example—economic losses due to
the discarding of some part of the production at only one of our
fish canneries reached the sum of more than a million roubles in
1980.

Of the fundamental investigations immediately connected with
the above-mentioned applied direction [problem area] of marine
parasitology one can notice, especially, research on parasite topo-
specificity, investigations of mechanisms of orientation and
migration of parasites in the host’s body, and certain aspects of
parasitocoenology, physiology, and population biology of
parasites.

4. Studies of the survival and behavior of parasites in the fish
host after death, during storage, and under the influence of
various physical and chemical factors.

The main aims of this experimental direction [problem area] of
applied marine parasitology are to develop methods and condi-
tions of processing raw fish which guarantee the reliable killing of
parasites dangerous to man (e.g., anisakid larvae); to find
measures to prevent the wandering of some parasites (e.g.,
Nybelinia larvae) in the fish before it is frozen or processed; and to
elaborate measures preventing the spoilage of the fish flesh by
certain myxosporidian parasites (e.g., of the genus Kudoa) during
the storage and after the fish had been frozen and defrosted.

From this point of view it is very important to test new as well
as routine methods of fish processing and to check the effects of
such factors as temperature, time, salt (NaCl) content, etc.

Results of research by numerous investigators, both in the
U.S.S.R. and abroad, have demonstrated the great practical signi-
ficance of this applied area of marine parasitology.

The fundamental trends of investigations related to these
applied works are the experimental ecology of the relevant stages
of development of parasites and certain aspects of the physiology
of parasites.

5. Studies of the influence of parasites on the quality of raw and

processed marine fish and invertebrates.

Parasites can cause different local and general disorders in the
host organism. These are manifested in undesirable changes of
appearance, structure [texture], flavoring, and other technical
qualities of flesh or other tissues of marine commercial animals.
These changes are usually registered [detected and recorded] with
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the help of the organoleptic and laboratory biochemical indices.
Studies of the rate of such changes, with due regard for the
chemical composition of parasites themselves, constitute an
important practical problem. The results of these investigations
allow us to decide what kinds of uses are best for certain batches
of fish, to develop quantitative criteria for permissible contents of
parasites and injuries [parasite damage] in marine food stuffs, and
to introduce necessary corrections into the procedures and tech-
nology of processing of marine fishes or invertebrates.

Many studies of this direction [problem area] have been carried
out in the U.S.S.R. and in other countries, but the area as a whole
cannot yet be considered to be well developed.

This applied direction is based on relevant [fundamental]
aspects of biochemistry, pathophysiology, pathoanatomy, histo-
pathology, and toxicology.

6. Development and improvement of methods and standards for
the parasitological inspection of marine fishes and inverte-
brates.

The main aim of this practical direction [problem area] of work
is prevention of the marketing of marine foodstuffs of poor quality
or dangerous for human health (due to parasites) on the one hand
and on the other, prevention of unjustified rejection of marine
food production which is essentially of good quality. It is rather
difficult to achieve both of these mutually exclusive requirements,
but, unfortunately, unjustified and erroneous rejections of food
fish are not rare, and they cause significant economic losses.

I shall enumerate the most important things that can be done to
help avoid or reduce economic losses:

1)Elaboration of standard procedures for the parasitological
inspection of fish and other commercial marine animals
(including establishment of sample sizes, etc.).

2)Elaboration of fast and reliable methods of detection and
calculation of the most important parasites in raw material
and in foodstuffs made of marine fishes or invertebrates.

3)Elaboration of express methods for identification of impor-
tant species and groups of parasites.

4)Elaboration of quantitative criteria and norms for the permis-
sible (or inadmissible) contents of parasites, their remains, or
injuries [damage] in different kinds of raw and processed
marine fishes and invertebrates.

5)Receiving approval of the appropriate official organizations
for the new regulations and standards that have been worked
out and introducing them into the State or departmental stan-
dards and technological instructions; preparing and publish-
ing various methodological textbooks and manuals, including
the handbooks for parasitological inspection of marine fishes
and invertebrates, and, finally, performance of the parasit-
ological inspections themselves.

The experience of the Laboratory of Parasitology of Sea
Animals of TINRO concerning all of these questions shows that
very often it is possible to succeed in reversing (in proper time)
[where time allows] erroneous decisions to discard certain batches
of marine fish because of the presence of parasites. Such batches
often contain several hundred tons of fish, and unjustified rejec-
tions cause great economic losses which could be avoided. For
example, about a thousand tons of frozen Alaska pollack were
discarded without good reasons (because of presence of parasites
in the intestine and in the gills, etc.) in 1978. But in many cases
we have time to step in and save large amounts of fish of good
quality.



The practical importance of reference books and other research
publications is illustrated by the fact that two editions of
“Methodical handbook for parasitological inspections of marine
fishes” (Kurochkin 1980a, b) were published and sold out (based
on orders from the fishing industry) within a year.

It is clear that this important direction [problem area] of
applied marine parasitology is connected with a large complex of
different fundamental studies which were mentioned above when
I considered the other applied directions.

The enumerated six main directions [problem areas] of applied
marine parasitology are based on the present immediate needs and
tasks of our fishing industry. Results of investigations in these
areas are not merely of conditional or of indirect practical impor-
tance but of real effectiveness, which usually is very high and may
be easily estimated in terms of weight or money.

It would be extremely useful for the future development of
applied and, therefore, fundamental investigations in marine
parasitology if both the general and detailed information on cases
and on the scale of economic losses were always estimated and
published. Economical losses in this field and the practical
(economical) possibilities of applied marine parasitology are
much more significant than generally realized. The main purpose
of this report is to invite attention to the possibility of avoiding
very large economic losses by development of the applied aspects
of marine parasitology.

Of course, it will not be possible to forestall [obviate] all mani-
festations of parasites’ ravages. For example, justifiable rejections
of highly infested fish are inevitable. Even so, parasitological
inspection of such fish performed as soon as possible (not after
long-term storage and long transportation) will diminish
economic losses.

There are other trends of investigations in marine parasitology
which, with good reason, may be considered as applied, though
they usually are not of direct applicability. They are:

1) Studies of the medical aspects of the parasitofauna of marine
animals (diagnostics, pathogenesis, clinical course of
diseases, epidemiology, prophylaxis, etc.).

2) Studies of the diseases caused by parasites and their influence
on the populations of marine animals (levels or degrees of
mortality, reduction of reproduction, estimation of losses of
weight or number of fishes, estimations of reductions in the
volume of catches, clinical signs of diseases, etc.).

3) Studies of the infectious (viral, bacterial, and fungal) diseases
of marine animals and their role in the natural ecosystems.

4)Studies of the interaction between infectious and invasive
diseases of marine animals.

5) Studies of the possibility of using parasites as tags of popula-
tion structure, migration routes, and some other aspects of the
ecology and biology of marine free-living animals.

It is obvious that at least three of the above trends of investiga-
tions are of direct practical importance for aquaculture in the
marine environment. I shall not dwell upon the subject.
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Some other important trends of applied and fundamental inves-
tigations in marine parasitology are outlined by Sindermann
(1970), Rohde (1976), Llewellyn and Owen (1960), Llewellyn
(1972), and others. Very interesting reviews on the problems of
fish parasites and of parasite coenoses in fish (with many ques-
tions concerning marine parasitology) were published by Bauer
(1978, 1980). There are other papers containing considerations of
the subject.

Undoubtedly, all aspects of marine parasitology have to be well
developed. Among them special attention has to be paid to those
applied aspects I have mentioned. Doing so will further the sub-
sequent development of both applied and fundamental investiga-
tions in the field.
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Use of Parasitological Data in Studies of the
Local Groupings of Rock Grenadier,
Coryphaenoides rupestris Gunner

A. V. ZUBCHENKO!

ABSTRACT

The local groupings of rock grenadier in the northwestern, northeastern, and open Atlantic are identified on
the basis of parasitological data. It is shown that these are temporary groupings mixing with each other. The
problem of interrelation of the fishes under study in different parts of the area is discussed. The pattern of the
life cycle of the rock grenadier involves the migration of immature fishes from the southern areas of the north-
west Atlantic (Flemish Cap and northern Newfoundland Banks) to the reproductive areas located in the eastern

regions of the North Atlantic.

Studying the population structure of certain sea fishes by using
parasitological data is not a new subject. It is sufficient to mention
the papers of Sindermann (1961), Yanulov (1960, 1962),
Templeman (1967), Kabata (1959, 1963, 1967), Schulman
(1950, 1956), Konovalov (1971), and others. These papers are not
equal in value but they proved the possibility of using parasites to
study fishes. True, in all these cases freshwater, diadromous, shelf-
dwelling fish and also fish dwelling in the upper pelagic layers,
served as the subjects of study. Deepwater fish have not been
studied in this respect.

The rock grenadier is a typical bathyal dweller. This species is
widespread, being distributed near the coast of North America,
from Baffin Island to Cape Hatteras; in the waters around Green-
land and Iceland; in the central part of the North Atlantic along
the Mid-Atlantic Ridge up to lat. 40°N; on the continental slope
of Europe; and near the Scandinavian coast up to the Skagerrak
Strait. The biology of this species has been studied only poorly.
This species is of especial interest because near the coast of North
America only immature fish were found, whereas in the central
and eastern parts of the North Atlantic fish of all stages of maturi-
ty were captured. It is not clear yet whether there is an interrela-
tion between these groups, though there is a supposition that such
relations exist (Zakharov and Mokanu 1970). Such supposition is
based on indirect data. Also, a preliminary conclusion based on
parasitological data was made on the existence of a common rock
grenadier population in the western and central parts of the North
Atlantic (Zubchenko 1976). There are data which confirm this
supposition (Alekseev et al. 1979), and there also are contrary
opinions (Marshall 1965; Galaktionova 1978; Dushchenko 1979).

The first information on parasites of rock grenadier appeared in
1911 when Odhner (1911), using fish which were caught offshore
of Norway, described the trematode Proctophantastes
(=Steganoderma) abyssorum. Later, Brinkmann (according to
Sproston 1946) described the monogeneid Dactylicotyle
(=Diclidophora) macruri in fish from the Skagerrak Strait, and
Berland (1961) found the nematode Contracaecum aduncum in
grenadier from the Norwegian Sea. During the iast decade study of
the parasite fauna of rock grenadier was rather intensive. Myx-
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idium sp., Contracaecum aduncum, and the cestode, related to the
Dibothriocephalidae family, were found in fish from the
Norwegian Sea (Nobel et al. 1972). The rock grenadier of the
North Atlantic were found to contain Myxidium coryphaenoidium
(Yoshino and Noble 1973; Moser et al. 1976); Hemiurus (=
Glomericirrus) macrouri and Gonocerca macrouri (Gaevskaya
1975, 1979); Myxidium melanostigmum, M. melanocetum, M.
(noblei?), Myxidium sp., Zschokkella hildae, Auerbachia pulchra,
Diclidophora macruri, Bothriocephalus sp., Scolex pleuronectis 1.,
Aporocotyle simplex, Hemiurus macrouri, Aponurus argentini,
Derogenes varicus, Gonocerca macrouri, Sclerodistomum sp., Con-
tracaecum aduncum, Anisakis sp. 1. and Copepoda gen. sp. (Zub-
chenko 1975, 1976; Zubchenko and Krasin 1980); and
Dolichoenterum sp., Gonocerca crassa (Szuks 1975), and Parac-
cacladium jamiesoni (Bray and Gibson 1977). Considering only
those whose diagnoses have been verified, 21 species of parasites
are known for the rock grenadier.

Collections of parasites in rock grenadier which were made in
1973-80 on different areas of the North American continental
slope, on the Mid-Atlantic Ridge, and on European deepwater
banks, such as Bill Bailey’s Bank, Lousy Bank, George Bligh
Bank, Hatton Bank, and Porcupine Bank, provide the material for
the present paper.

Twenty-five species of parasites were found in 1,126 fishes
investigated by the method of complete parasitological dissection
and examination. (Among those listed above only Steganoderma
abyssorum, Dolichoenterum sp., and Gonocerca crassa were not
found.) Nine of them (Myxidium melanostigmum, M. melanocetum,
M. (noblei?), Auerbachia pulchra, Diclidophora macruri,
Phillobytos atlanticus, Glomericirrus macrouri, Gonocerca
macrouri, and Paraccacladium jamiesoni) are typical for the
parasitic fauna of the rock grenadier. It is not ascertained yet to
which species such parasites as Myxidium sp. and Nematoda gen.
sp. belong. The other parasites (Zschokkella hildae, Grillotia
erinaceus, Scolex pleuronectis 1., Pseudophyllidea gen. sp.,
Aporocotyle simplex, Lecithophyllum antheroporum, Derogenes
varicus, Gonocerca macroformis, Contracaecum aduncum, Anisakis
sp. 1., Echinorhynchus sp., Chondracanthus radiatus, Lateracan-
thus quadripedis, and Clavella aduncum) are widespread and have
a wide circle of hosts. Invasion [infection] of fish by them is
mainly light and has an accidental character. In this group of



parasites only the copepod Lateracanthus quadripedis (previously
observed in the Pacific Ocean), is of a proper interest (the very
fact of its finding is historically unique). The same is so with the
microsporidian Zschokkella hildae and the trematodes [digeneids]
Gonocerca macroformis and Aporocotyle simplex. The first two
species are typical for Gadidae and the third for plaices. Finding
these parasites in the rock grenadier bears witness to the
phylogenetic and ecological closeness between fish of the orders
Macruriformes, Gadiformes, and Pleuronectiformes.

In any case, the most interesting are the parasites from the first
group which are widespread and which, as a consequence, charac-
terize the parasitic fauna of the rock grenadier. In the fish studied
offshore of North America—where, as was already mentioned,
only immature fish were observed—19 species of parasites were
found, 8 of which were related to the first group. Only the trema-
tode [digeneid] Paraccacladium jamiesoni was not found. In North
Atlantic waters we can identify three main groups of fish based
upon differences in the degree of infection of fish by parasites:
The northern group—dwelling in the area between the Greenland-
Canadian Threshold and the southern edge of Baffin Island; the
central group—dwelling in the Labrador area; and the southern
group—dwelling in the area of the Grand Newfoundland Bank
and the Flemish Cap Bank. (The names of groups are provisional.)

Fish from the northern grouping were not infected by Myxidium
melanocetum or Glomericirrus macrouri, but they were severely
infected by Auerbachia pulchra (85.3%); moderately by Myxidium
melanostigmum (38.6%); and weakly by Gonocerca macrouri
(14.6%) and other parasites. Fish of the southern grouping were
infected to a lesser level by Auerbachia pulchra (60.0%) but they
were more severely infected by Myxidium melanostigmum than
those in the north (46.6%) and also by Gonocerca macrouri
(33.3%). In fish of this grouping, spores of Myxidium melanocetum
were found (16.6%) and also the trematode [digeneid] Glomeri-
cirrus macrouri (13.3%). Due to its degree of infection the central
grouping occupies an intermediate position, so to speak. Just as in
fish from the northern region, Glomericirrus macrouri were not
found in the fish studied from this area. Infection by Auerbachia
pulchra in these fish appears like that in fish from the southern
area, and the infection by Myxidium melanostigmum (33.3%) ap-
pears like that in the northern area fish. Spores of Myxidium
melanocetum were also found in a small number (4.4%), just as in
the south.

While investigating rock grenadier from these areas I learned
that infection by Auerbachia pulchra is the most severe in the
northern areas (from 73.3 up to 100%) and especially in fish
having lengths of from 42 to 70 cm, which are heavily invaded.
To the south where the fish infected by Auerbachia pulchra had an
average length of 65-85 cm, the invasion was less severe. Mainly
sporadic [occasional] spores were found in this case while tens
and hundreds of spores were observed under the microscope very
rarely.

In fish invaded by the trematode [digeneid] Gonocerca
macrouri, and the myxosporidian Myxidium melanostigmum, the
picture was just the contrary. Here the infection of fish increased
in the direction from north to south. In this case big fish (from 65
cm and longer) were infected most severely. As was mentioned
above, fish in the southern areas were invaded by Myxidium
melanocetum and Glomericirrus macrouri which were not found in
fish of the northern grouping.

At first sight, all these differences have an age character which
relates first and foremost to the parasite’s developing with the
change of intermediate hosts. But having taken duplicate samples,
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first after 1 to 1.5 mo and then in a year, there were no changes in
the degree of infection of fish of the northern grouping by the
principal parasites, except that they were infected by the cestode
Phillobytos atlanticus to a lesser degree (from 40 to 13.3%).
Similar changes were observed in fish from the central and south-
ern groupings. Besides, the fish had a decreased incidence of at-
tacks by Microsporidae. For example, invasion by Auerbachia
pulchra decreased from 60 to 40% and their invasion by Phillo-
bytos atlanticus increased from 13.3 to 33.3%. These facts testify
that the differences observed in the distribution of parasites are
not related only to age. The changes observed in the quantitative
indices of invasion of fish by a group of parasites during short
periods of time are connected, in my opinion, with the migration
of the fish (as they grow) from the northern areas to the southern
ones. This supposition is confirmed indirectly by the fact that fish
from the southern grouping are, in general, larger (mode 69-74
cm) than those from the northern groupings (mode 63-65 cm).
The great number of parasites common to these three areas (75%)
also indicates connections between these groups.

Studies of fish from the open part of the North Atlantic dis-
closed 17 species of parasites, among which are all of the 9
species characteristic for rock grenadier. According to the differ-
ences in infection of the fish by those nine species of parasites
(just as offshore of North America), we may identify three main
groups of fish: The northern—dwelling between Iceland and the
middle part of the Reykjanes Ridge; the central—dwelling close to
the southern part of this ridge; and the southern—dwelling in the
northern waters of the North Atlantic Ridge (all the names of the
groups are conditional), but these differences are expressed rather
slightly.

The trematode [digeneid] Glomericirrus macrouri was not found
in the rock grenadiers of the northern group, but they were invad-
ed [infected] slightly by the microsporidians Myxidium melano-
stigmum (24.2%) and Auerbachia pulchra (29.3%). The fish were
infected more severely by the trematode [digeneid] Parac-
cacladium jamiesoni (37.4%). Fish of the central group (like those
of the northern group) were not infected by Glomericirrus
macrouri, also. But fish of the central group were infected to a
lesser degree by Myxidium melanostigmum (18.9%), Auerbachia
pulchra (14.9%), and Paraccacladium jamiesoni (12.3%) than
those in the north. In the southern areas, specimens of Glomeri-
cirrus macrouri were found only rarely. But the fish there were in-
fected by Myxidium melanostigmum (30.2%) and, more severely,
by Auerbachia pulchra (34.8%). Fish of the southern group were
infected by Paraccacladium jamiesoni more heavily than those of
the central group.

Analysis of my data disclosed that the degree of fish infected by
the principal parasites varied significantly during the different
periods covered by the investigation. Thus, during the winter
period fish of the northern group were infected severely by Parac-
cacladium jamiesoni (33.3-53.3%) and slightly by Auerbachia
pulchra (6.6-13.3%). In fish of the central and southern groups,
Paraccacladium jamiesoni was not found at all and the degree of
their invasion by Auerbachia pulchra was very low (6.6-20.0%
and 6.6-13.3%, respectively). In April the infection of the north-
emn rock grenadier group by Paraccacladium jamiesoni decreased
to 13.3% and then gradually increased to 25.0% in May and
50.0-58.3% in June-August. In April the degree of infection of
fish of the central and southern groups by this trematode increased
abruptly (38.5% and 50.0%, respectively). Afterwards, in the cen-
tral area it decreased to 12.5-13.0% (May to July) and again in-
creased in August to September up to 20.0-33.3%. Invasion of



fish of the northern grouping by Auerbachia pulchra during the
period April to August was very low (13.3-23.6%) and it increas-
ed only in September (33.3%).

The picture in the two other groups of fish infected by this
microsporidian was quite different. Invasion of fish from the cen-
tral grouping increased sharply in April (46.6%). It decreased in
the period May to August (20.0-12.5%) and again increased in
September (46.6%). During almost all this period, fish from the
southern grouping were severely invaded by Auerbachia pulchra
and only in September did the degree of infection decrease to
33.3%. Other quantitative and qualitative changes were observed
during our investigations. So, in April and May the microspori-
dian Myxidium melanocetum disappeared from the northern
grouping of fish and the cestode Phillobytos atlanticus, not ob-
served in winter, appeared (3.6%). Incidence of infection by the
monogenean Diclidophora macruri decreased (10.8%). But in
June, fish of this grouping became infected by Myxidium melano-
cetum (8.3%), while the percentage of fish invaded by
Diclidophora macruri increased (33.2%) and in July to August the
initial picture of the infection was restored approximately, except
for an increased infection by Phillobytos atlanticus (25%). Notice-
able quantitative and qualitative changes took place also in the
two other groupings. These changes coincided with the maximal
spawning activity of the rock grenadier also.

The facts presented testify that an interconnection exists be-
tween the groupings of rock grenadier dwelling on the Mid-
Atlantic Ridge, and the nature of the changes in infection of fish
indicates that fish from the northern areas migrate south to the
spawning grounds where all the groupings mix with each other.
After spawning, the fish migrate back to the feeding areas, which
is confirmed by the restoration of the initial picture of infection.

On the deepwater banks of the European continental slope
where 19 species of parasites, including all the main species, were
found in rock grenadiers, quantitative and qualitative changes also
were observed which allow delineation of three groupings of fish.
The first grouping dwells in the area of the Bill Bailey’s and Lousy
Banks. The microsporidian Myxidium (noblei?) was not found in
fish of that grouping, nevertheless they were heavily infected by
the microsporidian Auerbachia pulchra (46.6%) and the mono-
genean Diclidophora macruri (46.6%), and slightly infected by the
microsporidians Myxidium melanostigmum (26.6%) and Myxidium
melanocetum (22.2%). Infection by other parasites was very low
and did not exceed 13.3%. The trematode [digeneid] Paraccacla-
dium jamiesoni was not found in fish of the second grouping,
dwelling on the northern part of Hatton Bank and on George Bligh
Bank. Though fish of that grouping were quite heavily infected by
Myxidium melanostigmum (50.0%) and Auerbachia pulchra
(40.0%), invasion by Myxidium melanocetum was less severe
(33.3%). Invasion by other species of parasites was slight. The
third grouping of fish is distinguished by the absence of the
cestode Phillobytos atlanticus. Nevertheless, it is heavily infected
by Auerbachia pulchra and less infected by Myxidium melanostig-
mum (33.3%) and Myxidium melanocetum (33.3%). This grouping
dwells on the southern part of Hatton Bank and on Porcupine
Bank. This particular grouping had the most permanent character-
istics in winter when duplicated investigations did not expose
[disclose] any substantial qualitative and quantitative changes of
the parasitic fauna. Such changes were marked in summer when
the percentage of fish of the first grouping infected by Parac-
cacladium jamiesoni increased abruptly (53.3%). Invasion of the
fish by other parasites was almost unchanged.

In fish of the second grouping, infection by Myxidium melano-
stigmum and M. melanocetum increased still more (73.3 and
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66.6%, respectively). Infection by Auerbachia pulchra decreased
(20.0%), and the trematode [digeneid] Paraccacladium jamiesoni
—not observed earlier—appeared.

In fish of the third grouping, infection by Myxidium melano-
stigmum and M. melanocetum also increased up to 93.3% and
53.3%, respectively, and the cestode Phillobytos atlanticus also ap-
peared. In my opinion, the changes in the parasitic fauna of the
rock grenadier, which were identified in the summer period, in-
dicate an interconnection of the fishes from different groupings.

The intermingling of fish from neighboring groupings as well as
a considerable increase in the percentage of fish infected by Myx-
idium melanostigmum, M. melanocetum, and Paraccacladium
Jjamiesoni, and the appearance of Phillobytos atlanticus testify that
fish from the central part of the North Atlantic, where a high
degree of infection by these parasites was observed, migrate to the
European coast.

But this is not the only fact indicating the existence of an inter-
connection between the rock grenadier groupings which dwell on
the European continental slope, on the Mid-Atlantic Ridge, and
along the coast of North America. While studying the parasitic
fauna of fish collected in these areas I learned that of the 25
species of parasites discovered, 15 species (60%) may be found in
all of the above mentioned areas. Among these parasiies eight of
nine (88.9%) are common and characteristic for rock grenadier.
For example, if we compare the parasite faunas of the northern
grenadier, Macrurus berglax, studied in the same areas, only 4 of
26 species (15.4%) were common—3 of them are widespread and
only 1 species (Auerbachia pulchra) is characteristic for
Macrouridae.

Infection of the rock grenadier by this species is very peculiar
and interesting. In the Mid-Atlantic Ridge area and offshore
Europe, fish of larger size (63-104 cm) are infected by Auerbachia
pulchra more severely than those offshore of North America
(55-73 cm). Additionally, the most severe infections in the first
two areas occur in fish from 70 to 95 cm long. About 80.0% of
fish infected by that microsporidian are distributed in the
southern areas, i.e., those areas where fish of different groupings
were mixed (as was mentioned above). Offshore of North
America, fish of the northern grouping are severely infected by
this parasite (85.3%). The invasion [infection] decreases to the
south but, nevertheless, remains high enough (48.8-60%). Exactly
the same picture may be observed in fish dwelling on the conti-
nental slope of Europe. But, on the contrary, infection by Auer-
bachia pulchra in fish of the Mid-Atlantic Ridge decreases from
south to north. Additionally, it is peculiar that in this area the
percentage of infected fish does not exceed 6.6 to 20.0% during
the winter period, but in summer the number of infected fish in-
creases and reaches 57.1% in August. Minimal invasion (13.3-
20.0%) by Auerbachia pulchra in fish dwelling on the continental
slope of Europe is observed in summer, and in winter the percen-
tage of infected fish substantially increases and reaches 53.3% in
the northern part of the area. We relate the fluctuations in rock
grenadier infection by Auerbachia pulchra to the fact that rock
grenadier from offshore of North America, where the level of
infection by this microsporidian is constant and high, migrate to
the southern areas of the Mid-Atlantic Ridge and also to the
northern areas of the continental slope of Europe.

The observed regularities in rock grenadier invasion [infection]
by the cestode Phillobytos atlanticus support this supposition. In
the summer of 1973, 14.9% of dissected and examined fish from
the Mid-Atlantic Ridge were invaded by this parasite. Worms of
from 4 to 10 cm long, with well-developed sexual complexes,
were found in the fish. In a year, Phillobytos atlanticus were not



found in fish of this area but were found in rock grenadier (19.8%)
caught in the North Newfoundland Bank area. The length of the
worms was 2-3 cm and their sexual complexes were poorly devel-
oped. In the winter of 1974-75, Phillobytos atlanticus were found
in 15.3% of fish captured offshore of North America. These were
very young worms, having lengths of from 2 mm to 1 cm. At the
same time the percentage of fish infected by this cestode decreas-
ed to 6.6% in the area of the North Newfoundland Bank, where it
usually fluctuated between 19.8 and 33.3%. Finally, during the
summer of 1975, Phillobytos atlanticus were found in fish dwell-
ing on the Mid-Atlantic Ridge. A quite similar picture was observ-
ed in 1976-77, in 1978-79, and in 1979-80 in the southern areas
of Hatton Bank. Disappearance and appearance of Phillobytos
atlanticus in rock grenadier from the eastern areas of the North
Atlantic are evidently cyclic in nature. It should be added that
cyclic recurrence is observed also in infections of fish by Auer-
bachia pulchra.

From these findings we may suppose that rock grenadier migra-
tions from the coast of North America have a 2-yr cycle,
apparently. The fact that during some years fish of the eastern
areas were not infected by Phillobytos atlanticus indicates that the
main breeding ground of invasion by this cestode is in the North
Atlantic and the parasite is brought to the Mid-Atlantic Ridge by
migrating fish. The same thing relates also to the microsporidian
Myxidium (noblei?) infection which decreases from west to east.
According to the data of Gaevskaya (1979), exactly the same pic-
ture is observed in fish infected by Glomericirrus macrouri.

Thus, the results obtained allowed us to discover that in the
areas investigated the rock grenadier forms local groupings [popu-
lations] which mix with each other during certain periods. The
peculiarities of rock grenadier distribution and differences in their
invasion by Auerbachia pulchra and Phillobytos atlanticus, and by
some other parasites, show the interrelation between fish dwelling
near the coast of North America, on the Mid-Atlantic Ridge, and
on the continental slope of Europe. Considering these data, the
scheme of rock grenadier migrations proposed earlier (Zubchenko
1976) should be clarified or modified as follows: Rock grenadier
larvae are carried by the North Atlantic Current to the northern
areas of the Ridge where some of the larvae settle. The rest reach
Davis Strait with the western branch of the Current and there
become distributed along the Canadian coast. As the rock grena-
dier [individuals] grow, they move to the Grand Newfoundland
Bank and Flemish Cap Bank whence they migrate to the Mid-
Atlantic Ridge and Hatton Bank areas where their main spawning
grounds are situated. Two spawning areas may be identified on the
Mid-Atlantic Ridge, the southern area, where fish from the Cana-
dian coast spawn, and the northern one, where the main part of
the grouping consists of repeat spawners. Also there are reasons to
suppose that fish from the northern areas of the Mid-Atlantic
Ridge migrate to the European banks areas. Spawned-out fish do
not return to the Canadian coast, but remain in the eastern areas of
the North Atlantic.
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Parasitofauna of the Fishes of the
Falkland-Patagonian Region

A. V. GAEVSKAYA, A. A. KOVALIOVA, and G. N. RODJUK!

ABSTRACT

Parasitological research of fish from the Falkland-Patagonian region was carried out during the period
1972-80. As a result, the number of known parasite species [from the area] has been increased from 129 to 206
and the number of fish species studied parasitologically increased from 53 to 64. The degree of study of each
group of parasites is shown. The inadequacy of research on the ciliates, myxosporidians, microsporidians,
monogeneans, and parasitic copepods is noted. Some 30% of the fish species in the region have not yet been

examined for parasites.

INTRODUCTION

The Falkland-Patagonian Shelf region is a part of the South
American notal area and covers the shelf and continental slope of
the southern extremity of South America. The region is subject to
the influence of two currents: A cold Falkland Current running
from the south, northward, and manifesting itself especially over
the shelf, on the slope, and at great depths; and a warm, southward
Brazil Current over parts of the shelf from 50 to 300 m deep. Mix-
ing of the cold and warm waters of these currents, which occurs
approximately at lat. 45°S, results in the formation of highly pro-
ductive zones there.

The ichthyofauna is rather scanty on the shelf in terms of
species composition. According to Hart (1946), the shelf is usual-
ly inhabited by 95 fish species. The northern part, with warmer
water, produces a subtropical fauna similar to that in the Mediter-
ranean, while the southern waters are dominated by representa-
tives of cold-loving fauna—notothenoids, gadoids, etc. Due to the
proximity of the shelf to Atlantic waters, many fish species there
are common to those occurring in the Antarctic region.

With regard to the above-mentioned faunistic, ecological, and
hydrographical pecularities of the Falkland-Patagonian region, as
well as to the poor knowledge of the fish parasitofauna there, we
conducted parasitological studies of the most abundant fish
species of the region in 1972-75.

This study increased the number of fish species examined for
all parasites from 53 to 64, and the number of parasite species
reported from these fishes was 206 compared with the previous
record of 129.

Since no analytical report on the extent of parasitism on the
fishes of the Falkland-Patagonian region has been available until
now, an attempt will be made in this presentation to analyze the
parasitofauna of the fish of the region under study based on per-
sonal and literary data.

First of all, the absence of any evidence of the availability
[presence] of the protozoan parasites such as haemogregarines and
trypanosomes should be noted. Coccidia were represented by a
single species, Eimeria clupearum, reported from the mackerel,
Scomber colias (Evdokimova 1973). This species is a commonly
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reported coccidian from clupeoids of the Atlantic and Pacific
Oceans.

Thirty-one species of 14 genera of Myxosporidia were found.
Five species (Zschokkella meglitschi, Z. globulosa, Davisia
newfoundlandia, Parvicapsula asymmetrica, and Auerbachia
pulchra) were new locality records, and nine representatives of the
genera Zschokkella, Myxoproteus, Myxidium, Sphaeromyxa,
Ceratomyxa, and Kudoa turned out to be new to science. Our
discovery of so many new species (30% of the total) indicates that
the study of this group of parasites in the southwestern Atlantic
had been given little attention.

Based upon their distribution pattern, all Myxosporidia can be
classified as follows: 1) Those associated exclusively with the
Falkland-Patagonian region, and 2) those occurring in other areas
of the World Ocean. The first group is rather numerous and in-
volves 24 species, or 77% of the total number. This is partly due to
the endemism of the fish harboring these parasites and to their
rather limited host-specificity, and to a certain extent, to the
paucity of information on oceanic Myxosporidia.

A second group, consisting of seven species, is basically associ-
ated with deepwater fishes and usually occurs with its hosts all
over the region. So, Z. meglitschi, Z. globulosa, D. newfoundlandia,
and M. coryphaenoidium found on the shelf have been reported
from Macrouridae in many areas of the World Ocean. Regarding
Z. globulosa, this species is likely to possess a rather high
ecological valency, because it has been found in both the urinary
bladders and the gallbladders of many sea fishes belonging to dif-
ferent taxonomic groups (i.e., Macrouridae, Cottidae, Tetraodon-
tidae, and Heteropneustidae) (Kovaliova and Gaevskaya in litt.).
Auerbachia pulchra, described from Macrouridae of the North
Atlantic and California waters, was also reported from the shelf.

The presence of P. asymmetrica in Macrourus holotrachys of the
southwest Atlantic is noteworthy, because the only host ever
known to harbor this parasite was the lumpfish, Cyclopterus lum-
pus, in the White Sea (Schulman 1953). There has been no indica-
tion of P. asymmetrica infecting fish of other Atlantic regions;
therefore, its migration routes to southern waters are not clear yet.
This group of widely spread species probably also includes
Chloromyxum ovatum reported from the blue shark, Prionace
glauca, (Kuznetzova 1977) and certain other Pacific sharks
(Jameson 1929, 1931).

Microsporidia were represented by a single species, Nosema
ovoideum, found in the liver of Patagonian hake, Merluccius hubb-



si (Reimer and Jessen 1974; personal data). The paucity of the
species composition of the Microsporidia fauna suggests that the
study of parasites of this group has not been given due attention.

The Infusoria fauna includes three species of the genus Tricho-
dina, two of which were found only on the shelf. The third, 7.
oviducti, reported from four species of skates, also on the shelf
(Evdokimova et al. 1969), was first described from Barents Sea
skates (Polianski 1955).

Trematoda [Digenea] is the most numerous group of parasites
of fish of the Falkland-Patagonian region, numbering 50 species
of 96 genera of 16 families. The families Hemiuridae, Derogeni-
dae, Lepocreadiidae, and Fellodistomidae have the highest variety
[largest number] of species. The life cycle of trematodes of the
first two families is closely related to that of planktophagic fishes,
which show a rather large extent of invasion [infection] (about 50
species per fish). Lepocreadiids and fellodistomids generally use
benthic invertebrates as second intermediate hosts and infect
fishes inhabiting the near-bottom layer which feed on those
invertebrates. The same trematode species can be found in fish
belonging to different taxonomic groups, but using similar items
of diet. For example, Elytrophalloides oatesi (family Hemiuridae)
were present in Macrouridae, Gadoidae, Notothenia, Gobiidae, etc.

The availability of numerous endemic forms (30% of the total
number of species) is a characteristic feature of the trematode
fauna of the region, which is evidently related to the distribution
of the first intermediate hosts, the mollusks, which have a limited
host-specificity for trematodes.

Additionally, the hydrographical peculiarities of the shelf may
prevent the settling of the host mollusks in new oceanic areas.

The species composition of the trematode [digeneid] fauna
includes Stephanostomum lineatum, Lepocreadium trullaforme,
Brachyphallus parvus, Dissosaccus gravidus, and Aponurus lagun-
cula occurring in the coastal Atlantic waters off of Europe and
North America, and such species as Monascus filiformis, Opechona
orientalis, Ectenurus virgula, Derogenes varicus, Gonocerca spp.,
and Otodistomum spp. are widely distributed in many areas of the
World Ocean.

The explanation for the presence of elements of Antarctic
origin on the shelf appears to be based on the proximity of the
shelf and the Antarctic. These are: Elytrophalloides oatesi,
Lecithaster australis, Lepidapedon antarcticus, and Opechona
magnatestis.

It is highly possible that more extensive penetration of the Ant-
arctic species onto the shelf is prevented by the regions [distance
and hydrographic features] separating the shelf and the Antarctic.

The trematode [digeneid] fauna of deepwater macrourids, M.
holotrachys and Coelorhynchus fasciatus, and the ‘‘deepwater
dory,” Allocyttus verrucosus, studied in 1975, is very peculiar. The
trematode species compositon on these fishes appears to be entire-
ly different from that on other fishes of the shelf and simulta-
neously very similar to the trematode fauna of some bathyal fishes
of the West African continental slope.

Only two species of aspidogastrids, Lobatostoma ringens and
Taeniocotyle elegans, were reported respectively from Oncopterus
darvini from the northern part of the shelf (Szidat 1961) and from
the chimaera (Kuznetzova 1974). The first species is characteris-
tic of the subtropical and tropical waters of the western Atlantic,
and the second occurs along both coasts of the Atlantic.

Monogenean trematodes [Class Monogenea] amount to 26
species of 2 genera. Of those, 12 species parasitize Chon-
drichthyes fishes, of which 9 species were recorded only in the
southwest Atlantic. Teleosts of the shelf yielded 14 monogenean
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trematodes from 10 families. Some of them, Grubea cochlear,
Anthocotyle merluccii, Heterobothrium affinis, Kuhnia scombri, and
Diclidophora minor, are very common in Atlantic waters and their
area of distribution is closely associated with that of their hosts.
So, G. cochlear and K. scombri have been reported only from the
northern shelf, where their hosts (mackerels) occur, and A. merluc-
cii and D. minor migrate considerably further to the south with
their hosts—hakes and poutassou.

At present, Neogrubea soni, Tribuliforus salilotae, and Mega-
locotyloides patagonicus are recorded only on the shelf and,
evidently, are endemic species (Gaevskaya and Kovaliova 1975).

Pseudobenedenia nothothenia and Neopavlovskioides georgianus
are two species of the Antarctic fauna that have reached as far as
the shelf. The banks of the South Antilles Ridge is the most likely
path of migration of such species as toothfish, Dissostichus
eleginoides, which are the host of the above parasites. Toothfish
are caught at depths to 200 m, and the depths of the banks vary
between 300 and 1,200 m. Although the shelf is separated from
the subantarctic zone of the Atlantic Ocean by considerable
depths and the powerful Antarctic Current, the Antarctic Counter-
current, passing at great depths and overlapping the southern ex-
tremity of the Falkland-Patagonian shelf, may promote the migra-
tion of deepwater fishes to a certain extent. This might have been
one of the routes taken by Macruricotyle claviceps to appear in this
region from the Indian Ocean (Gaevskaya and Kovaliova 1977).

Fishes of the southwest Atlantic harbor few hyrocotilids, only
three species having been reported from a number of Chondrich-
thyes fishes at different times (Kuznetzova 1974; MacDonagh
1927; Mendivil-Herrera 1946). Usually, these parasites are not
strictly associated with a certain locality but occur all over the
distribution area of their hosts.

Cestodes form one of the most numerous groups of parasites of
Falkland-Patagonian shelf fishes—32 species of 22 genera. The
overwhelming majority of mature forms, 17 species, was found in
Chondrichthyes fishes with just 4 species in teleosts. The latter
also yielded seven more larval cestodes whose mature stages have
not yet been observed on the shelf although developing in cartila-
ginous fishes.

The predominance of cestodes in cartilaginous fishes is not
casual [or accidental] considering the phylogenetic correlation
existing between the development of this class of parasites and
that of Chondrichthyes. A long-standing ‘‘parasite-host’” system
with these helminths has resulted in their rather limited host-
specificity, which explains the great variety of the species com-
position of the cestode fauna of cartilaginous fishes to a certain
extent. This factor is also responsible for the relative homogeneity
of the cestode distribution among the cartilaginous fishes of the
World Ocean. Anthobothrium cornucopia, for example, has been
reported from sharks of the southwest, northwest, and northeast
Atlantic, and Platybothrium auriculatum from sharks of the Atlan-
tic and Pacific coasts of South America, etc.

There is an immediate dependence of the species composition
of the cestode fauna in some species of cartilaginous fishes and
their feeding patterns: The wider the spectrum of the fish feeding,
the higher the variety of species composition of their cestode
fauna; and, the higher the feeding rate the higher the invasion in-
tensity [intensity of infection] (Kuznetsova 1975).

Infestation of teleosts with larval cestodes of Chondrichthyes
shows wide fluctuations, which most likely depend on the place
occupied by these fish in the life cycles of their parasites. Conse-
quently, according to our data, larval Grillotia erinaceus were
reported from 5.1% of poutassou, Micromesistius australis, (at an



invasion intensity of 2 to 42 parasites per fish), 15% of toothfish
(1 to 12 parasites per fish), 6% of hakes (1 to 2 parasites per fish),
etc.

Out of seven acanthocephalan species recorded in the southwest
Atlantic, five species infecting the fish were at mature and two at
larval stages. Echinorhynchus gadi (in six out of nine Salilota
australis dissected) and Corynosoma humanni in Notothenia ramsai
(in 11.5% of the fish) were found in this area for the first time.
The first parasite is very common in Atlantic and Pacific Oceans,
and the second occurs in antarctic and subantarctic waters. Two
acanthocephalan species, Aspersentis johni and Hypoechinorhyn-
chus magellanicus, are endemics in these regions.

The nematode fauna was represented by 15 species of 11
genera, Ascarophis nototheniae and Contracaecum osculatum being
reported from the shelf for the first time. The first species is
characteristic of antarctic and subantarctic waters (Johnston and
Mawson 1945; Gaevskaya and Kovaliova 1975) and the larvae of
the second species were found in the fishes of the White, Barents,
Norwegian, and North Seas (Walter 1979). When describing lar-
val Contracaecum from antarctic and subantarctic fishes the
investigators (Johnston and Mawson 1945; Kagei and Watanuki
1975; Leiper and Atkinson 1915) noted a quite definite similarity
between some of these larvae and C. osculatum. Careful compari-
son between morphometric characters of the larvae found by the
authors and larval C. osculatum (Walter 1979) indicated a com-
plete identity. We found these nematodes in poutassou (12% of
fish), hakes (7.8%), macrourids, M. holotrachys (1.7%), and
toothfish (2.7%).

Among nematodes reported from the southwest Atlantic, 12
species—or 80% of the total number—are characterized by a wide
geographical distribution and occur in many regions of the World
Ocean. This circumstance, however, is also indicative of a poor
knowledge of the nematode fauna of the given region.

In the available literature we have not found any data concern-
ing the leeches infecting Falkland-Patagonian fishes. The only
leech, found on a toothfish, was considered to be a representative
of the genus Ichthyobdella.

Parasitic copepods are rather numerous, numbering 32 species
of 19 genera. Twenty species were reported from cartilaginous
fishes and 13 species from teleosts. (Caligus elongatus was present
in both types of hosts.) Most copepods are not strictly specific to
their hosts, their dispersion being exclusively stipulated [control-
led] by ecological factors. However, the range of some species
such as Trifur tortuosus and Chendracanthus palpifer is limited to
the region of distribution of their hosts, and they do not occur in
other areas nor on other hosts. The data on the presence of the
above-mentioned copepods on the Chilean hake, M. gayi, (Brian
1944) in the Buenos Aires region are incorrect. The mistake was
most likely introduced during identification of the host. It is
known that M. gayi does not occur in that region (Hart 1946).
Evidence of the occurrence of parasitic crustaceans, Brachiella
lageniformis, Ch. palpifer, and Ch. merluccii in hakes (M. hubbsi)
of the southwest Atlantic was used to study the evolution of this
species (Gaevskaya et al. 1980).

Parasitic isopods of southwest Atlantic fish are few—three
Nerocila and one Aega species (Szidat 1955, 1961; Trilles 1975).

SUMMARY
As a result of the study conducted by the authors of this paper, a

total of 206 species of parasites were harvested [collected] from
Falkland-Patagonian fish, which exceeds the number of species
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known at the beginning of the study by 40%. It has become clear
that the representatives of many parasitic groups, in particular In-
fusoria, Microsporidia, Myxosporidia, Monogenea, and Cope-
poda, require much more careful investigation. Besides, over 30%
of the fish [residing in the area] have never been analyzed for
parasitological infestation, and over 20% of the fish have been
studied only poorly. Therefore, it can be suggested that as a result
of further parasitological studies of the fish of this region, the
number of parasite species will increase to 350-400. For com-
parison, it can be mentioned that fishes of the northwest Atlantic
have yielded over 600 species of parasites.
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Parasitofauna of Fishes of the Whale Ridge

L. D. ALIOSHKINA, A. V. GAEVSKAYA, and
A. A. KOVALIOVA!

ABSTRACT

Forty-six species of parasites were found in 13 fish species from the Whale Ridge area. The myxosporidian

fauna was represented by 13 species of 6 genera found in 6 fish species. Monog

h

ed four species of

four genera in three fish species. The cestode fauna was represented by larval Gymnorhynchus gigas. The

tr de [digeneid] fauna numbered eight speci

of six genera and was reported from eight host species.

Nematodes of eight species of six genera were reported from eight fish species. Two genera of acanthocephalans
were found in three host species. The parasitic copepod fauna was represented by six species of four genera

found in three fish species.

Four hundred and sixty-seven specimens of 13 species of fish
were examined for parasite infection from 1976 to 1978 in the
Whale Ridge area. Simultaneously, the method of incomplete
parasitological dissection was used to examine 768 specimens of 6
species of fish. In all, 46 parasite species were recorded.

Myxosporidia were represented by 13 species of 6 genera (Coc-
comyxa, Ceratomyxa, Alataspora, Parvicapsula, Myxidium, and
Sphaeromyxa) found in 6 fish species. The majority of species
turned out to be new to science, which indicates that the knowl-
edge of these parasites from southern latitudes is poor. The genus
Ceratomyxa is notable for a wide specific variety (5 species), the
representatives of which are generally large forms, 0.5 mm thick
(Gaevskaya and Kovaliova 1980). Myxosporidia of other genera
are characterized by small sizes, nevertheless, all are well-adapted
to parasitism in bathypelagic fish species.

Most Myxosporidia species (five) were recorded in Beryx with a
certain regularity in their distribution over the ridge. Therefore, it
is suggested that these parasites be used as “tags” in the study of
Beryx populations (Kovaliova and Gaevskaya 1980).

Monogeneans were represented by four species of four genera
(Neodiplectanotrema, Winkenthughesia, Microcotyle, and Proto-
microcotyle) and recorded in three fish species with rather high in-
dices of infection. For example, the infection of frostfish with W.
australis is as high as 93%. The absence of W. australis from the
Namibian Shelf can be noted, which along with other evidence
indicates that there is no correlation [contact] between the frost-
fish in these two areas.

The absence of mature cestode forms from the fish examined is
typical of the cestode fauna of the area. However, larval cestodes
(Gymnorhynchus gigas) were reported from the muscles of frost-

'Atlantic Scientific Research Institute of Marine Fisheries and Oceanography
(AtlantNIRO), Kaliningrad, U.S.S.R.
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fish and boarfish, and frostfish over 100 cm in length practically
cannot be used for food.

The trematode [Digenea] fauna numbers eight species of eight
genera recovered from six fish species. Some of the trematodes
discovered (i.e., Paraccacladium sp., Lampritrema miescheri, and
Monilicaecum sp.) use these fish as additional hosts, and others
(representatives of the genera Opechona, Lepidapedon, Podocotyle,
and Lecithophyllum) as final hosts. The species composition of the
trematode fauna is especially wide in large fish (i.e., four species)
which, perhaps, can be related to a rich food spectrum of the
latter.

Eight species of nematodes of six genera (Ascarophis, Spini-
tectus, Piscillania, Cucullanus, Contracaecum, and Anisakis) were
reported from eight fish species. In terms of frequency of occur-
rence, larval nematodes of the genus Anisakis, represented by three
different types, predominated.

The acanthocephalan fauna was very poor (two species of the
genera Bolbosoma and Rhadinorhynchus) were reported from three
fish species at a low infection level only.

Parasitic copepods were also recorded in three fish species and
were represented by six species of four genera: Sarcotaces,
Periplexis, Lophoura, and Brachiella. Noteworthy is the infestation
[infection] of the muscles of macrourids by large crustaceans, Sar-
cotaces, of 3 cm in length, resulting in specific swellings of the
fish’s body surface.

Undoubtedly, the results we obtained are preliminary and in-
dicate that further parasitological studies are needed in this area.

LITERATURE CITED

GAEVSKAYA, A. V_, and A. A. KOVALIOVA.
1980. New species of giant myxosporidians from the Atlantic bathypelagic
fishes. [In Russ., Engl. summ.] Zool. Zh. 57:942-944.
KOVALIOVA, A. A,, and A. V. GAEVSKAYA.
1980. Special features of the parasitofauna of the deep-water fishes of the
Atlantic Ocean, using Alfonsino (Beryx splendens) as an example. [In Russ.]
Tr. Nauch. Konf. Parait., “Naukova dumka,” Kiev, p. 132-134.






Parasitic Fauna of the Fishes of the Atlantic Part of
the Antarctic (South Georgia Island and
South Shetland Isles)

G. N. RODJUK!

ABSTRACT

Five hundred and thirty-eight specimens of 21 fish species were examined for parasites off South Georgia
Island and Elephant Island (South Shetland Islands) during the period 1972 to 1979. The parasitofauna of the
fishes from these areas is compared. Twenty-two species of parasites appeared to be common. The greatest
number of species of parasites (19) was reported from the toothfish, Dissostichus eleginoides, which is a large
predator, capable of accumulating the parasites of other fishes.

During 1972 to 1975 and 1978-79, 538 specimens of 21 fish
species were examined for parasites off South Georgia Island and
Elephant Island of a group of South Shetland Islands situated in
the Atlantic Ocean south of the Antarctic convergence line. Fifty
species of parasites were found, among them 30 species off South
Georgia and 34 off Elephant Island. Nine species were reported
from this area for the first time.

Myzxosporidia were represented by three species, two of these
being new to science (Ceratomyxa sp. and Neoparvicapsula sp.?).
Kudoa alliaria, usually harbored by Southern poutassou of the
Falkland-Patagonian Shelf, were reported from the same host off
of the South Shetland Islands. It is worth noting that the species
composition of myxosporidia in the Atlantic part of the Antarctic
is much more scanty than on the Shelf, the ratio being 3 to 31
species.

Trematodes [Digenea] were most numerous. A total of 14
species was found, 10 off South Georgia and 11 off Elephant
Island. The families Opecoelidae and Lepocreadiidae (Plagioporus
pennelli, Neolebouria georgianus, and Lepidapedon antarcticus)
were most common. Postmonorchis variabile was first reported
from the South Georgia area (from the yellow Notothenia—2.6%,
1 sp.), and Glomericirrus macrouri (from Chionodraco kathleena—
1.6%, 1 sp.) and Lepidapedon sp. (from Notothenia kempi—6.6%,
10 spp.) from the Elephant Island area. It may be of interest that
Elytrophalloides oatesi, the most commonly reported parasite from
the fishes of the Falkland-Patagonian Shelf, South Georgia, and
Shag Rocks (Kovaliova and Gaevskaya 1978; Zdzitowiecki 1978;
and the author’s personal data), as well as of King George Island
(South Shetland Islands), were less numerous (Zdzitowiecki 1978)
and even absent from the Elephant Island area. Elytrophalloides
oatesi, therefore, is associated with the sub-Antarctic waters and
does not penetrate far to the south beyond the Antarctic conver-
gence line.

Unlike trematodes [digeneans], monogeneans have a less repre-
sentative variety of species (4), which, evidently, can be related to

'Atlantic Scientific Research Institute of Marine Fisheries and Oceanography
(AtlantNIRO), Kaliningrad, U.S.S.R.

2The species mentioned here have probably been described since the manuscript
was submitted in October 1981. The same is true of the genus Neoparvicapsula, also
mentioned.
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all parasites with a direct life cycle recovered from the fishes of
this region. Neopavlovskioides georgianus, reported from the South
Georgia area from the Patagonian toothfish (Kovaliova and Gaev-
skaya 1977), was found in the Antarctic toothfish off the South
Shetland Islands. Pseudobenedenoides antarcticus, recovered from
Notothenia kempi in the South Georgia area and from the large-
eyed Notothenia off Berwood Bank, evidently does not penetrate
into more southern latitudes. The notothenias of both South
Georgia and the South Shetland Islands were equally infected with
Pseudobenedenia nototheniae. Diclidophora minor, which is widely
distributed among the fishes of the genus Micromesistius of the
Atlantic, was recovered from southern poutassou off Elephant
Island.

The cestode fauna numbered seven species, without any trace of
adult forms. Larval Phyllobothrium sp., Lacistorhynchus tenuis, and
Scolex pleuronectis, occurring in both investigated areas, were
most common. Dyphillobothrium sp. individuals were found ex-
clusively in the South Shetland Islands area in the body cavity and
stomach walls of seven fish species.

Eight acanthocephalan species were reported. Larval forms
were represented by three species of the genus Corynosoma. Cory-
nosoma bullosum was predominant, heavily infecting 10 fish
species in all regions. Corynosoma hamanni and C. singularis were
found individually. Mature Aspersenthis megarhynchus were
reported from the marbled Notothenia of both the South Georgia
and Elephant Island areas, as were Echinorhynchus sp. from South
Georgian toothfish and eelcods.

Nematodes were represented by four mature and five larval
forms. Among mature nematodes, Ascarophis notothenia and
Cucullanellus fraseri were most common, the latter being reported
from eight fish species only from the South Georgia region. Larval
Terranova decipiens were recovered from 11 fish species all over
the region, and larval Contracaecum osculatum from 9 fish species
off Elephant Island.

The fauna of parasitic leeches numbered two species of the
genus Cryobdella found on six fish species from South Georgia and
the Elephant Island area.

Parasitic crustaceans were represented by two species of the
genus Brachiella reported from both regions.

On the whole, the parasitic fauna of the fishes of South Georgia
and the South Shetland Islands was very diverse in terms of
species composition as well as zoogeographically. Comparison of



the parasitic fauna showed that 22 parasite species were common
for South Georgia and Elephant Island fishes. The most diverse
species composition of parasites was reported from the toothfish
(D. eleginoides—19 species), which is a large predator capable of
accumulating parasites of other fishes. The degree of resemblance
of the parasitic fauna (particularly of the species composition of
nematodes and cestodes) was considerably higher in the fishes of
the Elephant Island region than in the same hosts of the South
Georgia region, which can be attributed to an increasing propor-
tion of krill in the diet of the fishes of the former region (Tarver-
dieva and Pinskaya 1980).
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On the Parasitofauna of Xiphioidea of the Northwest
Area of the Indian Ocean!

V. R. DUBINA?

This report contains results of the parasitological studies of 16
sailfishes, Istiophorus americanus, 10 black marlins, Makaira
mazara, and 9 specimens of the swordfish, Xiphias gladius, caught
on longlines in the area of the Amirante and Comores Islands.

Twenty-nine species of parasitic worms were found in fishes of
the family Istiophoridae—13 species in the sailfishes and 16
species in black marlins. The swordfish (Xiphiidae) was infected
with eight species of helminths and parasitic copepods (Tables 1,
2, 3).

Monogenetic trematodes of the subfamily Capsalinae,®> which
are specific parasites of the Scombridae, are represented in the
Xiphioidea by such genera as Capsala Bosc, 1811; Tristomella
Price, 1960; Capsaloides (Verill, 1875) Price, 1938; and Tristoma
Couvier, 1817. Capsala ovalis and representatives of the genus
Capsaloides live parasitically only in marlins. Capsalidae of the
genus Tristoma live in the gills of swordfish. Species of the genus
Tristomotella are found in the sailfishes and marlins. Tristoma coc-
cineum generally parasitizes the gills of young specimens of the
swordfish.

'No Literature Cited section was supplied by the author.

2The Azov-Black Sea Research Institute of Marine Fisheries and Oceanography
(AzCherNIRO), U.S.S.R.

3The systematics of this subfamily is given according to Price (1960).

The tapeworm, Bothriocephalus manubriformis, infects both
sailfishes and marlins. Fistulicola plicata was found only in the
swordfishes. Larvae of the cestode Trypanorhyncha gen. sp. infect
all representatives of the Xiphioidea. The bothriocephalids were
found in large numbers in the intestines and may obstruct the
intestinal passages of both sailfishes and marlins. As I observed,
Fistulicola plicata specimens may sometimes perforate the intes-
tinal walls of swordfish and enter their abdominal cavities.

The trematodes [digeneids] detected in sailfishes and marlins
belong to the families Hirudinellidae (one species) and Didymo-
zoidae (four species), both fish species being infected by Meta-
didymozoon branchiale.

Nematodes are represented by the species Contracaecum histio-
phorus and C. incurvum, typical of Xiphioidea.

The parasitic copepods found in the Scombridae belong to the
families Lernaeidae and Caligidae. But if Gloipotes huttoni is a
specific copepod living on the skin of Xiphioidea, then Penella
orthagorici also occurs in other Scombridae.

Thus, the Xiphioidea fishes I studied show a strongly marked
specificity of the monogeneid helminthofauna for each host. At
the same time, a similarity is found in the composition of larvae of
Cestoda, didymozoids, and parasitic copepods, which may be
accounted for by the similar ecology, pelagic habitat, common
food items, and close phylogeny of these fishes.

Table 1.—Parasitofauna of the sailfish, Istiophorus americanus.

Number of Number of Intensity of
Species fish dissected fish infected Location infection
Tristomella pricei 10 3 Snout, skin 1-4
(Hidalgo, 1959) Price, 1960 of the mouth
(=Capsala pricei)
Tristomella sp. 10 10 Skin, furrow 5-27
of the fin
Tristomella sp. 10 7 Skin, furrow 3-5
of the fin
Hirudinella fusca 10 2 Stomach 1-3
(Bosc, 1802)
Metadidiymozoon branhiale 10 2 Gill plates 18-94
Yamaguti, 1970
Unitubulotestis istiophorus 10 1 Abdomen 3
sp.
Neodidiymozoon midistoma sp. 10 2 Operculum 2-4
Contracaecum histiophorus 10 1 Stomach 6
Yamaguti, 1935
Bothriocephalus manubriformis 10 10 Pyloric caeca, > 100
Linton, 1889 intestines
Tentacularia sp. larvae 10 2 Intestines, 5-8
stomach
Trypanorhyncha gen. sp. 10 8 Intestines, 12-37
larvae stomach
Gloipotes huttoni 10 10 Skin, tail, 3-28
Thomson, 1889 fins
Penella orthagorici 10 2 Skin 1
Wright, 1870
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Table 2.—Parasitofauna of the black marlin, Makaira mazara.

Number of Number of Intensity of
Species fish dissected fish infected Location infection
Capsala ovalis (Goto, 1894) 16 16 Gill arches 2-54
Yamaguti, 1968
Tristomella pricei (Hidalgo, 1959) 16 2 Snout, skin of 1-2
Price, 1960 (=Capsala pricei) mouth
Tristomella sp. 16 3 Skin 1-14
Capsaloides nairagi Yamaguti, 1968 16 2 Gill arches 1-2
Capsaloides sp. 16 6 Gills, between 11-137
gill arches
Hirudinella fusca (Bosc, 1802) 16 4 Stomach 1-3
Unitubulotestis makairi 16 3 Body cavity 2
Nikolaeva and Dubina, 1978
Wedlia submaxillaris (Yamaguti, 1970) 16 2 Gill filament 4-8
Nikolaeva, 1978
Neodidymozoon macrostoma 16 3 Dorsal fin, 4-6
Yamaguti, 1970 gill arches
Metadid; branhiale 16 3 Gill plates 12-23
Yamaguti, 1970
Contracaecum incurvum (Rud., 1819) 16 10 Stomach, intestine 2-97
Baylis and Daubney, 1922
Contracaecum sp. larvae 16 12 Serose coverings 1-24
of the internals
Bothriocephalus manubriformis 16 12 Intestine 14->100
Linton, 1889
Trypanorhyncha gen. sp. larvae 16 7 Serose of body 12-29
cavity
Gliopotes huttoni Thomson, 1889 16 14 Skin 14-76
Penella orthagorici Wright, 1870 16 1 Skin 2
Table 3.—Parasitofauna of the swordfish, Xiphias gladius.
Number of Number of Degree of
Species fish dissected fish infected Location infection
Tristoma coccineum Cuvier, 1817 9 2 Gills 8-34
Tristoma adintegrum Yamaguti, 1963 9 3 Gills 1-2
Fistulicola plicata Rudolfi, 1819 9 9 Intestine 14-32
Nybelinia sp. larvae 9 5 Stomach 3-11
Trypanorhyncha gen. sp. larvae 9 9 Stomach, intestine 7-35
Contracaecum incurvum (Rud., 1819) 9 1 Stomach 12
Baylis and Daubney, 1922
Gloipotes huttoni Thomson, 1889 9 6 Skin 3-15
Penella orthagorici Wright, 1870 9 2 Skin 1
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Parasites as Indicators of Specific Features
of Fish Ecology

S. M. KONOVALOV! and T. E. BUTORINA?

ABSTRACT

An analysis of the results of a number of investigations involving the use of parasite-indicators in studies of
fish ecology was conducted. Using salmon species as an example we concluded that this approach is very promis-
ing, not only for comparisons of ecology of closely related species, but also of interspecific forms and for studies

of the biology of populati (isol ) and sub

within subisolates.

Use of parasites to study the ecology of their hosts (fish) has a
rather long history. Use of this method is possible only in cases
where the life history of a parasite is well studied and the approxi-
mate circle of its intermediate hosts or place of infection (for
parasites with direct cycles of development) is known. Even the
first works of the Soviet parasitology school under V. A. Dogiel
accomplished on sturgeons (Dogiel and Bykhovski 1939) and then
on other marine and freshwater fishes (Shulman et al. 1959)
showed the possibilities of such an approach to studies of host
ecology. As a result of using parasitological data and by tagging,
Margolis and his colleagues managed (Margolis et al. 1966) to ex-
plain the marine distribution and migration of sockeye salmon of
the Asian and American stocks at the level of Bristol (all the
isolates are of the Bering Sea coast of Alaska) and Kamchatka
isolate complexes (all the isolates are of Kamchatka Peninsula)
(Figs. 1, 2). Investigations made by English and Canadian parasi-
tologists (Kabata 1963; Margolis 1965; Margolis et al. 1966)
which disclosed fundamental solutions were employed by
ichthyologists for practical conclusions.

The studies made by the authors indicated above on anadro-
mous salmons provided significant data on the marine and fresh-

'Pacific Research Institute of Fisheries and Oceanography (TINRO), Vladivostok,
U.S.S.R.
2Institute of Marine Biology and Far East Science Center, AS, U.S.S.R.
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Figure 1.—Distribution of immature Alaskan and Kamchatka sockeye salmon in
the North Pacific (according to Margolis et al. 1966). 1 = boundary of the areas
of western Alaska sockeye; 2 = boundary of the areas of Kamchatka sockeye; 3
= supposed boundary of the areas of Kamchatka sockeye; 4 = mixed areas.
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lations (subisolates), as well as of groups being formed
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water periods of their lives. As did the previously mentioned
scientists, S. M. Konovalov used parasites as indicators of local
sockeye salmon stocks in 1971. It was found that by employing
not only the qualitative features (i.e., selected parasite species) but
also the quantitative ones (extensiveness and intensiveness of in-
vasion), we were able to differentiate not only the complexes of
isolates but some local stocks (isolates). In particular, we managed
to identify fish from Kurilskoye Lake (Kamchatka), but only at
the first year of life, before they began mixing with American
stocks, and during their spawning migration. Combined with
special features of scale structure, [these techniques] permitted us
to study the entire marine period of life of the local stock and to
understand the rules of distribution of the fish of Asian and
American origin as well as of the different stocks in the high seas
during feeding and wintering. It was revealed that local sockeye
stocks, which are highly isolated during spawning, became mixed
with each other during the feeding and wintering periods of their
marine [high seas] phase of life. S. M. Konovalov in cooperation
with I. B. Birman discovered the feeding and wintering sites as
well as the feeding, wintering, and spawning migrations of differ-
ent age groups of Kurilskoye Lake sockeye salmon (Fig. 3).

A number of proposals of practical importance for the regula-
tion [management] of sockeye fishing in the North Pacific was
made on the basis of these studies. Moreover, these works served
to encourage studies of the sea [oceanic] period of other salmon
[species] using ichthyological data as a basis. To date, much infor-
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Figure 2.—Distribution of mature Alaskan and Kamchatka sockeye salmon in
the North Pacific (according to Margolis et al. 1966). 1 = boundary of the areas
of western Alaska sockeye; 2 = supposed boundary of the areas of western
Alaska sockeye; 3 = boundary of the areas of Kamchatka sockeye; 4 = supposed
boundary of the areas of Kamchatka sockeye; 5 = mixed areas.
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Figure 3.—Distribution of various age groups of sockeye salmon of Lake Kurilskoye in the northern part of the Pacific
Ocean. 1 = distribution of juveniles in the autumn of the year of their downstream migration; 2 = distribution of sockeye
following their first winter in the ocean; 3 = following their second winter in the ocean; 4 = following their third winter
in the ocean; 5 = distribution of sockeye in the autumn; 6 = in the spring.

mation on the biology of the sea [oceanic] phase of many Pacific
salmons has been obtained.

Analysis of the species composition of parasites enables one to
determine the preferred food organisms (pelagic, benthic, etc.)
used by the fish species and forms under investigation. This is
especially important because the rapid digestion of food by fish as
well as by other animals causes great difficulties in making judge-
ments of dietary types and preferences [from analysis of stomach
contents]. Thus, the idea of sockeye as the exceptional plankto-
phage (Foerster 1968) was clarified and supplemented as a result
of parasitological analyses of sockeye juveniles (Konovalov
1971). It was found that besides plankton, the diet of sockeye may
consist of flying insects which fall into the water and their larvae,
as well as bottom invertebrates.

Also, we used the parasites to clearly distinguish the char
belonging to the various ecological groups of Lake Azabachye
(Kamchatka). Thus, the cestodes Diphyllobothrium sp. and
Eubothrium salvelini infect predaceous char and are absent on the
benthophagic [benthos feeders] ones (malma). We can distinguish
between not only freshwater predators and benthophages with the
aid of Diphyllobothrium sp., but also the anadromous ones because
the char retains its parasites during the time it is at sea as well. On
the other hand, Cyathocephalus truncatus may be observed on
mature benthophagic fish but is absent on predatory char of the
same size. This verifies the different feeding habits of these fishes.

Very often it is difficult to distinguish the freshwater and
anadromous forms of char (of the genus Salvelinus), coho,
Oncorhynchus kisutch, and sockeye, O. nerka. By examining the
parasitofauna of fish we may in many cases, using only one
specimen, decide whether the fish has been to sea or not. Larval
Pelichnibothrium speciosum; the thorny-headed worms, Echino-
rhynchus gadi and Bolbosoma caenoforme; and the estuarine
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[cestode] Eubothrium crassum can be found only on those fish
which have migrated to the sea or estuary and serve as indicators
of anadromous forms. This is especially important in cases in
which anadromous forms reside in freshwater over a long period
of time and do not differ in appearance (practically) from the river
forms, as may be observed with char.

Parasitological analysis allowed us to distinguish wintering
anadromous, predaceous char in Lake Azabachye. Anadromous
and freshwater kundzha, Salvelinus kundzha, have different
species of the cestode genus Eubothrium. Anadromous ones have
E. crassum while those confined to the river have E. salvelini. We
did not observe [find] both Cestoda species on these fishes simul-
taneously. Moreover, it was found that anadromous forms differ,
as a rule, from freshwater ones by weaker infections of the fresh-
water parasites typical for these fishes.

During growth and development most fish species change from
one diet type to another at ontogenesis. We managed to catch such
a moment in char juveniles in Lake Azabachye only with help of
parasite-indicators. Investigations of the age dynamics of their
parasitofauna, conducted by the authors, disclosed that a differ-
ence between lacustrine and brook chars occurs even during their
first year, from an ecological point of view. Differentiation of
lacustrine juveniles into predators and benthophages takes place
during the second year of life (when the char attain body lengths
of 10 cm and more).

Parasitological data provide not only qualitative characteristics
of the composition of the food of fish but there have been some
efforts to use parasites in the quantitative assessment of fish
feeding (Kennedy 1969; Kuperman 1975). Thus, on the basis of
the data on contamination [by parasites], B. I. Kuperman deter-
mined the number of ruffes eaten by burbot in the Rybinskoye
reservoir during its feeding. The magnitude of the figures obtained



by him proved to be very close to the data secured by ichthyol-
ogists for the same period.

During the last decade we collected vast material which dis-
closed that parasites might be used to study the ecology of elemen-
tary populations (subisolates). Analyzing the levels of infection by
Diphyllobothrium sp. of juvenile and spawning age sockeye in
Lake Azabachye, we managed to learn that fish with different
scale types, as well as of different sex but with a similar scale pat-
tern, have different levels of infection of this parasite. Mature
tapeworms of Diphyllobothrium sp. used for the model were found
in bears, dogs, gulls, and terns in Lake Azabachye (Butorina and
Kuperman 1981). The first intermediate host of these cestodes are
copepods of the species Cyclops scutifer (Kuperman 1978).
Sockeye salmon are parasitized by plerocercoids, which are con-
centrated on the external side [peritoneal side] of the stomach and
never die away [disappear] when the fish passes from freshwater
into saltwater and back even though the life span of fish at sea
reaches 4 yr.

Examination of samples of about 25 individuals of each separ-
ate subisolate every year revealed the existence of a complicated
trophic structure of sockeye subisolates. It was found that
juveniles of one [each] year-class of every subisolate may be sub-
divided into groups which differ in preference for copepod con-
sumption. We also uncovered different intensities and extensities
[prevalences] of invasion [infection] of mature fish by Diphyl-
lobothrium sp. We distinguished conventional planktophages
(whose preferable diet is copepods) and benthophages (whose
preferable diet is flying insects and benthic organisms). Also, if
juveniles remain in freshwater for a second year, four groups will
appear, planktophage (Ist year) X planktophage (2nd year);
planktophage (1st year) X benthophage (2nd year); benthophage
(1st year) X planktophage (2nd year); and benthophage (1st year)
x benthophage (2nd year). Hence, sockeye juveniles migrate from
Lake Azabachye at the ages of 1 and 2 yr and have six trophic
strata and the same number of groups in every subisolate.

Comparison of the mean intensity of invasion [infection] of
sockeye groupings by Diphyllobothrium sp. with one or another
scale type in different subisolates over many years revealed rather
obvious differences in both spring and summer races. Males or
females of one subisolate differ by several times from males or
females of the other in mean infection levels. Thus, the relation of
mean intensities of infection of males with the scale of “b” type

of subisolates 16 and 6 comprised 4.6 times in 1975. The same
parameter [measurement or comparison] for males with “b’3
scale type for subisolates 13 and 2 was 2.6 times. This relation for
subisolates 4 and 6 with the males with scale of “bb” type was 2.9
in 1975. In 1970, females with the same scale type showed a
difference between the mean subisolate intensities of 24 and 27,
2.7 times [that in 1975]. The difference in the quantity of
plankton consumed for the same freshwater period comprised
from 2 to 7 times. Thus, there are fish groups with a different
growth rate within the subisolate. This is affirmed by the peculi-
arities of scale structure, which are well known for expressing
selectivity of the food available to the sockeye while it is in fresh-
water.

Simultaneously, over 11 yr we collected a large amount of data
on the invasion by Diphyllobothrium sp. of fish of one generation
of the same subisolate of similar freshwater age and scale type, but
of different sex. It was found that in most cases (95% or more)
there were significant differences between males and females in
extensity [prevalence] and intensity of invasion [infection] by this
parasite, as it was observed with trophic groupings. Males, as a
rule, were characterized by a higher level of infection and, hence,
by more active consumption of copepods [or vice versa]. Females
were notable for their mixed diet. The relation of mean intensity
of invasion of males to the corresponding female index was domi-
nant, i.e., 1.5, with the maximum figure being up to 13.9 times
higher (Fig. 4A). Thus, we distinguished another trophic level
within a subisolate. Each subisolate may total [contain] up to 12
trophic groups simultaneously, six for males and six for females
(Fig. 4).

In 1974, S. M. Konovalov conducted investigations of sockeye
salmon which were heavily infected by Diphyllobothrium sp. in
Lake Iliamna (Alaska) (Fig. 4B). In six of seven cases, males had a
higher intensity of invasion (two or more times) than females.
Therefore, we may conclude that trophic divergence of sockeye
salmon may be observed [may occur] everywhere, since they are
found within isolates of both American and Asian continents.
This phenomenon is also observed in other Pacific salmons. Thus,
we found trophic groups of feeding juvenile silver salmon in Lake

3Original manuscript used “h” scale type here. It appeared to have been struck

over until it looked like a “‘b.” Since it is totally out of “sync™ with the rest of the
manuscript, it has been replaced with a “b.”
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Figure 4.—Distribution of sockeye spawners of the same age- and scale-type from the different subisolates by level of
differences in invasion by parasite-indicator Diphyllobothrium sp. pl. depending upon the sex. A - Azabachye Lake
(number of studied cases is 284); B - lliamna Lake (number of studied cases is 7). Note: relation X0 / X9 shows the level

of invasion of males relating to females.



Azabachye which prefer insects, benthos, or fish fry in their diet
and, consequently, had different levels of parasite infection
(Konovalov 1974; Butorina and Kuperman 1981).

An interesting investigation of the biology of kokanee of Lake
Kronotskoye (Kamchatka) was accomplished by S. I. Kurenkov
(1979). Because of strong waterfalls this lake is isolated from the
spawning migrations of anadromous sockeye and other Pacific
salmons and is inhabited by freshwater sockeye which spend their
entire lives within the lake. Studies of the parasitofauna of
kokanee from different spawning grounds (i.e., of different
subisolates) helped to reveal the existence of two trophic forms:
Benthophages and planktophages (Fig. 5). However, in Aza-
bachye Lake and Iliamna Lake anadromous sockeye form trophic
groups within subisolates, and in Lake Kronotskoye formation of
these groups is observed at the subisolate level. In other words, S.
I. Kurenkov distinguished a great number of subisolates in which
planktonic organisms were the preferred diet of all the individ-
uals, as well as the subisolates—consisting of those fish preferring
to feed on benthic organisms and flying insects (Kurenkov 1979).
Parasites are such sensitive indicators of the feeding habits of the
groups of individuals within elementary populations that now
there are no other [or no more] reliable methods of recording the
level of consumption of any type of diet for a long period. This is
why the use of parasite-indicators is still the only method of
distinguishing trophic groups.

Population biology discloses a number of interspecific adapta-
tions which lead to a reduction of competition between the
individuals of a population. For example, different growth rates
cause [affect] diet by [feeding on] different-sized organisms [?].4
The trophic adaptation discovered shows again the difficulty of
population adaptation to the reduction of competition between
individuals in critical periods of their life history.

Thus, analysis of the investigations of many years dealing with
studies of fish ecology with the help of parasite-indicators allows
us to conclude that the above approach is very promising, not only
for comparison of the ecology of closely related species but also of
interspecific forms and for studying the biology of populations
(isolates) and subisolates (subpopulations) as well as of the groups
being formed [established] within subisolates. At that, in some

4This sentence is presented as it was in the original typescript. Words in brackets
are the editor’s effort to clarity. It is still confusing. The authors probably meant to
indicate that competition for food, even within the same population of fish, was
reduced or affected in that individuals which grow faster eat larger prey, leaving the
smaller prey for smaller, slower growing individuals. Thus, competition for food is
affected. Obviously fish with greater access to suitable food (below a threshold level)
will grow faster than those which are food-deprived.

cases (e.g., trophic groups of anadromous forms of the genus
Salvelinus) it is difficult to imagine other approaches and methods
which would permit solution of the problems stated. On the basis
of the above, we may consider it advisable to broaden [increase]
the exploitation of parasitological data for the study of fish
biology.
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The Taxonomic Composition and Origin of Fish
Helminths in the Epipelagic Zone of the World Ocean

S. E. POZDNYAKOV!

The epipelagic zone is a peculiar and very interesting biotope
parasitologically. At present, 738 species of helminths are
registered [recorded] from about 260 to 300 fish species inhabit-
ing open waters (Parin 1968; Cohen 1970; Nikolski 1980). The
most abundant of them are trematodes [digeneids], of which 370
species (from more than 2,500 recorded sea fishes) are related to
[are associated with] fish of the epipelagic zone. Trematodes of
the families Hirudinellidae, Syncoeliidae, and Accacoeliidae and
many subfamilies of the family Didymozoidae (i.e., Adenodidy-
mocystinae, Colocyntotrematinae, Glomeritrematinae, Koelliker-
iinae, Metadidymozoinae, Neodiplotrematinae, Nephrodidymo-
trematinae, and Reniforminae) form [constitute] a true oceanic
group. The genera of the Didymozoidae subfamilies Annulocys-
tiinae, Didymocodiinae, Didymozoinae, Nematobothriinae,
Opepherotrematinae, Ossoodidymocodiinae,? Phacelotrematinae,
Pseudocolocyntotrematinae, Sicuotrematinae, Skrjabinozoinae,
and separate [certain or different] genera of the abundant suborder
Hemiurata compose a neritic-oceanic group. Trematodes of the
families Bucephalidae, Allocreadiidae, Opecoelidae, Lepocrea-
diidae, and Fellodistomidae are not common for the pelagic zone,
but are found there occasionally.

Of the more than 2,200 known species, only 139 species of
monogenetic flukes [Monogenea] are found in epipelagic fish.
These oceanic species belong to the genera Capsala, Caballero-
cotyla, Capsaloides, and Tristoma (family Capsalidae); Erpocotyle
(family Hexobothriidae); Hexostoma and Neohexostoma (family
Hexostomatidae); and Dionchus and Loimosina (family Dion-
chidae). Many genera of the families Monocotylidae, Gastro-
cotylidae, and Axinidae are far-neritic [distant neritic] and neritic
ones.

One hundred and thirty-six species of Cestoda from more than
800 marine fishes occur in the epipelagic zone. Truly oceanic
Cestoda are representative of a portion of the family Litobothri-
dae, i.e., the genera Hepatoxylon and Tentacularia (order Trypano-

!'Pacific Research Institute of Fisheries and Oceanography (TINRO), Vladivostok,
USSR.

2The spelling of this subfamily is unclear due to strike-overs in the original type-
script. It could have been Osteodidymocodiinae.

39

rhyncha) and Fistulicola (family Ancistrocephalidae), as well as a
number of species of the Nybelinia genus (family Tentaculariidae).
Among 42 species of thorny-headed worms from fish of the
oceanic epipelagic zone, none can be related to a really oceanic
group. The family Rhadinorhynchidae is nerito-oceanic. Species
of the other families occur occasionally in the epipelagic zone.

Only certain Nematoda species of the families Anisakidae,
Philometridae, Cucullanidae, Camallanidae, and Rhabdochonidae
are found in the oceanic fish, as was observed in the case of the
previous group.

Analysis of the taxonomic composition of fish helminths in the
epipelagic zone shows the close relationship between the oceanic
helminthofauna complex and the neritic-pelagic one. Separation
of the oceanic group from the neritic took place probably in the
mid-Tertiary period, i.e., during the formation of the epipelagic
ichthyocoenosis. There are some oceanic helminthofaunistic
[helminthofaunal] groups in the epipelagic zone of the World
Ocean. The most abundant among them are tropical and related
subtropical groups. They form in the equatorial tropical and cen-
tral water masses. The nuclei of tropical and subtropical groups
are in the range of the productive waters of the North and South
tropical divergences and at the periphery of the North and South
subtropical and tropical convergences, as well as the area of eddy-
causing geostrophic currents. Independent oceanic helmintho-
faunistic [helminthofaunal] groups are absent from the boreal and
notal waters. Subtropical and tropical species of helminths
penetrate those waters along with their hosts as the latter forage in
the boreal and notal waters, and the boreal and notal species are
carried to the high seas by fishes able to leave the coastal and
neritic waters at times in their lives. The ocean helminthofaunistic
groups are lacking in arctic and antarctic waters.
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Zoogeographical Characteristics of the Helminths of
Fishes From the Antarctic Zone of the World Ocean!

V. N. LYADOV?

The zoogeography of parasites of sea fishes has been discussed
in a considerable number of Soviet and foreign papers (Dogiel and
Bykhovski 1939; Schulman and Schulman-Albova 1953;
Schulman 1959; Polianski 1955; Strelkov 1956; Zhukov 1960;
Lebedev 1967; Parukhin 1972, 1976; Konovalov 1971; Manter
1947, 1955; Yamaguti 1963; and others) in which the distribution
of helminths is analyzed almost throughout the entire World
Ocean—except for the vast areas of the subantarctic and antarctic
zones. This may be accounted for by the fact that the parasite
fauna of fishes of these areas is little known because sufficient
data are not available in the literature on the species composition
of fish parasites to permit a detailed zoogeographical analysis of
parasitic worms of antarctic fishes.

The most thorough investigations of fish parasites of the antarc-
tic zone of the World Ocean were made by Gussev (1967) who
described about 20 species of fish helminths and, in general, about
50 species from all species of animals. In their work, Gaevskaya
and Kovaliova (1976) point to the scarcity of the trematode fauna
and provide data on nine species of trematodes found in the fishes
of the families Nototheniidae, Chaenichthyidae, and Bathydra-
conidae

Of foreign works, those of Prudhoe and Bray (1973), in which
data on the distribution of the trematode and monogenean fauna
in the antarctic zone of the Atlantic Ocean are presented, should
be noted. Here I employ data from my own research and from the
literature in an attempt to analyze the distribution of parasitic
worms in the antarctic zone and adjacent waters of the Pacific,
Indian, and Atlantic Oceans, ignoring leeches and parasitic crusta-
ceans.

The most abundant group of helminths is represented by the
trematodes [digeneids]. Thirty-five species of these flatworms are
registered for this region of the World Ocean (Table 1). Analysis
of the trematode fauna of the Kerguelen and Glass [Glacial] sub-
regions, which are separated by vast water areas with abyssal
depths, revealed a considerable specific affinity of trematodes in
these regions. Thus, from the total number of this group of
parasites 13 species of trematodes [digeneids] are common to
both subregions of the antarctic zone. These are Gonocerca
phycidis, Derogenes varicus, Lecithaster australis, Plagioporus ant-
arcticus, Opechona magnatestis, Lepocreadium trullaforme, Neo-
lepidapedon antarcticus, Lecithophyllum anteroporum,
Elytrophalloides oatesi, Glomericirrus macrouri, Genolinae bowersi,
Postmonorchis variabilis, and Descoveritrema markowskii.
However, in spite of the affinity of the trematode [digeneid] fauna
in these regions, endemism is rather strongly marked among them.
In the Kerguelen subregion seven species of trematodes

'No Literature Cited section was supplied by the author. Most citations are
presented in Literature Cited sections of other papers, however.

2The Azov-Black Sea Research Institute of Marine Fisheries and Oceanography
(AzCherNIRO), U.S.S.R.
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[digeneids] characteristic of this area are registered [recorded]:
Gonocerca muraenolepisi, G. medius,® Plagioporus sp., Stenakron
kergeulense, Lomosoma kergeleni, Benthotrema melanostigmi, and
Steganodermatoides kergeleni. In the Glacial subregion 11 species
of trematodes [digeneids] are recorded: Plagioporus pennelli,
Lepidapedon sp., L. garrardi, L. antarcticus, Neolepidapedon
trematomi, N. dubius, Lecithocladium orustatum, Stenakron sp.,
Otodistomum cestoides, Otodistomum sp., and Neoleburia georgien-
sis. Despite the closeness of the regions of the Kerguelen subregion
and South Australia, their trematode [digeneid] fauna relations
were not marked. There were only two common species of
trematodes: Gonocera phycidis and Elytrophalloides oatesi, while
the relationships of the trematode [digeneid] fauna of the Patago-
nian shelf were expressed more strikingly, there were five com-
mon species: Gonocerca phycidis, Derogenes varicus, Plagioporus
antarcticus, Lepocreadium trullaforme, and Elytrophalloides oatesi.

Comparing the helminthofauna of the Kerguelen subregion
with that of the tropical Indian-West Pacific and South Moderate
regions, it should be noted that, according to the data of Parukhin
(1976), 6 families of trematodes [digeneids] (Monorchidae,
Opecoelidae, Lecithasteridae, Hemiuridae, Halipegidae, and
Lepocreadidae) of 17 families and 3 species were common for the
Indian Ocean and some other regions of the World Ocean.

Of the 10 known species of monogenetic trematodes of the ant-
arctic region of the World Ocean, Pseudobenedenia notothenia was
common for all regions. Pseudobenedenoides shorti, P. antarcticus,
Neogrubea stromateae, Pavlovskioides prudhoei, and Neopav-
lovskioides georgianus were specific species of monogeneids of the
Glacial subregion, and Neopaviovskioides dissosthychi, Macruri-
cotyle clavipes, Rajoncocotyle sp., and Acanthocotyle sp. were
characteristic monogeneids for the Kerguelen subregion.

The cestode fauna of this region has been investigated only
poorly. Because of this we did not find sufficient data in the Soviet
and foreign literature to permit an analysis of cestode distribution
in this region of the World Ocean. Thus, we can list only seven
species of cestodes: Neobothriocephalus sp., Bothriocephalus sp.,
Hepatoxylon sp. larvae, Phyllobothrium sp., Acanthobothrium sp.,
Scolex pleuronectis, and Tetraphyllidea sp. larvae, found in the
fishes of the Kerguelen subregion. Parallel with this, it should be
noted that combined species of the larvae of the cestodes Scolex
pleuronectis and Tetraphyllidea sp. were widely distributed, not
only in antarctic waters, but also in other regions of the World
Ocean.

The acanthocephalan fauna in antarctic fishes was represented
by five species: Aspersentis megarhynchus, Hypoechinorhynchus
magellanicus, Echinorhynchus debenhami, E. campbelli, and Cory-
nosoma hamanni. Of the fauna of thorny-headed worms of the
Glacial subregion, E. campbelli should be considered as endemic,

3Though given as a new species in the original typescript, this species probably
was first described elsewhere. It obviously is not described in this paper.



Table 1.—Distribution of parasitic worms in the Antarctic region of the World Ocean.

Patagonian  Glacial  Kerguelen South
NN Species of parasite Regions: Shelf Subregion Subregion Australia
Trematodes [Digeneans]
1 Gonocerca phycidis + + + +
2 Gonocerca muraenolepisi - = 3 =
3 Gonocerca medius - — + -
4 Derogenes varicus + + + =
5 Lecithaster australis - + + +
6 Plagioporus antarcticus + + 4 =
7 Plagioporus sp. - - + -
8 Plagioporus penelli + + — —
9 Opechona magnatestis - + 5 —
10 Opecoelus scorpaenidicola - - - ¥
11 Pseudopecoelus piriformis - - - 4
12 Lepocreadium trullaforme + + + =
13 Lepidapedon sp. - + - =
14 Lepidapedon garrardi - + — =
15 Lepidapedon antarcticus - + = =
16 Neolepidapedon tr i - +* - -
) Neolepidapedon antarcticu - + % =
18 Neolepidapedon dubius - + - s
19 Neolepidapedon helicoleni - - = +
20 Lecithocladium crustatum - + - -
21 Lecithophyllum anteroporum - + s =
22 Elytrophalloides oatesi + 3 + +
23 Glomericirrus macrouri - + + =
24 Genolinea bowersi - + + =
25 Helicometra scorpaenae - - - +
26 Stenakron kerguelense - = 4 -
27 Stenakron sp. - + — -
28 Otodistomum cestoides - + ~ =
29 Otodistomum sp. - + - =
30 Postmonorchis variabilis - + it =
31 Discoveritrema markowskii - g + -
32 Neoleburia georgiensis - + = -
33 Lomosoma kergeleni - - + -
34 Benthotrema mel igmi - - + -
35 Steganodermatoides kergeleni - - o =
Monogeneans
1 Pseudobenedeni h + - + +
2 Pseudobenedenoides shorti - + = =
3 Pseudobenedenoides antarcticus - + = -
4 Neogrubea stromateae - + = =
5 Pavlovskioides prudhoei - + = =
6 Neopaviovskioides dissosthychi _ T N -
7 Neopavlovskioides georgianus - + = -
8 Macruricotyle clavipes - — + —
9 Rajoncocotyle sp. - = + -
10 Acanthocotyle sp. - - + -
Cestodes
1 Neobothriocephalus sp. - — + -
2 Bothriocephalus sp. - = 3 =
3 Hepatoxylon sp. larvae = - + +
4 Phyllobothrium sp. - - + +
5 Acantobothrium sp. - - + =
6 Scolex pleuronectis + 4 + &
7 Tetraphyllidea sp. larvae + + + +
Acanthocephala
1 Aspersentis megarhinchus - & + -
2 Aspersentis sp. - - 5 =
3 Echinorhynchus debenh - + + -
4 Echinorhynchus campbelli — + - =
S Corynosoma hamanni + + + =1
Nematodes
1 Ascorophis nototheniae + + + +
2 Cucullanellus fraseri - + e x -
3 Contracaecum nototheniae - + + -
4 Anisakis sp. larvae + + + +
5 Contracaecum sp. larvae + + + &
6 Terranova sp. larvae + + -+ +
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while the other four species were characteristic for all antarctic
regions.

The nematode fauna of fish of Antarctica was represented by
six species: Ascarophis nototheniae, Cucullanellus fraseri, Contra-
caecum nototheniae, Anisakis sp. larvae, Contracaecum sp. larvae,
and Terranova sp. larvae, which were widely distributed in waters
of this region of the World Ocean and were antarctic circumpolar
species.

The existence of such an important similarity of the helmintho-
fauna of fish of the Kerguelen and Glacial subregions could be ex-
plained first of all by the origin and development of the Antarctic
fish fauna. The ichthyofauna of Antarctica is interesting in its
antiquity and originality, which has been determined by the pres-
ence of endemic genera and species of the group Notothenii-
formis. This fish taxon, characteristic for the antarctic and subant-
arctic regions and almost completely limited by their boundaries,
has developed a great quantity of forms which differ by structure,
appearance, and mode of life. These facts allow me to assume that
the Antarctic has been isolated and washed by a cold sea for a
very long time, probably over the entire Tertiary period (Andri-
yashev 1964).

Therefore, the representatives of the Antarctic ichthyofauna
settled into very different ecological niches in the process of
ecological development, and one branch of the subfamily Noto-
thenieidae acquired white blood, a characteristic exceptional for
fishes, which appeared in the Tertiary period (Andriyashev 1964).
This feature evolved and formed several genera of the family
Chaenchthyidae [Chaenichthyidae?] (Andriyashev and Tokarev
1958; Andriyashev 1964; Martsinkevich 1961; Regan 1914).

J. E. Permitin (1977) provided a detailed analysis of the
ichthyofauna of the bottom fishes around the isolated oceanic
islands of South Georgia and Kerguelen. He found that, in spite of
the considerable endemism of each, the connection of the fauna of
the bottom fishes remains substantial. Many authors (Andriyashev
1964, 1972; Permitin 1977; and others) consider that the [separa-
tion] of the populations of fishes and aquatic invertebrates took
place in the past and probably continues nowadays because of the
flow of the water mass of the Circumpolar Current. Since fluctua-
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tions in this water mass probably occurred in the past and take
place now, there are links in the trophic connection of the fishes
of both the Glacial and Kerguelen subregions. In the first place
this must involve mollusks, which are the intermediate hosts.
Generally, many groups of helminths show a great preference for
them. In all probability the similarity of the helminthofauna of the
fishes of this area must be explained by these features.

In respect to the endemism of the fauna of the parasitic worms,
which is determined by the endemism of the ichthyofauna of both
the Glacial and Kerguelen subregions, this phenomenon is also
related to the Antarctic Circumpolar Current—which leads to the
intensification of these circumpolar processes around the island
and the submarine elevations. Local cyclonic systems are formed
in these areas. Also, upwelling and the [consequent] enrichment of
the shelf waters occur here. They cause a high biological produc-
tivity and play a great part in the formation of the local popula-
tions of the several species of fishes and of the endemic species of
parasitic worms.

Interesting results were obtained by Gayevskaya and Kovaliova
(1976) and Gibson (1976), who compared the trematode
[digeneid] fauna on the Falkland-Patagonian shelf with that of the
area around South Georgia and the South Orkney Islands where
they reported 12 trematode species.

Representatives of the family Opecoelidae, which are absent
from the shelf ichthyofauna, dominate in the basic fauna. Species
of antarctic origin, such as Elytrophalloides oatesi, Gonocerca
trematomi, and Opechona magnatestis, are detected in the
trematode [digeneid] fauna of the Falkland-Patagonian shelf. This
phenomenon is explained by the closeness of the Antarctic.

Thus, analysis of the helminthofauna of the fishes of the antarc-
tic area has allowed us to establish a substantial uniformity in its
composition and to reveal several features of the endemism in
both the Kerguelen and Glacial areas and to establish the very
insignificant relationship between the helminthofaunas of areas of
the shelves of South Australia and Patagonia, adjacent to the Ant-
arctic. In all probability these neighboring areas played no
decisive role in its [the helminthofauna of fishes of the Antarctic
region] formation.






Special Features of the Helminth Fauna of
Helicolenus maculatus (Cuvier)

L. P. TKACHUK!

ABSTRACT

This paper presents special features of the helminth fauna of the fish Heli

inhabiting the

area of Agulhas Bank and Walters Bank in the southeastern region of the Indian Ocean.

Helicolenus maculatus (Scorpaeniformes) is an industrially
important species among purely sea [marine] fish. However, the
literature contains little data about the helminth fauna of this
species. A. M. Parukhin (1967) investigated H. maculatus in three
regions of the Indian Ocean. In the area of Durban (Southeastern
Africa) he noted 12 species of helminths. According to my data,
the composition of the parasite fauna of H. maculatus in the
Agulhas Bank area (Southern Africa) includes eight species. Only
two of them, Microcotyle caudata and Lecithochirum rufoviride,
are represented by pubertal helminths. More often the larvae of
Grillotia sp. and Anisakis sp. inhabit the fish. They also exhibit the
highest intensity of infection. Such a peculiar composition of
parasite fauna is characteristic of deep-sea fish, to which H.
maculatus is related. According to the literature, deep-sea fish are
infected primarily by larval nematodes and cestodes, trematodes
(Hemiuridae), and crustaceans. Adult forms of helminths are en-
countered very rarely. Noble (1973) arrived at this conclusion
while investigating parasites of Macrouriformes fish from the
eastern part of the Pacific Ocean. Earlier (Tkachuk 1980) it was
noted that the greatest part of the helminthofauna of Zeiformes is
composed of adults. This seeming disparity with the above-noted
special features of the helminthofauna of H. maculatus can only
be explained by the different depths inhabited by these species of
fish. Thus, in the area of the Agulhas Bank, H. maculatus is caught
in depths of from 200 to 400 m, and Zeiformes at depths of from
700 to 1,000 m. Another unusual feature of the helminth fauna of
this area is a comparatively low infection by certain parasites, i.e.,
[the monogeneid] Microcotyle caudata (see Fig. 1).

For H. maculatus inhabiting the Walters Bank area, the charac-
teristic feature is a smaller number of parasite species—seven, six
of which are common. The larva of Contracaecum sp. (I11), record-
ed only in this area, is the single exception. Except for [In addition
to] the marked specific features indicated, there are considerably
larger infections by such groups of parasites as Monogenea,
trematodes [Digenea], nematodes, and crustaceans. However, the
intensity of infection by them is considerably lower than that
around the Agulhas Bank (Fig. 1).

Such essential differences of the parasite fauna of H. maculatus
from the two areas being compared are connected with the
peculiar features of its ecology. On Agulhas Bank the fish under
study were caught from depths of 200-400 m, and around Walters
Bank from depths of 700-800 m. Above all, this is based on the
composition of their food. According to my data the main portion

'The Institute of Biology of the Southern Seas, Academy of Sciences of the
U.S.S.R,, Sevastopol, U.S.S.R.
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of the food of H. maculatus on the Agulhas Bank are
Euphausiidae. Young individuals of deep-sea shrimps and fish are
taken in lesser numbers. While in the area of Walters Bank, the
bulk of food was young deep-sea shrimps and hermit crabs. The
named species of [These] animals serve as bridging [intermediate]
hosts of trematodes, cestodes, and nematodes, which is why their
quantitative correlations in the food of the fish hosts defines the
quantitative levels of infection by the different groups of hel-
minths. Agulhas Bank is characterized by increased biological
productivity of invertebrates, which brings about high intensities
of invasion [infection] by such helminths as cestodes and
nematodes.

The observed special features of the helminthofauna of H.
maculatus (differences of the composition of helminths and of
their quantitative levels of infection) show that we investigated
[discovered] the different groups [populations] of H. maculatus
inhabiting the areas around the Agulhas Bank and Walters Bank
in the southeastern region of the Indian Ocean.
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Figure 1.—Infection of Helicolenus maculatus (Cuvier) by groups of parasites.
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The Flatworm Fauna of Fishes of the Gulf of Mexico
and its Genetic Relations!

E. V. ZHUKOV?

ABSTRACT

Host relations in ‘‘parasite-host’’ systems are considered with regard to lower

4

and tr

[digenean] infection of fishes in the southern Gulf of Mexico. The prevalence of monohostal relations is establish-
ed. The genetic relations of the fauna of the subject worms have been investigated and their Indo-West Pacific
origin established. Lower monogeneans appeared to have a considerably higher evolutionary rate in comparison

with trematodes [digeneans]. On the basis of fishes of the family Lutianidae, i

fected with

of the

genus Haliotrema, the impoverishment of the ancient complex of these parasites in the process of evolution of
their hosts is traced. The role of faunistic barriers in trematode distributions is discussed.

The fauna of the Gulf of Mexico has a complex genesis, inter-
oceanic relations in the region of Central America having played a
definitive role in its formation. Until the mid-Miocene they [the
hydrographical features] permitted penetration of elements of the
Indo-West Pacific tropical fauna into the newly formed basin.
The coastal fish fauna of the Gulf of Mexico originated during the
Cretaceous and became transformed considerably in isolation.
Study of its parasites is of great interest.

I collected the flatworm material at my disposal in Campeche
Bay and in the region of Havana during 1966 to 1968 and in
1974. To date, work on the lower monogeneans and trematodes
[digeneans] from 391 specimens of 94 species of fishes has been
completed. The cestodes, not yet worked up, are represented by
larval forms.

Monogeneans of the subclass Polyonchoinea have been observ-
ed in 183 individuals of fishes belonging to 45 species. The
percentage of infection of fishes by them in the open sea and in
the coastal zone appeared to be similar (about 63%). The lower
monogeneans are represented by 69 species, of which 57 (83%)
are new. Worms of the family Dactylogyridae are predominant
among them. It includes 48 species, 42 of which (87%) are new.
The family Diplectanidae includes 19 species; 15 (79%) new
ones. Two members of the family Capsalidae are noted. These
data reflect the high degree of endemism in the lower monogenean
fauna in the regions studied (Zhukov 1976, 1978, 1980).

The infection rate of fishes with trematodes [digeneans] was
somewhat lower in the open sea than in the coastal zone (92% and
94%, accordingly). The fauna of this group is different from that
of monogeneans. It is represented by 149 species (and 4 forms not
identified to species) of which only 5 species (3.3%) were new.
Out of 144 previously known species, only 85 (59%) are confined
to the region of Central American seas, while the other 59 (41%)
are known beyond this body of water.

A predominance of monohostal relations in the “parasite-host”
system is typical of both groups of parasites. Among the lower
monogeneans similar relations have been noted in 41 species
(64%): Among digeneans of fishes of the coastal zone in 70
species (58%) and in the open sea in 42 (66%).

'In this paper the word trematode means Digenea—an arrangement accepted in-
creasingly by many Russian helminthologists and others.
2Zoological Institute, Academy of Sciences of the U.S.S.R., Leningrad, U.S.S.R.

47

This is primarily a result of the prolonged existence of the
above systems. For digeneans they are also a result of a narrow
food specialization of the hosts under conditions of high intensity
of biotic relations among members of the tropical ichthyofauna.

Analysis of digeneans occurring in fishes of the families Ser-
ranidae, Lutianidae, and Pomadasyidae, which provided the most
abundant material for comparison, permitted me to distinguish
species predominating in them. It has also shown that change in
depth leads to redistribution of these forms and to a change in the
species composition of trematodes. The presence of leading
[predominating] species in the digeneid fauna of the above host
groups suggests food specialization which leads to a reduction of
competition between related members in every group. Cases in
which similar species were found in the predominant forms of
digeneans in different hosts have shown that such specialization
does not permit them to avoid food competition completely.

Among the species discovered, Metadena globosa appeared to
be predominant both for fishes of the family Lutianidae (Lutianus
apodus, L. synagris, and Ocyurus chrysurus) and for a member of
the family Pomadasyidae (Haemulon plumieri). For a number of
digeneans (Stephanostomum sentum, Leurodera decora, and
Brachadena pyriformis), obviously associated with fishes of the
family Pomadasyidae, specimens occurring beyond this family are
known. Thus, one may observe certain dynamics in relation to the
historical groups of parasites along with their relations to certain
systematic groups of hosts.

Analysis of the genetic relations of the above-mentioned flat-
worms has revealed their Indo-West Pacific origin and that the
fauna of lower monogeneans beyond the barrier of the Isthmus of
Panama appeared to have changed considerably more than the
digeneid fauna, members of which have a complex developmental
cycle. Of 69 species of lower monogeneans only 2 or 3% were
common with the fauna of the Indo-West Pacific region
(Haliotrema similis and Diplectanum diplobulbus) which allows me
to regard them as the most ancient elements of the Gulf of Mexico.
The Pacific host of the former parasite, Priacanthus cruentatus, re-
mained in Atlantic waters where it existed in a stable condition
and where the parasite transferred to the younger [evolutionarily
newer or more recent] host, P. arenatus, endemic to the Atlantic
Ocean. Another species, Diplectanum diplobulbus, parasitizing
Kyphosus cinerascens in the Pacific Ocean, was found beyond the
Isthmus of Panama in a phylogenetically younger host, K. sec-
tatrix, also endemic to the Atlantic Ocean. These are examples in



which components of the “parasite-host™ system belong to dif-
ferent age periods, the host being younger in the evolutionary
respect than the parasite.

Similar data have been obtained in the analysis of the distribu-
tion of monogeneans of the Indo-West Pacific genus, Haliotrema,
among fishes of the family Lutianidae. Fish species in this family
(of Indo-West Pacific origin) are endemics of the Atlantic Ocean
and belong to the genera Lutianus, Ocyurus, and Rhomboplites, the
latter two being monotypical ones. Since members of the genus
Lutianus occur in the Pacific, I regard it as the most ancient. The
genus Ocyrus has an amphi-Atlantic distribution. The genus
Rhomboplites belongs among the endemics of the seas of Central
America. The highest number of species of the genus Haliotrema
was found in the most thermophilic members of the genus Luti-
anus—L. machogoni and L. synagris (six and seven species,
respectively). Three species were found in Ocyrus chrysurus, and
one in Rhomboplites aurorubens. No specific monogenean species
were found in these phylogenetically younger hosts. Thus, we
have an example of impoverishment of the ancient complex of gill
parasites due to evolutionary changes of their hosts within a fami-
ly. An analogous picture was observed in the monogenean species
parasitizing fishes of the genus Lutianus.

The genetic relations of the digenean fauna of the Gulf of Mex-
ico appeared to be wider. Among the 59 digenean species known
beyond the limits of the seas of Central America and present in
my material, 54 (91%) were found in the Pacific Ocean. Most
significant are these connections with the fauna of the Central
American Pacific coast where 45 (76%) of these 59 species occur
(i.e., 31% of the total number of species of this group of parasites
in my collection) and where 23 (51%) species among them are
amphi-American endemics. Three factors are responsible for the
high degree of these connections: 1) The relationship of hosts on
the level of families and genera (but not species!), 2) interoceanic
connections in the region of the Isthmus of Panama providing for
exchange between faunas of the above bodies of water up to the
Pliocene (2 to 5 million years ago), and 3) the conservatism of
evolutionary processes in digeneans as compared with host
species. One can derive an idea of the latter by comparing the
faunas of both of the groups presently occurring on both sides of
the Isthmus of Panama. Out of the 1,000 species of coastal fishes
known from the basins being compared, only 12 (1.2%) have an
amphi-American distribution (Briggs 1974). On the basis of data
in the literature, I note 550 species of digeneans on them, of
which 57 (10.3%) belong to the category of amphi-American
species. Thus, the coefficient of divergence in the evolutionary
rate of hosts and that of their parasites is equal to 10 in this case.
Further study can only increase this index.

As concerns other regions, the digenean fauna of the Gulf of
Mexico is most closely related to that of southeastern Asia where
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18 common species are known (i.e., 30.5% of the group, or 12.5%
of the total number of species analyzed).

Of particular interest are the connections with the digenean
fauna of the coastal waters of western Africa. In my material, 13
species (9%) have an amphi-Atlantic distribution. Judging from
the literature, 27 (5.4%) of the 499 digeneid species occurring
both in Central American seas and off the coast of western Africa
belong to the above category. Since the free-living period of larval
digenean stages is very short, it appears impossible to conclude
that their larvae are transported by extant currents from one
region to another through the Middle Atlantic barrier. This
phenomenon is of a deeply historical character and is associated
with the existence in the far past (Upper Cretaceous) of a con-
tinuous range of the tropical fauna in the shelf zone which existed
until the Brazil continental platform [plate] was separated from
that of the African plate.

The data obtained from parasitological material have thus
shown the error of the method for estimating efficiency of
faunistic barriers proposed by the ichthyologist Briggs (1974). As
has been calculated by the above author, the efficiency of the
Middle Atlantic barrier is 91%. This value was obtained by com-
paring the total number of fish species of the tropical Atlantic
shores (1,334) with the number of amphi-Atlantic ones (120, or
9%). The above method suggests trans-Atlantic (trans-Pacific)
transfer of pelagic larvae from one region to another. Even
ichthyological data contradict this view, as is shown by the fish
fauna of Ascension Island, which consists of western elements to a
high degree (30%) even though the Island is influenced by eastern
currents from the coast of Africa.

Thus, parasitological data permit a new approach to under-
standing the amphi-Atlantic nature of the distribution of coastal
fishes in the tropical Atlantic. Analysis of the studied digeneid
fauna at the generic level has shown a still closer connection of the
Gulf of Mexico with the above regions, since taxa higher than
species are more significant in reflecting the pathways of faunal
formation because they reflect, or demonstrate, more ancient
relations.
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The Influence of Helminths on the Tissue Lipid
Content of Black Sea Anchovy, Engraulis encrasicholus
ponticus, and Bullhead, Neogobius melanostomus,
During the Annual Cycle

A. M. SHCHEPKINA!

ABSTRACT

This paper presents data on the lipid content in tissues of Black Sea anchovy and bullhead at different infec-
tion intensity [levels of infection] by helminths during an annual cycle. A decrease in the lipid content of muscles
and liver was noticed in heavily infected anchovy and bullhead. Helminths had the most influence on the trigly-

ceride fractions.

Infection by helminths is an important factor influencing the
status of fish populations in different seasons of the year. The
struggle against helminths has become especially important due to
the intensive development of freshwater fish-breeding and of
marine and oceanic fisheries, as well as mariculture.

I planned to study the peculiarities of the lipid content of fishes
with differing levels of invasion [infection] of helminths through-
out an annual cycle. The research organisms chosen were the an-
chovy, Engraulis encrasicholus ponticus Aleksandrov, infected by
larvae of the nematode, Contracaecum aduncum (3 to 1,200 indi-
viduals) and the bullhead, Neogobius melanostomus Pallas, infec-
ted by metacercariae of the trematode Cryptocotyle concavum (3 to
580 individuals). The qualitative lipid content was determined by
thin-layer chromatography. The research was conducted on the
livers and the white and red muscles of the anchovy and bullhead.

'Institute of Biology of the Southern Seas, Academy of Sciences of the U.S.S.R.,
Sevastopol, U.S.S.R.
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The results obtained demonstrate impressive differences in the
lipid content of heavily and lightly infected fishes during the
annual cycle. These differences relate to the concentration values
of separate lipid fractions and/or their relative content. Trigly-
ceride concentration showed the greatest differences in all tissues
of heavily and lightly infected anchovies and bullheads (Figs. 1,
2). The triglyceride concentration in white muscles of heavily
infected E. encrasiocholus ponticus is lower by 33 to 71%; in red
muscles by 37 to 57%, as compared with lightly infected E.
encrasciocholus ponticus. Owing to the decrease in the triglyceride
concentration, the total lipid concentration decreases in tissues of
the heavily infected fishes as well (Figs. 3, 4). In the white
muscles of the anchovy the difference is from 22 to 50%; in liver
by 27 to 60%; and in red muscle by 9 to 34%. In liver of heavily
infected bullhead the total lipid concentration is lower by 29 to
55%; in white muscles by 23 to 41% as compared with lightly in-
fected fishes. Thus, helminths impact the reserve lipids primarily.

The degree of impact of helminths on the reserve lipids (trigly-
cerides) of E. encrasiocholus ponticus and N. melanostomus is not
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Figure 1.—Influence of Contracaecum aduncum infection on triglyceride concentration in anchovy tissues (mg%, wet
mass): | = liver; rm = red muscles; wm = white muscles; open bars = weakly infected; hatched bars = heavily infected.
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identical for the different periods of the annual cycle. In contrast
to triglycerides, the second fraction (by value) of phospholipids is
not diminished in heavily infected fishes. And what is more, dur-
ing the fattening period the phospholipid concentration in white
muscles of the heavily infected anchovy is higher by 64%, in red
muscles by 70%, and in liver by 42% (P<0.01). The livers of
heavily infected bullhead demonstrated the same phenomenon
during the spawning period. In other periods the phospholipid
concentration is not distinctly different.

By reducing the triglyceride supply in anchovy and bullhead
tissues, higher levels of helminth infection may cause an impor-
tant effect on the physiological state of individual fishes in a
population, on the state of the population and on the dynamics of
their number as a whole. Helminth infection reduces the state of
readiness of the anchovy for migration and wintering, influences
the quantitative and qualitative characteristics for sexual matur-
ation, reduces brood survival, and so on. Regarding the bullhead,
except [in addition to] the foregoing effects, its condition for nest
protection is reduced during the spawning period.

The data obtained allow me to assess the damage regarding the
lipid supply. Thus, infection by helminths may [can] cause
damage to the anchovy and bullhead populations. Such damage
for the anchovy totals 25% and for the bullhead 20%.

Thus, the results show the important role of helminths in the
substance/energy balance of large fishery populations in the Black
Sea and, consequently, their important role in the ecosystems of
that body of water. Engraulis encrasiocholus ponticus and N.
melanostomus are the examples for this.
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Certain Results of the Study of Ciliates of the
Family Trichodinidae (Peritrichida) Inhabiting
Fishes of the Seas of the U.S.S.R.

G. A. STEIN!

ABSTRACT

This communication is a review of information on marine trichodinids (Ciliata, Peritrichida) in the seas of

the U.S.S.R.

The first trichodinids found on marine fishes from reservoirs
[waters] of the U.S.S.R. were identified as Trichodina sp. and T.
domerguei. V. A. Dogiel (1940, 1948) suggested a number of tax-
onomic characteristics for their identification and established
some separate species and subspecies and, in doing so, laid the
foundation of the modern taxonomy of this group. The history of
the study of marine trichodinids in my country may be divided in-
to two stages: 1) The ciliates, collected together with other
parasites of fishes, were identified from preparations stained with
hematoxylin, and 2) since the end of the 1950’s when the standard
silver impregnation method came into use, special attention has
been paid to parasitic ciliates parallel to the study of other
parasites. Since that time the list of trichodinids has increased
regularly.

The ciliates from the various bodies of the sea have been
studied very sporadically. There are no data on Arctic Seas, except
for the White Sea (Schulman and Schulman-Albova 1953; Stein
1976) and the Barents Sea (Polianski 1955; Stein 1973b). The
first steps undertaken to study trichodinids from Far Eastern seas
were by Dogiel (1948), Zhukov (1964), and Stein (1967, 1979).
Information on trichodinids from the Baltic Sea involves only two
very fresh regions such as the estuary of the Neva (Wu Bao-hua
1961) and the Gulf of Kurish (Stein 1982). More complete infor-
mation was obtained on trichodinids of the Black Sea and the Sea
of Azov by Stein (1975), the Caspian Sea by Ghasimegomedov
(1970) and the Aral Sea by Osmanov (1976). Twenty species of
trichodinids were found to occur only in saltwater, while 10 were
found in fresh and brackish water.

Using identifications made on the basis of the standard silver
impregnation method and taking into account the great inter-
specific variability of trichodinids, the number of species of
trichodinids known from the Barents Sea is six. Also, 9 are known
from the White Sea, 13 from the Black and Azov Seas, and 19
from basins of the Pacific Ocean, at present. Freshwater species of
trichodinids prevail in the Baltic, Caspian, and Aral Seas. A small
number of euryhaline species have been observed there. Truly
marine trichodinids are absent from these bodies of water.
Euryhaline T. domerguei domerguei and T. tenuidens were found in
the coastal regions of the seas or in freshwater bodies near the sea
coast. The largest number of marine trichodinid species has been
observed in the Pacific Ocean basin. Comparison of the fauna of
the Arctic, Pacific, and Atlantic basins disclosed a number of
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corresponding species: 7 of 19 in the White Sea and the Pacific
Ocean and 5 of 19 in the Black Sea and the Pacific Ocean. A list
of the marine and euryhaline trichodinids of fishes of the seas of
the U.S.S.R. is provided in Table 1.

The following ecological groups of trichodinids were identified
according to their geographic distribution and coincidence with
fishes: 1) The thermophilic, cold-preferring and eurythermic
species; and 2) the southern, northern, and widely distributed ones
(Stein 1979). From the analysis of the data on trichodinid

Table 1.—Known marine and euryhaline trichodinids of fishes
from the seas of the U.S.S.R.

1. Trichodina arctica Zhukov, 1964

2. T californica Davis, 1947

3. T caspialosae Dogiel, 1940

4. T. cottidarum Dogiel, 1948

5. T. decipiens Laird, 1961

6.  T. domerguei domerguei (Wallengren, 1897)
a. T. elegans G. Stein, 1979

8. T elegini Schulman-Albova, 1950

9. T frequentis G. Stein, 1979

10.  T. fultoni Davis, 1947

11. T. galyae Lom and Laird, 1969

12. T. hexagrammi Zhukov, 1964

13. T histicotti G. Stein, 1979

14. T. inversa Dogiel, 1948

15, T. jadranica Raabe, 1958

16.  T. jarmilae Lom and Laird, 1969

17. T lepsii Lom, 1962

18. T. micromaculata G. Stein, 1975

19. T. minima G. Stein, 1979
20. T. miranda G. Stein, 1979
21. T. oligocotti Lom, 1970
22. T. oviducti Polianski, 1955
23. T. ovonucleata Raabe, 1958
24. T pala G. Stein, 1979
25; T. partidisci Lom, 1962
26. T. ploveri Zhukov, 1964
27. T. puytoraci Lom, 1962
28. T. puytoraci marisalbi G. Stein, 1976
29. T. raabei Lom, 1962
30. T. rectuncinata Raabe, 1958
31. T. suleimanovi Ghasimagomedov, 1970
32. T. tenuidens Faure-Fremiet, 1943
33. T. trichiuri Dogiel, 1948
34, T. trigonofibulae Zhukov, 1964
35. (M) T. luciopercae Lom, 1970
36. (?) Paratrichodina incissa (Lom, 1959)
37.  (?) Tripartiella melanogrammi G. Stein, 1961




coincidence with different hosts it might be concluded that there
is no narrow host-specificity in the majority of marine tricho-
dinids. Fishes of the Order Perciformes prevail among the hosts of
trichodinids. From these facts I suppose [or conclude] (Stein
1973a, 1979) that the trichodinids parasitized Perciformes fishes
first and only later passed over to certain fishes of other orders.

Undoubtedly, further study of the ciliates of the family Tricho-
dinidae from the seas of the U.S.S.R. will increase the faunistic
lists of trichodinids and provide more exact ideas of their biology
and ecology.
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Special Features of the Myxosporidian Fauna From

Sea and Ocean Fishes

A. A. KOVALIOVA and S. S. SCHULMAN!

ABSTRACT

Regular research on Myxosporidia from open seas and oceans has been conducted by investigators of the
following research institutions: The Zoological Institute of the Academy of Sciences of U.S.S.R., the Atlantic
Research Institute, the Polar Research Institute, and the Pacific Research Institute.

As a result of this research a new myxosporidian fauna has been discovered. This provides a more complete
idea of the order Multivalvulea and permits more precise definition of the marine Bivalvulea. Seven new genera
and five new families have been established in the order Bivalvulea. The number of species has increased consid-
erably.

The following problems are touched upon: The ways of adaptation of myxosporidian spores to living in dif-
ferent layers of the water body; the connection of different ichthyocoenosis in certain habitats of the ocean to
their myxosporidian fauna; and the ways [paths] of migration of some Multivalvulea species from their initial
dwelling place, the Indo-West Pacific, to the Atlantic. More evidence is presented on the evolution and phylogeny
of the Myxosporidia.

Foci of infections and their agents are found in the Atlantic and, partly, in the Pacific Oceans. The species of
fishes most infected with the genus Kudoa are revealed. Measures to control these infections are given.

Research on sea and ocean Myxosporidia is of great theoretical
and practical importance. Analysis of the number of Myxospor-
idia species, their ecology and distribution among their fish hosts
and in water aquatorias [water or ocean basins] has shown that
these parasites originated in the seas. That is the reason species
and genera with the most primitively constructed spores and most
primitive vegetative forms occur only in the seas. Also, an excep-
tional diversity of myxosporidian forms is observed in the seas.
This is mostly encouraged by the abundance of ecological niches.

Unfortunately marine Myxosporidia have been investigated
poorly as compared with those in freshwater. Until 1941 only a
few researchers studied Myxosporidia in the U.S.S.R. (Averinzew
1907, 1909, 1911, 1913; Dogiel and Bychovski 1939; Petrus-
chevski 1932; Bazikalova 1932). Their works dealt with only a
few myxosporidian species.

After 1945, new works on Myxosporidia appeared (Dogiel
1948; Schulman and Schulman-Albova 1953; Polianski 1955).
Many were dedicated to the study of the entire fish-parasite fauna
of the Soviet seas. This was of especial importance for the works
of that period. Until 1970 only a few, but very interesting, works
had appeared in the U.S.S.R. (Zhukov [1964?]; Naidenova 1968;
Naidenova and Zaika 1969a, b; Zaika 1966, 1968). [A number
has been published since; see Literature Cited section.]

Regular research on Myxosporidia from open seas and oceans
has begun only in the last 10 yr based upon the three laboratories
of Parasitology at three research institutes, i.e., the Atlantic
Research Institute, the Polar Research Institute, and the Pacific
Research Institute. This paper is dedicated to the results of these
investigations, which is only the beginning of our efforts. First, we
must provide the names of the researchers. They are: A. V. Gaev-
skaya, A. N. Zubchenko, A. A. Kovaliova, V. K. Krasin, and S. S.
Schulman [see Literature Cited].

Investigations were conducted in the vast spaces of the Atlantic
Ocean from Baffins Land and Greenland to the Atlantic waters, in
the northern Pacific Ocean and in the open waters of its south-
eastern part. Unfortunately, the vast Indian Ocean has been very
poorly investigated thus far. During this research more than
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50,000 specimens of more than 350 species of fishes have been
studied. This has permitted discovery of a new myxosporidian
fauna.

When the order Multivalvulea was established by S. S. Schul-
man in 1959 it consisted of only 3 families, 3 genera, and 12
species. At present this order, owing to the works of Soviet proto-
zoologists, numbers 4 families, 5 genera, and 40 species. Thus, we
now have a more complete understanding of the order.

Studies of the more numerous [larger] order, Bivalvulea, have
yielded data no less interesting.

Earlier certain researchers had reported on the interesting, aber-
rant, sea Myxosporidia, e.g., Auerbachia, Parvicapsula, Unicap-
sula, etc. Their systematic position and their importance in the
Myzxosporidia fauna were obscure. It has been found since that
these species are members of fairly high taxa at the family level
which show a particular trend in the evolution of Myxosporidia.
For example, the genus Auerbachia is a member of the family
Sphaeromyxidae which has the most primitive spores. This family
consists of the initial genus Spaeromyxa, the genus Auerbachia,
which originated from Sphaeromyxa (and has lost one polar cap-
sule), and the genus Meglitchia, which was extracted from the
genus Ceratomyxa and has not been completely described.

The origin of the genus Parvicapsula is not clear. The discovery
of some new species belonging to this genus allowed us to trace
the pathway of its evolution from the genus Ceratomyxa. Soon a
new genus Neoparvicapsula was discovered and described. Thus,
the most peculiar family Parvicapsulidae, consisting of two genera
(Parvicapsula and Neoparvicapsula), was formed. The extremely
interesting genus Myxoproteus stands apart from all other taxa,
because of the unique structure of its spores. It has been shown
that the two new genera Bipteria and Schulmania originated from
this genus. The spores of Bipteria have two thin winglike pro-
cesses; those of Schulmania, ventral and lateral keels. These three
genera form the single family Myxoproteidae.

Moreover, two new families—Alatosporidae and Paliatidae—
were established. The members of the family Alatosporidae, with
their small polar capsules, are very much like those of the genus
Ceratomyxa. But the spores of Ceratomyxa have a half-moon
shape; while the spores of Alatosporidae are triangular and have
two-winged appendices like Ceratomyxa. In the representatives of



the second genus of this family, Pseudoalatospora, these appen-
dices are twofold and are united at their anterior ends. It is quite
evident that these structures promote [enhance] the ability of the
spores to float in the water body [water column].

The monotypical family Paliatidae, whose hosts are deep-sea
fishes of the family Alepocephalidae, is also very interesting. Its
members have large spores with membranelike structures resem-
bling parachute domes.

It must be noted that the new families and genera consist, as a
rule, of 3 to 10 species. This provides evidence that the new
families form a considerable part of the myxosporidian fauna.

The number of species of many genera described earlier have
increased considerably. Only in the genera Coccomyxa and Auer-
bachia has the number of species remained static. These genera
have few species and their representatives occur very rarely.
Moreover, analysis of the three species of the genus Auerbachia
has shown that they belong to a single, very variable, and widely
spread species.

Though our studies on Myxosporidia are far from being com-
pleted, we can report more than 100 new species of sea Myxo-
sporidia even now. New findings and revisions of previously
described species allow us to add considerable detail, to reorder,
and, in some cases, reevaluate our view on taxa described long
ago. Thus, in such old and widely spread genera as Myxidium and
Ceratomyxe, species were found with gigantic spores. In Myxidium
they reach up to 100 um, whereas their size does not exceed 10-20
um usually. In Ceratomyxa they reach 740 um (i.e., about 1 mm).

As previously mentioned, the spores of many sea [marine]
Myxosporidia species develop various adaptive structures for
floating in different layers of the water body [water column]. They
are winglike and threadlike processes, membranes, keels,
manthes, etc. The spores of some species of Leptotheca, Sphaero-
myxa, and Chloromyxum have threadlike appendages and the
spores of some Davisia species have large hornlike prolongations
that can change into threadlike devices at their posterior ends.

The decrease of the size of the spores in the genera Simuolinea,
Chloromyxum, and Sphaerospora also promotes slow-sinking of
the spores. On the other hand, the size of the spore increases in
some representatives of Ceratomyxa. This is due to the large
hollow cavities within the mass of the spore, which decrease the
specific weight of the spores, increasing their ability to float and
promoting slower sinking.

At the same time the large size of the spores, as well as that of
their polar capsules, increase the weight of the spores. That is why
their occurrence in one or the other layer of the water body [water
column] results from a range of oppositely directed factors. All
these adaptations are of great importance for Myxosporidia living
in seas and oceans, as their distribution is very extensive horizon-
tally (area) as well as vertically (depth).

The spores of Myxosporidia move passively. Therefore, to be
eaten [ingested] by their hosts, they must occur in the same part of
the same water body [as those hosts]. Ceratomyxa maxima can
serve as an example illustrating the influence of depth on the
spore’s size. Its spores, ranging from 470 to 740 um, occur in Berix
[Beryx?], which lives at depths of 800 to 900 m, while the spores
of the some [same?] species ranging from 230 to 480 um occur in
the same fish host that lives at a depth of 240 to 400 m.

Thus, the enormous diversity of the shape and arrangement of
sea myxosporidian spores promotes their adaptation to certain
ecological conditions.

The distribution of fishes in the World Ocean is connected with
their history as well as with their present life conditions. This has
its reflection in the distribution of the Myxosporidia. Ocean fishes
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form icthyocoenoses which are related to certain dwelling areas;
the main ones are the shelf zone, the continental slope, and the
open ocean waters. Each has a very complicated structure.

The shelf zone includes ecologically d.fferent fish groups that
are connected with the bottom, the pelazic zone, and estuaries.
Neritopelagic forms can also dwell here. As a rule the most abun-
dant fauna of Myxosporidia and the fishes most infected by them
occur in these areas. The most numerous species, even those
recently described, belong to genera described long ago. This is
apparently because these sea [marine] areas have been the most
completely studied.

The genera Bipteria and Schulmania are quite new and are
found also in shelf waters. Their recency of discovery is due to
their occurrence in areas never before studied (Baffins Land,
Greenland, the Bering Sea, and the Sea of Okhotsk).

Adaptation of the spores of Myxosporidia of the shelf zone (i.e.,
whose waters are shallow relative to those of the deep sea) for
floating occurs, but is not so striking. It is worthwhile mentioning
that the members of the genus Kudoa and other representatives of
the order Multivalvulea occur only in the shelf zone (i.e., in the
zone of vertical raising of waters) [vertical movement or upwell-
ing]. These vertical movements upward [upwelling] prevent the
spores of the Multivalvulea, which are poorly adapted to floating,
from sinking to the bottom. Unfortunately, many fish complexes
of the shelf zone, particularly estuarine fishes, have not yet been
studied.

The shelf zone passes directly into the continental slope zone
where bottom, meso- and bathypelagic, nerito-oceanic, and
epipelagic fishes live. The meso- and bathypelagic fishes are of
particular interest. Thus, a new genus, Paliatus was found among
representatives of this zone (family Alepocephalidae). Also,
gigantic spores of Myxosporidia were found first in fishes of this
zone.

Studies of the myxosporidian fauna of the open ocean were
begun recently. Myxosporidia from fishes dwelling in submarine
depths were studied. The myxosporidian fauna of ancient deep-
sea fishes, particulariy the family Macrouridae, is of the most in-
terest. The majority of their Myxosporidia are dispersed through-
out the World Ocean; some, e.g., Auerbachia menatrosa, Myxidium
coryphaenoides, etc., are nearly cosmopolitan.

The myxosporidian fauna of pelagic fishes is not yet fully
investigated. The first studies in the southeast Pacific have
disclosed a small numerical strength of Myxosporidia species in
this zone of the ocean.

Thus, 3 species of fishes [at least one belonging to the genus
Scomber; the other(s) to other genera?] of the 14 well-studied ones
were infected with 6 species of Myxosporidia belonging to 4
genera. The incidence of infection in these fishes was also very
low. Some species of Myxosporidia have certain adaptations for
floating. The other species are typical parasites of bathypelagic
fishes and usually have adaptations for floating only in this
horizon [or level]. Their occurrence in typically pelagic fishes is
due to powerful upsurges [upwellings] of the water.

The theoretical importance of our research is not exhausted by
the examples mentioned above. The following investigations
[reviews or explanations] will be devoted to the genesis of water
basins and their fauna. They will provide a clue to the solution of
zoogeographical and biological problems. We now have more

20Only the name of the genus of one of the three species of fish was given in the
original typescript. Its specific trivial name and the names of the other two species
were not included.



precise data on the phylogeny of the Myxosporidia and the way
[manner] of distribution of some taxa.

Thus, analyses of the distribution of the Multivalvulea have
shown that they originated in the Indo-West Pacific. The most
primitive species of this order, Trilospora californica (which lives
in the gallbladder, the initial habitat of the Myxosporidia), is
found only in this region, as are all known families and genera of
the Multivalvulea. Moreover, the number of species is much
greater here than in the Atlantic, in spite of a lower rate of studies
in the Pacific. Lastly, the most numerous species of Kudoa have
been found only in Pacific deep-sea fishes.

The order Multivalvulea is comparatively young. It arose after
the formation of the present fish fauna of the Atlantic. Represen-
tatives of these Myxosporidia have a very typical local distribu-
tion. Hence, under these circumstances the penetration of numer-
ous species of Multivalvulea into the Atlantic Ocean has been
prevented.

Only 14 species of the genus Kudoa, 1 species of Trilospora,
and 1 species of Unicauda were found in Atlantic fishes, and this
was in spite of a much higher level of research on myxosporidians
in this ocean.

Because macrourid fishes (and other ancient deep-sea fishes)
have limited migration ability, only one species of Trilospora has
penetrated into the Atlantic Ocean. Analysis of the number of
Multivalvulea species and their distribution by fish hosts, in-
dicates that these parasites could have arrived in the Atlantic by
several different routes. The most probable one was from the
Pacific Ocean around South Africa and its Atlantic shore. At pres-
ent Kudoa thyrsitis occurs in the southeastern Atlantic. It occurs
also in both the Pacific and Indian Oceans.

Kudoa clupeidae and K. funduli from [waters around] north-
western Africa are morphologically very similar to K. nova from
the region of north Africa and the Mediterranean.? It is possible
that K. nova has penetrated to the North American shelf by using
such active migrators as Thunnus and Xiphidae. Here, this species
may have given rise to K. clupeidae and K. funduli.

The Kudoa species occurring on the Falkland-Patagonian shelf,
penetrated into the Atlantic via South America. Hydrographical
barriers have prevented their migration to the north.

The Kudoa species found in the Gulf of Mexico do not occur in
any other regions of the Atlantic. These species may have
penetrated into the Gulf directly from the Pacific Ocean, before
the junction of North and South America.

Finally, Trilospora from Coryphaenoides members of the mid-
Atlantic ridge, apparently has penetrated directly with its host.
Unfortunately, the pathways of invasion of this fish are unknown.

Investigations of Myxosporidia are of great importance for
fisheries also. The Multivalvulea are not pathogenic to their fish
hosts, but the fishery suffers great losses, some because certain
species of this order reduce the quality of the flesh of infected fish.
Others provoke lysis of the fish host’s tissues even after prolonged
freezing. This makes the fish unsuitable for food.

As a result of our studies in the Atlantic and partly in the
Pacific, foci of infections and their agents were found; species of
fishes infected with Kudoa were revealed; and the seasonal distri-
bution of these parasites in some regions of the ocean was
discovered. An instruction on how to utilize fishes infected with
the genus Kudoa was provided on the basis of this research.

As the studies of recent years have shown, members of the
Bivalvulea can be pathogenic also. Thus, Henneguya sp. can be

3The author may have meant ““. . .from the northwestern Atlantic are morpho-
logically very similar....”

pathogenic to fishes in aquacultural conditions.

Recently we have obtained from Dr. Hoffman* information on
a new species of Parvicapsula, parasitizing the kidneys of pen-
reared coho salmon, O. kisutch, which causes mortality of up to
30% of its hosts.

To search for measures to control these infections it is
necessary to investigate not only the number of species, but also
the biology of the agents.
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Myxosporidia of Fishes of the North Pacific

V. K. KRASIN!

Myxosporidians of fishes of the northern Pacific have been
studied only recently. The first information about them was not
published until the 1920’s (Fujita 1923; Davis 1924).

By now a large number of works dedicated to Myxosporidia of
fishes of that area have been published by foreign and Soviet
scientists (Jameson 1929, 1931; Nobel 1938a, b, 1941, 1966;
Moser 1976; Moser and Noble 1977; Dogiel 1948; Polianski
1958; Zhukov 1964; Schulman 1966; and others).

As the result of these studies new species of Myxosporidia have
been registered [recorded] and the number of hosts for previously
known species has increased. In addition, information on tax-
onomy, problems of ecology and development, and the relation-
ships between parasites and hosts have been covered. Many in-
teresting works deal with the spatial and seasonal distribution of
Myxosporidia in the ocean and their dependence on biotic and
abiotic conditions as well as the influence of Myxosporidia on the
fish hosts, themselves.

Since 1972 the TINRO Laboratory of Parasitology of Marine
Animals has conducted planned investigations of Myxosporidia of
fish of the northern Pacific.

Thus far, 1,809 fish belonging to 43 families, 81 genera, and
132 species have been studied. In our collections 41 species of
Myxosporidia were new and 65 were found for the first time in
new hosts, while 12 were not identifiable as to species because of
an insufficient number of spores.

In all, a total of 190 Myxosporidia have been registered
[recorded] from the North Pacific, according to our data and that
from the literature. One hundred and twelve species of Myxo-
sporidia were found off the Asian coast—96 of them belonging to
the order Bivalvulea and 16 to the order Multivalvulea. Myxo-
sporidia of the genera Ceratomyxa (26 species), Myxidium (19
species), Kudoa (14 species), and Chloromyxum (11 species) were
most abundant.

Eighty-seven species were registered in the northeastern
Pacific, 75 of them from Bivalvulea and 12 from Multivalvulea.
The genera Ceratomyxa (18 species), Myxidium and Kudoa (10
species, and Leptotheca (9 species) were predominant as well as in
the northwestern Pacific.

In both areas 18 genera from 9 Myxosporidia families were
registered [recorded], but myxosporidians of the genera Auer-
bachia and Unicapsula were not found in the northwestern Pacific
while those of the genera Sphaerospora and Hexacapsula were not
found in the northeastern Pacific.

The faunal similarity of Myxosporidia of the shelf fish of these
areas at the species level is insignificant. It is interesting to note
that there are no common species of the order Multivalvulea
parasitizing mainly [primarily] shelf fish in the Pacific waters off
the North American and Asian coasts.

The Myxosporidia fauna of bathyal fishes has been studied
much less than that of shelf fishes. Nevertheless, available data on

!Pacific Research Institute of Fisheries and Oceanography (TINRO), Vladivostok,
US.SR.
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the infection of Coryphaenoides spp., Laemonema longipes, and
Anoplopoma fimbria allow us to state a somewhat closer species
similarity of Myxosporidia in the given areas.

Even my incomplete data (materials on bathyal fishes received
in 1980 are still being processed) indicate that 10 species of Myx-
osporidia have been found to be common in these areas (i.e., Myx-
idium coryphaenoidium, M. melanocetum, M. pearcyi, M. melano-
stigmum, Ceratomyxa anoplopoma, C. obesa, C. asymmetrica, C.
coryphaenoida, Davisia anoplopoma, and D. coryphaenoida).

Myxosporidia of the other Multivalvulea, which cause consid-
erable economic losses to the fish industry due to impairment of
the market value of the fish (even rendering the fish unfit for
human consumption in some cases), have drawn the greatest
attention.

Three years ago more than 40 species of multivalvular Myx-
osporidae were known. They were divided into four families, i.e.,
Trilosporidae, Kudoidae, Pentacapsulidae, and Hexacapsulidae
(Kovaliova and Schulman 1978). According to my data, 27
species of Multivalvulea of three families (Trilosporidae,
Kudoidae, and Hexacapsulidae) are registered [recorded] from the
North Pacific.

By now a total of 50 species of multivalvular Myxosporidae
have been registered [recorded]. Two genera have been placed in
the family Trilosporidae: Unicapsula (one species) and Trilospora
(two species) were found, Trilospora californica in the gallbladder
and Trilospora [sp.?] in the muscles. The family Tetracapsulidae is
represented by the 23 species of the genus Kudoa. Kudoa perecar-
dialis was found in the pericardial cavity of Seriola quingeradiata.
The other species were located in the muscles of the fish. The
family Hexacapsulidae contains one monotypic genus, Hexacap-
sula, found in the muscles of Neothunnus macropterus. The
representatives of the other above-mentioned parasites have been
found in 25 species of fish. The muscles of the following fishes are
most greatly infected by Myxosporidae of the genus Kudoa:
Merluccius productus (two species), 124 specimens of 151 exam-
ined were infected (85.2%); Engraulis mordax, 159 from 225 fish
specimens (70.6%); Coryphaenoides pectoralis, 34 infected fish
specimens of 66 investigated (51.5%); Atheresthes evermanni, 15
infected fish specimens of 56 examined (26.8%); Hippoglossoides
elassodon, 6 infected fish specimens of 33 studied (18.2%); and
Coryphaenoides cinereus, 5 infected fish specimens of 30 exam-
ined (16.6%).
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Investigations of the Ultrastructure and Cytochemical
Peculiarities of Kudoa quadratum (Thelohan, 1895),
(Myxosporidia, Multivalvulea)

A. V. USPENSKAYA!

ABSTRACT

The ultrastructure, mode of nutrition, and host-parasite relations in Kudoa quadratum (Myxozoa) from

muscle fibers of Myoxocephalus scorpius are discussed.

The ultrastructure and cytochemical peculiarities of Kudoa
quadratum, a parasite of muscle cells of Myoxocephalus scorpius
from the White Sea, were studied (Figs. 1, 2, 3). Kudoa quadratum
is an intracellular parasite. Vegetative stages of K. quadratum and
the so-called “‘cysts’” have nothing in common with the resting or
reproductive cysts of other Protozoa. Kudoa quadratum has a
rather large (up to 2 X 0.3 mm) fusiform plasmodium bounded by
a unit membrane. Usually one can see remnants of protofibrils
between the membrane of the plasmodium and the muscle cell
membrane. Plasmodia utilize the protofibrils by phagocytosis or
by pinocytosis after lysis of the latter. Alkaline phosphatase was
discovered at the surface of plasmodia. The cytoplasm of the
trophozoites is rich in glycogen. There is no succinat degidrogen-
ase [succinate dehydrogenase?] activity in trophozoites. It seems
that trophozoites are anaerobic organisms and that glycogen is a
principal source of energy for them. The development of the
trophozoites and sporogenesis take place inside one and the same

'Institute of Cytology, Academy of Sciences of the U.S.S.R., Leningrad, U.S.S.R.

Figure 1.—The spore of Kudoa quadratum with four valves and four polar cap-
sules.

muscle cell. I did not observe ruptures of muscle cell membranes
as a result of infection. Only one plasmodium can be observed in-
side each infected muscle cell. The muscle fibrils adjoining the in-
fected one seem to be undamaged if the trophozoite is not too
large.
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Figure 2.—Trophozoite of Kudoa quadratum (t) inside muscle fiber. mmf =
membrane of muscle fiber, mt = trophozoite membrane, Mmf = mitochrondria
of muscle fiber.



Figure 3.—Ultrastructure of infected (imf) and noninfected (nmf) muscle fiber.
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Trematodes of Commercial Fish of the Pacific of
Practical Importance!

V. D. KOROTAEVA?

Trematodes [digeneids] belong to the most numerous group of
flatworms, with a considerable number being parasites of marine
fishes. The total number of known trematode species invading
marine species at different stages is about 3,000 species belonging
to approximately 700 genera (Kurochkin in litt.). Many of them
are of great importance to marine ecosystems, though this aspect
of marine parasitology requires further study. My attention is
primarily attracted by those trematode species of greatest prac-
tical significance.

The adult or larval forms of such trematode species are highly
pathogenic for fish and may affect their number, reduce the quali-
ty of raw fish and fish products, or be harmful to a human being
[and a few may infect humans]. [Hence, trematodes may be harm-
ful (economically and medically) to humans.]

In this paper I shall review the most important trematode
species of Pacific marine fishes encountered by commercial
fishery specialists. These materials have been obtained while
processing trematodes of commercial marine fish collected by
specialists of the Laboratory of Parasitology of Marine Animals of
TINRO from the different parts of the Pacific Ocean. Data con-
cerning the level of infection of fish by the above species and the
forms of trematodes are presented as well.

Commercial fish whose muscles are infected by trematodes are
observed in almost all areas of the Pacific Ocean. Metacercariae
of trematodes of the family Acanthocolpidae Luhe 1909 are fre-
quently recorded from marine fishes. Sometimes they invade the
muscles under the skin or the fins in great numbers, thus making
some fish catches unmarketable, which results in considerable
economical losses.

Metacercariae of Stephanostomum spp. have been observed in
29.5% of the fish examined (of 12 fish species) in the northwest
Pacific. They were found on 6.9% of fish (three fish species) in
the northeast Pacific; 54.5% (four fish species) in the Hawaiian
area; 10.8% (two fish species) in the Philippine Sea area; and
51.6% (six fish species) in the Australia-New Zealand area.

The highest level of muscle infection has been observed by
TINRO specialists on [several] flatfishes of the northwest Pacific,
i.e., Lepidopsetta biliniata (39% at an intensity of up to 101
individuals), Limanda aspera (58.5% at an intensity of up to 25
individuals), and Hippoglossoides elassodon (20.4% at an intensity
of up to 38 individuals).

Such high levels of infection off the Asian coast may be attrib-
uted primarily to the greater availability there of continental
shelves and slopes where fish have more chances of becoming
infected from benthic invertebrates—the first intermediate hosts
of these trematodes.

As used here the word trematode means Digenea, as is now widely accepted by
Russian scientists.

2Pacific Research Institute of Fisheries and Oceanography (TINRO), Viadivostok,
USSR.
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On the basis of data in the literature, I recorded six larvae of the
genus Stephanostomum, which were identified to the species level,
on various fishes of the World Ocean. Considering the still imper-
fect specific criteria of trematodes of this genus and the great
number of species described to date (more than 70), it is natural to
admit significant difficulties in their determination [identifica-
tion]. I am of the opinion that it is impossible to refer [utilize] the
nomenclatural and systematic changes offered by Dollfus (1972)
for the genus Stephanostomum, since it would increase the confu-
sion. I (Korotaeva undated) described some larval forms of meta-
cercariae of the family Acanthocolpidae from the muscles of cer-
tain marine Pacific commercial fishes.

Larvae of trematodes of the family Bucephalidae Poche, 1907
are of no less importance from a practical point of view. Larval
Prosorhynchus crucibulus were observed in the northwest Pacific
in the muscles and under the skin of 13.9% of fish of seven species
including Myoxocephalus jack (66.7% of fish at an intensity of up
to 7 specimens), Sebastes alutus (56% at an intensity of up to 142
specimens), and Melletes papillio (50% at an intensity of up to 30
specimens) revealed the highest level of infection. The highest in-
tensity of infection, up to 1,000 specimens, was observed in Hex-
agrammos lagocephalus. According to the literature, 17 Pacific
fish species are known to have their muscles infected by larvae of
this species. Additionally, metacercariae of seven species of
trematodes of the family Bucephalidae were registered on various
benthic fishes of the World Ocean.

Larvae of trematodes of the family Didymozoidae Poche, 1907
are widely distributed among oceanic fish. They are observed in
different organs and tissues. Their location in the muscles is quite
common for fishes of the tropical and subtropical Pacific. Around
Hawaii they are found in 75% of Epinephelus guarnus at an inten-
sity of from one to two specimens. Fourteen percent of Ocycrius
japonica, at an intensity of one specimen are observed to be in-
fected in the Philippine Sea. Forty percent of Saurida undo-
squamis at an intensity of up to 10 specimens, 33.3% of S. tumbel
at an intensity of up to 23 specimens, 40% of Pentapodus senosus
at an intensity of up to 10 specimens, and 75% of Pristipomoides
typus at an intensity of from one to five specimens were found in-
fected off northern and northwest Australia. In the New Zealand
area, 5 specimens of the trematode were observed in 1 of 35 in-
dividual Nemadactylus macropterus.

The helminthological literature presents data concerning local-
ization of some adult didymozoids in the muscles of the large
pelagic fish. Large envelopes with cyst formations containing eggs
of already degenerated adult didymozoid species are often observ-
ed in their muscles. Mature trematodes, Nematobothrioides
australiensis, were described by us (Nikolaeva and Korotaeva
1970) from Scomber australasicus from the Great Australian Bay.
They are localized in the gonads of females, where their [period
of] intensive maturing coincides with the spawning period [of the
host].



Trematodes of the species Gonocerca ashoro (family Derogen-
idae) have a similar microhabitat, locating in the ovaries of
females of Nematonurus pectoralis. These trematodes reach 3 cm
in length. They are of bright brown color and easily visible among
the eggs, and may hinder marketing of this valuable product. They
were registered [recorded] by TINRO specialists in the area of the
Emperor Range on 13.3% of fish with an average invasion [infec-
tion] of up to four specimens.

In the North Pacific we found an interesting phenomenon of
localization of the trematode Aporocotyle theragrae in the muscles
of 48 of the 1,937 Theragra chalcogramma studied (2.5%), at an
intensity of up to 76 specimens. Such abnormal location of these
trematodes may be explained by the fact that some larvae begin
growing after penetration into the small blood vessels of the host
and are not able to get into the larger blood vessels—their normal
location. Their size may reach that of adult trematodes, but sexual
maturity never occurs in this location and they perish, degenerate,
and become calcified. In addition this fish, primarily its muscles,
are infected by two species of metacercariae of trematodes of the
family Cathaemasidae whose definitive hosts are birds.

Metacercarial Liliatrema skrjabini were observed in eight fish
species and L. sobolevi in one fish species.

Among trematodes recorded as being in the muscles of marine
fish, I know of only one species, Nanophyetus salmincola, which is
of definite medical importance. It usually infects salmonids in
freshwater, but the metacercariae are able to survive in the
muscles of anadromous fish while they are in the ocean. When in
the human intestine, the live metacercariae leave the cysts and
grow to be mature trematodes, thus causing a disease—nanophy-
etosis, which is not very dangerous but is unpleasant. As indicated,
N. salmincola is a parasite of freshwater origin. No marine
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trematode species found in fish muscles are known to be
pathogenic to humans.

Metacercariae of trematodes located in fish muscles are usually
found in specific hosts, though not so regularly as is the case with
maritae. Therefore, infection by them is not observed on all
ichthyofaunal components within any area of the sea but may be
found only in particular commercial fish species. From the prac-
tical point of view this allows us to determine the commercial fish
species whose muscles are always free from invasion, as well as
fish which require constant or episodical [specific?] parasitologi-
cal control for human consumption purposes.

I must indicate that I consider that nearly all known incidents
of rejection of marine fish catches during the last 15 yr because of
trematode infections were groundless. In all these cases the
parasites infecting the fish were not harmful for human beings and
the level of infection, except in some rare instances, was not suffi-
ciently high to cause loss of marketing quality. The skill of the
persons conducting the parasitological inspections was inade-
quate.
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Infestation Rate of the Young of White Sea Herring,
Reared Under Experimental Conditions and
Caught in the Sea, by Trematodes,
and Their Pathogenic Effect !-2

O. F. IVANCHENKO and T. A. GROZDILOVA3

While rearing White Sea herring we observed deaths of larvae
infected by trematodes of the family Hemiuridae, Brachiphallus
crenatus (Rudolphi 1802) and Lecithaster gibbosus (Rudolphi
1802), located in the digestive tract. Presence of B. crenatus
resulted in injury of the mucuous membranes hindering the
passage of food, causing embolism of the intestine and inhibition
of the growth of larvae and fry (Ivanchenko and Grozdilova
1971). Lecithaster gibbosus, actively moving in the digestive tract
of the young by means of their suckers, injured the mucuous mem-
brane of the intestine. As a result, the larvae and fry ceased
feeding and died (Ivanchenko and Grozdilova 1971). These two
trematode species, pathogenic for herring larvae and fry, were
primarily responsible for the deaths of the young in the aquarium
[experimental containers]. Their pathogenic influence is appar-
ently the same in nature. Therefore, we have begun a study into
the infestation rate of herring at early stages of ontogenesis under
experimental conditions and in nature. In 1979 work was per-
formed on herring inhabiting the Chupa Inlet of Kandalaksha Bay
in the White Sea. Under experimental conditions, hatching of the
larvae occurred on 5 June. Larvae were fed with plankton caught
in the sea. Four hundred and thirty larvae and fry of herring
studied during the period of rearing contained two species of
trematodes, B. crenatus and L. gibbosus. The first parasites were

'As used here the word trematodes means Digenea.

ZNo Literature Cited section was supplied by the authors.

3The Zoological Institute, Academy of Sciences of the U.S.S.R., Leningrad,
U.S.SR.
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noted on 2 July. The number of parasites was one to two per larva,
the percentage of infestation being 4%. The percentage of infec-
tion by both trematode species increased to 10% by 11 July, to
30% by 23 July, to 52% by 30 July, to 58% by 7 August, and, at
the end of the experiment on 13 August, it was 68% with the in-
tensity of infestation being one to three parasites per single young
fish.

Abundant hatching of larvae in nature occurred at approx-
imately the same time as in the experiment. The first larvae with
parasites (B. crenatus and L. gibbosus) were discovered on 9 July.
The percentage of infestation [infection] attained 8.2%; on 17
July it became 57%; on 26 July it was 76%. The latest [for the
year] collecting in the sea was performed on 3 August. The
percentage of infection was 67%, with an intensity of infection in
the digestive tract of one to five specimens per individual juvenile.
The results suggest that infestations of White Sea herring at early
stages of ontogenesis under experimental conditions and in nature
are synchronous and fluctuate within approximately the same
limits.

Apparently, the dynamics of infestation of the young reared in
aquaria can reflect infestation of larvae and juveniles in the sea to
some degree. Experimental conditions make it possible to
estimate relatively precisely the percentage of herring killed by
the above parasites. Such calculations would be impossible in
nature. Thus, artificial rearing permits a more detailed study of the
influence of trematodes occurring on larvae and fry, and provides
an idea of the degree of pathogenicity of these parasites for
herring young in nature.






Trematodes—Didymozoidae Fauna, Distribution
and Biology'

V. M. NIKOLAEVA?

ABSTRACT

Questions on the specific structure [organization] of the family Didy

d by 212 sp

repr

are considered. More than 100 species of fishes have been registered [recorded] as hosts of didymozoid maritae.
The geographical distribution of didymozoids is analyzed and their connection with tropical and subtropical
zones of the World Ocean is disclosed. An analysis of didymozoid development cycles is made according to the

scheme of the trophic relations of the fish involved.

The maritae of trematodes of the family Didymozoidae (Mon-
ticelli, 1888), Poche, 1907 parasitize marine fishes mainly, rarely
freshwater ones. Metacercariae are recorded from fishes, squids,
crustaceans, and other invertebrates. The study of Didymozoidae
began in 1819 when C. Rudolphi described the first species. The
history of the study of the didymozoids has been well described by
K. I. Skriabin (1955) and supplemented by me (Nikolaeva 1975).
The greatest number of didymozoid species has been described by
S. Yamaguchi—4 species in 1934, 16 species in 1938, and 68 in
1970—in all 115 species of Didymozoidae.

Descriptions of 200 species have been published to date. Study
of the numerous didymozoid collections at our disposal (collec-
tions of IBSS, TINRO, and others) disclosed many new species
from all regions of the World Ocean. They represent different sub-
families. I studied and described 40 didymozoid species. Twenty-
seven (or 67.5%) new ones were referred to eight subfamilies. The
descriptions of 12 new species have not been published yet.’ I
have adopted the didymozoid system of Yamaguchi (1971). Thus,
at present, the family numbers 212 species placed in 81 genera
and 23 subfamilies (Table 1). The systematics of the Didymo-
zoidae is in a chaotic state. A number of species, genera, and sub-
families differ [only] by very insignificant characters. At the same
time, species with quite different morphology are sometimes
united into one genus. Analysis of the subfamily Koellikerinae
(Nikolaeva 1978) allowed me to reestablish the competence and
validity of the genus Wedlia Cobbold, 1860, and reduce the genus
Tricharrhen Poche, 1925 to synonymy. Further work on the
collection of trematodes of this subfamily confirmed the correct-
ness of my point of view.

New representatives of this subfamily have been described. The
discovery of a new species of the genus Koellikeria is especially
interesting (Fig. 1). The type species, K. okeni, was described in
1860 and for 120 yr it has been the only representative of this
genus and a new species of the genus [Koellikeroides sp.] appears
to be unusual. Together with specimens having the usual sex ratio
(1:1) [ratio of sexes], I found specimens with two or three males
inside a single female. In this case the males are situated, not in a

'As used here the word trematodes means Digenea.

2Institute of Biology of the Southern Seas, Academy of Sciences of the U.S.S.R.,
Sevastopol, U.S.S.R.

3At the time the textual manuscript was provided to the editor in late fall or winter
of 1981.
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central cavity groove, but penetrate deep into the female’s body
[Figs. 2, 3].

Since the systematics of Didymozoidae is only now being
worked out, Mayr’s expression (1971:83) is quite correct [and ap-
plies]: “In groups where an inventory is still in full swing and
when exceptions are too-poor local populations, it is difficult to
apply the methods of population system” [systematics].

Anaiysis of the geographic distribution of didymozoida is dif-
ficult. The difficulty lies primarily in the fact that the fish to be
examined often have been bought at a market and the site where
they were captured is not recorded or known. Second, in some
regions of the World Ocean fish infections (by didymozoids) are

Table 1.—Systematics of Didymozoidae.

Number
N/N Subfamilies Genera Species
1 Didymozoinae 21 79 (3)!
2 Adenoididymocystiinae 1 1
3 Annulocystiinae 2 2
4 Colocyntotrematinae 1 2
5 Didymocodiinae 2 2
6 Glomeritrematinae 1 1
7 Gonapodasmiinae 3 14
8 Koellikeriinae 4 19 (2)
9 Metadidymozoinae 1 1
10 Nematobothriinae 23 52 (6)
11 Neodidymozoinae 4 4 (1)
12 Necdiplotrematinae 1 1
13 Nephrodidymotrematinae 1 1
14 Opepherocystiinae 1 1
15 Opepherotrematinae 4 4
16 Osteodidymocodiinae 1 1
17 Patellokoellikeriinae 1 1
18 Phacelotrematinae 1 1
19 Philopinninae 2 3
20 Pseudocolocyntotrematinae 2 3
21 Reniforminae 1 1
22 Sicuotrematinae 1 1
23 Skrjabinozoinae 2 2
Genera not placed in sub-
families 3
81 200 (12)

212

'The parentheses contain data on new species as yet unpublished.
[At the time the textual manuscript was submitted to the editor in
the fall or winter of 1981.]



Figure 1.—Koellikeria sp.

Figure 3.—Koellikeroides splenalis Nikolaeva.
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only poorly known, or there is no information at all (as in the
region of the Indo-Malayan Archipelago). Nikolaeva (1970,
1978) has already noted that didymozoids occur in tropical and
subtropical zones of the World Ocean. In the oceans [known]
didymozoids are distributed as shown in Figure 4. Five species
have been described from freshwater. Two species were found in
the Nile, and one each in the Laohe River (the basin of the Yellow
Sea), in the rivers of Japan and the U.S.A. (the States of Louisiana
and Oklahoma).

The didymozoida fauna is abundant and varied in the Pacific
Ocean. The greatest number of species (84 of 143) is registered
[recorded] in the region of the Hawaiian Islands (Yamaguchi
1970). Yamaguchi pointed out that the Hawaiian Islands lie in the
watershed of the West-Indian Pacific zoogeographic region.
Forty-seven species are found near the coast of Japan in the Sea of
Japan and from the ocean side [of the islands of Japan] and only
19.9% of them are common with Hawaiian ones. Eight species are
found in an open part of the [Pacific] ocean. Three species were
collected in the California region and one near the Mexican coast.
Single species are noted in the Philippines and Makassar regions
and in the Arafura Sea.

The Indian Ocean didymozoida fauna had but five species and
was “‘a blank spot” [void] before my investigations. Forty-nine
didymozoida species are registered there now. Twenty-seven
species of didymozoida were collected from seven host species in
the Comoro Islands region. There are seven species in the Gulf of
Mannar and five around the Agulhas Bank. Three species are
recorded from the Great Australian Bay and in the tropical ocean
zone. Two species are found in the Red Sea, by one [and one each]
in the Cape Guardafui region, near Safala Bank, and the Indian
coast. Forty-nine didymozoid species are registered from the
Atlantic Ocean basin, 32 species are from the ocean, 23 from the
Mediterranean Sea, and 2 from the Black Sea. The greatest
number of species in the Mediterranean Sea is noted near the
coast of Italy and in the Adriatic Sea. Solitary didymozoida are
found near the coast of Algeria, Morocco, and in the Suez Canal.

Didymozoida are found in the following regions of the Atlantic
itself: 13 species in the Gulf of Mexico and near the Florida coast;
2 species in the Bermuda region and near the coasts of England
and Sweden (in the North Sea). There was one species [each?] in
the Kurasao [Curacao?] region, in the Guinea Gulf [Gulf of
Guinea], and in the south and southeast Atlantic. Exact coordi-
nates are lacking for the 14 species recorded from the Atlantic
Ocean.

To secure an idea of the distribution of didymozoida in the
World Ocean I employ the information on didymozoids from the
collections on which I have not yet worked. The most abundant
collections of didymozoida of the Pacific Ocean were made in
tropical waters (126 infected fish specimens). In the Northern
Hemisphere didymozoida are registered in the Hawaiian Islands
region (15 fish specimens), near California (on 10 fish
specimens), near the coast of Mexico (on 8 fish specimens), in
Teuantepek Bay (on 4 fish specimens), on the coast of Japan (on 1
fish specimen), in the Philippines region (on 7 fish specimens), in
the northeastern part of the South China Sea (on 30 fish
specimens) and in the New Zealand region (on 21 fish specimens),
in the Tasmanian Sea (on 1 fish specimen), and in the southern
part of the ocean (on 18 fish specimens).

I have already studied a great part of the Indian Ocean collec-
tion (consisting of Dubina’s, Tkachuk’s, and Gitchenok’s collec-
tions). Thirty-five didymozoida species are recorded—60% of
them new. Besides the collections taken near the Australian coast,
in the Greater Australian Bay region, in the Red Sea, in Aden Bay,



Figure 4.—Geographic distril of didy id

1 = Distribution of separate species; II = distribution of metacercariae; III = regions where didymozoids have

been collected.

and in the Arabian Sea near the southeast coast of Africa being at
my disposal; I have also the Atlantic Ocean collections, taken both
in a special tunny [tuna] catching expedition (Nikolaeva’s and
Shchepkina’s collections) and during full parasitological examina-
tion of other fishes. There are didymozoids collected in the
tropical waters of the Guinean Bay in the region of Cape Blanc
and Wallfish Bay. In the Northern Hemisphere, didymozoids have
been collected in the Caribbean Sea, the Gulf of Mexico, around
Gibraltar, and in the Mediterranean Sea.

Thus, the didymozoida fauna of the World Ocean is chiefly
tropical and subtropical. Only a few species have penetrated into
the boreal and notal regions. There are no didymozoida [recorded]
in the Arctic and Antarctic waters. Undoubtedly, the didymozoida
fauna of the Pacific Ocean is the richest and the most diverse. Pro-
bably, the didymozoida originated in one of the regions [mention-
ed] here.

A number of species of this family are circumtropical but
others are endemics. The settling of didymozoida maritae occurs
mainly in their final hosts. However, transference with the inter-
mediate and reservoir hosts is possible as well. The considerable
variability in distribution and dynamics of a number of didymo-
zoida is reflected on the borders of the range of these trematodes.
Such variations are noted in the Black Sea. In 1950 to 1960 and
before, two species of didymozoida, Unitubulotestis pelamydis
from Sarda sarda and Nematobothrium scombri from Scomber
scombrus, had been registered there. Sarda sarda is a constant
inhabitant of the Black Sea. Lately its catch has been sharply
reduced and the stock has not been taken by the fishery. Scomber
scombrus usually migrates to the Black Sea, but since 10 yr ago it
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has disappeared from catches after fattening [after the feeding
period ends]. It is known that the metacercariae of two species of
didymozoida invade sprats and, rarely, nine species of other Black
Sea fishes. The invasion of small pelagic fishes by metacercariae
has been reduced following the reduction in numbers of one final
host (Sarda sarda) and disappearance of the other (Scomber scom-
brus). So, in 1959 to 1961 sprat were infected (in the Danube
region) up to 93.5% with an intensity of invasion of from 1 to 116
specimens per fish. In 1977 extensiveness [prevalence] was 1%
and intensity of invasion [infection] was one metacercaria per
fish.

More than 100 fish species of 32 families are recorded as hosts
of didymozoida maritae. First of all they are representatives of the
family Scombridae (18 species), Exocoetidae and Serranidae (11
species), Sphyraenidae (7 species), and Istiophoridae and
Carangidae (6 species). The same host may have several species of
didymozoid parasites. Thus, 37 didymozoida species are
registered from Thunnus albacares in different regions of the
World Ocean. Katsuwonus pelamis has 33 species of didymozoida,
Thunnus obesus—25, T. thynnus—19; T. alalunga—16; Euthun-
nus affinis—14; Scomber japonicus—11; Auxis thazard—9; Seriola
quinqueradiata—7; and Makaira nigricans—6 species of
didymozoida. The fishes, which are the hosts of many species of
these trematodes, live near the coast in the surface layers of the
ocean and are pelagic at all stages of their life cycles. The append-
ed list* shows that tunnies [tunas] and other representatives of this

4No host list was supplied with the manuscript by the author.



family are the preferred hosts. Seven of 15 genera of the family
Scombridae are hosts of didymozoida. One hundred and thirty-six
species of didymozoida (or 64.7%) are recorded from Scombridae.

A number of the didymozoid parasites of various species of tun-
ny are of the same genera and species. Such taxonomic proximity
of didymozoida species of tunnies of the World Ocean may be ex-
plained, except for the genetic relations, by area combination
[overlapping ranges], the presence of cosmopolitan species, and
by the high speed and long migrations of these fishes. All of these
factors create conditions for invasion by the same helminths.

The common nature of the hosts’ ecology and the same food
spectrum confirmed this resemblance [commonality or close cor-
relation]. The species composition and number of didymozoida
species in each species of tunny have their peculiarities. They dif-
fer in the extensiveness [prevalence] and intensity of invasion [in-
fection]. As a rule the tunnies, marlins, and scombrids are invaded
[infected] by varous didymozoid species. Specificity of ‘this
trematode group is expressed at the genus level. Representatives of
the genera Colocyntotrema, Metadidymozoon, Neodidymozoon,
Makairatrema, and Glomeritrema are characteristic for marlins.
These genera are not recorded from tunnies but many others are.

A great number of host species (64) have only one didymozoid
species recorded. Fifteen species have two didymozoid species
and four host species have four species each.

The utilization of a number of host species by didymozoida is
very high. Thunnus albacares in the Gulf of Mexico is 100% in-
fected. The invasion [infection] intensiveness is from 8 to 1,167
specimens (Nikolaeva 1968). In the Gulf of Guinea and in the
central Atlantic the same host is generally infected and the inten-
sity of infection is up to 148 specimens (Shchepkina 1976).
Essentially, the figures on the intensity of infection should be
doubled, since a great number of didymozoida is encysted and
every cyst includes two species [author probably meant speci-
mens] of didymozoida. It is the same for 7. albacares in the Indian
and Pacific Oceans.

There are practically no tunas invaded by didymozoids. There-
fore the borders of didymozoida and the tuna’s distribution coin-
cide.’

Compared with the morphogenesis of the didymozoid marita
phase, the didymozoida metacercariae are very primitive.
Kurochkin and Nikolaeva (1978) suggested a provisional system
for didymozoida metacercariae. Using the presence or absence of
an acetabulum sucker, a pharnyx, a stomach, and glandular cells in
the region of bifurcation as generic characters, 11 genera were
described in all (Fig. 5). Dimensions of metacercariae, their
suckers, the distance between suckers, shape of the intestine
branches and chambers, the ratio of body length to its width, and
other characters were assigned species importance.

Unfortunately, the complete life cycle of didymozoids is not
known. The scheme for the cycle as proposed by me (Nikolaeva
1965) has been mostly accepted by Yamaguchi (1975) and other
investigators. The first stages of the cycle are the least known.
There is no new information about the parthenogenetic periods of
the development of didymozoids, but my knowledge of the hosts
of the metacercariae has been widened considerably. The
metacercariae which invade small pelagic fishes have been known
for some time. The list of these fishes has been considerably
expanded.

SThe meaning of this paragraph is somewhat obscure. It is presented as it was in
the original manuscript. It would make better sense if the first sentence of the
paragraph was eliminated.
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Metacercariae are capable of numerous passages and accli-
matization to unusual animals. This was confirmed when metacer-
cariae were found even in the dogshark, Squalus acanthias.
Recently, a considerable didymozoida metacercaria invasion was
recorded from squids (a number of the works of Gaevskaya,
Naidenova, and Nigmatullin) and on crustaceans (Reimer 1971).
They have even been found free in plankton tests [samples]
(Slankis and Schevchenko 1974).

The cycles of didymozoida development have been analyzed
according to the scheme of the trophic relationships of the pelagic
fishes in tropical waters of the World Ocean (Parin 1968). The
cycles of didymozoida development proved to be complicated and
varied [Fig. 6]. Didymozoida of flyingfishes of the genus
Gonapodasmius have the shortest life cycles. Three hosts
(molluscs, copepods, and fishes) take part in their life cycle and a
postcyclic host is possible also. It may be a tunny [tuna] or other
predatory fish. Postcyclic hosts for the genus Gonapodasmius
could be human as well. The didymozoida parasites of the moon-
fish possess this type of development also. Incidentally, they are
the longest worms of all the trematodes. Nematobibothrioides
histodii reaches 12 m in length.

The development [life] cycles of didymozoids invading tunnies
acutally include reservoir hosts. Such species of didymozoids
[with reservoir hosts] are numerous. The role of reservoir hosts is
borne by lanternfish, sprats, flyingfishes, and other small pelagic
fishes and squids. Similar are the life cycles of didymozoids from
marlins. Postcyclic hosts may take part in these cycles also. They
may be sharks. It should be emphasized that the presence of post-
cyclic hosts is of greater importance than is believed.

As is known, all attempts to extract live miracidia from eggs
have failed. First of all it is connected with the fact that most
didymozoids (there are viviparous species) have an unformed
miracidium in their eggs. For its further development it must get
into a postcyclic host.

The people of tropical and subtropical countries customarily eat
raw fish with spices. Such dishes are prepared from tunnies,
marlins, flyingfishes, etc. Along with other helminths, didymo-
zoids may be gotten [ingested] by people. In cases where maritae
are ingested, people display transit eggs of didymozoids. This
situation is known for the eggs of Gonapodasmius from flying-
fishes in Japan (Kamegai 1971). However, these fishes may have
didymozoid metacercariae which may be acclimatized to human
bowels and begin the migrations peculiar to these larvae. It may
be dangerous for humans.

In conclusion, it should be emphasized that experiments on the
development [life] cycle of didymozoids (or its separate phases)
are necessary for solution of many questions of the biology, mor-
phology, and systematics of this trematode group. Investigation of
this interesting group provides new aspects of information about
their hosts, which are valuable [economically and ecologically]
fishes.
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Figure 6.—Comparison of the cycle of didy id develop

to the sch of trophic relationships of pelagic fishes. Inter-
mediate hosts (cross-hatched) = Euphausiida (2), Copepoda (3), shrimps (4); reservoir hosts (hatched) = flyingfishes (6),
lanternfish (8), squids (12), Coryphaena (13); definitive hosts (solid) = flyingfishes (6), sunfishes (9), Coryphaena (13), tuna (14),
marlin (16); postcyclic hosts (dotted) = middle size shark (17), large shark (18); while not registered in cycle development
didy id [those ek not recorded as taking part in the developmental cycle of didymozoids] (open) = fishes ‘‘of migrated
layers’’ (5), hyperiida (7), small deep-water ichthyophages (10), gyvatina mackerel (11), alepisaurans (15); phytoplankton (1) do

not take part.
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Comparative Analysis of Monogenean Faunas and
Populations From Several Beloniformes Fishes!

L. A. GHICHENOK?

The material on which this paper is based, consists of a collec-
tion of monogeneans from 1,520 specimens of fishes belonging to
6 species of the garfish order, i.e., Exocoetus volitans and E.
monocirrhus (Exocoetidae); Euleptorhamphus viridis, Oxyporham-
phus c. convexus and O. m. micropterus (Hemirhamphidae); and
Cololabis saira (Scomberesocidae). The majority of these fishes
are component parts of the community of the oceanic epipelagic
domain. Four of them (E. wolitans, E. monocirrhus, O. m.
micropterus, and C. saira) belong to the oceanic group proper, be-
ing permanent dwellers of the epipelagic domain. Though it can
be found far away from the coast, E. viridis is a pseudo-oceanic
species since it spawns in the neritic zone (Parin 1968). Only O. c.
convexus, strongly related to coastal waters, belongs to the neritic
group.

In all, 15 species and forms of monogeneans were recorded dur-
ing this study, and all, except Axine belones from E. volitans, are
recorded from the investigated fishes for the first time. Five
monogenean species proved to be new, three representing new
genera. No monogeneans were found in the saury.

A comparative analysis was conducted of both fauna and
population of monogeneans from the fish species under study us-
ing quantitative measures of similarity. Following Beklemishev
(1970), I describe as a fauna of some unit [of a particular portion]
of the environment a complete list of animal species living there,
while a population is a real comity of animals to be found there,
which depends not only on the list of species to be found there, but
also on the numbers of single-species populations.

No Literature Cited section was supplied by the author.
2Moscow State University, Moscow, U.S.S.R.
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The similarity of the monogenean fauna of single fish species
was estimated by the well-known index of Jaccard (1912), the

similarity of population, by the index + 100% where a is

2a
b+c—2a
the least (of the two) index of abundance of each species common
to both of the hosts being compared, while b and c are indices of
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