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Climatology Climatology is not only concerned with the analysis of climate patterns and statistics e.
Hydrobiology Hydrobiology is an ecological science which deals with the study of water populations their
interrelations with habitat and significance for the transformation of energy and matter, and the biological
productivity of the ocean, seas, and inland waters. Coastal geography Coastal geography is the study of
interface between the ocean and the land, which incorporates both the physical geography and the human
geography of the coast. Limnology Limnology is the study of the structural and functional interrelationships of
organisms of inland waters -lakes both freshwater and saline , reservoirs, rivers, streams, wetlands, and
groundwater as their dynamic physical , chemical, and biotic environments affect them. Marine organisms are
potential source for drug discovery. This diversity has been the source of unique chemical compounds which
hold tremendous pharmaceutical potential. The average salinity of ocean water is approximately three percent.
The ocean makes our planet a wonderful place to live. It gives us more than half of the oxygen we breathe. It
regulates the climate , absorbs a quarter of the carbon that we put into the atmosphere every year, provides
livelihoods for hundreds of millions of people. Marine Biology It is the study of ocean plants and animals and
their ecological relationships. The study of Marine Biology includes astronomy, physical oceanography ,
geology, botany, genetics etc. Marine Organisms The animals inhabiting the sea are called marine organisms.
Marine organisms may be classified as Nektonic, Planktonic, or Benthic. Marine Habitat It is a natural
environment where the species or a group of species live i. Marine life depends on the salt water that is in the
sea. Marine habitats can be divided into coastal and open ocean habitats. An ecosystem is a group of living
organisms in conjunction with the non living components of their environment. Marine Chemistry Marine
Chemistry is the study deals with the chemical composition and chemical processes of the marine water
bodies. Major use of marine chemistry is through the pollution regulation and monitoring in marine
environmental protection. Aquatic science involves aquatic ecology , limnology, oceanography and marine
biology and hydrology. Fisheries Science It is the science that deals with the catching, processing, or selling of
fish or other aquatic animals. There are many areas of study in this field i. Oceanography Oceanography is the
scientific study of oceans, the life that inhabits them and their physical characteristics, including the depth and
extent of ocean waters their movement and chemical makeup and the topography and composition of the
ocean floors. Marine Engineering Marine engineering is the branch of study that deals with the design,
development, production and maintenance of the equipments used at sea and on board sea vessels like boats,
ships etc. Ocean Engineering Ocean Engineering is a branch of technological studies that deals with the design
and operations of man-made systems in the ocean and other marine bodies. It is concerned with mechanical,
electrical, electronic and computing technology to support oceanography. Ocean engineering provides an
important link between the other oceanographic disciplines such as marine biology, chemical and physical
oceanography , and marine geology and geophysics. Ichthyology Ichthyology is the branch of biology which
deals with the study of fishes with reference to their structure, relations to one another and to other animals,
classification, habits, and uses. It is also known as fish science. Biogeochemistry It is the science dealing with
the relationship between the geo chemistry of a given region and its flora and fauna, including the circulation
of such elements as carbon and nitrogen between the environment and the cells of living organisms.
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Although knowledge of freshwater fish diseases has proliferated, especially in hatcheries, little incentive has
existed for comparable investment in Understanding the ills of marine species. The vastness of the oceans, the
complexity of natural factors regulating the size of fish populations, and the lack of 1 2 CARL J.
SINDERMANN methods to control and manipulate such factors, have tended to discourage continuing and
extensive studies of such specific aspects of the marine environment as disease. Disease is one such variable.
Diseases of food fishes have logically received greatest attention in past research, and will do so in the present
paper. Parasites and diseases, in addition to killing the host, can materially reduce the value of fish as food for
humans ; this fact serves as a further incentive to examine diseases of commercial species. Non-utilized fish
may receive attention because of some academic interest, but the preponderance of research concerns food
species with large biomass. Such a broad definition of disease in marine fishes requires the inclusion of a
surprising amount of widely scattered literature-probably more than can be comfortably considered in this
review, and certainly more than might be expected in view of the apparent neglect of the field. Access to the
literature on marine fish diseases is a t present indirect. Several general texts on fish parasites and diseases
have appeared in the German language Hofer, ; Plehn, ; Schaperclaus, ; Amlacher, Recently, several shorter
texts on diseases of lower vertebrates by Reichenbach-Klinke have been translated into English, expanded,
and combined into a more comprehensive work Reichenbach-Klinke and Elkan, Kahl, Reichenbach-Klinke,
and Schaperclaus have made numerous significant contributions to the German literature. Russian texts,
symposium volumes and reviews Liaiman, , ; Dogiel, , ; Petrushevskii, ; Dogiel et al. Among the important
contributors to the Russian literature have been Dogiel, Petrushevskii, Polyanski and Shulman. Other nations
have also made significant summarizing contributions to the general literature on fish diseases. A symposium
on fish diseases held at Turin, Italy, in has been published by the Office International des Epizooties Altara,
English-language reviews and symposia on selected aspects of fish-disease research, usually including
references to marine diseases, have appeared Kudo, , , ; Sproston, ; Nigrelli, a; Oppenheimer and Kesteven, ;
Snieszko, ; Manter, ; Hoffman and Sindermann, , Oppenheimer ; Sindermann, ; Post, ; Putz et al. Texts which
include considerations of marine fish diseases and parasites include: Johnstone, Kabata, Linton, Nigrelli,
Snieszko and Templeman are among those who have made important contributions to the English and
American literature. The general plan of this paper is to consider examples of the significant diseases of
marine fishes, concentrating sensibly on those that have received somewhere near adequate scientific
attention, and attempting to include those caused by a wide variety of pathogens and parasites. I n the
necessary process of selection a t least two things happen: Thus, illustrative material has been taken to a large
extent from studies in the North Atlantic, although comparable material could be obtained from other
geographic areas. Omitted is much of the great but scattered fund of published information from parasite
surveys, including a large part of the ecological parasitology of the USSR, which has been effectively
summarized by Dogie1 et al. Many descriptions of occasional parasites of fishes have not been considered,
even though effects of such parasites may be properly included in the broad definition of disease used in this
paper. The literature cited thus includes only a small part of the often extensive published information on any
particular parasite group. The references, extensive as they may seem, represent a too-small sampling of the
world literature. This is particularly true of the older literature, which for groups such as the Myxosporidea
and Microsporidea is voluminous and elaborate. References to some of the early literature have been compiled
by McGregor ; access to other early work can be gained through bibliographies 4 CARL J. For such parasite
groups as the haemogregarines, the monogenetic trematodes, the cestodes, the nematodes, or the parasitic
copepods, the consideration in this paper therefore represents only a tiny, but hopefully a representative,
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fraction of the whole. Diseases of estuarine and anadromous species are included, as well as those of species
that are strictly marine, except that treatment of anadromous fishes is limited to situations where the pathogen
or parasite is of marine origin. Diseases of fishes from saline inland seas have been considered, since many of
the hosts and their parasites are of marine origin. Many of the diseases discussed are characteristic of inshore
or estuarine waters, where abnormal conditions are more readily noted and examined than in the open sea.
Fish carcasses washed up on beaches or floating in shoals near shore are much more likely to elicit action,
scientific or otherwise, than would similar events a hundred miles from shore. Also, scientific studies of
marine animals in the past have often varied inversely with distance from the shore. As a result, much of the
world literature on fish diseases concerns inshore events. They include the infectious diseases of fishes, caused
by parasites capable of destruction of host tissue and multiplication within the fish. Resultant pathology and
the course of disease may depend on such factors as infective dose, virulence and resistance of the individual
host animal as well as host nutrition and other environmentally influenced variables Snieszko, a, The disease
condition may range from chronic to acute, with varying degrees of host response. Much of this lack of
knowledge probably stems from the absence, until recently, of adequate techniques for study. With the
successful establishment of fish cells in culture Wolf and Dunbar, ;Clem et al. Lymphocystis disease and
certain papillomas have long been felt to be of viral origin, based on epizootiological and transmission studies,
and on the presence of inclusions in affected cells. Lymphocystis is probably the best known virus disease of
marine and fresh-water fishes. First described from the European flounder, Pleuronectes jlesus L. Recently
several cases of presumed lymphocystis in striped bass, Roccus saxatilis Walb. The disease was originally
thought to be caused by parasitic protozoa or eggs of another animal laid under the skin of fish Sandeman, ;
Woodcock, Weissenberg , and Joseph were the first to recognize lymphocystis cells as hypertrophied
fibroblasts. Transmission studies Ragin, , ; Weissenberg, b, lb; Wolf, have demonstrated the infectious nature
of the disease and have suggested some degree of host specificity. Definitive evidence that a virus is
responsible for lymphocystis was obtained by electron microscopy Walker, ; Walker and Wolf, and by
transmission of the disease with ultracentrifugates and bacteria-free filtrates Weissenberg, a; Wolf,
Manifestations of lymphocystisinclude whitish nodules on body and fins caused by hypertrophy of fibroblasts
and osteoblasts Fig. The connective tissue cells grow to enormous size 5mm in some cases and become
surrounded by a thick hyaline capsule. In severe cases most of the body surface may be involved. Weissenberg
a reported that in some areas up to one-third of a population of fish could be affected. A great body of
literature has accumulated on lymphocystis, and much of the early work was well summarized by Nigrelli and
Smith A history of research on the disease has just been published Weissenberg, Scientific names of fishes
from North American watera follow the recommendations of the American Faeries Society Lymphocystis
disease of the dorsal fin ; 6 papilloma of flounder ; c cauliflower disease of eel. Badly infected fish, called "
scabby " or " seedy " by fishermen, were thrown overboard, and estimates of such discards ran as high as
pounds per set in areas of heavy infections. Trawlers usually moved to other locations where fewer fish were
diseased. Templeman suggested several possible explanations for the outbreak, including the possibility that
the disease is enzootic in the population and may increase in intensity periodically. Neoplastic or hyperplastic
diseases, some thought to be of virus origin, include dermal and epidermal papillomas of many flatfish species
Fig. Such diseased conditions have been reported from: Suspected viral particles have been described from the
cytoplasm, but transmission has not been reported. Similar epidermal hyperplasia, of suspected viral etiology,
is common in fresh water among European cyprinids. Characterized by irregular white raised patches on the
skin, the disease is often referred to as " fish pox " Roegner-Aust and Schleich, ; Roegner-Aust, A remarkable
tumorous growth of eels is aptly labelled " Blumenkohlkrankheit " or " cauliflower disease " Fig. This
common chronic fibro-epithelial tumor, often of dramatic proportions, occurs principally in the head region of
European eels, Anguilln anguilla L. Reports of the disease in European rivers and coastal waters have
increased in recent years Schaperclaus, ; Liihmann and Mann, ; Engelbrecht, Transmission has not yet been
effected, but virus etiology is strongly suspected Christiansen and Jensen, Eels with progressive tumors
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become emaciated and die. Schaperclaus a also found comparable growths in cod, Godus niorhun L. A
number of highly pathogenic viruses of fresh-water fishes do not cause tumors Wolf, The diseases produced
include infectious A. Among the anadromous species, viral etiology has been indicated for a disease of
chinook salmon, Oncorhynchus tshawytscha Walb. Transovarian transmission was hypothesized for the
chinook disease, and the feeding of fingerlings with diets including salmon carcasses was implicated in the
sockeye disease. The discreteness of the viruses involved, and the pathological changes in host tissue, have
been summarized by Parisot et al. Viruses that do not cause tumors have not yet been clearly demonstrated in
marine fishes. Moewus reported studies of a ciliate parasite, Miamiensis avidus Thompson and Moewus,
which was isolated from tumor-like nodules on seahorses, Hippocampus erectus Perry. The organism was
studied as a possible vector of virus; polio virus was used in absence of a suitable laboratory strain of marine
virus. Transmission of viral and rickettsia1 agents by parasites is known for certain diseases of mammals
swine influenza and salmon poisoning of dogs. Moewus-Kobb also reported that virus of infectious pancreatic
necrosis of fresh-water fishes multiplied when introduced into cell cultures derived from a marine fish, the
grunt, Haemulon sciurus Shaw. Bacteria Reports of bacterial epizootics in marine fishes are surprisingly
infrequent, and in fact relatively few bacterial pathogens have been recorded from natural populations of
marine fishes. This is probably due to lack of observation or to inadequate examination rather than lack of
occurrence. Two examples support this view. Among the widespread bacterial epizootics, one caused by a
species of Pccsteurelln resulted in extensive and selective mortalities of white perch, Roccus nnaericnnus
Gmelin , and to a lesser extent striped bass in Chesapeake Bay during the summer of Snieszko et al. The
pathogen was isolated coiisisteiitly in pure culture from moribund white perch, and was identified as a
member of the genus Pasteurellrr on the basis of morphology aiid biochemical tests. Catch statistics aiid FIG.
Bacterial tail rot in jiivenilc Atlantic herring. This is a very recent aiid as yet only partially documented
example of a severe epizootic which undoubtedly has its counterparts caused by other bacterial pathogens in
various parts of the world. Most of these outbreaks, because of location, or because they may not involve food
fish, probably escape scientific scrutiny, aiid are viewed by local inhabitants with the same dismay aiid
bewilderment that must have characterized the great human plagues aiid epidemics of past centuries. Of all the
known bacterial diseases of marine fishes, nolie has a longer or more fascinating history than the " red disease
" of eels, 10 CARL J. The disease occurs during the warmer months in brackish and salt water ; reports have
been most numerous from the Danish, German, Italian and Swedish coasts, and the Baltic and North Seas.
According to Hofer , the disease was known and reported as early as from the Italian coast, and extensive
epizootics occurred repeatedly during the nineteenth century reports date from , , , , , , and Signs of red
disease include progressive reddening of fins and skin, visceral hemorrhages, reduced activity and death-often
preceded by loosening and fraying of the skin. The term " red disease " was introduced by Feddersen in
reporting an outbreak of the disease in Scandinavian waters. Comparable outbreaks have occurred repeatedly
to the present time Feddersen, ; Bergman, ; Bruun and Heiberg, , ; Ljungberg, , often causing significant
mortalities and economic losses. Characteristically, infections become evident among eels stored, even for
short periods, in live boxes. Dead eels may be found in nets, traps and impoundments during epizooticsthe
disease apparently spreads very rapidly among captive fish. An extensive survey was conducted by Bruun and
Heiberg documenting the widespread occurrence of the disease in Scandinavian waters a t the time, and
providing information about previous outbreaks dating back to outbreaks which sometimes brought the fishery
to a standstill. Infection may occur through gills or digestive tract.
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T h e r e is no evidence of their lack of availability limiting phytoplankton growth. With O-ligands it has
similar binding strengths to Mg, which is present in much higher concentrations. As Mn III it might also
perform a useful function catalysing electron transfers. Manganese is also more readily available than iron in
the Mn II form in oxygenated systems since its oxidation to Mn IV , although thermodynamically favoured, is
very slow. There would therefore be a relatively small change in the availability of Mn II when the atmosphere
was oxygenated. Mn III and Fe III are so similar in binding and kinetics that they are used almost
indiscriminately in superoxide dismutases, acid phosphatases, ribonucleotide reductases and in transfers across
membranes. Manganese is almost certainly selected for some functions because of its greater availability,
rather than its unique chemistry. The internal concentrations of Mn in the cytoplasm of eukaryotes and
prokaryotes are usually rather low 3. Iron is fundamental to the physiology of prokaryotic and eukaryotic cells.
It is required for photosynthesis and respiratory electron transport, for nitrate, nitrite and sulphate reduction
and for nitrogen fixation. It also acts as an acid catalyst in hydrolytic enzymes. The archaebacteria are heavily
dependent on iron, nickel and cobalt. In eubacteria, a dominant dependence on iron is most noticeable da Silva
and Williams, Iron is involved in oxidationreduction catalysis, bioenergetics, acid-base reactions and control
systems. Within the cytoplasm, FenS, clusters form, which have an ancient origin. Hydrogenases that involve
iron alone are derived from Fe4S4 clusters. Aerobic prokaryotes such as the cyanobacteria release strong,
ironspecific complexing agents siderophores that can be transported through their cell membranes da Silva and
Williams, Within the cell, the iron is bound to ferric uptake regulatory or FUR proteins. One of the key
players in the detoxification of reactive oxygen species within the cells is superoxide dismutase. Iron plays a
central role here, although Cu and Zn are also used Asada et al. Iron performs a central role in the
photosynthetic process through its essential involvement in photosystems I and II. Non-haem iron is
implicated in redox chemistry that involves free radicals. It is therefore usually carried out in compartments
within the cell. Haem iron also plays a major role in coupled redox reactions in eukaryotes. The porphyrin
traps the iron as Fe II so that it is not in equilibrium with free iron. However, the Fe is still accessible for
electron transfer reactions. The haem proteins perform essential functions in electron transfer, storage and
transport and oxidases and oxygenases. Cobalt and nickel These elements would be important in the
electron-rich early environment where catalysts were needed for handling small molecules CH4, CO, H2, H2S
and they still perform these functions in anaerobic prokaryotes. Their roles have evolved little in eukaryotes.
Cu I has a high electron affinity it acts as a stronger Lewis acid than Zn and is the most effective monovalent
cation for binding organic ligands. It is the only monovalent cation that is a good Lewis acid and is available
to biological systems. Cu II is the most effective divalent cation for binding organic ligands. Copper
concentrations would have increased dramatically possibly as much as 10 orders of magnitude, Table 3 during
the transition to an oxygenated atmosphere. The rise in copper availability may have occurred later about 1.
Biological systems probably did not experience high copper concentrations before the arrival of oxygen, so
that it will be a potent toxic element to prokaryotic organisms. Copper is found in the membrane or
periplasmic space of denitrifying prokaryotes as a constituent of reductases of the lower oxides produced by
the reduction of nitrate via Mo-containing enzymes. Cu has a major role in photosynthesis as a structural and
electron exchange component of plastocyanin. This function can also be performed by cytochrome c6, which
contains iron rather than copper. Since the availability of iron plummeted during the oxygenation of the
oceans whereas the availability of copper rose dramatically, we would expect to observe a transition from the
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use of cytochrome c6 to the use of plastocyanin upon moving from the cyanobacteria to the diatoms. In fact
the opposite is the case Raven et al. It is possible that this anomaly results from the evolution of these
requirements in locally oxygenated micro-environments within the prevailing anoxic ocean. There is no
difficulty in finding anoxic systems functioning perfectly adequately within millimetres of our present
oxygenated ocean. This complicates the simple picture of a succession in the use of essential elements da Silva
and Williams, In eukaryotes, the most common use of copper is in electron transfer oxidative enzymes and
energy capture. Copper is usually locked in vesicles or banished to the external regime of the cell membrane.
The copper enzymes oxidize ascorbate, phenols, some amines, ferrous iron and some sugars. A notable
exception to the external quarantine of copper is its use in superoxide dismutase for the detoxification of
oxygen. Cytochrome oxidase has two copper atoms. This is the only part of the energy capture system of
mitochondrial and bacterial membranes that depends upon copper. It can bind to the same centres as iron but it
does not exhibit any redox chemistry. These factors enable it to function as a useful catalyst centre. Since Zn II
forms insoluble sulphide compounds, a significant rise in zinc concentrations by four orders of magnitude,
Table 3 may have accompanied the oxygenation of the ocean and atmosphere. It would therefore be expected
to be more commonly used in eukaryotes than in prokaryotes. Zn is a commonly used catalyst of hydrolysis
and is employed in signalling systems. Zinc thiolate complexes have apparently replaced nickel-sulphur
compounds in eukaryotes. Copper as Cu I can generally bind more strongly to sulphur-based complexes than
zinc. However, the role of zinc as a structural element in the "zinc finger" thiolates which control DNA
expression has been retained because of the relatively weak binding of cysteine to Cu I in the presence of the
metallothionein compounds. Zinc is also important in structural cross-linking and in the organization of
chromosomes. It is the most common catalytic metal ion in the cytoplasm. It is involved in digestive enzymes
outside the cell or in vesicles but it is rarely in contact with the cell membrane. In phytoplankton, Zn has a
particularly important role in carbonic anhydrase. This is one of the most catalytically active enzymes known
and catalyses the exchange between gaseous CO2 and carbonic acid, which is the ratelimiting step in the
transport of molecular CO2 to RubisCo, and therefore accelerates the reaction scheme: Overall zinc plays a
major regulatory role in the metabolism of cells. Zinc also has a role in exported hydrolytic enzymes that
break down external organic debris. Summary The key nutrient elements need to be supplied in prescribed
stoichiometric ratios to ensure the optimal performance of the cell in the face of environmental changes.
Active regulation, via negative feedback, of the uptake of essential elements by phytoplankton cells has been
demonstrated for Cu Sunda and Huntsman, c , Zn Sunda and Huntsman, , Fe Harrison and Morel, and Mn
Sunda and Huntsman, and for the macronutrient components nitrate Gotham and Rhee, a and phosphate G o t
h a m and Rhee, b. The pathways are strongly interlinked Figure 3 - defining a complex internal economy for
the use and re-use of the fundamental ingredients. Williams and da Silva argue strongly that the mesh of
interactions within the cell constitute a homeostatic system dominated by the regulatory role of the trace
metals. Strong interactions have been observed between the cycles of the essential trace metals within
phytoplankton cells. This internal homeostasis could provide a microcosm for a regulatory web in the wider
environment if these single-celled organisms are able to impress their requirements on the oceans on a global
scale. It has been proposed Williams, , for example, that the internal regulation of nitrogen metabolism within
single-celled organisms is reflected in the global regulation of the nitrogen cycle. Since nitrogen metabolism is
itself controlled by enzymes, most of which require a metal cofactor, this relates closely to the concept of trace
metal homeostasis. It is this connection that we will explore in the following sections. The involvement of
inorganic chemistry in the evolution of the cell is neatly summarized by da Silva and Williams However,
there is remarkably little in common between the functions of different elements. Such a complete separation
of element function is not expected from chemistry judged directly from the periodic table, since neighbouring
chemical elements in the table are often similar in properties For example, copper, zinc, and iron are good
Lewis acids, and each is used to some degree in biology; however, at first sight puzzlingly, zinc has been
selected overwhelmingly above all others for this function. Reproduced with the permission of the copyright
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holders from: Oceanic phytoplankton, constrained by this inbuilt biochemistry, have strategies selected for
optimizing the acquisition and use of the elements essential for growth and reproduction. The biological
requirements for these elements will have been honed through evolution in at least four interrelated ways:
There is strong evidence that this is the case, obtained primarily from experimental studies with phytoplankton
cultures, for Zn, Mn and Fe Brand et al. Indeed most of the essential trace metals are present in such low
concentrations in sea water that they can sometimes be considered as co-limiting Morel et al. This evidence
will now be reviewed and its implications considered in the light of the evolutionary development of the trace
metal systems within prokaryotic and eukaryotic cells. Phytoplankton exhibit immense phylogenetic diversity
Cavalier-Smith, ; Falkowski and Raven, ; Lee, and would be expected to show a wide range of responses to
the availability of the essential elements. This class has therefore attracted most attention in the development
of experimental studies of the nutritional requirements of marine phytoplankton Sunda, Trace metal uptake by
phytoplankton 4. Theory Bearing in mind the different characteristics of prokaryotes and eukaryotes Table 1 ,
the uptake of trace metals by phytoplankton cells can be considered in three stages Figure 4: Transport of
metal species to cell surface diffusion ; 2. Binding to a biologically-produced ligand sequestration or capture ;
3. Transfer of complex across cell membrane internalization. We need to know what factors control each of
these stages, and to identify those stages likely to be rate limiting. The treatment of Morel and his co-workers
Morel et al. Overall, the uptake process generally follows Michaelis-Menten kinetics, typical for
enzyme-mediated reactions, as shown for Fe and Mn Sunda and Huntsman, , ; Hudson and Morel, The
processes involved are discussed in detail in terms of trace metal homeostasis by Williams and da Silva da
Silva and Williams, ; Williams and da Silva, The ligands are recycled and returned to the cell surface dashed
lines. T h e uptake rate is a positive function of Q Droop, C mol mo 6. Limitation of productivity by trace
metals in the sea. Limnology and Oceanography, 36, , with the permission of the copyright holders, bthe
American Society for Limnology12and Oceanography.
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