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There is little doubt that Gymnodinium brevis is the cause of the
mass mortalities in the red tides. When it is swarming, there are red
tides and mass mortalities; when it is absent, there are none. Fish
put into laboratory cultures of various species of phytoplankters, in­
cluding Gymnodinium splendens (a closely related dinoflagellate),
remain unaffected, but in a culture of G. brevis they die quickly,
just as they do at sea.1S Collier, Wilson, and Ray, of the United
States Fish and Wildlife Service, have succeeded in cultivating
G. brevis, thus creating red tides under artificial conditions. In this
way they have been able to learn much about the mechanism pro­
ducing it. It appears that this dinoflagellate is peculiarly sensitive
to the ions of heavy metals, even in the minute amounts in which
they occur in sea water. Under the conditions which normally pre­
vail, G. brevis evidently persists in a non-swarming, benign phase
along the shore. Among the factors which make it possible for this
organism to live are sulfides, chiefly hydrogen sulfide, and organic
matter, such as detritus, large quantities of which occur in the or­
ganically rich soils of the nearby swamps. When this material comes
into contact with the metallic ions in the sea water, it enters into
union with them, taking them out of solution. Thus the metals,
which are a natural barrier to G brevis (there may be others) are
removed. The mechanism of the process is only partly understood.
Perhaps normally the balance between the material from the swamps
and metal ions is such as to hold the numbers of the organism down
to a low level. Occasionally, however, under certain circumstances,
abnormally high quantities of it may accumulate along shore. Be­
sides taking the metal ions out of solution, the sulfides seem to
have a direct physiological effect on the dinoflagellates, further con­
tributing to the swarming stimulus. In the ordinary course of events,
with normal intermittent rainfall, run-off from the swamps, wind,
and sea currents, the sulfides carried down to sea are dispersed.
When rainfall is abnormally high and prolonged, an abnormal
amount of fresh water is carried down from the land. If this coin­
cides with a period when winds retard the dispersal of this sulfide­
rich water, and when surface temperatures are peculiarly favorable
(probably around 26° to 28° C., judging from laboratory experi­
ments) G. brevis is released from its usual barriers, bursts into a
swarming phase, and poisons the water. As fish die, their rotting
bodies generate sulfides, and a vicious circle becomes established,
the sulfides taking more metallic ions from the water and thereby
enlarging the area favorable to red tide. This horrible sequence
continues until the circle becomes broken; then Gymnodinium brevis
retreats to its usual habitat, and the red tide disappears. Fortu-
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nately severe episodes are not frequent (1854, 1878, 1880, 1882,
1883, 1908, 1916, 1946, 1947, 1953, 1954, 1957).

The records of mass poisoning of marine organisms,exasperat­
ingly fragmentary though they are, show that there must be con­
siderable variation in the characteristics of red tides from one part
of the world to another. A few circumstances appear in the records
often enough to suggest a common pattern.

These episodes occur in areas which are well fertilized by nu­
trients usually brought to the surface in the process of upwelling or
carried from land down to the sea by rivers. They occur when
anomalous meteorological conditions hold the enriched water mass
stagnant long enough to allow certain microorganisms to accumulate
up to some critical level of abundance. Under these circumstances
their physiologic~l processes change, as evidenced by their explo­
sion into "blooms" and by their secretion of poisonous substances.
Meteorological conditions which seem to be often associated with
red tides in areas where fertility and topography are suitable are
heavy rainfall, followed first by a shift of the normally prevailing
wind, and then by an abnormally calm sea. The red tide always
disappears when the water mass is dissipated. This may happen
with a change of tide or with a freshening and change of direction
of the wind. In some places, as at Walvis Bay and in the Black Sea,
where anaerobic sulfate-reducing bacteria Hourish at the bottom, the
bodies of animals killed by a change of surface temperatures or more
probably by poisonous dinoHagellates may feed the bacteria, thus in­
creasing the production of hydrogen sulfide. The hydrogen sulfide
contributes to the lethal inHuences, perhaps through its action on
trace metals such as copper.

Poison in fishes and mollusks discourages the full use of sea food
resources in certain areas. Red tides are destructive to sea life.
There are good practical reasons for giving special study to these
phenomena. Governmental research agencies do study them in
various places, with the idea of understanding them, predicting
them, and perhaps controlling them. There is another viewpoint,
however, which has not been considered. Food is not necessarily
the only biological resource of the sea. Substances which are
deadly poisonous in some circumstances may be beneficial in others.
For example, opium, strychnin, caffein, quinine, camphor, atropin,
and digitalis are all products of land plants, which though poisonous,
nevertheless have great medical value when properly used. The
possibilities of deriving medicinal or industrial products (insecti­
cides, herbicides, poisons for chemical fishing) from marine plants
and animals have hardly been touched.



POISON 181

Concerning the possibilities of obtaining pharmacologically active
substances from the sea, Emerson and Taft say:

The lack Of application of substances from marine sources to medicine, aside
from those materials which have proven their worth over the years (I, Mg and
Br compounds, agar, fish oils), is due more to lack of study of the highly
potent agents available and search for. others than to a paucity of pharma­
cologically interesting substances from the sea. There is little doubt that if
the chemical isolation of insulin had been more difficult to perfect, fish would
constitute a major source since their islets are readily obtained essentially free
of acinar tissue. The search for antibiotics more satisfactory than penicillin
has not, to our knowledge, been extended to marine forms, although Chlorella
vulgaris and C. pyrenoidosa yield an antibiotic.19

This is a field of research that is wide open and not likely to be
explored much by government scientists, because the need, the
promise, and the ultimate application are not clearly evident. More­
over, there are precious few men available to do such work. The
sea may occupy 71 per cent of the earth, the majority of species may
inhabit the sea, and they may have an infinitude of unknown prop­
erties; nevertheless, the number of scientists in the world studying
the biochemistry of marine organisms is negligible. Few labora­
tories have any provision for such scientists.


